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Abstract

Non-alcoholic fatty liver disease (NAFLD) has emerged
as a public health problem of epidemic proportions
worldwide. Accumulating clinical and epidemiological
evidence indicates that NAFLD is not only associated
with liver-related morbidity and mortality but also with
an increased risk of coronary heart disease (CHD), ab-
normalities of cardiac function and structure (e.g., left
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ventricular dysfunction and hypertrophy, and heart fail-
ure), valvular heart disease (e.g., aortic valve sclerosis)
and arrhythmias (e.g., atrial fibrillation). Experimental
evidence suggests that NAFLD itself, especially in its
more severe forms, exacerbates systemic/hepatic in-
sulin resistance, causes atherogenic dyslipidemia, and
releases a variety of pro-inflammatory, pro-coagulant
and pro-fibrogenic mediators that may play important
roles in the pathophysiology of cardiac and arrhythmic
complications. Collectively, these findings suggest that
patients with NAFLD may benefit from more intensive
surveillance and early treatment interventions to de-
crease the risk for CHD and other cardiac/arrhythmic
complications. The purpose of this clinical review is
to summarize the rapidly expanding body of evidence
that supports a strong association between NAFLD and
cardiovascular, cardiac and arrhythmic complications,
to briefly examine the putative biological mechanisms
underlying this association, and to discuss some of the
current treatment options that may influence both NAFLD
and its related cardiac and arrhythmic complications.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: The purpose of this clinical review is to sum-
marize the rapidly expanding body of evidence that
supports a strong association between Nonalcoholic
fatty liver disease (NAFLD) and cardiovascular, cardiac
and arrhythmic complications, to briefly examine the
putative biological mechanisms underlying this asso-
ciation, and to discuss some of the current treatment
options that may influence both NAFLD and its related
cardiac and arrhythmogenic complications.

February 21, 2014 | Volume 20 | Issue 7 |



Ballestri S et a/. Cardiac and arrhythmic complications in NAFLD

Ballestri S, Lonardo A, Bonapace S, Byrne CD, Loria P, Targher
G. Risk of cardiovascular, cardiac and arrhythmic complica-
tions in patients with non-alcoholic fatty liver disease. World J
Gastroenterol 2014; 20(7): 1724-1745 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i7/1724.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i7.1724

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a complex
health condition with implications far beyond the liver.
Over the last decade, it has been shown that the clinical
burden of NAFLD is not only confined to liver-related
morbidity or mortality, and the majority of deaths among
these patients are due to malignancy, coronary heart dis-
ease (CHD) and other cardiovascular (CVD) complica-
tions.

Although the anecdotal concurrence of peripheral
atherosclerosis and atrial fibrillation (AF) in a patient with
diabetes and hepatic steatosis dates back to the eatly 50’
s the traditional paradigm of liver disease protecting
against the development of CVD has only been recently
challenged. The experimental observations that an ath-
erogenic diet causes hepatic steatosis and gallstones in
mice”, and the pioneering clinical studies showing that
NAFLD is a possible contributor to accelerated athero-
genesis[}q suggested that either the relationship between
NAFLD and CVD is bidirectional or both diseases re-
sult from a common pathogenic ancestor. More recent
work has identified NAFLD as a risk factor not only for
premature CHD and CVD events, but also for early ab-
normalities in myocardial structure and function””, The
finding that NAFLD is associated with an increased risk
of AF in people without evidence of co-existing valvular
heart disease”™"” supports the assertion that NAFLD may
also be an emerging risk factor for cardiac arrhythmias.

In this clinical review, we will discuss the clinical evi-
dence linking NAFLD to an increased risk of structural
and arrhythmogenic cardiac complications. We will also
briefly review the putative biological mechanisms linking
NAFLD to the development and progression of such
complications, and discuss some of the cutrent treatment
options that may influence both NAFLD and its related
structural and arrhythmogenic cardiac complications. The
potential adverse impact of NAFLD on these complica-
tions deserves particular attention, especially with respect
to screening and surveillance strategies for the growing
number of patients with NAFLD.

Review criteria and evidence acquisition: this is a
clinical, narrative review and not a systematic review and
meta-analysis. PubMed was extensively searched for arti-
cles using the keywords “non-alcoholic fatty liver disease”
or “fatty liver” combined with “cardiovascular disease”,

 «

“cardiovascular risk”, “cardiovascular mortality”, “cardiac

» o« LEINT3

complications”, “coronary heart disease”, “congestive
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heart failure”, “myocardial dysfunction”, “valvular heart

disease”, “atrial fibrillation” or “cardiac arrhythmias”
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between 1990 and 2013. Articles published in languages
other than English were excluded from the analysis.

CLINICAL EVIDENCE LINKING
NAFLD TO RISK OF STRUCTURAL
AND ARRHYTHMOGENIC CARDIAC
COMPLICATIONS

NAFLD and risk of CHD

Opver the last decade, the prognostic value of NAFLD
as a risk factor for the development and progression of
CHD has attracted considerable scientific interest. To
date, there is a large body of clinical and epidemiological
evidence supporting the assertion that NAFLD is strong-
ly associated with an increased prevalence and incidence

of CHD""",

Subclinical and clinical CHD

Subclinical CHD: Abundant epidemiological data link
NAFLD with markers of subclinical atherosclerosis (i.e.,
endothelial dysfunction, increased arterial stiffness, in-
creased carotid intima-media thickness, elevated coronary
calcium score) both in adults and in adolescents!*"".

Some investigators have reported that NAFLD is
associated with circulatory endothelial dysfunction, inde-
pendently of obesity, hypertension and other established
CVD risk factors"™"”. A systematic review and meta-
analysis of seven cross-sectional studies (involving a
total of 3497 subjects) showed that NAFLD diagnosed
on ultrasonography is strongly associated with increased
carotid-artery intimal medial thickness and an increased
prevalence of carotid atherosclerotic plaquesm. Interest-
ingly, two studies also found a positive, graded relation-
ship between carotid-artery intimal medial thickness and
the severity of NAFLD histology, independently of mul-
tiple cardiometabolic risk factors™",

Accumulating evidence also suggests that NAFLD is
associated with increased coronary artery calcium (CAC)
score on cardiac computed tomography (CT), which is
another marker of early coronary atherosclerosis™. A
retrospective study showed that NAFLD, assessed by
either CT or ultrasonography, was significantly associated
with increased CAC score (i.e., CAC score > 100), inde-
pendently of traditional CVD risk factors™. Another
community-based study found that the presence of ul-
trasound-diagnosed NAFLD with increased serum ALT
levels, but not hepatic steatosis alone, independently pre-
dicted a high CAC score™. In 2012, Sung et al™ reported
that in a South Korean occupational cohort of 10153
people, NAFLD on ultrasonography was associated
with increased CAC score (i.e., CAC > 0), independently
of conventional CVD risk factors, metabolic syndrome
features, insulin resistance and pre-existing CVD. In the
same year, another large community-based study of Ko-
rean people confirmed that increasing CAC scores were
associated with NAFLD, independently of classical CVD
risk factors, including visceral adiposity[%]. Almost identi-
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cal results were reported by some investigators in other
ethnic groupsm.

Notably, some studies reported an abnormal coro-
nary flow reserve (CIFR), an index of impaired coronary
microcirculation, in patients with NAFLD. For example,
Lautamiki e# a/™ reported a strong association between
higher intra-hepatic fat content and decreased CFR, as
assessed by positron emission tomography, in patients
with type 2 diabetes and known CHD, independently of
whole-body insulin sensitivity, visceral adiposity and oth-
er common CVD risk factors. Other studies confirmed
a significantly reduced CFR, assessed by ecither trans-
thoracic doppler echocardiography or cardiac magnetic
resonance imaging, in patients with NAFLD, indepen-
dently of conventional CVD risk factors and metabolic
syndrome features™". Collectively, the presence of
reduced CFR among NAFLD patients suggests that de-
creased CFR might represent an additional pathogenic
mechanism involved in CHD mortality and morbidity in
this group of patients.

Clinical CHD: Table 1 shows the main cross-sectional
studies relating NAFLD to clinically manifest CHD in
both nondiabetic and diabetic individuals® ™.

Recent data from the Valpolicella Heart Diabetes
Study of 2839 unselected Italian patients with type 2
diabetes have shown that those with NAFLD had a
remarkably greater prevalence of clinical CVD (CHD,
cerebrovascular and peripheral vascular disease) than
their counterparts without NAFLD, independently of
classical CVD risk factors, use of medications, glyce-
mic control and features of the metabolic syndrome™
Similar findings were also reported in adults with type 1
diabetes mellitus™. In a large community-based cohort
of 2088 Taiwanese male workers, NAFLD was signifi-
cantly associated with an increased prevalence of CHD,
independently of obesity and other established CVD risk
factors"".

Mirbagheri et al™ reported that NAFLD was the
strongest, positive predictor of angiographically detected
CHD in patients who underwent elective coronary angi-
ography, ranking even before sex and diabetes at multivar-
iate analysis; interestingly, the adjustment for traditional
CVD risk factors did not attenuate the strong associa-
tion between NAFLD and CHD. Similarly, Assy e a/™
reported that patients with NAFLD had a much greater
prevalence of both calcified and non-calcified coronary
plaques than control subjects without hepatic steatosis,
and that NAFLD predicted coronary atherosclerosis, in-
dependently of metabolic syndrome features and plasma
C-reactive protein levels. Akabame ef al™ found that
NAFLD was significantly associated with lower remodel-
ing lesions or lipid core plaques of coronary arteries, thus
suggesting NAFLD is a novel risk factor for vulnerable
coronary plaques. Interestingly, in a large hospital-based
sample of 612 Chinese patients with suspected CHD,
Wong ez al"" confirmed that NAFLD on ultrasonography
was associated with a greater angiographic severity of
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CHD, defined as the presence of = 50% stenosis in at
least one coronary artery, independently of multiple risk
factors for CVD.

As also shown in Table 1, 2 number of other studies
have documented a positive and independent associa-
tion between NAFLD and the angiographic severity of
CHD among patients with acute coronary syndromes
or suspected CHDP> 5% “Finally, NAFLD was as-
sociated with poor coronary collateral development in
nondiabetic patients with severe CHD, independently
of insulin resistance and other features of the metabolic
syndrome*’.

Fatal and non-fatal CHD events

As summarized in Table 2, several retrospective and
prospective studies have investigated the relationship
between NAFLD and the incidence of CHD or CVD
events' ", These studies have used either biochemical
markers, such as elevated serum liver enzymes and fatty
liver index (FLI), or radiological imaging or liver biopsy
for diagnosing NAFLD.

With regard to biochemistry-diagnosed NAFLD, a
systematic review and meta-analysis of 10 population-
based cohort studies has shown a strong association
between mildly elevated serum levels of gamma glutamyl-
transferase (GGT), a surrogate marker for NAFLD, and
increased incidence of fatal and non-fatal CVD events, in-
dependently of alcohol consumption and classical CVD risk
factors'”’. Conversely, although Schindhelm ez al™ found
a significant and independent association between mildly
increased serum alanine aminotransferase (ALT) levels
and risk of incident CHD events among the Hoorn
study participants, other large population-based cohort
studies that have examined the association of serum ALT
levels with adverse CVD outcomes have provided more
conflicting results7L A recent large population-based
cohort study of 2074 Italian subjects with a follow-up
period of 15 years showed a significant, positive associa-
tion between NAFLD as estimated by FLI (ie., a proxy
of fatty liver based on body mass index, waist circumfer-
ence, serum triglyceride and GGT levels”™) and increased
CVD mortality that was mainly attributed to insulin
resistance’. Again, Lerchbaum ef al™ confirmed that
high FLI was independently associated with an increased
risk of all-cause, CVD and non-CVD related mortality
in a large cohort of consecutive patients with suspected
CHD, who were routinely referred to coronary angiogra-
phy. In contrast, a recent study, involving 713 consecutive
Chinese patients with suspected CHD, did not find any
significant association between FLI and angiographically
detected CHD"™.

With regard to imaging-diagnosed NAFLD, several
prospective studies reported an increased risk of fatal and
non-fatal CVD events, independently of several cardio-
metabolic risk factors, among NAFLD patients with and
without type 2 diabetes (as shown in Table 2)P0-380L6363]
In the only study having CHD as a pre-specified study
outcome, Treeprasertsuk ¢ @/ confirmed that patients
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Table 1 Main cross-sectional study examining the association of non-alcoholic fatty liver disease with the presence and severity of

clinical coronary heart disease, ordered by year

Ref. Study characteristics NAFLD CHD diagnosis Main findings
diagnosis
Lin et al®, 2005 2088 male workers undergoing ~ US Patient history, ECG NAFLD associated with higher prevalence of CHD,

an annual health examination
screening; NAFLD in 29.5%

independently of obesity and other traditional CVD risk
factors. The odds for CHD increased progressively with
ultrasonographic severity of NAFLD

Targher et al®™, 2007 2839 type 2 diabetic outpatients; ~ US Patient history, review NAFLD associated with higher prevalence of coronary,
NAFLD in 69.5% of patient records, ECG, cerebrovascular and peripheral vascular disease than
doppler ultrasound of their counterparts without NAFLD, independently of
carotid and lower limb  traditional CVD risk factors, hemoglobin Alc, medication
arteries use and MetS features
Arslan et al®, 2007 92 consecutive Turkish patients ~ US CAG (elective) NAFLD was an independent predictor of CHD (> 50%

admitted with ACS; NAFLD in

stenosis of = 1 major coronary artery) after adjustment

70% for traditional CVD risk factors and MetS features
Mirbagheri et al™, 2007 317 Iranian patients admitted Us CAG (elective) NAFLD was an independent predictor of "clinically
for either ACS, angina or relevant" CHD (> 30% stenosis of = 1 major coronary
suspected CHD; NAFLD in 54% artery) after adjustment for CVD risk factors and MetS
features
Alper et al®™, 2008 80 Turkish patients with MS Us CAG (acute and elective) NAFLD was the only independent predictor of severe

(stable or unstable angina,
prognostic reasons); NAFLD in

CHD (> 70% stenosis of = 1 major coronary artery) after
adjustment for established CVD risk factors and MetS

54% features
Akabame et al™, 2008 298 consecutive Japanese CT CT (elective) NAFLD was independently associated with remodeling
patients with suspected CHD; lesions or lipid core of coronary plaques but not with
NAFLD in 20% calcified coronary plaques or stenosis
Acikel et al™, 2009 355 consecutive Turkish Us CAG (acute and elective) ~ NAFLD was an independent predictor of CHD (> 50%

patients admitted for ACS or
CHD suspicion; NAFLD in 60%
Assy et al™, 2010 29 Israeli patients with low or CT
intermediate risk of CHD and
NAFLD and 32 healthy controls
matched for age and sex

stenosis of = 1 major coronary artery) after adjustment
for conventional CVD risk factors
CT (elective) NAFLD was associated with greater prevalence
of calcified and non-calcified coronary plaques,
independently of the MetS and plasma C-reactive protein

Targher et al®, 2010 250 type 1 diabetic patients; US  Patient history, chart review, NAFLD was associated with higher prevalence of

NAFLD in 44.4% ECG, doppler ultrasound coronary, cerebrovascular and peripheral vascular
of carotid and lower limb disease than their counterparts without NAFLD,
arteries independently of traditional CVD risk factors, medication
use, hemoglobin Alc, and albuminuria
Sun et al™, 2011 542 hospitalized Chinese CT CAG (elective) NAFLD was associated with greater severity of CHD,

patients with high suspicion of
CHD; NAFLD in 46 %

independently of traditional CVD risk factors

Wong et al*" 2011 612 Chinese patients with us CAG (elective) NAFLD was associated with CHD, independently of
suspicion of CHD; NAFLD in established CVD risk factors and MetS features
58%
Domanski et al*, 2012 377 patients with NAFLD Biopsy History of CVD (stroke, No increased prevalence of CVD in NASH patients
(retrospective chart review); 219 unstable angina, myocardial compared with those with non-NASH fatty liver
of these patients had NASH infarction, congestive heart
failure, or need for coronary
revascularization)
Agag et al™, 2013 80 Turkish patients with ACS; Us CAG (acute) NAFLD was independently associated with a greater
NAFLD in 81% severity of CHD (by Syntax score)
Boddi et al™, 2013 95 consecutive non-diabetic Us CAG (acute) Presence and severity of NAFLD was independently
Italian patients admitted for associated with a three-fold higher risk of multi-vessel
ACS; NAFLD in 87% CHD
Inci et al*, 2013 136 consecutive Turkish patients ~ US CAG (elective) NAFLD was associated with greater severity of CHD,

with CHD (stable angina or
positive stress test results)

independently of traditional CVD risk factors

ACS: Acute coronary syndrome; NAFLD: Non-alcoholic fatty liver disease; CAG: Coronary angiography; CT: Computed tomography; CVD: Cardiovascu-

lar disease; ECG: Electrocardiogram; MetS: Metabolic syndrome; NASH: Non-alcoholic steatohepatitis; US: Ultrasonography.

with NAFLD had a significantly higher 10-year risk for
CHD as calculated by the Framingham risk score (FRS)
than the matched control population, and proved the
clinical utility of the FRS among these patients, given that
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an almost identical number of FRS-predicted and actual
new CHD events was registered during the follow-up pe-
riod of the study. A recent meta-analysis by Musso ez al'™
also confirmed that the presence of NAFLD, as detected
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Table 2 Main prospective studies relating non-alcoholic fatty liver disease to increased risk of incident coronary heart disease or

cardiovascular events, ordered by methodology used for the diagnosis of non-alcoholic fatty liver disease

Ref. Study characteristics Years of NAFLD  Study outcomes Main findings
follow-up  diagnosis
Fraser et al”, Meta-analysis of 10 population- 7.3 Liver Fatal and non- Elevated serum GGT level was associated with
2007 based cohort studies enzymes fatal CVD increased incidence of CVD events, independently
events of alcohol intake and traditional CVD risk factors
Schindhelm et al™, Population-based cohort, nn = 1439 10.0 Liver Fatal and non- Elevated serum ALT level was associated with CHD
2007 subjects (Hoorn Study) enzymes fatal CHD events, independently of the MetS and traditional
events CVD risk factors
Goessling et al®!, Community-based cohort, n = 20.0 Liver Fatal and non-  Elevated serum ALT level was not associated with
2008 2812 (Framingham Offspring enzymes fatal CVD CVD events at multivariate analyses
Heart Study) events
Dunn et al™, Population-based cohort, n = 7574 8.7 Liver All-cause and Increased all-cause and CVD mortality rates
2008 (NHANES-IIT) enzymes  cause- specific in NAFLD but only in 45-54 year age group,
mortality independently of conventional CVD risk factors and
C-reactive protein
Ong et al™, Population-based cohort, n = 8.7 Liver All-cause and  Increased rates of all-cause, CVD and liver-related
2008 11285 subjects (NHANES-IIT) enzymes  cause- specific  mortality in NAFLD. Liver disease was the third
mortality leading cause of death among persons with NAFLD
after CVD and cancer-related mortality
Ruhl et al™, Population-based cohort, n = 8.8 Liver All-cause and Elevated serum GGT level was associated with
2009 14950 (NHANES-1I) enzymes  cause- specific mortality from all causes, liver disease but not from
mortality CVD causes. Serum ALT level was associated only
with liver disease mortality
Yun et al™, Community-based cohort, n = 5.0 Liver CVD or Elevated serum ALT level was independently
2009 37085 (Health Promotion Center) enzymes  diabetes-related associated with increased CVD or diabetes-related
mortality mortality
Calori et al™, Community based-cohort, n = 15.0 FLIindex  All-causeand  FLIwas independently associated with all-cause,
2011 2074 (Cremona study) cause- specific  hepatic, cancer and CVD mortality. When HOMA-
mortality insulin resistance was included in multivariate
analyses, FLI retained its statistical association with
hepatic-related mortality but not with all-cause,
CVD and cancer-related mortality
Lerchbaum et al®™, Consecutive sample of patients, n 7.7 FLIindex  All-cause and High FLI was independently associated with
2013 = 3270 subjects routinely referred cause- specific  increased all-cause, CVD, non-cardiovascular and
to coronary angiography mortality cancer mortality
Jepsen et al® Population-based cohort, n = 16.0 uUs All-cause and  Increased rates of all-cause, CVD and liver-related
2003 1804 with hospital diagnosis of cause- specific mortality in NAFLD, independently of sex, diabetes,
NAFLD (Danish national registry mortality and cirrhosis at baseline
of patients)
Targher et al™, Outpatient cohort, n = 2103 type 6.5 Us Fatal and non-  Increased rates of fatal and non-fatal CVD events
2007 2 diabetic subjects (Valpolicella fatal CVD in NAFLD, independently of age, sex, body mass
Heart Diabetes Study) index, smoking, diabetes duration, hemoglobin Alc,
LDL-cholesterol, MetS features, medication use
Soler Rodriguez et al®, Community-based cohort, n = 5.0 Us Non-fatal CVD Increased rates of non-fatal CVD events in NAFLD,
2007 1637 healthy Japanese events independently of age, sex, body mass index, alcohol
intake, smoking, LDL-cholesterol, MetS features
Lazo et al™, Population-based cohort, n = 145 Us All-cause and NAFLD was not associated with increased all-cause
2011 11371 (NHANES-1I) cause-specific and cause-specific (CVD, cancer and liver) mortality
mortality
Stepanova et al'™, Population-based cohort, n = 14.2 Us All-cause and  NAFLD was associated with increased prevalence
2012 11613 (NHANES-1I) cause-specific ~ of CVD, after adjusting for established CVD risk
mortality factors, but not with increased CVD mortality
Zhou et al®™, 2012 Community-based cohort study, 4.0 us All-cause and  Increased rates of all-cause and CVD mortality in
n = 3543 adult men and women CVD mortality NAFLD
Younossi et al'®®, Population-based cohort, nn = 1448 14.2 Us All-cause and NAFLD was independently associated with
2013 with NAFLD (NHANES-IIT) cause- specific increased all-cause, CVD and liver-related mortality
mortality only among NAFLD patients with the MetS
Haring et al'™, Population-based cohort, n = 4160 72 USandliver All-cause and Elevated serum GGT level was independently
2009 German subjects (Study of Health enzymes  CVD mortality associated with increased all-cause and CVD
in Pomerania) mortality in men
Kim et al®™, Population-based cohort, n = 1154 145 US and All-cause and NAFLD was not associated with increased all-cause
2013 (NHANES-II) advanced  cause- specific mortality. However, NAFLD with advanced hepatic
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fibrosis score
systems

1728

mortality fibrosis (defined by NAFLD fibrosis score, APRI
index or Fib-4) was independently associated with
risk of all-cause mortality, of which the majority of

deaths were due to CVD
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Treeprasertsuk et al, Community-based cohort, n =309  11.5 USand CT  Fatal and non- NAFLD patients had a higher 10-year CHD risk by
2012 patients with NAFLD fatal CHD  FRS than the general population of the same age and
sex. Almost identical number of FRS-predicted and
actual new CHD events
Matteoni et al®, Patient-based cohort, n = 132 18.0 Histology =~ All-causeand Increasing liver-related mortality with the severity
1999 NAFLD cause-specific of NAFLD histology (according to four different
mortality  histological subtypes). All-cause mortality and other
causes of mortality were not significantly different
across histological subtypes
Dam-Larsen et al'”, Patient-based cohort (Danish 16.7 Histology ~ All-cause and All-cause and cause-specific mortality did not
2004 national registry of patients), n = cause-specific significantly differ between patients with non-
109 subjects with non-alcoholic SS mortality alcoholic SS and the general population
Adams et al*”, Community-based cohort, n = 420 7.6 US/CTand  All-cause and Increased rate of age- and sex-adjusted all-cause
2005 patients with NAFLD histology ~ cause-specific ~mortality in NAFLD than in the general population
mortality with CHD being the second cause of death
Ekstedt et al®, Patient-based cohort, n = 129 13.7 Histology All-cause and  Increased rates of CVD and liver-related mortality
2006 consecutive patients with NAFLD cause-specific  in patients with NASH, but not in those with SS,
and elevated serum liver enzymes mortality compared with in the reference population
(55% NASH)
Rafiq et al™), Patient-based cohort, n = 173 13.0 Histology All-cause and CHD was the first cause of death in NAFLD cohort
2009 patients with NAFLD (41.6% cause-specific ~ with no difference between NASH and non-NASH.
NASH) mortality Liver-related mortality, but not all-cause mortality,
was higher in NASH vs non-NASH. No comparison
was provided with the general population
Soderberg et al”, Patient-based cohort, n = 118 24.0 Histology =~ All-causeand Increased mortality rates of CVD, malignancy and
2010 patients with NAFLD and cause-specific liver disease in patients with NASH, but not in

elevated serum liver enzymes
(43% NASH)

those with SS, compared with the matched general
population

mortality

AST: Alanine aminotransferase; CHD; Coronary heart disease; CT: Computed tomography; US: Ultrasonography; FLI: Fatty liver index; FRS: Framingham

risk score; GGT: Gamma-glutamyltransferase; HOMA: Homeostasis model assessment; MetS: Metabolic syndrome; NASH: Non-alcoholic steatohepatitis;

SS: Simple steatosis; CVD: Cardiovascular.

by either serum liver enzyme levels or ultrasonography,
was strongly associated with an increased risk of fatal
and non-fatal CVD events. In contrast, and surprisingly,
two recent studies, using the data from the National
Health and Examination Survey (NHANES)-1II database
of over 11000 United Stated adults, have reported that
NAFLD on ultrasonography did not significantly predict
the risk of all-cause and cause-specific (CVD, cancer or
liver) mortality over 14 years of follow-up period[sg’w].
These two studies, however, were limited by the inclusion
of individuals with mild hepatic steatosis within the con-
trol arm. Interestingly, the lastest analyses of the same
NHANES-1I cohort found that patients with NAFLD and
advanced hepatic fibrosis (as defined by either the NAFLD
fibrosis score or Fib-4 score) were indeed at increased risk
of CVD mortality after adjustment for established CVD
risk factors®”. In addition, Younossi e «/* found that
NAFLD was independently associated with increased all-
cause, liver-specific and CVD mortality among patients
with NAFLD who had the metabolic syndrome but
not among those without this syndrome. With regard
to biopsy-diagnosed NAFLD (as also shown in Table
2), some retrospective studies with a relatively small
sample size but a reasonably long duration of follow-up,
that have examined the natural history of patients with
biopsy-confirmed NAFLD have consistently shown that
the presence and severity of hepatic fibrosis on histology
dictates all-cause and liver-related mortality in NAFLD,
and that CVD is a common cause of death among such

patients[()“”. However, only two studies reported spe-
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cific data about CHD outcomes rather than dealing with
general CVD outcomes. Adams e# al® found higher all-
cause mortality in patients with NAFLD (as detected by
radiological imaging or histology) than in the matched
control population with CHD being the second cause of
death in both populations. Again, Rafiq e# al™ reported
that CHD was the first cause of death among patients
with NAFLD but did not provide any comparison with
the general population. Interestingly, two retrospective
studies with a reasonably long duration of follow-up
showed that patients with NASH, but not those with
simple steatosis, were at substantially higher risk of CVD
mortality compared with the reference populationlw’m.
However, it should be noted that a complete adjustment
for potentially confounding cardiometabolic factors was
not performed in these retrospective studies. In addi-
tion, a recent meta-analysis concluded that patients with
NAFLD (as detected by histology or ultrasonography)
had a significantly greater risk of developing CVD events
than the matched control population but that the histo-
logical severity of NAFLD did not increase CVD mor-
tality™. However, further larger and longer prospective
studies in patients with biopsy-confirmed NAFLD are
needed to improve understanding of this issue.
Collectively, the current evidence from the published
prospective studies supports that NAFLD, irrespective
of the methodology used for diagnosing it, is signifi-
cantly associated with an increased risk of fatal and non-
fatal CHD/CVD events in both nondiabetic and type 2
diabetic individuals. However, uncertainty remains as to
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Table 3 Cardiac imaging studies relating -non-alcoholic fatty liver disease to structural and arrhythmogenic cardiac complications

Ref. Study characteristics NAFLD Study measures
diagnosis

Main findings

Abnormalities Lautamakietal™, 55 consecutive type 2 diabetic =~ 'H-MRS  Cardiac PET using
in myocardial 2006 adults with known CHD [150]-water and
metabolism [18F]-2-fluoro-2-
deoxy-D-glucose
Perseghin ef al 7 Case-control: 21 nondiabetic, 'H-MRS Cardiac P-MRS and
2008 nonobese, normotensive, young MRI
men with NAFLD and 21 age- and
BMI-matched male controls
Rijzewijk et al™,  Case-control: 38 uncomplicated ~'H-MRS Cardiac 'H-MRS and
2008 type 2 diabetic men without CHD MRI
and 28 age, sex- and BMI-matched
healthy controls

Rijzewijk et al”™, 61 uncomplicated type 2 diabetic 'H-MRS Cardiac MRI, *'P-MRS

2010 men without CHD (32 of whom and cardiac PET
with high intra-hepatic triglyceride using [150]-water,
content) [11C]-palmitate, and

[18F]-2-fluoro-2-
deoxy-D-glucose

Cardiac Goland et al™, Case-control: 38 non-diabetic, USand  Echocardiography
structure and 2006 normotensive NAFLD patients and biopsy with TDI
function in 25 age- and sex-matched healthy  (29% of
adults controls cases)
Fallo et al”, Case-control: newly-diagnosed us Echocardiography
2009 untreated hypertensive patients
(non-obese, non-diabetic): 48
NAFLD vs 38 controls
Fotbolcu et al™, Case-control: 35 nondiabetic, us Echocardiography
2010 normotensive NAFLD patients and with TDI
30 age- and sex-matched healthy
controls
Mantovani et al”, 116 consecutive older patients with ~ US Echocardiography
2011 hypertension and type 2 diabetes

(53% of whom had NAFLD)
without history of CHD and
hepatic diseases

Bonapace et al, 50 consecutive type 2 diabetic us Echocardiography
2012 patients without CHD and hepatic with TDI (speckle
diseases (32 patients had NAFLD) tracking analyses)

Hallsworthetal™,  Case-control: 19 non-diabeticc,  'H-MRS  Cardiac MRI and

2013 overweight adults with NAFLD *'P-MRS
and 19 age-, sex- and BMI-matched
healthy controls

Cardiac Alp et al®™, Case-control: 400 obese children us Echocardiography
structure 2013 (93 with NAFLD) and 150 age- and with TDI
and function sex-matched healthy controls
in children or
adolescents

Singh et al™,  Case-control: 14 lean adolescents, 'H-MRS  Echocardiography

2013 15 obese adolescents without with TDI (speckle
NAFLD and 15 obese adolescents tracking analyses)
with NAFLD

Sert et al®, 2013 Case-control: 108 obese adolescents ~ US Echocardiography
and 68 healthy controls with TDI (speckle
tracking analyses)
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Decreased coronary functional capacity and
myocardial glucose uptake in NAFLD. These
abnormalities were worse in those with higher
intra-hepatic fat content
Impaired LV energy metabolism in NAFLD,
independently of age, BMI, blood pressure, lipids,
fasting glucose. LV mass and function were not
different between the groups
Myocardial fat content, which was much
higher in diabetics than in control subjects,
was positively associated with intra-hepatic fat
content in both groups. Myocardial steatosis was
a strong predictor of LV diastolic dysfunction
Decreased myocardial perfusion, glucose uptake
and impaired LV energy metabolism in NAFLD.
Cardiac fatty acid metabolism, LV mass and
function were not different between the two
groups

Increased LV mass and increased prevalence
of diastolic dysfunction in NAFLD. Reduced E’
wave only independent parameter associated
with NAFLD on multivariate analysis
Increased prevalence of diastolic dysfunction in
NAFLD (according to its severity on ultrasound).
LV mass was not different between the groups.
Diastolic dysfunction and insulin resistance were
independently associated with NAFLD
Increased LV mass and early impairment in
systolic and diastolic function in NAFLD (no
adjustment for potential confounders was made)

Increased prevalence of LV hypertrophy in
NAFLD. NAFLD was associated with LV
hypertrophy independently of age, sex, BMI,
systolic blood pressure, kidney function
parameters and other diabetes-related variables
Impairment in LV diastolic function (including
global longitudinal diastolic strain) in NAFLD,
independently of age, sex, BMI, hypertension
and other diabetes-related variables. These
abnormalities were worse in those with severe
NAFLD on ultrasonography. No differences
in LV mass and systolic function between the
groups
Early impairment in systolic and diastolic
function in NAFLD. Myocardial energy
metabolism and LV mass were not altered in
NAFLD
Increased LV mass and early impairment in
systolic and diastolic function in obese children
with NAFLD independently of traditional cardiac
risk factors. These abnormalities were worse in
those with severe NAFLD on ultrasonography
Decreased rates of LV global longitudinal
systolic strain and early diastolic strain in obese
adolescents with NAFLD independently of
traditional cardiac risk factors. LV mass was not
different between the groups
Increased LV mass and impaired diastolic
function and altered global systolic and diastolic
myocardial performance in obese adolescents
with NAFLD
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Pacifico et al™!, Case-control: 108 obese children (54 MRIand Echocardiography Early impairment in systolic and diastolic function

2013 with NAFLD) and 18 lean healthy biopsy (in
controls 41 obese
children)
Risk of atrial Sinner et al®!,  Community-based cohort of 3744  Liver
fibrillation 2013 adult individuals free of clinical HF enzymes
(from the Framingham Heart Study
original and Offspring cohorts)
Targher et al®, Hospital-based sample of 702 us
2013 patients with type 2 diabetes
without a history of hepatic
diseases, or excessive alcohol
intake (73% of them had NAFLD)
Targher et al, Random sample of 400 type 2 us
2013 diabetic outpatients free from AF,

moderate-to-severe heart valve
disease and known causes of
chronic liver diseases at baseline
(70% of them had NAFLD)

with TDI in obese children with NAFLD independently of
traditional cardiac risk factors. These abnormalities
were more severe in those with NASH
Incidence of AF over Mildly elevated serum transaminases were
up 10 yr of follow-up associated with increased incidence of AF,
independently of age, sex, BMI, systolic blood
pressure, electrocardiographic PR interval, anti-
hypertensive treatment, smoking, diabetes,
valvular heart disease, alcohol consumption
Increased prevalence of AF in those with NAFLD,
independently of age, sex, systolic blood pressure,

hemoglobin Alc, estimated glomerular filtration

Prevalence of
persistent or
permanent AF
rate, total cholesterol, electrocardiographic left
ventricular hypertrophy, chronic obstructive
pulmonary disease, and prior history of heart
failure, valvular heart disease or hyperthyroidism
Incidence of AF over Increased incidence of AF in those with NAFLD,
10 yr of follow-up independently of age, sex, prior history of HF,
BM], systolic blood pressure, anti-hypertensive
treatment, electrocardiographic LV hypertrophy,
PR interval

BMI: Body mass index; CHD: Coronary heart disease; LV: Left ventricular; MRI: Magnetic resonance imaging; MRS: Magnetic resonance spectroscopy;
TDI: Tissue doppler imaging; US: Ultrasonography; E’: Mitral annular tissue doppler early diastolic velocity; NAFLD: Non-alcoholic fatty liver disease; AF:

Atrial fibrillation; HF: Heart failure.

whether NAFLD poses an independent risk above and
beyond known CVD risk factors. There is a suggestion in
that direction, but studies are too few and methodologi-
cally not rigorous. Additional large-scale prospective stud-
ies of a more extensive panel of known risk factors are
needed to draw a firm conclusion about any independent
hepatic contribution to the increased risk of CHD/CVD
events observed among patients with NAFLD.

NAFLD and abnormalities in cardiac structure and
function

Table 3 show the relevant data from the principal cardiac
imaging studies that have evaluated the relationship be-
tween NAFLD and abnormalities in myocardial metabo-
lism”**"*" and cardiac structure and function, both in

adults™ ™ and in children or adolescents™ *¥.

Abnormalities in cardiac metabolism: As reported in
Table 3, Perseghin ez al” showed that nondiabetic, non-
obese, normotensive, young men with newly diagnosed
NAFLD, as detected by proton magnetic resonance spec-
troscopy ('H-MRS), had excessive fat accumulation in the
epicardial area and impaired left ventricular (LV) energy
metabolism [as measured by the phosphocreatine/ad-
enosine triphosphate (PCt/ATP) ratio] compared with
age-, sex- and body mass index (BMI)-matched control
subjects without NAFLD. These myocardial metabolic
alterations were detected despite normal LV morphologi-
cal features and systolic and diastolic functions'”.
Similarly, in a study of uncomplicated type 2 diabetic
men without CHD, Rijzewijk ¢ a/™". found that com-
pared with those with lower intra-hepatic fat content,
patients with higher intra-hepatic fat content on 'H-MRS
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had significantly decreased myocardial perfusion, glucose
uptake and high-energy phosphate metabolism (ze., de-
creased PCr/ATP ratio) but similar values of myocardial
fatty acid metabolism, LV mass and function.

Similar findings were also reported by Lautamiki e a/™
in patients with type 2 diabetes and known CHD. Inter-
estingly, these investigators found that myocardial insu-
lin resistance was more severe among those with higher
intra-hepatic fat content on 'H-MRS.

Again, Rijzewijk ez al™ found that the frequency of
myocardial steatosis as diagnosed by cardiac 'H-MRS was
much higher in type 2 diabetic patients than in healthy
controls matched for age and BMI, and that higher
myocardial fat content was associated with higher intra-
hepatic fat content. Notably, although the two groups of
subjects did not significantly differ in terms of LV mass
and cjection fraction, multivariable regression analyses
revealed that myocardial steatosis was associated with
LV diastolic dysfunction, independently of diabetic state,
age, BMI, visceral adipose tissue, heart rate and blood

75
pressure[ )

Abnormalities in cardiac structure and function in
adults: As reported in Table 3, there is to date an increas-
ing number of case-control studies that have evaluated
the effect of NAFLD on catdiac structure and function
in adults with or without co-existing established CVD
tisk factors (¢,g., obesity, hypertension or diabetes)™ ™,
Goland ¢ a/" and Fotbolcu ez a/™ have shown a
marked LV diastolic dysfunction and mild alterations in
LV structure in patients with NAFLD, in the absence
of hypertension, diabetes and severe obesity. Again, in
a recent study examining cardiac status by high resolu-
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tion MRI and *'P-MRS in a small group of NAFLD pa-
tients (defined as > 5% intra-hepatic lipid on 'H-MRS),
Hallsworth ez 2/*" have demonstrated significant changes
in cardiac structure and evidence of early LV diastolic
dysfunction compared with age-, sex- and BMI-matched
controls, in the absence of cardiac metabolic changes or
overt cardiac disease.

In a study of 86 never-treated hypertensive patients,
who were subdivided in two subgroups according to the
presence or absence of NAFLD on ultrasonography,
Fallo ez al™” reported that patients with NAFLD had a
three-fold greater prevalence of LV diastolic dysfunction
than their counterparts without NAFLD.

In a study of older hypertensive patients with type
2 diabetes, who did not have a pre-existing history of
CHD and hepatic diseases, Mantovani e¢f al™ found that
the prevalence of LV hypertrophy on conventional echo-
cardiography was four-fold greater among patients with
NAFLD than among those without this disease.

In a recent study, involving 50 consecutive type 2 dia-
betic adults without history of CHD, excessive alcohol
consumption or other known hepatic diseases, we found
that early features of LV diastolic dysfunction could be
detected by tissue doppler imaging in those with ultra-
sound-diagnosed NAFLD, even if the LV morphology
and systolic function were preservedm. Measurements of
LV global longitudinal strain and strain rate by speckle
tracking analyses further confirmed these findings. Nota-
bly, there was a positive, graded relationship between the
ultrasonographic severity of NAFLD and LV diastolic
dysfunction, independently of hypertension and other

co-existing cardio-metabolic risk factors'™.

Abnormalities in cardiac structure and function in
children and adolescents: As reported in Table 3, some
recent published papers have addressed the relationship
between NAFLD and changes in cardiac structure and
function also in the pediatric population™ *".

In a study including 93 obese children with ultra-
sound-diagnosed NAFLD, 307 obese subjects without
liver involvement, and 150 age- and sex-matched healthy
controls, Alp et al™ showed that subclinical systolic and
diastolic impairment could be detected by tissue doppler
imaging in obese children with NAFLD. Also, cardiac
dysfunction progressively increased with ultrasonograph-
ic scores of hepatic steatosis.

Recently, Singh ez al® measured by 2-D speckle track-
ing echocardiography myocardial function in three small
groups of age-, sex- and Tanner-matched adolescents and
showed that obese adolescents with NAFLD had greater
abnormalities of cardiac function, manifested by de-
creased systolic and diastolic myocardial strain and strain
rate than obese adolescents without NAFLD. These
myocardial functional abnormalities were independent of
conventional CVD risk factors and insulin resistance™”.
Similar findings were reported by Sert ez al™) in a larger
sample of obese adolescents.

Finally, Pacifico ez al™ found that obese children with
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histologically confirmed non-alcoholic steatohepatitis
(NASH) had more severe abnormalities in LV systolic
and diastolic functions compared with those without NASH,
independently of underlying cardio-metabolic abnormalities.

Risk of congestive heart failure: From the data of the
available literature, it is plausible to assume that patients
with NAFLD have changes in cardiac substrate metabo-
lism (e.g., myocardial insulin resistance, impaired high-en-
ergy phosphate metabolism, and reduced mitochondrial
ATP production), producing myocardial functional and
structural consequences (e.g., LV dysfunction and hyper-
trophy) that are potentially linked to an increased rate of
congestive heart failure (HF) in this patient population.

As regards to this, two recent large population-based
cohort studies that used elevated serum liver enzyme lev-
els, as proxy markers of NAFLD (and should therefore
be interpreted cautiously) have shown that this disease is
associated with an increased risk of incident congestive
HF, independently of alcohol consumption and several
established CVD risk factors®*.

In the original cohort of the 3544 Framingham Study
participants, who were free of HF and myocardial infarc-
tion, Dhingra ez al® reported that higher serum GGT
concentrations within the “normal” range were inde-
pendently associated with greater risk of incident HF
(i.e., each SD increase in log-GGT was associated with a
1.4-fold risk of HF) and incrementally improved predic-
tion of HF risk during a mean follow-up period of 24
years.

Similarly, in a population-based cohort study of 3494
British men aged 60 to 79 years with no diagnosed HF or
myocardial infarction followed up for a mean period of
9 years, Wannamethee ¢ al™” reported that elevated se-
rum GGT level (top quartile, = 38 U/L) was associated
with significantly increased risk of incident HE, especially
in men aged < 70 years. The increased risk of HF as-
sociated with elevated serum GGT level persisted after
adjustment for a wide range of established and novel
risk factors for HE, including also lung function, plasma
C-reactive protein and N-terminal pro-brain natriuretic
peptide levels. Other liver function markers showed no
significant associations with the risk of HF after similar

adjustments™.

NAFLD and cardiac arrhythmias
Table 3 shows the relevant data from the published stud-
ies that have examined the association between NAFLD
and the risk of cardiac arrhythmias, specifically AF®,
To date, AF is the most common sustained arrhyth-
mia seen in clinical practice, and its prevalence and inci-
dence are expected to increase substantially over the next
few decades because of ageing population and improve-
ments in cardiovascular treatments™. This underscores
the urgent need for primary prevention strategies against
the development of AR

Increased risk of AF: As reported in the Table 3, the
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investigators of the Framingham Heart Study have
shown that elevated serum ALT or aspartate amino-
transferase (AST) levels (> 40 U/L for either marker)
wete closely associated with an increased risk of incident
AF over a 10-year follow-up period among 3744 United
States white adults, who were free from clinical HF at
baseline™®”. During follow-up, 383 subjects developed
AF and both serum transaminases were found to be sig-
nificantly associated with a greater risk for incident AF
(hazard ratio expressed per SD of natural logarithmically
transformed biomarker: ALT hazard ratio 1.19, 95%CI:
1.07-1.32, P = 0.002; AST hazard ratio 1.12, 95%CI:
1.01-1.24, P = 0.03) after adjusting for a broad number
of clinical AF risk factors. The association between se-
rum transaminases and incident AF remained consistent
even after the exclusion of participants with moderate to
heavy alcohol consurnption[sﬂ.

More recently, in an observational study, involving
702 hospitalized patients with type 2 diabetes (73% of
whom had NAFLD and 12% had persistent or perma-
nent AF), we found that NAFLD on ultrasonography
was associated with a about 3-fold higher prevalence of
AF, independently of multiple established risk factors for
AR

Additionally, in another recent study, we have shown
that type 2 diabetic patients with NAFLD were also more
likely to develop incident AF over a 10-year follow-up pe-
riod than their counterparts without NAFLD. In particu-
lar, NAFLD on ultrasonography was strongly associated
with an increased risk of incident AF (adjusted OR = 4.96,
95%CI: 1.4-17.0, P < 0.01), independently of age, sex,
BMI, hypertension and other variables that were included
in the 10-year Framingham Heart Study-derived AF risk

[10]
score .

Increased risk of ventricular arrhythmias: To date,
there is a paucity of published data regarding the as-
sociation between NAFLD and risk of ventricular ar-
rhythmias, which are an established risk factor for sudden
cardiac death in the general population.

However, it is plausible that various mechanisms that
have been proposed to explain the specific contribution
of NAFLD to CVD risk (including hepatic insulin resis-
tance, systemic low-grade inflammation and a pro-throm-
botic state)”™ ™" might be, at least in part, implicated in
the pathogenesis of ventricular arrhythmias.

Heart rate variability, which is a measure of the bal-
ance of the sympathetic and parasympathetic mediators
of heart rate, and QQTc interval prolongation on standard
electrocardiograms have been proposed as useful tools
in identifying patients at risk for sudden cardiac death™.
For instance, QTc interval prolongation is a powerful
predictor of ventricular tachyarrhythmias, and predicts
increased cardiac and all-cause mortality both in patients
with type 2 diabetes and in those without diabetes”"™,

Recently, in a study of 497 non-diabetic subjects
without a history of previous CVD, Liu ez a/”™ reported
that patients with ultrasound-diagnosed NAFLD had
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eatly cardiac autonomic dysfunction as detected by some
parameters of heart rate variability measured duting a
5-min Holter monitoring examination compared with
those without NAFLD. The reduction in these Holter-
derived parameters was independent of conventional
cardiovascular risk factors, insulin resistance and circulat-
ing leptin levels™. Additionally, in a small study of non-
diabetic people comprising a group of people with histo-
logically proven, non-cirrhotic NAFLD and an age-, sex-
and BMI-matched control group, there was evidence of
cardiac autonomic dysfunction, presenting as orthostatic
hypotension, vasovagal syncope (during head up tilt test-
ing) and/or a relative nocturnal hypotension!”,

More recently, we examined whether NAFLD was
associated with longer QTc intervals on standard electro-
cardiograms in 400 randomly selected patients with type
2 diabetes without a documented history of AF, mod-
erate-to-severe heart valve disease, hepatic diseases or
excessive alcohol consumption. Notably, we found that
the presence and severity of NAFLD on ultrasonography
was associated with prolonged QTc interval (adjusted OR
=2.27,95%CI: 1.4-3.7, P < 0.001), independently of age,
sex, hypertension, electrocardiographic LV hypertrophy,
hemoglobin Alc and other potential confounders (manu-
script under submission).

Collectively, although the arrhythmogenic potential
of NAFLD requires further testing and confirmation in
larger studies, we believe that this is a promising field of
research to explore, and that the pathways that involve
the contribution of NAFLD itself to systemic/hepatic
insulin resistance and the systemic release of several pro-
inflammatory, pro-coagulant and pro-fibrogenic media-

13-16] might
provide a potential therapeutic target for the treatment

tors from the steatotic and inflamed liver!

and prevention of cardiac remodelling and electrophysi-
ological abnormalities of the myocardium in people with

NAFLD.

NAFLD and aortic valve sclerosis

Until recently, aortic valve sclerosis (AVS), defined as fo-
cal or diffuse thickening and calcification of the aortic
leaflets without restriction of leaflet motion, was consid-
ered an incidental echocardiographic finding of no clini-
cal significance, as it does not obstruct left ventricular
outflow.

However, it is known that AVS shows some epide-
miologic and histopathologic similarities to coronary ath-
erosclerosis”. In addition, large prospective studies have
suggested a strong, positive association between AVS and
adverse CVD outcomes, independently of conventional
CVD risk factors, both in nondiabetic and diabetic indi-
viduals”™. The prevalence of AVS increases progres-
sively with advancing age and is approximately 20%-30%
in individuals aged = 65 years”*”",

Notably, Markus ¢ /" have examined for the first
time the association between NAFLD and AVS in a com-
munity-based cohort study of 2212 German men and
women aged = 45 years. In this cross-sectional study,
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NAFLD diagnosed by ultrasonography was significantly
associated with an increased risk of prevalent AVS on
echocardiography (OR = 1.32, 95%CI: 4-66, P = 0.021)
even after adjusting for several established CVD risk fac-
tors, including kidney function parameters, C-reactive
protein, serum ferritin, and white blood cells™.

Although these results are still unpublished, we have
recently confirmed and expanded to patients with type
2 diabetes the interesting observations of the Markus’s
study, providing further strong evidence that NAFLD and
AVS are two inter-related pathologic conditions, in part
independent from traditional CVD risk factors and dia-
betes-related variables. In such preliminary study, involv-
ing 180 consecutive type 2 diabetic outpatients without
a history of prior CHD, hepatic diseases or excessive al-
cohol consumption, we found that ultrasound-diagnosed
NAFLD was strongly associated with AVS (adjusted OR
= 3.04, 95%CI: 1.3-7.3, P = 0.01), independently of mul-
tiple established CVD risk factors and diabetes-related
variables.

However, future research is needed to corroborate
these findings in independent samples, to elucidate the
responsible mechanisms for this association, and to de-
termine whether NAFLD predicts the development and
progression of AVS.

PUTATIVE MECHANISMS LINKING
NAFLD WITH STRUCTURAL AND
ARRHYTHMOGENIC CARDIAC

COMPLICATIONS

The pathophysiological mechanisms that link NAFLD
with CHD, AVS, myocardial dysfunction/hypertrophy
and cardiac arrhythmias are incompletely understood.
The complex interactions among NAFLD, insulin re-
sistance and visceral obesity make it extremely difficult to

dissect out the precise causal relationships responsible for
the increased risk of CHD and other cardiac and arthyth-
mic complications observed in patients with NAFLD.
Different pathogenetic theories and mechanisms, not
mutually exclusive, may be put forward (as also schemati-
cally reported in Figure 1) and some key research ques-
tions remain to be addressed.

To date, it remains debatable whether NAFLD is
merely a risk marker of co-existing metabolic disorders
and ectopic fat deposition in other organs (such as viscer-
al adipose tissue, myocardium and pericardium) in people
at increased risk for cardiac and arrhythmic complica-
tions, or is an independent risk factor for the develop-
ment and progression of such cardiac complications. An-
other unanswered question is whether the risk of cardiac
and arrhythmic events is also increased in patients with
simple steatosis or whether the hepatic necro-inflamma-
tory milieu of NASH is a necessary pro-atherogenic and
pro-thrombotic stimulus.

Accumulating evidence suggests that within the spec-
trum of disease encapsulated by NAFLD, the presence
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of NASH exacerbates systemic and hepatic insulin resis-
tance and causes atherogenic dyslipidemia (typically chat-
acterized by high triglycerides, low HDL-cholesterol and
increased small, dense LDL particles). In NASH there
is also increased production of a variety of pro-inflam-
matory markers (e.g., C-reactive protein, interleukin-6,
tumor necrosis factor-alpha), pro-coagulant factors (eg.,
fibrinogen, factor VI, plasminogen activator inhibitor-1),
pro-oxidant molecules (e.g., oxidized low-density lipopro-
tein cholesterol, thiobarbituric acid-reacting substances,
nitrotyrosine), and pro-fibrogenic mediators (e.g., tumor
growth factor-beta, insulin-like growth factor-1, endothe-
lin-1)"1"""" Moreover, the release of key components
of the renin-angiotensin-aldosterone system, that may
contribute to the pathophysiology of hypertension, is
also increased in patients with NASH. The experimental
findings that NASH is associated with abnormal intra-
hepatic messenger RNA expression of these potential
mediators of cardiac and vascular injury, further support
the conclusion that the increased circulating levels of the
aforementioned biomarkers result from the up-regulation
of their own synthesis in the steatotic and inflamed
liver""*'"!. Some experimental studies have also shown
that a number of the genes involved in fatty acid metabo-
lism, lipolysis, monocyte and macrophage recruitment,
coagulation, and inflammation are over-expressed in liv-
ers of patients with NASH"",

It is plausible that the liver-secreted factors, men-
tioned above, may also play a pathogenic role in the
development and progression of AVS (i.e., a condition
that shares some epidemiologic and histopathologic
similarities with coronary atherosclerosis)”™ as well as in
the development and persistence of AF and other ar-
rhythmias, possibly by inducing cardiac remodelling and
electrophysiological abnormalities of the myocardium in
people with NAFLD"™". For instance, some studies re-
ported that increased inflammatory biomarkers, including
elevated C-reactive protein levels, are associated with an
increased risk of both new-onset AF"'" and persistence
or recurrence of AF after catheter ablation'",

Overall, therefore, there is to date a growing body
of evidence suggesting that NAFLD is not a simple
epiphenomenon but is, at least in part, involved in the
pathophysiology of CHD and other cardiac and arrhyth-
mogenic complications, possibly through the contribu-
tion of NAFLD itself to systemic and hepatic insulin
resistance and atherogenic dyslipidemia, and/or through
the hepatic secretion of several pathogenic mediators (as
schematically reported in Figure 1),

The primary role of insulin resistance in the develop-
ment and progression of NAFLD has been recently chal-
lenged[“z]. Similarly, some evidence suggests that insulin
resistance per se does not directly promote atherosclerosis
but it does so principally by promoting atherogenic dys-
lipidemia and other cardiometabolic abnormalities'"”.
Accordingly, perturbed lipid homeostasis could play a
key role in accelerated atherogenesis observed in patients
with NAFLD/NASH. Further evidence for a specific
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Figure 1 Possible mechanisms leading to cardiac and arrhythmogenic complications in non-alcoholic fatty liver disease. The close and complex inter-
relationships among non-alcoholic fatty liver disease (NAFLD), visceral obesity and insulin resistance make it extremely difficult to dissect out the specific role of the
liver and the underlying mechanisms responsible for the association between NAFLD and the risk of developing coronary heart disease (CHD), aortic valve sclerosis,
left ventricular (LV) dysfunction/hypertrophy and arrhythmias. NAFLD might be associated with such complications either as a consequence of shared cardiometabolic
risk factors and co-morbidities or as a marker of ectopic fat accumulation in other organs. For instance, myocardial steatosis and increased pericardial fat volume
might exert local adverse effects that result in functional and structural derangements of the myocardium. Such myocardial remodelling will likely also result in pro-
arrhythmogenic effects. The occurrence of cardiac arrhythmias is likely facilitated in remodeled heart by (local) pro-inflammatory cytokines, chemokines and concur-
rent cardiac autonomic dysfunction occurring on this dysmetabolic milieu. However, in this dangerous scenario, which may potentially account for premature CHD and
increased risk of arrhythmias, NAFLD seems to be not simply a marker of cardiac and arrhythmogenic complications but also may play a part in their pathogenesis
possibly via atherogenic dyslipidemia and the hepatic secretion of several pathogenic mediators into the bloodstream. HDL-C: High-density lipoprotein cholesterol; LDL:
Low-density lipoprotein; CRP: C reactive protein; IL: Interleukin; TNF: Tumor necrosis factor; PAI-1: Plasminogen activator inhibitor-1; TGF: Transforming growth factor.

role of NAFLD in the development of atherogenic dys-
lipidemia has been also recently published“M’Hﬂ. Again,
post-prandial lipemia might represent an additional,
under-diagnosed lipid abnormality that further links
NAFLD to accelerated atherogenesisﬂoz’l16’“7].

Recent research has also shown that patients with
NAFLD exhibit cardiac autonomic dysfunction”> """
a pathophysiological derangement that is, at least in part,
reversible following resistance exercise training“zo]. It is
plausible that cardiac autonomic dysfunction, resulting
from the co-existing dysmetabolic and inflammatory
milieu of NAFLD, may contribute together with ab-
normalities of myocardial structure and function to the
development and persistence of AF and other cardiac ar-
rhythmias.

Altered sleep physiology is another emerging risk fac-
tor for NAFLD!"", Recent epidemiological and experi-
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mental data suggest a strong link between disturbed sleep
physiology and the histological severity of NAFLD!"*"'*,
Obstructive sleep apnea (OSA) is a complex disorder typ-
ically characterized by repetitive apnea-hypopnea cycles
during sleep, which are associated with chronic intermit-
tent hypoxia and sleep fragmentation", Symptomatic
OSA (also known as obstructive sleep apnea syndrome,
or OSAS) is very common in people with severe obesity
or type 2 diabetes. Controlled trials have demonstrated
that OSAS causes hypertension, and prospective epide-
miological studies have indicated that OSAS might be an
independent risk factor for incident stroke and CHD!".,
Collectively, as also mentioned above, it is important
to underline that a clear understanding of the pathophys-
iological pathways that link NAFLD to the development
of structural and arrhythmogenic cardiac complications
remains lacking because of the complex and intertwined
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inter-relationships among NAFLD, visceral obesity and
insulin resistance. It is likely that there is a pathogenic
cross-talk between the liver and the expanded adipose
tissue. As shown in schematic Figure 1, the putative un-
derlying mechanisms that link NAFLD to cardiovascular,
cardiac and arrhythmogenic complications might origi-
nate from the expanded and inflamed visceral adipose
tissue (which increases the rate of free fatty acids and
releases multiple adipokines), with the liver functioning
as both the target of the resulting systemic abnormalities
and the source of several molecular mediators that am-
plify the cardiac and vascular damage. However, further
research is required to define the major sources of some
pro-inflammatory and pro-thrombotic mediators (z.e., to
determine the relative contributions of visceral adipose
tissue and the liver itself), as well as to uncover other
specific mechanisms by which NAFLD may contribute
to the development and progression of cardiac and ar-
thythmogenic complications. An improved knowledge of
the pathophysiological links of NAFLD with cardiac and
arrhythmogenic complications might also provide a po-
tential target for the pharmacological treatment of these
diseases.

POTENTIAL IMPACT OF NAFLD
TREATMENT ON CARDIAC
COMPLICATIONS

Presently, there is no licensed treatment for human
NAFLD. Most interventions evaluated for the treatment
of NAFLD are those commonly used for the treat-
ment of type 2 diabetes and exert a rather indirect effect
through improvement in insulin resistance and glyce-
mia ™' *"** The treatment of NAFLD has also been
proposed as a tool to effectively reduce the CVD risk of
this group of patients by treating the co-existing features
of the metabolic syndrome through a tailored treatment
four-step pyramid choice"”

The first step to be offered to all patients with
NAFLD includes lifestyle modifications such as hypoca-
loric diet, increased physical activity and smoking cessa-
tion""*”, Pharmacotherapy for NAFLD should proba-
bly be reserved for patients with NASH or those with co-
existing cardiometabolic disorders amenable to specific
drug therapy such as obesity, dyslipidemia, hypertension
and type 2 diabetes. Of concern, however, there appears
to be a dissociation in the actions of some classes of
drugs, benefits on the liver side being counter-balanced
by (some) important extra-hepatic side effects.

Here, we will briefly discuss whether and how some
specific treatment interventions for NAFLD might also
beneficially affect the development and progression of
cardiac and arrhythmic complications.

Lifestyle modifications
Weight loss obtained through diet alone or combined
with physical exercise significantly reduces hepatic ste-
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atosis and necro-inflammatory changes of people with
NAFLD in proportion to the entity of body weight re-
duction (5%-10% weight loss reduces hepatic steatosis,
while up to a 10% weight loss is needed to improve the
degree of hepatic necro-inflammation)!*"**"*¥ How-
evet, no study of lifestyle modification has been able to
demonstrate an improvement in hepatic fibrosis stage.
Interestingly, physical exercise may improve hepatic stea-
tosis and serum liver enzymes in patients with NAFLD,
independent of any change in body Weightﬂmm]. A re-
cent randomized controlled trial reported that 4 mo of
resistance training and aerobic training are equally effec-
tive in reducing intra-hepatic fat content among patients
with type 2 diabetes and NAFLD",

Lifestyle changes may result in reduced CVD risk via
improvements in atherogenic risk profile (eg., blood pres-
sure, glycemia and lipids) and myocardial structure and
function!*", Regular exercise may also exert some of
its beneficial health effects by inducing anti-inflammatory
actions'". Interestingly, physical activity reduced all-cause
and CVD mortality in patients with type 2 diabetes with
mildly elevated plasma C-reactive protein levels, whereas
this beneficial effect was not observed in those with nor-
mal C-reactive protein levels, suggesting that the decrease
in CVD mortality in physically active patients may reflect
an anti-inflaimmatory effect of exercise independent of
traditional CVD risk factors!™”.

Finally, bariatric surgery, which should be reserved
to patients with severe obesity, has been associated with
beneficial and sustained improvements of liver histology

in people with NAFLD/NASH""”.

Insulin sensitizers
Indications and limitations for the use of insulin-sensi-
tizing drugs in patients with NAFLD/NASH have been
reviewed in detail elsewhere!">"*"., Although metformin,
which is the first-line choice in oral therapy for type 2 dia-
betes, has been reported to moderately reduce the risk of
developing hepatocellular carcinoma "
a marginal beneficial effect on serum aminotransferase
levels but does not improve liver histology in NAFLD.
Glitazones (especially pioglitazone) reduce systemic
insulin resistance and improve hepatic steatosis and
necro-inflammation, but not hepatic fibrosis, in patients
with biopsy-proven NASH! 1l unfortunately, however,
the hepato-protective effects of glitazones vanish after
drug treatment discontinuation*”. Of concern, the use
of glitazones is limited by their potential serious CVD
side effects. Rosiglitazone has been withdrawn from the
market because of increased risk of non-fatal myocardial
infarction*!. Pioglitazone only marginally reduces the
risk of major CVD events in people with type 2 diabetes
but causes significant weight gain (by increased subcu-
taneous fat depots), and increases the risk of congestive
HF and bone fractures'™. A slightly increased risk of
bladder cancer has also recently led to pioglitazone being
withdrawn from market in France*”. Therefore, the po-

tential benefits of glitazones on the liver are counterbal-

, it exerts only
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anced by their lack of benefits on cardiovascular system,
suggesting that the reduction of CVD risk needs a more
global approach than just glucose control™,

Glucagon-like peptide-1 analogues

Glucagon-like peptide (GLP-1) analogues (exenatide
and liraglutide) further to their hypoglycemic effects are
potent appetite suppressants and promote body weight
reduction”". Animal data suggest that GLP-1 analogues
may be useful for the treatment of NAFLD"*". Ad-
junctive exenatide treatment for at least 3 years in obese
patients with type 2 diabetes resulted in body weight re-
duction and sustained improvements in glycemic control
and serum liver enzyme levels'™". Other small interven-
tion trials reported that GLP-1 analogues significantly re-
duced intra-hepatic fat content on 'H-MRS and improved
serum aminotransferase levels in obese patients with
type 2 diabetes”*"*". However, further larger and longer
randomized clinical trials with histological endpoints are
needed to establish a beneficial effect of these drugs for
the treatment of NAFLD/NASH. Although still not
conclusive, a possible cardio-protective effect of GLP-1
analogues has been recently supported by small animal
and human studies”

Statins

Despite their limited benefits on NAFLD, where statins
may produce some improvement in serum aminotrans-
ferases and hepatic steatosis (hepatic necro-inflammation
and fibrosis remaining unaffected), statins represent a
unique class of drugsllZS’lz(’J. Such a specificity results
from the statin use having been shown to be associated
with reduced CVD morbidity in patients with mildly-
to-moderately abnormal liver function tests potentially
attributable to NAFLD!"*'*. Moreover, statins are the
most effective and widely used class of lipid-lowering
drugs for the primary and secondary prevention of CVD,
and may also exert a potentially beneficial role in primary
and secondary chemoprevention of hepatocellular carci-
noma'*”,

Ezetimibe is another lipid-lowering agent, which re-
duces the intestinal uptake of dietary cholesterol through
inhibiting Niemann-Pick Cl-like 1 protein, the main
transporter of intestinal cholesterol in jejunum, which is
also expressed on hepatocytes at the level of canalicular
membrane ", Although not tested in randomized clinical
trials, preliminary evidence in mice and humans suggests
that treatment with ezetimibe may exert some improve-
ment in NAFLD histology[162’163].

The CVD benefits of the combination of statins and
ezetimibe have been largely reported in the literature!*".

Omega-3 polyunsaturated fatty acids

Omega-3 polyunsaturated fatty acids (PUFA) are useful
for the treatment of mild-to-moderate hypertriglyceride-
mia, which is often associated with insulin resistance and
NAFLD. A recent systematic review has shown a signifi-
cant reduction in hepatic fat content (without any sub-
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stantial side effects), although the effect size was relatively
small"™. However, optimal dose and duration of this
therapy need to be addressed in future large clinical trials
before recommending omega-3 PUFA supplementation
for the treatment of NAFLD.

Although omega-3 PUFAs have also shown to reduce
cardiac mortality and sudden cardiac death in patients
with previous acute myocardial infarction"””, however,
their role in the primary prevention of CVD in at high-
risk patients has recently been challenged by the results
of alarge randomized clinical trial

Angiotensin receptor blockers

The renin-angiotensin-aldosterone system is involved in
the pathogenesis of insulin resistance, NAFLD and tar-
get organ damage“ o, Angiotensin Il increases insulin re-
sistance, exacerbates the systemic inflammatory response
by inducing reactive oxygen species and inflammatory
cytokines, and stimulates the release of free fatty acids
and triglycerides from the liver, thus further increasing
systemic insulin resistance!*”.

Some animal and human studies have suggested that
angiotensin receptor blockers improve serum liver en-
zyme levels and histologic features of NAFLD. Specifi-
cally, telmisartan attenuated NASH progression in mice
by suppressing the macrophage infiltration into the liver.
Telmisartan also affected the reduction of adipocyte size
and elevation of serum adiponectin in these animals"”
Treatment with losartan for 48 wk was associated with
some improvement in liver histology in a small sample of
hypertensive patients with NASH. However, further larger
clinical trials are needed to corroborate these ﬁndingsmo].

It is well established that angiotensin receptor block-
ers reduce blood pressure values and also improve glu-
cose tolerance and insulin sensitivity, thus contributing to
further reduce the risk of CVD events even through the

. . 171,172
prevention of new-onset type 2 diabetes' """,

Vitamin D

Vitamin D3 has a key role in calcium homeostasis and
bone mineralization, and has recently been implicated in
the regulation of glucose and lipid metabolism, adipokine
production and homeostasis of bile acids"™. Vitamin
Ds deficiency is a highly prevalent condition worldwide,
present in approximately 30%-60% of the general adult
population",

A recent meta-analysis of 17 cross-sectional and case-
control studies has shown that patients with NAFLD had
about 0.35 ng/mL lower levels of serum 25-hydroxy-
vitamin D3 [25(OH)Ds] and were 1.3 times more likely
to be vitamin D deficient than control subjects with-
out NAFLD"?. Our group also reported that serum
25(OH)D:s levels were inversely associated with the histo-
logical severity of hepatic steatosis, necro-inflammation
and fibrosis, independently of age, sex, season measure-
ment, metabolic syndrome features and kidney function
parameters, among patients with histologically proven,
non-cirrhotic NAFLD'". Preliminary experimental evi-
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dence suggests that vz effects in both adipose tissue and
liver, low serum levels of vitamin D3 may predispose to
hepatic steatosis and necro-inflammation, contributing to
the development and progression of NAFLD!"".

Notably, accumulating evidence from observational,
prospective studies suggests that lower serum 25(OH)Ds
levels were strongly associated with higher risks of de-
veloping type 2 diabetes, metabolic syndrome and CVD
events! ™A recent community-based study also
reported that lower serum 25(OH)Ds levels were signifi-
cantly associated with abnormalities in cardiac structure
and function in elderly patients without a prior history
of myocardial infarction, heart failure or valvular heart
disease"™. However, larger and longer randomized clini-
cal trials are needed to ascertain whether vitamin D3
supplementation may improve NAFLD and reduce the
incidence of adverse CVD outcomes.

Given the increased risk for cardiovascular, cardiac
and arrhythmic complications observed in patients with
NAFLD and the strong association of NAFLD with the
metabolic syndrome, we believe that all cardiometabolic
risk factors should be carefully and routinely screened
among patients with NAFLD, and that greater emphasis
should be placed on both specific lifestyle modifications
(z.e., weight loss, increased physical activity and smok-
ing cessation) and aggressive pharmaceutical risk factor
modification, which would not only reduce the risk of
progressive liver disease, but could also positively impact
on the risk of developing structural and arrhythmogenic
cardiac complications in this patient population.

CONCLUSION

The relationship between NAFLD and an increased
prevalence of clinical CHD appears to be robust, both in
adults and in adolescents, and has been consistently rep-
licated across different populations.

However, the specific and independent contribution
of NAFLD per se to the development and progression
of structural and arrhythmogenic cardiac complications
is much more controversial. Whether NAFLD is simply
a concurrent risk marker in people at increased risk for
structural and arrhythmogenic cardiac complications,
or is an independent risk factor for the development of
such complications remains to be entirely ascertained.

Moreover, uncertainty exists about the prognostic value
of NAFLD in risk stratification for CHD/CVD. Cleatly,
more extensive and well-designed prospective studies are
needed to answer these key research questions. In theory,
such a line of research promises to promote our ability
to delay or prevent the development and progression of
cardiovascular, cardiac and arrhythmic complications in
people with NAFLD.

In conclusion, far from being a benign and “para-
physiological” condition, NAFLD should be viewed as
a complex and multi-faceted disease often calling for
multi-disciplinary intervention. Awareness of NAFLD
in general appears to be disappointingly lacking in the
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"5 Data reviewed here strongly

medical community
support the conclusion that a certain proportion of pa-
tients with NAFLD, especially those with NASH, will
develop major CVD events and will ultimately die from
CVD before developing advanced liver disease. This im-
plies the necessity for specific educational campaigns to
be conducted in order to increase awareness of NAFLD
as a novel cardiometabolic risk factor, necessitating ap-
propriate diagnostic strategies, aggressive medical man-
agement and correct follow-up schedules.
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