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Abstract

The prevalence of non-alcoholic fatty liver disease (NAFLD) in heart failure (HF) preserved left ventricular ejection fraction
(HFpEF) patients could reach 50%. Therefore, NAFLD is considered an emerging risk factor. In 20% of NAFLD patients, the con-
dition progresses to non-alcoholic steatohepatitis (NASH), the aggressive form of NAFLD characterized by the development of
fibrosis in the liver, leading to cirrhosis. The purpose of this review is to provide an overview of the relationships between
NAFLD and HFpEF and to discuss its impact in clinical setting. Based on international reports published during the past decade,
there is growing evidence that NAFLD is associated with an increased incidence of cardiovascular diseases, including impaired
cardiac structure and function, arterial hypertension, endothelial dysfunction, and early carotid atherosclerosis. NAFLD and
HFpEF share common risk factors, co-morbidities, and cardiac outcomes, in favour of a pathophysiological continuum. Cur-
rently, NAFLD and NASH are principally managed with non-specific therapies targeting insulin resistance like sodium-glucose
co-transporter-2 inhibitors and liraglutide, which can effectively treat hepatic and cardiac issues. Studies including HFpEF pa-
tients are ongoing. Several specific NAFLD-oriented therapies are currently being developed either alone or as combinations.
NAFLD diagnosis is based on a chronic elevation of liver enzymes in a context of metabolic syndrome and insulin resistance,
with fibrosis scores being available for clinical practice. In conclusion, identifying HF patients at risk of NAFLD is a critically im-
portant issue. As soon as NAFLD is confirmed and its severity determined, patients should be proposed a management focused
on symptoms and co-morbidities.
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Introduction

Nearly half of patients with heart failure (HF) have a pre-
served left ventricular ejection fraction (HFpEF),1 historically
referred to as ‘diastolic heart failure’. Over the past decade,
several studies have shown that HFpEF most likely results
from the complex interplay of multiple impairments in ven-
tricular diastolic and systolic reserve function, heart rate re-
serve and rhythm, atrial dysfunction, stiffening of the

ventricles and vasculature, impaired vasodilatation, pulmo-
nary hypertension, endothelial dysfunction, and abnormali-
ties in the periphery, including skeletal muscle.1 Many of
these abnormalities are not apparent at rest but are noted
when the cardiovascular (CV) system is stressed. The limita-
tions in CV reserve then interact with systemic processes to
cause symptoms of dyspnoea and fatigue, which ultimately
culminate in systemic and pulmonary venous congestion,
muscle wasting, and loss of functionality and independence,
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escalating the need for HF care. In many respects, this situa-
tion represents an exaggerated version of phenomena associ-
ated with normal CV aging.2,3 Obesity and type 2 diabetes
mellitus (T2DM) are more prevalent in HFpEF than in HF with
reduced ejection fraction (HFrEF).4 Besides, no effective
treatment for HFpEF is currently available.

Non-alcoholic fatty liver disease (NAFLD), the hepatic out-
come of metabolic abnormalities such as obesity, insulin re-
sistance, or T2DM and dyslipidaemia, affects about 25% of
the general population worldwide and can be found in both
men and women. NAFLD, which can progress to a more ag-
gressive form known as non-alcoholic steatohepatitis (NASH),
is the most prominent cause of chronic liver disease5 and is
on the point of becoming the first indication for liver trans-
plantation in the USA.6 NAFLD has been shown to increase
the risk of atherosclerosis, cardiomyopathy, and arrhythmia,
as well as CV morbidity and mortality, supporting a need for
primary and secondary prevention of CV disease (CVD) in pa-
tients with NAFLD.7 A large proportion of patients with
NAFLD and NASH have an accompanying atrial and ventricu-
lar myopathy, which often manifests clinically as atrial fibrilla-
tion and HFpEF.8 Conversely, NAFLD is frequently found in
patients with HFpEF.9 A recent prospective study in outpa-
tients with HFpEF undergoing abdominal imaging indicates
that the prevalence of NAFLD could reach 50% and that half
of the NAFLD patients could have a NAFLD fibrosis score
(NFS) indicative of advanced fibrosis.10 A high NFS has been
found to be associated with a higher risk of all-cause mortal-
ity for symptomatic patients hospitalized for decompensated
HFpEF.11 Because NAFLD is characterized by many
co-morbidities common in HFpEF and also by proinflamma-
tory adipocytokines causing derangements of the adjoining
myocardium and resulting in atrial fibrillation,8 one should
consider NAFLD as an emerging risk factor for HFpEF compli-
cations. Yet little has been documented about the routine
management of patients with HFpEF at risk of NAFLD.

This review aims to draw an overview of the relationships
between NAFLD and HFpEF based on the current understand-
ing of their pathophysiological interactions and to discuss its
impact on cardiology clinical practice.

Pathogenesis, natural history, and
diagnosis of non-alcoholic fatty liver
disease/non-alcoholic steatohepatitis

Liver steatosis is the hallmark feature of NAFLD. Under condi-
tions of a sedentary lifestyle, high fat diet, obesity, and/or in-
sulin resistance, the accumulation of triglyceride (TG) within
hepatocytes (steatosis) leads to an increased influx of lipids
into the liver and decreased lipid disposal. Plasma
non-esterified fatty acids (FA), the main sources of FA
(60%), come from adipose tissue (where inhibition of lipolysis

is impaired), de novo lipogenesis-derived metabolites (25%),
and dietary FA through the uptake of intestinally derived chy-
lomicron (15%). In addition, FA β-oxidation and export of TG
by very-low-density lipoprotein are impaired, leading to the
synthesis and storage of TG within hepatocytes as lipid
droplets.12

A subset of patients (20%) are expected to develop NASH,
defined by the additional presence of hepatocyte ballooning
degeneration and lobular inflammation. NASH represents
the aggressive form of the disease with progressive develop-
ment of fibrosis in the liver, leading to cirrhosis (5%) and
liver-related complications (hepatic decompensation and he-
patocellular carcinoma).13 Insulin resistance, accumulation
of lipotoxic metabolites and bile acids within hepatocytes, ox-
idative stress, release of cytokines, and other inflammatory
mediators, as well as gut microbiota, are believed to promote
the transition from steatosis to liver inflammation (NASH)
and fibrosis through mitochondrial dysfunction, endoplasmic
reticulum stress, cell death, and immune cell infiltration.14–16

While several preclinical models based on varying genetic or
dietary manipulations have been developed to better charac-
terize the disease, none of them entirely mimics the patho-
genesis of human NAFLD.17

Among all the liver lesions described in NAFLD, liver fibro-
sis is the only one shown to be independently associated with
patient outcomes.18 A recent meta-analysis has demon-
strated that prognosis of NAFLD is impaired in F2 fibrosis
stage with exponential increase when transitioning to stage
F3 (bridging fibrosis), then F4 (cirrhosis).19 Patients with cir-
rhosis have higher rates of mortality and liver-related compli-
cations than those with bridging fibrosis, whereas vascular
events and non-hepatic cancers are the commonest compli-
cations in those with bridging fibrosis.20

The diagnosis of NAFLD is firstly based on the presence
of fatty liver on imaging (ultrasound and MRI) and the chronic
elevation of transaminases and/or gamma-glutamyl
transpeptidase (GGT) in a context of metabolic syndrome
and insulin resistance, and after excluding other causes
of chronic liver disease including excessive alcoholic
consumption.21,22 The gold standard for the evaluation of
NAFLD severity (NASH, fibrosis, and cirrhosis) remains liver bi-
opsy using the classification of NASH-CRN.21,22 However, this
procedure is invasive and cannot be used as a first-line
screening or diagnosis because of the high prevalence of
the disease. Blood tests combine clinical parameters and
blood markers of fibrosis in more or less complex algorithms
and are often used as a first-line strategy. The two most val-
idated simple blood tests are the NAFLD fibrosis score and
the FIB4 index.23,24 Elastometry devices (FibroScan, ARFI,
Supersonic, ElastoMRI, etc.) measure liver stiffness using elas-
tic waves, perform better than blood fibrosis tests, and may
be used as a second-line strategy in patients in whom the
blood test cannot exclude advanced fibrosis. Liver biopsy
may be considered only if the result is likely to impact the
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management, for instance in case of doubt about another
cause of chronic liver disease or about cirrhosis.

Association of non-alcoholic fatty liver
disease and cardiovascular disease

There is growing evidence that NAFLD is a multisystem dis-
ease affecting extra-hepatic organs.25,26 Above all, NAFLD is
associated with an increased incidence of CVD, indepen-
dently of established CV risk factors.7,27,28 A post hoc analysis
of a single-centre prospective register based on 1965 patients
undergoing routine screening colonoscopy recently showed
that CV risk, as assessed by the Framingham risk score, was
higher in patients with NAFLD (8.7 ± 6.4 vs. 5.4 ± 5.2%;
P < 0.001), supporting that NAFLD might independently im-
prove prediction of long-term risk for CVD.29

Compared with subjects without liver disease,
patients with NAFLD have impaired cardiac structure and
function30 and develop arterial hypertension,31 endothelial
dysfunction,32 and early carotid atherosclerosis33 shown to
appear 5 to 10 years earlier than in subjects without NAFLD.
These features are commonly associated with HF and lead to
increased CV risk.27 Besides, in subjects with NASH, the pres-
ence of severe fibrosis/cirrhosis (F3–F4) is also associated

with the most severe CVD compared with those having no
or low fibrosis (F0–F2).34

Relationship between heart failure
preserved left ventricular ejection
fraction and non-alcoholic
steatohepatitis

Heart failure preserved left ventricular ejection fraction is de-
scribed as a multisystem disease with diastolic and systolic re-
serve anomalies, endothelial dysfunction, atrial dysfunction,
inadequate chronotropic reserve, ventricular and vessel rigid-
ity, and pulmonary hypertension.1,35 In parallel with investi-
gations aimed to describe the complex structural damage of
the heart, the concept of phenomapping has emerged, which
considers several clinical entities combining risk factors and
co-morbidities such as high blood pressure, diabetes, and
obesity.3 A patient phenotype characterized by a high preva-
lence of obesity supports the concept of a pathophysiological
continuum between HFpEF and NAFLD (Figure 1).

The pathophysiological continuum between NAFLD and
HFpEF is attributable, at least in part, to the secretion of
adipokines and pro-inflammatory cytokines.7 First, central
perivisceral adipose tissue has intense endocrine activity with

Figure 1 Pathophysiological relationship and common co-morbidities in NAFLD and HFpEF. The scheme summarizes the main pathophysiological path-
ways resulting from NAFLD or NASH reported to enhance (thunderlights) heart dysfunctions associated with HFpEF. The part below indicates common
co-morbidities shared by both conditions.
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a strong autocrine and paracrine effect. Adipokines contrib-
ute to insulin resistance and the formation of steatosis and
consequently NASH. Leptin is produced by fatty tissue, heart
tissue, and the digestive system. At the level of the hepatic
tissue, it has a profibrotic activity via the activation of PI3K
promoting the synthesis of osteopontin.36 On the other hand,
it leads to cardiac hypertrophy and endothelial dysfunction.
Secondly, there is a similar pro-inflammatory cytokine
spectrum between NAFLD and HFpEF. For instance,
pro-inflammatory macrophages (M1) release cytokines such
as TNF-A and IL-6 that contribute to hepatocyte injuries and
NAFLD, while damaged hepatocytes release IL-33 that pro-
motes profibrogenic effect via the IL-33 receptor (ST2) and
galectin3,37 In the heart, IL-33 is released in response to the
stretching of myocardial fibres. Binding to its up-regulated
soluble form ST2 receptor, in response to stretch myocyte, in-
flammation, and myocardial fibrosis, leads to hypertrophy of
cardiomyocytes and heart fibrosis similarly to the action of
galectin3,38 A prospective real-life study of HFpEF patients
with NAFDL found an important association between more
advanced HF and hepatic fibrosis stage, and that patients
with advanced fibrosis had an increase in left atrial diameter
and ≥grade 2 diastolic dysfunction.10 A similar relationship
was observed in HF patients hospitalized for the treatment
of decompensated HFpEF.11

Impact of co-existing non-alcoholic
steatohepatitis on heart diseases

Myocardial abnormalities

Strong evidence links NAFLD with functional and structural
myocardial abnormalities in individuals with or without
coexisting features of metabolic syndrome.39 Echocardio-
graphic assessments in normotensive, non-diabetic patients
with NAFLD showed a markedly impaired diastolic function,
a mild alteration of LV structure, and the associated impair-
ment of LV function and myocardial relaxation.39,40 The as-
sessment of mitral inflow velocity showed a lower E-wave
and e′ velocity on tissue Doppler imaging (TDI), a lower E/A
ratio, and a higher E/e′ ratio, suggesting higher LV filling pres-
sure in NAFLD patients compared with controls, in the ab-
sence of morbid obesity, hypertension, or diabetes. There
was no significant difference in ejection fraction (EF) between
groups. However, several studies using speckle tracking echo-
cardiography (STE) have shown an impairment of LV global
strain, confirming the subclinical and early alteration of sys-
tolic function in that population.41 These adverse structural
alterations and cardiac dysfunction were confirmed in a re-
cent meta-analysis based on 16 studies.42 Compared with
non-NAFLD subjects, NAFLD patients had concentric cardiac

remodelling, including increased LA size, higher LV volume,
wall thickness, and LV mass indices.

An interesting MRI-based study assessed the effect of dif-
ferent ectopic fat depots on LV diastolic function in nondia-
betic men with NAFLD and free of CVD.43 Hepatic steatosis
and visceral adipose tissue (VAT) were associated with signif-
icant changes in LV structure and function. Hepatic TGs and
VAT correlated with the degree of LV diastolic function, and
surprisingly, no significant correlations were found between
indices of diastolic function and myocardial TG. Another study
examined the impact of both hepatic steatosis and fibrosis on
diastolic heart dysfunction in relation to myocardial glucose
uptake with 18FDG-PET in the general population.44 Hepatic
steatosis and fibrosis were associated with diastolic heart
dysfunction and were correlated with decreased myocardial
glucose uptake. On the other hand, patients without NAFLD
were more likely to have higher myocardial glucose uptake.
Finally, diastolic dysfunction in NAFLD was found to be linked
to impaired exercise capacity with a significant decreased
peak VO2, and the severity of impairment in exercise capacity
and diastolic function was directly related to the stage of liver
disease.45 Moreover, NAFLD has been shown to be strongly
and independently associated with aortic valve stenosis and
mitral annulus calcification (singly or in combination) in
patients with T2DM, suggesting that NAFLD could have an
impact on valve calcification.46

Cardiac arrhythmias

Atrial fibrillation (AF) is the most common arrhythmia, and its
prevalence and impact on NASH remain debatable.47 While
some studies did not find an over-risk (based on Framingham
or Pomerania cohorts), most of them suggest a risk of in-
creased morbidity and mortality.48–50 Overall, patients with
NASH, with or without cirrhosis, develop twice as many
arrhythmias from AF as patients without NASH.47,51,52

This non-fortuitous association may involve a large num-
ber of factors, including, in the first place, cardiac anomalies
like subclinical myocardial remodelling independent of the
usual risk factors and structural changes such as size and left
atrium (LA) volume, impaired intra-atrial conduction, LV mass
and thickness, or impaired diastolic function.53–55 Inherent
liver abnormalities, such as fibrosis evaluated by subclinical
hepatic thickness on MRI, are also expected to directly corre-
late with structural and functional cardiac anomalies such as
LV hypertrophy, LA dysfunction, or myocardial fibrosis. The
role of systemic abnormalities, such as inflammation, known
to be responsible for changes in metabolism and heart func-
tion has also been proposed. In this respect, studies measur-
ing GGT, a marker of liver damage and oxidative stress
independently of atrial arrhythmia, have shown that systemic
factors are preponderant when compared with hepatic
factors and specific aminotransferase-associated liver
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damage alone.56 The more common factors like obesity, insu-
lin resistance, and diabetes also interfere, so it is not easy to
differentiate the proper role of NASH from the frequently as-
sociated CV risk factors regarding the impact on morbidity
and mortality.

Regarding clinical outcomes, patients with NASH have
more hospitalizations with longer lengths of stay, but only
62.5% are effectively treated in compliance with the current
recommendations concerning anticoagulation.47

Coronary artery disease

Coronary artery disease has been reported as highly
prevalent in patients with NAFLD benefiting from
coronary angiogram57 and in patients undergoing liver
transplantation.58 Based on systematic coronary angiograms
performed in patients with CAD risk factors and/or aged
more than 50 years, CAD was detected in 36.8% of patients
with the highest prevalence (52.8%) in those with
NASH-associated cirrhosis.57 In the multivariate analysis,
NASH remained the only one aetiology significantly
associated with CAD.

The link between NASH and cardiac dysfunction involves
several pathophysiologic pathways. The common pathway
of the two conditions could be mediated by macrophage, as
macrophage infiltration is known to play a central role in
the initiation of atherosclerosis and then could also be in-
volved in the initiation of NASH. Inflammatory processes
could also explain the relationship between NAFLD and coro-
nary disease. Coronary calcic score and various inflammatory
biomarkers have been explored by imaging in 3876 volun-
teers with neither known chronic liver disease nor CVD.59 In
this unselected population, the prevalence of unknown
NAFLD was 17%. While no inflammatory biomarker was cor-
related with a coronary calcic score in patients with CAD,
IL-6 was the only biomarker independently associated with
elevated CAC. This study illustrates the need for a better char-
acterization of the pathophysiological links between NASH
and CAD.

Two recent meta-analyses including patients with NAFLD
have confirmed an increased prevalence of subclinical
atherosclerosis in those patients60 and that NAFLD was
associated with a higher risk of increased carotid artery
intima-media thickness/plaques, arterial stiffness, CAC, and
endothelial dysfunction.61 Interestingly, the results of a study
including 1473 individuals within the Cardiometabolic
risk, Epicardial fat, and Subclinical Atherosclerosis Registry
(CAESAR) suggest that epicardial fat could be more specifi-
cally involved.62

The role of NAFLD as a major risk factor in clinical
settings63 has been retrospectively shown through a post
hoc analysis of the large IMPROVE-IT trial including patients
with stabilized acute coronary syndrome (ACS).64 In this

study, a dual lipid-lowering therapy (ezetimibe/simvastatin)
was found to be efficient only in patients with higher risks
of recurrent major CV events, which underlines that NAFLD
could help better select patients who could benefit from
the dual therapy.

Perspectives in cardiovascular disease-
associated non-alcoholic
steatohepatitis management

Results with therapies targeting insulin resistance

No specific pharmacological treatment is approved for
NAFLD/NASH to date, which may be due in part to the com-
plex and multimodal pathophysiology of NAFLD/NASH and
also the complexities in clinical trial design and patient
enrollment.9 In this context, treatments of obesity (including
adjuvant vitamin E) have been suggested to both improve
NASH and reduce CV dysfunction.65–67 A systematic review
based on 29 randomized clinical trials showed that pioglita-
zone and liraglutide were associated with improvement of
histologic features of NAFLD, with a mild effect on liver fibro-
sis with pioglitazone.67 However, this analysis points out the
impact of pioglitazone on weight gain and the
contra-indication in patients with (or at risk of) HF. As for
liraglutide, studies in patients with HFrEF showed an associa-
tion with more serious adverse cardiac events, and there is
no available data or ongoing studies in patients with
HFpEF.68,69 Sodium-glucose co-transporter-2 (SGLT2) inhibi-
tors reduce HF hospitalization of T2DM patients with
established CVD or who are at risk of CVD.68 Furthermore,
the SGLT2 inhibitor licogliflozin has been shown to improve
NASH patients’ liver biochemistries, with a good safety
profile.70 Two ongoing placebo-controlled randomized trials
are currently assessing the effects of the SGLT2 inhibitors
empagliflozin71 and dapagliflozin (NCT03619213) on CV
outcomes in HFpEF patients.

Overall, available data on the effects of drugs acting on in-
sulin resistance are from studies assessing CV endpoints in
patients with NASH. Furthermore, the increased prevalence
of obesity in HFpEF patients when compared with those with
HFrEF may override the improved glycaemic control.69 Data
results that include HFpEF patients are eagerly awaited.

Advances in the development of non-alcoholic
steatohepatitis specific therapy

Many drugs targeting different pathways are under investiga-
tion as monotherapies or combinations (Table 1). The
most advanced options in terms of development target
the farnesoid X nuclear receptor (FXR), apoptosis
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signal-regulating kinase 1 (ASK-1), chemokine receptors
CCR2/CCR5, and dual peroxisome proliferator-activated
receptor (PPAR)-α/δ.

FXR agonists have a multimodal effect on NASH with anti-
steatotic, anti-inflammatory, and antifibrotic actions.
Obeticholic acid, an FXR agonist already approved in the
treatment of primary biliary cholangitis, has been studied in
adults with NASH and fibrosis stages F2–F3.72 In a
placebo-controlled phase III trial, the endpoint of fibrosis im-
provement was achieved by a significantly higher proportion
of patients in obeticholic acid groups, with adverse effects
(mainly pruritus) generally mild or moderate. The assessment
of clinical outcomes is ongoing. In a phase II randomized trial
performed in non-cirrhotic patients with NASH, cilofexor, a
nonsteroidal FXR agonist, was found to provide significant re-
ductions in hepatic steatosis and liver biochemistry.73

Regarding fibrosis modulators of interest, cenicriviroc
inhibits CeC chemokine receptor types 2 and 5 (CCR2
and CCR5), which are implicated in the progression of
NASH and liver fibrosis. In the CENTAUR randomized
placebo-controlled study performed in adults with NASH,
cenicriviroc was associated with a significant antifibrotic ef-
fect (reduction in PRO-C3 levels and ELF scores) coupled with
a safety profile comparable with that of placebo.74

While being considered as a promising anti-NASH drug, the
dual (PPAR)-α/δ agonist elafibranor75 failed to show effi-
ciency on NASH resolution (NCT02704403). Other pharmaco-
logic drugs targeting pathways of interest for the treatment
of NAFLD and NASH, like stearoyl-CoA desaturase 1 or human
fibroblast growth factor, are being evaluated.

Finally, one can expect higher benefits when combining
drugs targeting different pathways. However, in a phase II
study, none of the three dual therapies with cilofexor,

selonsertib, and firsocostat (an inhibitor of the acetyl-CoA
carboxylase) was found to improve fibrosis (NCT03449446).
Ongoing phase II trials are evaluating the safety and efficacy
of other combinations including the FXR agonist tropifexor
with cenicriviroc76 or licogliflozin (NCT04065841), and the
combinations of cilofexor and semaglutide with (triple
therapy) or without (dual therapy) firsocostat
(NCT03987074).

Current challenges in non-alcoholic fatty liver
disease detection in clinical practice

So far, there is no specific treatment for HFpEF nor any ap-
proved NAFLD-oriented specific therapies. The high degree
of uncertainty about the involvement of some of the incrim-
inated mechanisms makes evaluating and developing specific
therapies difficult. However, given the high proportion of ad-
vanced cirrhosis in HFpEF patients with NAFLD,10 the current
challenge for cardiologists is to detect NAFLD early so it can
be managed with approved non-specific pharmacologic or
non-pharmacologic strategies associated with heart disease
treatment. In the absence of validated biomarkers, cardiolo-
gists must be aware of risk factors like T2DM or metabolic
syndrome, two conditions that warrant a detection primarily
based on liver enzymes measurements (Figure 2). In patients
with abnormal tests, and after another possible cause such as
alcohol or medication (e.g. corticoids and methotrexate) con-
sumption has been eliminated, patients should undergo
larger blood tests consistent with a possible liver pathology,
which should include coagulation parameters and markers
of viral infections (HBV/HCV). In the case of increased liver
enzymes, a liver echography will be considered.

Table 1 Main clinical trials of NASH-oriented drugs in development

Drugs Mechanisms of action Stage of development and main outcomes

Inflammatory/fibrosis modulators
Cenicriviroc CCR2/CCR5 antagonist Phase III (CENTAUR) Significant antifibrotic effect
Selonsertib ASK-1 inhibitor Phase III (STELLAR) Primary endpoint (fibrosis improvement) not met
Belapectin Galectin-3 inhibitor Phase IIb Primary endpoint (no reduction in HVPG) not met

Metabolic modulators

Elafibranor
Dual PPAR-α/δ agonist Phase III (RESOLVE-IT) Primary endpoint (NASH resolution without fibrosis

worsening) not met
Multimodal drugs

Obeticholic acid FXR agonist Phase III (REGENERATE) Histological improvement—clinical assessment ongoing
Cilofexor FXR agonist Phase II Reductions in hepatic steatosis and liver biochemistry

Combination-based therapies
Cilofexor + selonsertib Phase II (ATLAS) Primary endpoint (fibrosis improvement) not met
Cilofexor + firsocostata Phase II (ATLAS) Primary endpoint (fibrosis improvement) not met
Selonsertib + firsocostata Phase II (ATLAS) Primary endpoint (fibrosis improvement) not met
Cenicriviroc + tropifexor Phase IIb (TANDEM) Ongoing—primary endpoint: safety and tolerability

Tropifexor + licogliflozin
Phase II (ELIVATE) Ongoing—NASH resolution + no fibrosis

worsening, or fibrosis improvement
Semaglutideb + cilofexor Phase II Ongoing—primary endpoint: safety and tolerability
Semaglutideb + firsocostata Phase II Ongoing—primary endpoint: safety and tolerability

ASK-1, apoptosis signal-regulating kinase 1; FXR, farnesoid X nuclear receptor; PPAR, peroxisome proliferator activated receptor.
aInhibitor of the acetyl-CoA carboxylase.
bGlucagon-like peptide-1 (GLP-1) receptor agonist.
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Once the condition of a NAFLD is confirmed, fibrosis sever-
ity must be assessed by using available simple free blood
tests such as the NAFLD fibrosis score or FIB4. Both scores al-
low for determining the low, intermediate, or high probability
of F3/F4 (Figure 3). In the case of intermediate or high risks,

patients should be followed by a specialized hepatology de-
partment to perform liver elastometry and appropriate ther-
apy. The use of NFS as proposed to assess liver stiffness and
make prognoses for HFpEF patients warrants further studies
on large populations.11

Figure 3 Fibrosis scores available for clinical practice. Values are from the EASL-ALEH Clinical Practice Guidelines20 and Boursier et al. (2016)21.

Figure 2 Proposed algorithm for the screening of NAFLD in patients with HFpEF.
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In conclusion, even though the successful trials required to
consider a cost-effectiveness screening for NAFLD in HFpEF
are not currently available, cardiologists must be aware of
the importance of identifying HFpEF patients at risk of fibro-
sis. In this respect, a close collaboration between cardiolo-
gists and hepatologists must be encouraged. Finally, one
can advocate for clinical research addressing cardiological
endpoints in patients recruited in clinical trials targeting
NAFLD and on the other side metabolic and hepatology
endpoints in patients included in cardiological research.
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