Is NAFLD a driver or simple
marker of cardiovascular risk?
The cardiologist’s perspective
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Introduction. What are the problems?
NAFLD is associated with CVD, and the 2 disorders share
several cardiometabolic risk factors.

The specific contribution of NAFLD to increased CVD risk,
especially in clinical studies, is difficult to discern from the
combination of these shared risk factors.
The population of NAFLD patients is heterogeneous.
The liver is particularly involved in the pathophysiology of the
metabolic syndrome (MetS), and the subsequent development
of CVD and other complications, whereas in others, NAFLD is
a manifestation of end-organ damage due to MetS.

This is what we need to prove that NAFLD is causal in CVD.
The example of LDLc and CVD.
Association between LDLc and cardiovascular diseases

Nordetgaard BG et al. Eur Heart J. 2018

Is the association of NAFLD and CVD
independent of other CV risk factors?
• Yes
→ Many large population-based cohorts.
• No
→In contrast, some studies did not.
After controlling for DM and BMI, NALFD is
no more an independent risk factor (70-75%
DM have NAFLD)

Haring R, et al. Hepatology 2009;50:1403–11.
Zhou YJ, et al. J Dig Dis 2012;13:153–60.
Treeprasertsuk S, et al. Liver Int 2012;32:945–50.
Pisto P, et al. BMJ Open 2014
Jepsen P, et al. Hepato- Gastroenterology 2003;50:2101–4.

Epidemiology. CVD events
Disparities : How NAFLD is diagnosed in those studies? What are the CVD endpoints?
Studies

N

Non fatal and fatal
CVD events

Severity of NAFLD or
NASH

CVD Mortality

Meta-analysis of
Targher (2016)

n= 34 043
16 studies*

OR: 1.64

OR: 2.58

No association

95% CI: 1.26 to 2.13

95% CI: 1.78 to 3.75

Meta-analysis of
Haddad (2017)

n= 25 837
6 studies)
NAFLD
(diagnosed via
ultrasound)

Clinical CVD evts
RR: 1.77

NR

NR

Meta-analysis of
Wu (2016)

95% CI: 1.26 to 2.48

n= 165 000
34 studies

OR: 1.81

HR: 2.97

No association

95% CI: 1.23 to 2.66

95% CI: 1.03 to 8.52

NAFLD was defined
by ultrasound, CT,
histology, or liver
enzymes

Incident CVD
HR: 1.37

with either overall
mortality or CVD
mortality in both
NAFLD and
NASH.

*NAFLD by imaging/by histology in one study

95% CI: 1.10 to 1.72

Targher G, et al. J Hepatol 2016;65:589–600.
Mahfood Haddad T, et al. Diabetes Metab Syndr 2017
Wu S, et al. Sci Rep 2016

Association of NAFLD with atherosclerosis
• NAFLD is independently associated with increased CIMT and CAC.
• Meta-analysis (n=85 395 with 29 493 NAFLD) increased risk of
subclinical atherosclerosis compared with individuals without NAFLD
(OR: 1.60; 95% CI: 1.45 to 1.78)
CIMT (OR: 1.74; 95% CI: 1.47 to 2.06)
Arterial stiffness (OR: 1.56; 95% CI: 1.24 to 1.96)
CAC (OR: 1.40; 95% CI: 1.22 to 1.60)
Endothelial dysfunction (FMD) (OR: 3.73; 95% CI: 0.99 to 14.09).
• Longitudinal study (n=8,020, FU 8 years)
Regression of CIMT in those with regression of NAFLD compared with those
with persistent NAFLD was HR 0.82 (95% CI: 0.69 to 0.96; p= 0.013)
Kim D, et al. Hepatology 2012;56:13.
Zhou YY, et al. Hepatology communications 2018;2:376–92.
Sinn DH et al. Gastroenterology 2016; 151:481–8.e1.

Cardiomyopathy
• Increased left ventricular wall thickness and
myocardial mass
• lower early diastolic relaxation velocity (and worse
absolute global longitudinal strain
• NAFLD independently associated with valvular heart
disease, speciﬁcally aortic valve sclerosis (AVS) and
mitral annulus calciﬁcation
• NAFLD (n= 180 D) associated with increased risk of
AVS (adjusted OR: 3.04; 95% CI: 1.3to 7.3).
• Increased Epicardial adipose tissue
Trovato FM et al. Int J Cardiol 2016;221:275–9.
Markus MR et al. Arterioscl Biol Vasc Biol 2013;33:1690–5.

Diabetes, NAFLD and QTc prolongation
Italy, n= 400
Ultrasonographic NAFLD
Bazett computerized EKG

Logistic regression models for NAFLD as a predictor for
increased QTc interval duration

Targher G, et al. Nutr Metab Cardiovasc Dis. 2014;24:663–669.

NAFLD is associated with Ventricular
Arrhythmias in Diabetics
SVT or AF

nVT or PVC

Italy, N= 330 diabetics
Retrospective, Cross-sectional
without AF, ESRD, LD
24-h Holter monitoring for
clinical reasons (2013-2015)
Ventricular arrhythmias=
nonsustained VT, or >30
premature ventricular complexes
(PVCs) per hour
Ultrasonography NAFLD

Mantovani A. et al. Diabetes Care 2016;39:1416–1423

NAFLD and Atrial fibrillation
Persistent or permanent AF

Italy
N= 702 patients with Type 2 diabetes
NAFLD on ultrasonography

Targher G, et al. Clinical Science 2013;125, 301–309.

NAFLD and atrial fibrillation
• NAFLD is a marker of ectopic fat accumulation in other organs,
including the myocardium and pericardium→ left atrial
remodeling
• Adipocytes from epicardial, retrosternal or abdominal adipose
tissues may modulate the electrophysiological properties and
ion currents, causing higher arrhythmogenesis (ANS
dysfunction)
• NAFLD may release a variety of pro-inflammatory and procoagulant mediators and other inflammatory cytokines possibly
inducing structural and/or electrical remodelling of the atria

Jmaly S et al, JACC 2016

Mechanisms NAFLD increases CVD

Stahl, E.P. et al. J Am Coll Cardiol. 2019;73:948–63.

Genetics?
Two missense genetic variants have been identified by GWAS studies of
NAFLD:
1/ PNPLA3 related to TG metabolism.
Carriers of this mutation : increased atherosclerosis.
In a cohort study of the Danish general population, using Mendelian
randomization, high liver fat content was not found to be causally associated
with increased risk of ischemic heart disease (OR: 0.95; 95% CI: 0.86 to
1.04; p= 0.46).
2/ Transmembrane 6 superfamily member 2 modulates secretion of TG
and cholesterol in the liver via VLDL excretion. Carriers of this mutation are at
risk for NAFLD due to increased retention of TG and lipids in the liver but may
experience some degree of cardioprotection with subsequently reduced
levels of serum TG, LDL cholesterol, and total cholesterol.

Lauridsen BK, European Heart Journal 2018;39:385–93.
Kozlitina J, et al. Nat Genet 2014;46:352–6.

Therapies?
•
•
•
•

Statins + effects both CVD and NAFLD
Aspirin ?
Metformin: limited efficacy in NAFLD
Pioglitazone: decrease hepatic fat content; increase hepatic insulin
sensitivity; decrease serum ALT levels; and improve ﬁbrosis, steatosis,
inﬂammation, and ballooning necrosis (concern with HF)
• Liraglutide (GLP-1 analogue) reduces NASH (LEAN: weight loss
dependant)
• Angiotensin II receptor blockers (ARBs) weak proof
• Vitamin E no CV effect

• Future: Ongoing Phase III clinical trials with Farnesoid X receptors (FXRs)
agonist : Obeticholic Acid (LDLc increased), Elaﬁbranor (dual PPARα/delta agonist)
• Phase IIb: Cenicriviroc is an antagonist of C-C motif chemokine receptor
(CCR) types 2 and 5 : decreases fibrosis in NASH
ATTEMPT study. Arch Med Sci 2011;7:796–805.
ACC/AHA guidelines. J Am Coll Cardiol 2014;63:2889–934.
N Engl J Med 2010;362:1675–85.
JAMA Intern Med 2017;177:633–40.

Conclusions
Patients with NAFLD develop increased atherosclerosis,
cardiomyopathy, and arrhythmia, which clinically result in
increase cardiovascular morbidity and mortality.
CVD and NAFLD are associated with each other through multiple
pathophysiological mechanisms (inflammation, ED, hepatic IR,
OS and altered lipid metabolism).
A genetic basis for the disease is under study with SNP
associations that warrant further validation.
The candidate medications under study for NAFLD should be
thoroughly evaluated using cardiovascular endpoints and
subclinical CVD.
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Fernando Botero
Dancers 1987

Back up

This is what we need to prove that NFLD is causal in CVD.
The example of LDLc and CVD.
Association between LDLc and cardiovascular diseases

Nordetgaard BG et al. Eur Heart J. 2018

Do we need to screen all patients at
high risk for NAFLD?
• No for USA : uncertainties in diagnostic work up and
limited treatment options
• Yes for Europe in Obese, MetS and high risk CVD
(liver enzymes and/or ultrasound because of its
prognostic implications)
• The CardioMetabolic Heath Alliance→ more
comprehensive screening to improve prevention of
MetS. Measurable biomarkers such as blood
pressure, lipids, body mass index (BMI), and waist
circumference.

Characteristics. NAFLD and QTc

Chi-Sheng Hung et al. J Am Heart Assoc. 2015

NAFLD and QTc. Large cohort
Taiwan cohort
Cross sectional study D+/N= 31 116

Signiﬁcant association of blood pressure, hemoglobin A1c, and high-density
lipoprotein concentration with QTc interval.
NAFLD : Abdominal ultrasonography and classiﬁed as
none, mild, moderate, or severe
Chi-Sheng Hung et al. J Am Heart Assoc. 2015

Physiopathology of QTc prolongation in NASH
NASH
Traditional risk
factors: obesity,
diabetes, HTN,
HDL

Nervous
autonomic
dysfunction

Inflammation
: elevated
CRP, Il6,
TNFαR1

Cardiomyocytes

Prolongation of QTc interval

HormonesHypogonadism
Testosterone?

Obesity and QT in humans and mice
Obesity is associated with long QT, increased frequency of premature ventricular complexes,
and sudden cardiac death.

• Diet-induced obese mice have long QT, similar to obese H
• Transcription of potassium channels is reduced because of
lower cAMP response element binding protein (CREB) levels.
• Reduced cardiac CREB is a novel mechanism causing
electrophysiologic remodeling in obesity.

Haiyan Huang et al. J of Mol and Cell Cardiol
2013;59:151-158

Obesity and QT in relation with the metabolic
syndrome
China, n= 11 956
Prevalence increased with each MS component
(aOR 1.27, 95% CI 1.22 to 1.32) but not with body
mass index (aOR 1.01, 95% CI 0.99 to 1.02).

Guo X, et al. Am J Cardiol 2017;119:1199-1204

Clinical implications
• Further conﬁrmation using large cohorts studies to assess
whether QTc prolongation among patients with NAFLD
independently contributes to future cardiovascular events or
all-cause mortality is warranted.

• Given the fact that NAFLD is probably a risk factor for
cardiovascular morbidity and mortality, a search for every
possible link between NAFLD and cardiovascular disease is
key to improving outcomes among these patients.
• The pathophysiological pathways through which NAFLD
contributes to chronic inﬂammation, hypogonadism,
hypercoagulation, and insulin resistance might represent
potential therapeutic targets for the prevention and treatment
of myocardial remodeling and the electrophysiological
abnormalities of the myocardium in patients with NAFLD.

Autonomic Nervous System & Obesity
• ANS regulates cardiovascular system and energy
expenditure
• 10% increase in body weight = decline in parasympathetic
tone = increase in resting heart rate
• Increase of resting HR is associated with high mortality
rates
• 10% reduction in body weight in severely obese subject
resulted improvement in cardiac function, decrease of
QTc interval

