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ABSTRACT.

Background/Aim: Nonalcoholic fatty liver disease (NAFLD) affects approximately ~25% of the

global adult population. The aim of this narrative review is to describe the associations between

NAFLD and cardiovascular disease (CVD), arrhythmias, cardiac conduction defects, myocardial

remodelling and heart failure. We also discuss the potential mechanisms that mediate or attenuate

the strength of these associations, and briefly summarize the effect of treatments that both

ameliorate NAFLD and decrease risk of CVD.

Methods. Searches of PubMed were performed by the two authors using the terms listed in the
manuscript Appendix. We limited the timeframe to the last decade due to the vast amount of research
in the field (up to April 2021) for meta-analyses, reviews and original papers. Only articles published
in English were considered.

Results: NAFLD is associated with an increased risk of fatal/nonfatal CVD events and other cardiac

and arrhythmic complications (left ventricular hypertrophy, aortic-valve sclerosis and certain

arrhythmias), independently of common CVD risk factors. There are probably several underlying

mechanisms, including hepatic/systemic insulin resistance, atherogenic dyslipidaemia,

hypertension and pro-atherogenic, pro-coagulant and pro-inflammatory mediators released from

the steatotic/inflamed liver that may be involved. Some genetic polymorphisms, such as PNPLA3

(rs738409 C>G) and TM6SF2 (rs58542926 C>T), may worsen liver disease, but also attenuate the

strength of the association between NAFLD and CVD, possibly via their effects on lipoprotein

metabolism. Of the currently tested drugs for treating NAFLD that also benefit the vasculature,

pioglitazone and GLP-1 receptor agonists are the most promising.

Conclusions: The complex interplay between the liver and cardiometabolic risk factors contributes

to CVD, arrhythmias and cardiac disease in NAFLD. There is an urgent need for a multidisciplinary

approach to manage both liver disease and cardiometabolic risk, and to test the cardiovascular and

cardiac effects of new drugs for NAFLD.

Keywords: Nonalcoholic fatty liver disease; NAFLD; cardiovascular disease; CVD; arrhythmias;

conduction defects; heart failure



Introduction

Nonalcoholic fatty liver disease (NAFLD) has become a major health burden, affecting around a
quarter of the general population worldwide'. Several cohort studies have shown that NAFLD is
associated with a higher risk of all-cause mortality, and that cardiovascular disease (CVD) is the
leading cause of death in people with NAFLD, followed by extra-hepatic cancers (mainly gastro-
intestinal cancers) and liver-related complications?. Growing evidence now indicates that NAFLD is
not only associated with a higher risk of CVD morbidity and mortality, but also with other cardiac
complications, such as arrhythmias (mainly atrial fibrillation and increased QTc interval
prolongation), cardiac valvular calcification (mainly aortic-valve sclerosis), and cardiomyopathy
(mainly cardiac remodelling and hypertrophy, leading to new-onset heart failure [HF] over time)3. In
this narrative review, we briefly discuss the current evidence for an association between NAFLD
and increased risk of CVD and other cardiac and arrhythmic complications. We also discuss the
potential mechanisms that mediate or attenuate the strength of these associations (for CVD), and
briefly summarize targeted pharmacological treatments for NAFLD that might also benefit risk of
CVD and other cardiac complications. Although there is some very recent evidence to suggest that
NAFLD reclassified as metabolic dysfunction-associated fatty liver disease (MAFLD) is also
associated with increased risk of CVD?, it is not within our remint to discuss the associations

between MAFLD and CVD and cardiac disease.

Risk of cardiovascular and cardiac diseases

Figure 1 is a schematic figure that illustrates the NAFLD-related risks of subclinical atherosclerosis
(as assessed by carotid intima-media thickness or plaques, arterial stiffness and other markers of
subclinical atherosclerosis), fatal and nonfatal CVD events, arrhythmias (mostly permanent atrial
fibrillation and QTc interval prolongation), certain types of cardiac conduction defects, aortic-valve
sclerosis, as well as cardiac remodelling and heart failure in people with NAFLD. These risks have
been quantified in recent meta-analyses that are briefly discussed below, and described in Table

1.

Cardiovascular disease



A meta-analysis of twenty-six cross-sectional studies (involving a total of ~85,000 individuals)
showed a close association between NAFLD and markers of subclinical atherosclerosis®. In
particular, the investigators reported that NAFLD was associated with greater carotid artery intima—
media thickness/plaques, increased arterial stiffness, coronary artery calcification and circulatory
endothelial dysfunction, with adjusted pooled odds ratios (OR) ranging from ~1.5 to 3.7.
Interestingly, some observational studies, mostly performed in Asian individuals, also reported a
strong association between the severity of NAFLD and the long-term risk of progression of
subclinical coronary or carotid atherosclerosis®®. Furthermore, the resolution or improvement in
NAFLD (on ultrasound examinations) was associated with a lower risk of carotid atherosclerotic

development”:®10,

Over the last decade, multiple cohort studies have shown that NAFLD (defined radiologically or
histologically) is predictive of CVD events. A comprehensive meta-analysis of 16 longitudinal
studies (involving around 34,000 individuals)'" confirmed that imaging-defined or biopsy-proven
NAFLD was associated with a ~1.6-fold increased risk of fatal and/or nonfatal CVD events over a
median of 6.9 years (random-effects OR 1.64, 95%CI 1.26-2.13). Notably, this risk increased
further with greater severity of NAFLD (random-effects OR 2.58; 95%Cl 1.78-3.75), and remained
significant in those studies with statistical analyses adjusted for established cardiometabolic risk

factors.

After the publication of this meta-analysis in 2016"", other prospective studies have also confirmed
that the risk of incident CVD events paralleled the underlying severity of NAFLD, and that the stage
of liver fibrosis (rather than other histologic features of NAFLD) was a key prognostic marker for
long-term CVD outcomes and overall mortality in people with NAFLD?. For example, in a multi-
national study of 458 individuals with biopsy-proven NAFLD with advanced fibrosis or compensated
cirrhosis, who were followed up for a mean of 5.5 years, Vilar-Gomez et al. found that individuals
with NAFLD-cirrhosis developed predominantly liver-related events, whereas those with advanced
fibrosis developed predominantly CVD events and extra-hepatic cancers'. In a smaller cohort of

~300 adults from the United States with biopsy-confirmed NAFLD, without a prior history of CVD,
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Henson et al. reported that the severity of hepatic fibrosis (but not other histological features of
NAFLD) was associated with a ~2.9-fold increased risk of incident CVD events over a median of
5.2 years'3. This association remained even after adjusting for established risk factors and CVD

risk scores.

In a nationwide cohort study of 10,568 Swedish individuals with biopsy-proven NAFLD and nearly
50,000 matched control subjects who were followed for a median of 14.2 years, Simon et al.
reported that all histological stages of NAFLD were associated with a higher risk of all-cause
mortality'. This risk increased progressively with worsening NAFLD histology (with adjusted-HRs
ranging from ~1.7 for simple steatosis to ~2.7 for non-cirrhotic fibrosis, and ~3.8 for cirrhosis,
respectively)'. Notably, the excess mortality associated with NAFLD was primarily from extra-
hepatic cancers and cirrhosis, followed by CVD and hepatocellular carcinoma. In a nested cohort
study of 3,756 subjects from the United States, who underwent coronary contrast-enhanced
computed tomography angiography, Meyersohn et al. reported that NAFLD remained associated
with a higher risk of incident CVD events after adjustment for established cardiometabolic risk
factors and the extent of coronary plaques and stenosis’. Recently, in a community-based cohort
study involving ~80,000 Chinese individuals followed for a median of 10.3 years, Xu et al. reported
that the ultrasonographic severity of NAFLD was associated with a higher risk of future ischaemic

stroke events, independently of common CVD risk factors™®.

Risk of arrhythmias and cardiac conduction defects

In the last few years, a number of studies have supported the presence of a strong association
between NAFLD and higher risk of certain arrhythmias, such as permanent atrial fibrillation (AF),
QTc interval prolongation and ventricular tachyarrhythmias'. In a meta-analysis of nine
observational studies (five cross-sectional and four longitudinal), Mantovani et al.’® found that
NAFLD was associated with a ~2-fold increased risk of prevalent AF (random-effects OR 2.07,
95%Cl 1.38-3.10), independently of common risk factors for AF. Furthermore, meta-analysis of
data from longitudinal studies also showed that NAFLD was associated with an increased risk of

incident AF, especially in people with established type 2 diabetes mellitus (T2DM) [random-effects
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HR 4.96, 95%CI 1.42-17.3]"®. A larger meta-analysis of six longitudinal studies (involving nearly
615,000 participants with and without T2DM) recently confirmed the presence of a significant
association between NAFLD and increased incidence of permanent AF over a median of 10 years
(random-effects HR 1.65, 95%CI 1.23-2.20)"°. Compared with non-NAFLD, the absolute risk
increase in NAFLD for AF was 1.30 per 1000 person-years'®. Also, in a retrospective cohort study
of patients from the United States undergoing AF ablation, Donnellan et al. reported that imaging-
defined NAFLD was significantly associated with higher arrhythmia recurrence rates following AF

ablation during a mean follow-up of 2 years?.

Accumulating evidence shows that the presence and severity of NAFLD (on ultrasound
examination) was also associated with a greater risk of QTc interval prolongation (on resting
electrocardiogram) and other ventricular tachyarrhythmias (as assessed by 24-hour Holter
monitoring), which predisposed to an increased risk of sudden cardiac death?'?*. Notably, the
association between NAFLD and increased risk of QTc interval prolongation remained significant

after adjustment for established CVD risk factors and potential confounders.

Some evidence suggests that there is an association between NAFLD and certain types of cardiac
conduction defects (mostly persistent first-degree atrio-ventricular block, left anterior hemiblock or
right bundle branch block), which are risk factors for cardiac mortality?>%. A recent meta-analysis
of three cross-sectional studies (involving 3,651 participants) showed that the risk of having the
aforementioned cardiac conduction defects was higher in subjects with NAFLD than in those without

NAFLD (pooled OR 5.17, 95%CI 1.34-20.0)%.

Risk of cardiac remodelling, heart failure and aortic-valve sclerosis

Strong evidence supports an association between NAFLD and increased risk of left ventricular (LV)
diastolic dysfunction, greater LV hypertrophy, or larger left atrial volume (on echocardiography
examinations), in both children and adults, regardless of the presence or absence of metabolic
syndrome (MetS) traits'’. Adverse structural remodelling of the heart has been shown to be a pivotal

process in the development and progression of HF?2. An elegant study of individuals without
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diabetes, also showed that myocardial triglyceride, epicardial and pericardial fat depots increased,
with increasing levels of liver fat, as assessed by magnetic resonance spectroscopy?. Hepatic
steatosis was also associated with significant changes in myocardial structure and function (as
assessed by cardiac magnetic resonance). In addition, and most importantly, the significant
association between hepatic fat content and LV diastolic function persisted after adjustment for

cardiometabolic risk factors, myocardial triglyceride content and visceral adipose tissue®®.

A recent meta-analysis of twelve cross-sectional studies (including a total of 280,645 individuals)
showed that there was a significant association between NAFLD and higher risk of LV diastolic
dysfunction (pooled OR 2.02; 95%Cl 1.47-2.79)%. Notably, some studies have also shown that this
NAFLD-related risk of LV diastolic dysfunction increased progressively with the severity of hepatic
fibrosis®'-34. Recently, in a population-based prospective study of 1,827 black and white middle-
aged adults followed for 5 years, VanWagner et al. found that imaging-detected NAFLD was
associated with an increased risk of incident LV hypertrophy, abnormal LV geometry, and impaired

LV function, independent of established risk factors for HF.

Previously, it has been reported that higher serum gamma-glutamyltransferase levels (GGT), within
the "normal" range, were associated with an increased risk of new-onset HF, independently of
established risk factors for HF and daily alcohol consumption®-3. Recently, in a nationwide
population-based study in Korea (involving ~308,000 healthy individuals without comorbidities, who
underwent annual health check-ups), Roh et al. found that the fatty liver index (FLI), i.e., a validated
marker of hepatic steatosis and which includes serum GGT levels, was independently associated
with an increased risk of new-onset HF over a median of 5.4 years®®. Low cardiorespiratory fitness
is an established CVD risk factor, and recently it has been shown that increased GGT concentration
is associated with low cardiorespiratory fitness in patients with NAFLD“. In this study, serum GGT

levels accounted for ~25% of the variance in cardiorespiratory fithess levels.

Interestingly, some longitudinal studies have also shown that imaging-defined NAFLD and its

severity (assessed by non-invasive fibrosis scores) were independently associated with an
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increased risk of both in-hospital and post-discharge, all-cause mortality in patients admitted with
acute HF*'3_ Similarly, it has been reported that there was a high prevalence of NAFLD with
increased fibrosis scores in patients with chronic HF, especially amongst those with a preserved
LV ejection fraction**47. In addition, patients with HF and coexisting NAFLD had a higher long-term

risk of CVD outcomes, compared to their counterparts without coexisting liver disease*+*’.

Some evidence also supports the existence of a significant association between NAFLD and risk of
aortic-valve sclerosis, which is associated with CVD morbidity and mortality*®. In a meta-analysis of
three large cross-sectional studies (involving a total of 2639 middle-aged subjects), Di Minno et al.
found a significant association between NAFLD and higher prevalence of aortic-valve sclerosis
(pooled OR 2.28; 95% CI 1.21-4.28)*. However, future prospective studies are needed to

corroborate these findings.

Potential mechanisms linking NAFLD, cardiovascular and cardiac diseases

Several pathophysiological mechanisms associated with NAFLD have been proposed that may
affect risk of CVD and cardiac complications. These mechanisms involve some NAFLD-related
genetic polymorphisms (affecting liver metabolism), atherogenic dyslipidaemia, chronic
inflammation, imbalance of pro-coagulant and anti-coagulant factors, insulin resistance, increased
oxidative stress, and decreased adiponectin signalling CVD?3°%%1, As discussed above, the risk of
CVD events parallels the underlying severity of NAFLD, and that the stage of liver fibrosis is the
strongest histological predictor of adverse liver-related outcomes, overall mortality and CVD events
in people with NAFLD?%2, It is beyond the scope and constraints of this brief review to discuss all of
the underlying mechanisms that are potentially involved in the development of CVD and cardiac
diseases, and the reader is referred to other recent reviews on the subject?3°3%, For the purposes
of this review, we have elected to focus this section on the potential role of altered liver lipid
metabolism, and how altered lipid metabolism influences lipoprotein metabolism as a mediator of
increased CVD risk in NAFLD. We have also focussed on recent genetic analyses as results from
these studies are providing some insight into how certain NAFLD-related genetic polymorphisms

may disconnect the severity of liver disease from the associated increased risk of CVD. These
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polymorphisms (discussed below) may therefore modulate the strength of the association between

NAFLD and CVD risk.

Obesity, metabolic syndrome, sex and atherogenic dyslipidaemia

Obesity is a well-recognised risk factor for NAFLD and subjects with metabolically healthy obesity
have a greater risk of NAFLD development and progression compared to normal weight
metabolically healthy individuals®®. However, this risk is generally lower than that of metabolically
unhealthy patients, suggesting a stronger adverse effect of coexisting MetS-associated factors
rather than obesity per se on the severity of NAFLD®%®. Similarly, the metabolic/cardiovascular
phenotype has recently been characterised in lean patients with NAFLD®'. In this study, a total of
3,043 subjects (cohort 1) and 1,048 subjects (cohort Il) without chronic liver diseases other than
NAFLD, who underwent screening colonoscopy between 2010 and 2020, were assigned to one of
the following four patient groups: lean patients without NAFLD, lean NAFLD, overweight NAFLD
(BMI 25-30 kg/m?), and obese NAFLD (BMI >30 kg/m?). Diagnosis of NAFLD was established
using ultrasound (cohort I) or controlled attenuation parameter (cohort Il). Data from this study
showed that NAFLD in lean patients was associated with the MetS and increased CVD risk®’.
Recent studies have focused on obesity and insulin resistance, but the link between NAFLD and
CVD persists regardless of traditional risk factors. Increasing amounts of evidence support the
evolving notion that sex is an important modifier of disease outcomes®® and the incidence and
prevalence of CVD events and mortality may differ according to sex in patients with NAFLD. For
example, advanced liver fibrosis may be associated with a higher risk of ischemic stroke in women
but not men®°. Similarly, in a recent meta-regression the authors of this study analyzed the impact
of age on both sexes, in order to examine differences between the sexes and differential effects
sex and ageing on CVD events and all cause mortality®. In 108,711 people with NAFLD, of which
44% were women and 56% were men, all-cause mortality was 1.5 times higher in women
compared to men. CVD events and mortality were also two times higher in women compared to
men. In meta-regression analysis, women had higher mortality with advancing age, starting at age

42 years®°.
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There is a growing body of evidence emphasising the links between the pathogenesis of
NAFLD/NASH and mechanisms of metabolic dysfunction, through liver lipid accumulation, insulin
resistance, low-grade inflammation, apoptosis, and fibrogenic remodelling within the liver®®%*. The
liver plays a key role in contributing to the features of MetS®', and the MetS includes atherogenic
dyslipidaemia, increased blood pressure, dysglycaemia/T2DM, and abdominal obesity®'. Figure 2
illustrates schematically the complex links and overlaps between NAFLD, MetS features, insulin
resistance, T2DM and increased risk of CVD and cardiac diseases. In patients with newly
diagnosed T2DM, the presence of MetS is independently associated with incident CVD events®
and an increasing number of individual features of MetS present at the time of diagnosis of T2DM
are associated with a linear increase in CVD risk, with an almost 5-fold increase when all MetS
features are present, compared with one MetS feature alone®2. Similarly, in persons without T2DM
and CVD, not only is MetS common (occurring in up to ~20% of these subjects), but also the
presence of MetS is associated with an increased risk of CVD and T2DM®3, Since the features of
MetS are common in people with NAFLD (see below), the presence of MetS features also potentially
increases the risk of comorbidities such as T2DM and chronic kidney disease that further increase
risk of CVD and cardiac disease®%°5¢_ Recently, in a study of the US population in the Third National
Health and Nutrition Examination Survey, the prevalence of NAFLD was 18.2% and individuals with
MetS or individuals with component features of MetS were very common [MetS, 43.2%; increased
waist circumference, 31.2%; impaired fasting glycaemia/T2DM, 41.2%; high triglyceride (TG) levels,
34.7%; low high-density lipoprotein (HDL) cholesterol, 27.8%; and high blood pressure, 29.2%]°".
There was also a remarkably higher prevalence of NAFLD in subjects with MetS than in controls
(adjusted-OR 11.5; 95%CI 8.9-14.7). The severity of NAFLD was also noted to increase with the
increasing numbers of component MetS features. Importantly, individuals with impaired fasting
glycaemia/T2DM or those with five metabolic features also had higher rates of advanced fibrosis
(18.6% and 30.3%, respectively), and in keeping with the accepted notion that NAFLD is rare in
people without MetS features, among those individuals without any metabolic abnormality the

prevalence of NAFLD was only ~5%°".
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As mentioned above, dyslipidaemia associated with MetS is a major risk factor for NAFLD, and is
known to increase CVD. In 1990, the atherogenic dyslipidaemia that occurs with MetS was
described and was referred to as the atherogenic lipoprotein phenotype®. This type of
dyslipidaemia focuses on: a) the cluster of increased plasma levels of TG and apolipoprotein B100
(apo-B) (within very low and intermediate density lipoproteins [VLDL and IDL], respectively), and b)
decreased HDL cholesterol, HDL2 mass, and levels of apolipoprotein A-l. In NAFLD, this
dyslipidaemia is commonly present, and is an established risk factor for CVD®®. With the frequently
observed NAFLD-associated increase in TG rich-VLDL, there is also increased cholesterol ester
transfer protein activity that regulates the reciprocal exchange of TG from TG rich lipoproteins (such
as VLDL) with cholesterol esters from cholesterol ester-rich lipoproteins [such as HDL and low-
density lipoprotein (LDL)]. The net effect of these reciprocal lipid exchanges is a consequent
decrease in HDL cholesterol concentration and an increase in pro-atherogenic small-dense LDL

levels (sdLDL).

NAFLD is strongly associated with higher plasma TGs and lower HDL cholesterol levels’™, and in
the Multi-Ethnic Study of Atherosclerosis, the presence of computed tomography-defined NAFLD
was associated with the atherogenic lipoprotein phenotype in a dose dependent fashion. Notably,
this association persisted even after adjustment for cardiometabolic risk factors and HOMA-
estimated insulin resistance, suggesting a possible pathophysiological role for the liver in causing
this type of dyslipidaemia™. However, whether this atherogenic lipoprotein profile arises because
of liver fat accumulation, lipoprotein assembly and secretion or some other metabolic dysfunction

(such as insulin resistance) in NAFLD, is not clear.

Although individuals with NAFLD have elevated plasma TG levels,”""* which are associated with
an increase in CVD risk, the association between hepatic TG accumulation and plasma TG levels
is not linear™7®. In fact, the association between hepatic TG and hepatic VLDL production is lost
when hepatic TG content is higher than 10% (as assessed by magnetic resonance
spectroscopy)’>7. It is plausible that at hepatic TG content >10%, other factors that are necessary

for VLDL assembly, such as phospholipids or apo-B, cannot be produced in adequate amounts to

N



further increase VLDL production and thus export lipid from the liver. In support of insufficient apo-
B availability, in obese individuals, the molar ratio of VLDL-TG (particle TG content) to VLDL-apo-
B (the number of particles) is increased with high hepatic TG content, suggesting that the secreted

VLDL particles are larger and resemble pro-atherogenic VLDL+.

Recently, in a study of 265 individuals with NAFLD confirmed by ultrasonographic findings, the
NAFLD fibrosis score and the fibrosis-4 (FIB-4) index were used to assess the probability of liver
fibrosis as low, intermediate, and high probability of advanced fibrosis”’. The authors of this study
concluded that the severity of hepatic steatosis, NAFLD fibrosis score, and FIB-4 index were
significantly associated with the atherogenic lipid profile. Similarly, in a case-control study of
individuals with NAFLD versus lean and obese controls, atherogenic dyslipidemia was related to
increased insulin-induced hepatic lipid synthesis in those with NAFLD®, and there was a non-
significant trend towards a worse atherogenic lipid profile in individuals with NASH’8. Thus, the
atherogenic lipoprotein profile (or atherogenic lipoprotein phenotype as discussed above) may be
‘driven’ (at least in part) by hepatic TG content and insulin resistance, and this lipid profile may also

worsen with the development of more severe liver disease (i.e., NASH).

Although in NAFLD, the liver condition is defined by accumulation of hepatic TG and TG is exported
from the liver in VLDL, the VLDL lipoprotein also contains other lipids such as cholesterol. Moreover,
the cholesterol content of VLDL is known to be highly correlated with the TG concentration®.
Treatment to decrease plasma TG levels may also decrease risk of CVD, since a recent systematic
review and meta-regression analysis of randomized controlled trials, showed that a 1 mmol/L
reduction in plasma TG levels was associated with a 16% decrease in risk for major CVD events
(relative risk 0.84; 95%CI 0.75-0.94)%°.0mega-3 long-chain fatty acids at high dose specifically (e.g.
4 g/day) have a powerful effect to lower plasma TG concentrations mainly through an effect on
VLDL secretion®' and are used clinically at this dose to treat hypertriglyceridaemia. However, it still
remains not proven whether omega-3 long-chain fatty acids (such as eicosapentanoic acid or

docosahexanoic acid) are in any way beneficial to the treatment of liver disease in NAFLD?3%84,



Most (although by no means all) individuals with NAFLD are overweight or obese. Individuals with
obesity have higher concentrations of VLDL cholesterol and an increased risk of myocardial
infarction. However, whether that increase in VLDL cholesterol explains the excess myocardial
infarction risk associated with obesity has been uncertain. In an important recent study utilising the
Copenhagen General Population cohort where during follow-up incident myocardial infarction
events were recorded; the authors studied 29,010 individuals free of myocardial infarction at
baseline, nested within 109,751 individuals from the wider cohort®. During 10 years of follow-up,
2,306 individuals developed myocardial infarction. Cholesterol content was measured with
magnetic resonance spectroscopy in large and small VLDLs, in intermediate-density lipoprotein
(IDL) and in LDL and, interestingly, cholesterol content in large and small VLDLs combined,
explained 40% (95%CI 27%-53%) of the excess risk of myocardial infarction associated with higher
body mass index. In contrast, IDL and LDL cholesterol did not explain excess risk of myocardial
infarction, whereas (and as expected) systolic blood pressure and T2DM explained 17% (11%-
23%) and 8.6% (3.2%-14%), respectively®®. Intriguingly, although it is not known how many of these
obese subjects had NAFLD, (it is likely to have been >50%), these novel findings support a focus
on lowering cholesterol in VLDL, for prevention of CVD events in individuals with obesity (many of

whom will have NAFLD).

Polymorphisms in key genes influencing liver disease severity and affecting lipoproteins and CVD
risk

Polymorphisms in certain genes predispose individuals to developing more severe liver disease in
NAFLD, e.g., patatin-like phospholipase domain-containing protein 3 (PNPLA3); trans-membrane
6 super family 2 (TM6SF2); glucokinase regulator (GCKR); membrane bound O-acyltransferase
domain containing 7 (MBOAT7)8. In addition, in a recent large multi-cohort exome-wide association
study focussed on serum alanine aminotransferase levels, a sequence variant of APOE has been
also identified that is associated with NAFLD,®” and this genetic variant is well known to be

associated with higher risks of both Alzheimer’s disease® and dyslipidaemia®.



It is beyond the scope of this review to discuss the underlying mechanisms by which each of these
polymorphisms act to influence the severity of liver disease in NAFLD. Rather, two of these gene
polymorphisms (i.e., PNPLA3 rs738409 c.444 C>G p.1148M and TM6SF2 rs58542926 C>T E167K)
are potentially insightful in informing why NAFLD might act to increase risk of CVD. These two gene
polymorphisms potentially provide insight, because they are both associated with increased severity
of liver disease; yet act to decrease fasting plasma TG concentrations, and are associated with

lower risk of CVD.

The first of these polymorphisms that was found to be associated with more severe liver disease in
NAFLD, was a non-synonymous single-nucleotide polymorphism in PNPLA3 (rs738409 c.444 C>G
p.1148M)%°. PNPLA3 encodes a lipid droplet protein that is involved in the lipolysis of TG within the
lipid globule. In a Mendelian randomisation study and meta-analysis there was a slightly reduced
risk of incident CVD in those with PNPLA3 148M (OR 0.98, 95%CI 0.96—1.00)°'. Similar results
were then obtained by screening DNA sequence variants on an exome-focused genotyping array
in >300,000 participants with replication in >280,000 participants®. In this latter analysis focussed
on both PNPLA3 148M and TM6SF2 E167K both polymorphisms were associated with higher
hepatic fat levels, and higher risk for T2DM (as expected)®?. However, both PNPLA3 148M and
TM6SF2 E167K were associated with lower serum TG levels (which is a good proxy for VLDL
concentrations in the fasted state) and interestingly, a lower risk of CVD (OR 0.96, 95%CI 0.94—
0.97 for PNPLA3 148M; and OR 0.95, 95%CI 0.93-0.98 for TM6SF2 E167K, respectively). TM6SF2
is implicated in the assembly of TGs and apo-B in VLDL secretion from hepatocytes®*%. The
TM6SF2 rs58542926 C>T polymorphism encodes a glutamate to lysine substitution at position 167,
thereby leading to loss-of-function®8 and is associated with lower levels of fasting TGs that reflects
lower levels of VLDLY. It has been suggested that TM6SF2 E167K, induces increased hepatic
TG content, by reducing apo-B particle secretion®® and TM6SF2 E167K is also well done to be

associated with a lower risk of myocardial infarction® and CVD events®-%,

Interesting new data lends further support to the importance of the relationship between altered

liver lipids, modified lipoprotein metabolism and increased CVD risk in NAFLD. Recently, a large



multi-cohort exome-wide association study focussed on altered serum aminotransferase levels, and
identified a sequence variant of APOE that is associated with NAFLD®’. rs429358 encodes for a
missense p.Cys112Arg in APOE, which defines the APOE4 allele and which is associated with
dyslipidaemia'®. These data showed that this genetic variant is associated with lower liver fat
content and may protect against NAFLD development. Transcriptomic analyses also found a down-
regulation of the TG metabolism in the liver that may occur as a result of decreased hepatic TG
content in carriers of this APOE genetic variant. Carriers of the minor allele also had higher plasma
TG and LDL-C concentrations. APOE plays a major role in lipid fluxes between tissues during
fasting and refeeding'"' and, recently, a heterozygote autosomal dominant mutation p.(Leu167del)
in the APOE gene has also been shown to also cause familial hypercholesterolaemia (FH)'02103,
Interestingly, these patients with FH seem to have a better lipid-lowering response to statin
treatment compared with other patients with FH who have mutations in other genes, such as the
LDL-receptor that cause FH'®. APOE increases clearance of TG-rich lipoproteins and after initial
hydrolysis by lipoprotein lipase, facilitates transfer of lipid into muscle and adipose tissue®. Thus,
the APOE rs429358 may decrease the clearance of circulating lipoproteins and possibly hepatic
reuptake of lipid, or also by influencing the efflux of cholesterol in hepatocytes®. This genetic variant
is also known to be associated with a higher risk of both Alzheimer’s disease®® and dyslipidaemia;
and carriers of the genotype, known as the €4 allele of the APOE gene (APOE €4), have higher total
and LDL cholesterol levels than non-carriers. The APOE €4 allele is a strong genetic risk factor for
CVD events in the general population® % but to date whether there is link between NAFLD and

altered risk of neurologic disease is not clear.

Finally, the relative impact of MetS versus PNPLA3 rs738409 or TM6SF2 rs58542926 on overall
and CVD-specific mortality in subjects with, or without NAFLD has been investigated'®. 958 middle-
aged Finns, 249 with NAFLD (as assessed by ultrasonography), were followed for ~20 years, and
mortality data were gathered from the National Death Registry. After adjustment for common CVD
risk factors, MetS was shown to be a strong risk factor for overall mortality in subjects with NAFLD

(HR 2.05, 95%Cl 1.01-4.17), whereas both PNPLA3 rs738409 (HR 1.05; 95%Cl 0.65-1.69) and
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TM6SF2 rs58542926 (HR 0.72; 95%CI 0.37—1.41) did not affect overall mortality. In this analysis,

in contrast to the genetic polymorphisms, MetS was also a significant risk factor for CVD mortality.

Thus, in subjects with MetS, in which the atherogenic lipoprotein phenotype is present with
increased VLDL levels, this metabolic phenotype seems to be a key factor associated with CVD
outcomes and all-cause mortality. In contrast, although both PNPLA3 rs738409 and TM6SF2
rs58542926 genotypes are associated with increased severity of liver disease and increased risk
of incident diabetes, these two genotypes are not associated with increased all-cause and CVD
mortality. Therefore, these data and those described above, suggest that both PNPLA3 rs738409
and TM6SF2 rs58542926 genotypes may have a modulating influence on CVD risk in individuals
with NAFLD whereby they decrease the strength of the association between NAFLD and CVD risk.
In contrast, the MetS features in NAFLD seem to have a stronger effect to influence the association
between NAFLD and CVD risk. Figure 3 schematically illustrates the putative mechanisms and risk

factors contributing to increase risk of CVD and cardiac diseases in people with NAFLD.

Pharmacological treatments for NAFLD that also decrease risk of CVD

The mainstay of management in NAFLD is both to ameliorate liver disease and to decrease risk of
associated conditions, such as T2DM and CVD. Since T2DM is also a strong risk factor for CVD
and cardiac disease, it is important to optimize treatment of T2DM as well as associated CVD and
cardiac risk factors. Although drug treatment may be necessary, lifestyle interventions are very
important to ameliorate liver disease and benefit CVD risk factors. Table 2 shows the key lifestyle
intervention changes that ameliorate the early stages of liver disease in NAFLD, as currently
recommended by the EASL-EASO-EASD and American Association for the Study of Liver Diseases
(AASLD) practice'96:197 guidelines. Dietary recommendations should consider total energy
restriction and exclusion of NAFLD-promoting components (e.g., processed food that is high in
saturated fat and beverages that are high in added fructose or sucrose). A Mediterranean diet is
the most recommended dietary style for NAFLD'% and, importantly, a recent systematic review and

meta-analysis found that the Mediterranean diet is also an appropriate diet to follow for improving

17



hyperglycaemia and decreasing CVD risk factors'%?. Additionally, physical exercise even without
dietary intervention has been found to reduce liver fat''%-112 and it is well accepted that physical
activity and exercise are important in the treatment of T2DM and the amelioration of CVD risk
factors. Current recommendations are that pharmacotherapy specifically for liver disease in NAFLD,
should be reserved only for individuals with NASH; particularly for those with significant fibrosis.
However, for those subjects with less severe disease, who are at high risk of liver disease
progression (i.e., individuals with T2DM, MetS, or chronically elevated serum aminotransferase
levels), this may represent a high-risk group of people who warrant treatment to prevent disease

progression.

Recently, with no licensed treatment for NASH, there has been an increase in interest in testing the
efficacy of novel therapeutic agents for the treatment of NASH. In phase-2 and phase-3 randomized
controlled trials, the endpoints have focussed on testing the treatment-efficacy on histological
resolution of NASH, with either no worsening, or amelioration, of liver fibrosis, assessed by changes
in liver histology. Although showing efficacy in the liver is important for licensing authorities for the
approval of any new drug for the treatment of NASH, it is important to underline that subjects with
NASH die as frequently from CVD, as they do from liver disease. Therefore, we reason it is crucially
important to test the efficacy of new drugs for NAFLD/NASH also on the cardiovascular system

(and also on diabetes).

It is not our aim in this brief review to describe the effects of all drugs that have been tested in
NASH. Rather, it is our intention to illustrate the effects of drugs that benefit the liver and that also
have clinically important benefits on the vasculature. Of those drugs that may benefit NAFLD and
that also have clinically important effects on the vasculature (shown in Table 3), pioglitazone has
proven efficacy in NASH''*"'* and is the ‘forgotten cardio-protective’ drug that was licensed almost
20 years ago for treatment of T2DM. The cardiovascular benefits of pioglitazone have been recently
discussed in an excellent review on the subject by DeFronzo and colleagues''. Briefly, although
treatment with pioglitazone increases subcutaneous fat, this drug also decreases ectopic fat depots
(including liver fat content) and chronic inflammation. Specific benefits on the vasculature may be

18



mediated by improvements in the atherogenic lipoprotein phenotype, as discussed above (i.e.,
pioglitazone decreases plasma TGs and sdLDL-C, and increases HDL-C), as well as improvements

in blood pressure, haemoglobin A1c and insulin resistance’®.

Another commonly used drug class for treatment of T2DM are glucagon-like peptide-1 receptor
agonists (GLP-1RAs), and these drugs have also shown considerable promise in the treatment of
both NASH and CVD risk. In contrast to pioglitazone, GLP-1RAs are also proving to be very
effective in the treatment of obesity, which is commonly present in subjects with NAFLD. A recent
systematic review supports the use of GLP-1RAs to improve hepatic steatosis, as detected either
by imaging techniques or histology''. Liraglutide treatment was tested in individuals with either
biochemistry-based or imaging-defined NAFLD by the LEAD (Liraglutide Effect and Action in
Diabetes) program and LEAD-2 study''” and in subjects with biopsy-proven NASH in the LEAN
(Liraglutide Efficacy and Action in NASH) trial''8. Liraglutide promoted both improvement of hepatic
steatosis and the resolution of NASH''® but did not improve liver fibrosis'®. Recently, a phase-2
placebo-controlled randomized trial with once-daily subcutaneous semaglutide at a dose of 0.1, 0.2,
or 0.4 mg or corresponding placebo showed a similar benefit in NASH. In this trial, the mean percent
weight loss was 13% in the 0.4-mg group and 1% in the placebo group'®. The percentage of
subjects in whom NASH resolution was achieved with no worsening of fibrosis was 40% in the 0.1-
mg group, 36% in the 0.2-mg group, 59% in the 0.4-mg group, and 17% in the placebo group
(p<0.001 for semaglutide 0.4 mg vs. placebo)''®. Importantly, in a recent trial of obesity treatment,
semaglutide at a dose of 2.4 mg weekly was very effective in promoting weight loss in this patient
group'®. In this remarkable 68-week randomized controlled trial, the mean change in body weight
from baseline to week 68, was a very impressive -14.9% in the semaglutide group, as compared
with -2.4% with placebo, with an estimated treatment difference of -12.4% (95%CI -13.4 to -11.5;
p<0.001). Given that high doses of GLP-1RAs enable considerable weight loss, this therapy would
seem a very logical choice for most individuals with NAFLD who need to lose weight (regardless of
the presence of T2DM). Furthermore, in the LEADER trial and in a meta-analysis in 2019, GLP-
1RAs reduced the risk of CVD events in patients with T2DM'2"122_ Thus, this class of drug is likely

to become an important treatment option for patients with NAFLD, as there is increasing evidence
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of benefit of these drugs on the liver. That said, it remains uncertain whether any liver-specific

benefit of the class in patients with NAFLD, is independent of weight loss.

The efficacy of GLP-1 agonists and sodium-glucose cotransporter-2 (SGLT2) inhibitors in subjects
with T2DM at varying CVD and renal risk has recently been assessed in a systematic review and
meta-analysis'?. A total of 764 trials were included in such meta-analysis that included 421,346
T2DM patients. Both classes of drugs lowered all-cause mortality, cardiovascular mortality, non-
fatal myocardial infarction, and kidney failure. SGLT-2 inhibitors reduced mortality and admission
to hospital for heart failure more than GLP-1 receptor agonists, and GLP-1 receptor agonists
reduced non-fatal stroke more than SGLT-2 inhibitors (which appeared to have no effect)'?3. SGLT2
inhibitors have clinically relevant effects and are recommended for the treatment of chronic heart
failure with reduced ejection fraction. A recent meta-analysis suggested a very small overall benefit
of treatment with SGLT2 inhibitors in NAFLD to decrease liver fat content'?*. However, the effects

of treatment have been inconsistent'?'26 and further research is needed in patients with NASH.

Conclusions

NAFLD is associated with an increased risk of CVD events and other cardiac complications (e.qg.,
left ventricular hypertrophy, aortic-valve sclerosis and certain arrhythmias), independently of
common cardiovascular risk factors. There are probably multiple pathophysiological mechanisms
by which NAFLD/NASH may increase the risk of CVD and other cardiac complications, e.g.,
NAFLD/NASH exacerbates hepatic and systemic insulin resistance, promotes atherogenic
dyslipidaemia and releases several pro-atherogenic, pro-coagulant and pro-inflammatory
mediators. Some genetic polymorphisms, such as the PNAPL3 [148M and TM6SF2 E167K
variants, may modulate the strength of the significant positive association between NAFLD and
increased CVD risk. Despite both genotypes being associated with a greater susceptibility to
increased disease severity in NAFLD, these two genotypes attenuate the strength of the association
between NAFLD and CVD, probably through modifying effects on lipoprotein metabolism. Of the

currently available drugs that have shown some efficacy in treating NAFLD or NASH, pioglitazone
20



and GLP-1RAs (mainly liraglutide and semaglutide) are the most promising to date. Both of these
drugs have proven benefits not only in treating T2DM, but also benefitting CVD. The complex
interplay between the liver and cardiometabolic risk factors in NAFLD highlights an urgent need for
a multidisciplinary and holistic approach to manage both liver disease and cardiometabolic risk®.
For new drugs where efficacy to treat liver disease is being tested in NAFLD, it is also crucially

important to assess any cardiovascular and cardiac benefit, or harm.
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FIGURE LEGENDS

Figure 1. Magnitude of the NAFLD-related risks of subclinical atherosclerosis, fatal and
nonfatal CVD events and other cardiac and arrhythmic complications, as quantified by
recent systematic reviews and meta-analyses. Data are derived from meta-analytic studies

summarized in Table 1.

Figure 2. Risk factors influencing cardiovascular and cardiac risk in NAFLD. NAFLD is closely
associated with insulin resistance and the metabolic syndrome (MetS). The thresholds for defining
each of the five easily measured features of the MetS®' are shown in the figure. With
hypertriglyceridaemia and decreased levels of high-density lipoprotein cholesterol (HDL-C), there
is often increased levels of small dense low-density lipoprotein (sdLDL). The combination of
hypertriglyceridaemia, decreased HDL-C and increased sdLDL is a common atherogenic
dyslipidaemia in NAFLD and this type of dyslipidaemia is referred to as the atherogenic lipoprotein
phenotype®. Although LDL-C concentrations are usually not increased in patients with NAFLD and
MetS, sdLDL is often increased and is a proatherogenic lipoprotein. Many patients with insulin
resistance and NAFLD also have type 2 diabetes (T2DM) that is diagnosed when a patient’s plasma
glucose concentration is 27.0 mmol/L or HbA1c concentration is 248 mmol/mol on two or more
occasions. The presence of co-existing T2DM is also an important cardiovascular disease (CVD)
and cardiac disease risk factor. Although pancreatic f cell function may be decreased with
development of T2DM, decreased [ cell function does not adversely affect risk of cardiovascular or
cardiac disease. The presence of PNPLA3 rs738409 c.444 C>G p./148M and TM6SF2 rs58542926
C>T E167K genotypes contribute to an increase in severity of liver disease (and also increase risk

of developing T2DM), but both genotypes may attenuate the risk of developing CVD events.

Figure 3. Putative mechanisms and risk factors contributing to increased risk of type 2
diabetes, cardiovascular (CVD) and cardiac disease in NAFLD. NAFLD affects a variety of
vasoactive and thrombogenic molecules and proinflammatory factors that potentially increase risk

of CVD. In individuals with NAFLD, the atherogenic lipoprotein phenotype (ALP) occurs, that
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increases risk of CVD. The ALP is defined by the combination of increased very low-density
lipoprotein (VLDL), i.e., fasting hypertriglyceridaemia, decreased HDL-C and increased sdLDL
levels. With central obesity that is very common with the metabolic syndrome and NAFLD,
expanded and inflamed (dysfunctional) visceral adipose tissue undergoes increased lipolysis that
increases delivery of proinflammatory cytokines, long-chain fatty acids (LCFAs) and glycerol to the
liver. With expanded/inflamed adipose tissue, there is also decreased adiponectin that is strongly
associated with greater insulin resistance. With increased fluxes of LCFAs, proinflammatory
cytokines and decreased fluxes of adiponectin to the liver, there is an increased hepatic synthesis
of various lipid species. These lipid species, including ceramide, di-palmitoyl phosphatidic acid (di-
P PA), di-acylglycerol (DAG) and tri-acylglycerol (TAG), that may act to promote: a) hepatic insulin
resistance (via decreased Akt phosphorylation and decreased insulin signaling); b) hepatic
inflammation, (via lipid-induced increased protein kinase C epsilon (PKC-¢)), and c) accumulation
of a lipid globule (see review for further detail®*). With remodeling of the lipid globule, and synthesis
of phospholipids, cholesterol esters and apolipoproteins, VLDL particles are assembled for export
from the liver. With NAFLD, particularly in the absence of coexisting genetic polymorphisms that
are well known to be associated with increased accumulation of the lipid globule and lower levels
of VLDL (e.g., PNPLA3 rs738409 c.444 C>G p.1148M and TM6SF2 rs58542926 C>T E167K), there
is an increase in fasting triglyceride concentrations that contributes to the ALP described above
(and see text). With increased hepatic insulin resistance and increased flux of glycerol and LCFAs
to the liver, there is also increased acetyl Co-A mediated activation of pyruvate carboxylase
(catalyzing the irreversible conversion of pyruvate to oxaloacetate). With decreased insulin action
relative to glucagon action, there is increased activity of phosphoenol-pyruvate carboxykinase
(PEPCK), catalyzing the key rate limiting step in hepatic gluconeogenesis, i.e., the conversion of
oxaloacetate to phosphoenolpyruvate leading to increased hepatic glucose output in the fasting
state. Thus, increased gluconeogenesis in the fasting state increases hepatic glucose production
that increases plasma fasting glucose concentrations. Increased peripheral insulin resistance in
adipose tissue (and also skeletal muscle that is not shown on the schematic) increases risk of

developing type 2 diabetes, CVD and other cardiac complications.
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Table 1. Meta-analytic quantification of the excess of CVD risk (markers of subclinical
atherosclerosis and adverse cardiovascular outcomes), cardiac arrhythmias (permanent atrial
fibrillation and certain cardiac conduction defects), cardiomyopathy (mainly left ventricular
dysfunction) or aortic-valve sclerosis in subjects with NAFLD.

Investigators,

Main

CVD/cardiac markers or

Randome-effects

Year [Ref.] characteristics of clinical outcomes odds ratios or
meta-analytic hazard ratios
studies (95%
confidence
intervals)

Subclinical atheroscleros

is markers

Zhou YY et al.,
20185

26 cross-sectional
studies involving a
total of 85,395
individuals (29%
with NAFLD)

Increased carotid artery
intima-media thickness or

1.74 (1.47-2.06)

plagues

Increased arterial 1.56 (1.24-1.96)
stiffness

Coronary artery 1.40 (1.22-1.60)
calcification

Endothelial dysfunction

3.73(0.99-14.1)

Fatal and non-fatal CVD outcomes ¢

Targher G et al.,
2016

16 longitudinal
studies involving a
total of 34,043
individuals (36%

Any fatal or nonfatal CVD
events

1.64 (1.26-2.13)

Fatal CVD events (only)

(0.87-1.97)

Fatal and nonfatal CVD

1.31
1.63 (1.06-2.48)

studies involving
patients with
“more severe”
NAFLDS

with NAFLD); events (combined

median follow-up endpoint)

of 6.9 years Nonfatal CVD events 2.52 (1.52-4.18)
(only)

6 longitudinal Fatal CVD events (only) 3.28 (2.26-4.77)

Fatal and nonfatal CVD
events (combined
endpoint)

1.94 (1.17-3.21)

Permanent atrial fibrillation

Mantovani A et al.,
2019 18

5 cross-sectional
and 4 longitudinal
studies involving a
total of 364,919
individuals (43%

Prevalent atrial fibrillation

2.07 (1.38-3.10)
5.17 (2.05-13.0)
for type 2
diabetics only

Incident atrial fibrillation

1.34 (0.92-1.95)

Cai X et al., 2020
19

studies involving a
total of 614,673
individuals (~40%
with NAFLD);
median follow-up
of 10 years

with NAFLD) 4.96 (1.42-17.3)
for type 2
diabetics only

6 longitudinal Incident atrial fibrillation 1.65 (1.23-2.20)

Cardiac conduction defects

Wijarnpreecha K et
al., 2020 %7

3 cross-sectional
studies involving a
total of 3,651
individuals (~30%
with NAFLD)

Persistent cardiac
conduction defects on
resting
electrocardiogram®

5.17 (1.34-20.0)

Left ventricular dysfunction

Wijarnpreecha K et
al., 2018

12 cross-sectional
studies involving a
total of 280,645
individuals (~30%
with NAFLD)

Left ventricular diastolic
dysfunction on
echocardiography
examination

2.02 (1.47-2.79)

Aortic-valve sclerosis

Di Minno MN et al.,
2016 40

3 cross-sectional
studies involving a
total of 2,639

Aortic-valve sclerosis on
echocardiography
examination

2.28 (1.21-4.28)
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individuals (44%
with NAFLD)

§ Fatal and/or non-fatal CVD events were defined as cardiovascular death, non-fatal CVD events (i.e., acute myocardial infarction, angina, ischemic
stroke or coronary revascularization procedures), or both.

# Persistent first-degree atrio-ventricular block, right bundle branch block or left anterior hemi-block.
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Table 2. Recommended lifestyle modifications to ameliorate NAFLD and decrease CVD risk

(based on clinical guidelines from the US, Europe and the UK106.107.127)

Nutrition

e 5-10% weight loss target

e Mediterranean diet (i.e., high intake of vegetables, legumes, whole grains, olive oil,
fish, seafood, nuts, fruits, and low intake of red meat, processed meats, and sweets)

e Avoid alcohol intake (notably, recent evidence indicates that the “safe” level of
alcohol consumption is zero or near to zero)

o Avoid fructose, soft drinks, processed meat, and saturated fatty acids

o Low-carbohydrate ketogenic diets

Physical activity

o Moderate intensity aerobic physical activities (~150 min/week)

e Resistance training (alternatively to aerobic physical activities)

o 3-5 sessions weekly

Other

o Avoid use of cigarette smoking
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Table 3. Drugs that may benefit NAFLD and that also benefit risk of cardiovascular or cardiac disease3-116.118-122,124-127

Drug/drug class Mechanism of Studies Primary Side-effects Comments and recommendation
action endpoint(s)

Pioglitazone PPAR-gamma Multiple studies | Improvement in Weight gain (usually | Guidelines recommend pioglitazone in adults
agonist & Meta- NAS >2 without 2-4% of body with biopsy-proven NASH, regardless of the

analysis'13.114

fibrosis worsening
Improvement of
fibrosis.

weight).

Fluid retention.

Bone fractures
(mostly in post-
menopausal women)

presence of T2DM'%, May also benefit liver
fibrosis13,

Not yet approved by most national Medicine
agencies outside T2DM.

Off-label use for NAFLD/NASH treatment
requires the patient’s consent.
Cardiovascular benefits to decrease risk of
myocardial infarction and ischaemic stroke in
patients with T2DM or prediabetes®

GLP-1RAs (mainly GLP-1 receptor Multiple Resolution of Loss of appetite. Premature to consider in NASH, unless
liraglutide and agonist studies118:119:12 | NASH Gastrointestinal side | specifically being used as a treatment for
semaglutide) 1,122 Improvement of effects, including T2DM and obesity.
hepatic steatosis, | nausea. Current controlled trials with histological end-
hepatocyte points are available only for liraglutide''® and
ballooning. semaglutide 9.
No effects on liver Cardiorenal benefits in large controlled trials
fibrosis. enrolling patients with T2DM121.122,
SGLT-2 inhibitors Inhibition of SGLT-2 Multiple Improvement of Genitourinary Premature to consider in NASH.

(mainly canagliflozin,
empagliflozin and
dapagliflozin)

(kidney proximal
convoluted tubule)

studies’23-126

serum
aminotransferase
levels.
Improvement of
liver fat content.

infections.
Diabetic
ketoacidosis.
Hypotension.

No current trials with histological end-points
are available.

Relevant cardiorenal benefits in large
controlled trials enrolling subjects with and
without T2DM, including benefits to treat
chronic heart failure with decreased left
ventricular ejection fraction23.124,
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Appendix
Methods. Search strategy and selection criteria.

References for this clinical narrative Review were identified by the two authors through
searches of PubMed with the search terms “atherosclerosis”, “cardiovascular disease”,
“coronary heart disease”, “CHD”, “coronary artery disease”, “CAD”, “stroke”, “cardiovascular
risk”, “heart failure”, “dyslipidemia”, “triglyceride”, “blood pressure”, “biomarkers”, “genetic
epidemiological studies”, “genetic’, “insulin resistance”, ‘liver enzymes”, “NAFLD”,
‘nonalcoholic fatty liver’, “NAFL”, NAFLD”, “liver/hepatic steatosis”, “nonalcoholic
steatohepatitis”, “NASH?”, “fatty liver”, “metabolic syndrome”, “obesity”, “treatment”. We have
limited the timeframe to the last decade due to the vast amount of research in the field (up
to April 2021) for meta-analyses, reviews and original papers. We have considered the
relevant literature cited in these papers. Only articles published in English were considered.
The final reference list was generated on the basis of originality and relevance to the broad

scope of this Review.
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