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NAFLD and Cardiovascular and Cardiac
Disease: Clinical Implications

Eleonora Scorletti and Christopher D. Byrne

9.1 Introduction

Cardiovascular disease (CVD) is an umbrella term used to describe a cluster of
disorders of heart and blood vessels, and include among others: hypertension, coro-
nary heart disease, arrhythmias, cerebrovascular disease, peripheral vascular dis-
ease, heart failure and cardiomyopathies. Despite a marked reduction in the rate of
age-standardised CVD death over the past 30 years, the burden of CVD remains
high [1, 2]. According to the WHO, CVD is the most common cause of death in the
Westernised countries (35% of all deaths) and by 2030, almost 23.6 million people
will die from CVD, mainly from heart disease and stroke. Due to the high morbidity,
mortality and healthcare costs associated with CVD, it is crucial to investigate the
effects of non-alcoholic fatty liver disease (NAFLD) on the development of cardio-
vascular events in order to organise an efficient health prevention and treatment pro-
gramme to identify the risk of developing CVD in patients with NAFLD. Currently,
it is difficult to prove an independent role for NAFLD in the development of CVD
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as this liver condition is often embedded in a more complex metabolic syndrome
involving insulin resistance, dyslipidaemia, central adipose tissue dysfunction and
gut microbiota alteration. In this chapter, we aim to explain some of the liver-cen-
tred mechanism associated with CVD that may explain why NAFLD is a risk factor
for CVD. We describe the role of: (1) hepatic ‘selective insulin resistance’ with con-
sequent reduction of nitric oxide production leading to endothelial dysfunction; (2)
hepatic structural changes and the development of non-cirrhotic portal hypertension
associated with left ventricular dysfunction; (3) increases in de novo lipogenesis
and its association with atherogenic dyslipidaemia; (4) liver hepatokines which are
associated with CVD; (5) coagulation factors that have a role in the thrombotic
process and (6) PNPLA3 [148M genotype and its association with ischaemic heart
disease.

9.2 Epidemiology

In the past few decades, there has been a decline in age-standardised CVD mortal-
ity rates worldwide [3]. From 1990 to 2013, the annual age-adjusted cardiovascular
mortality rates have declined, falling by 22% in nearly all regions of the world,
especially in high-income North America, Western Europe, Japan, Australia and
New Zealand [1, 3-5]. The age-standardised rates of death due to CVD fell 15.6%,
whereas, global CVD deaths rose by 12.5% between 2005 and 2015. These age-
standardised rates of death reductions were largely driven by declining mortality
rates due to cerebrovascular disease (i.e. stroke; decreased by 21.0%) since 2005
[6]. Most of the epidemiological studies on CVD morbidity and mortality used the
IMPACT Coronary Heart Disease Model that is a statistical model employed to
examine the relative contributions of medical and surgical interventions for coro-
nary heart disease versus preventive strategies that target the reduction of major
coronary heart disease risk factors [1, 7-9]. Using this model, Ford et al. were able
to estimate that approximately 47% of the decline in coronary heart disease mortal-
ity rate was attributable to changes in medical and surgical treatments including
secondary preventive therapies. Whereas, risk-factor changes accounted for approx-
imately 44% of the decrease in deaths and was attributed to primary prevention
with changes in risk factors, including reductions in total cholesterol (24%), systolic
blood pressure (20%), smoking prevalence (12%) and physical inactivity (5%) [10].
In another study on Swedish population, Bjorck et al. reported that 75% of the mor-
tality reduction came from primary prevention and that the major contributors to the
mortality reduction were dietary changes [11].

However, despite a decline in CVD mortality in the first half of twentieth cen-
tury, the increase in prevalence of obesity, metabolic syndrome, NAFLD, and type
2 diabetes is likely to be responsible for a slowing in the decline of CVD mor-
tality rates. Ford et al. showed that the increased prevalence in BMI and type 2
diabetes accounted for an increase in CVD mortality of 8% and 10%, respectively
[10]. A recent meta-analysis conducted by Targher et al. investigated the associa-
tion between NAFLD and risk of incident CVD [12]. The presence of NAFLD
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was associated with an increased risk of a fatal and non-fatal CVD events such
as myocardial infarction, angina, stroke, or coronary revascularisation [12]. Based
on 16 observational prospective and retrospective studies comprising 34,043
adult individuals (36.3% with NAFLD), patients with NAFLD were found to
have a higher risk of fatal and/or non-fatal CVD events considered together (ran-
dom effect OR 1.63, 95% CI 1.06-2.48, I* = 83%; p = 0.02) than those without
NAFLD. Additionally, presence of more severe NAFLD with fibrosis was associ-
ated with an increased risk of CVD mortality (random effect OR 3.28, 95% CI
2.26-4.77, I = 0) as well as an increased risk of fatal and non-fatal CVD events
considered together (random effect OR 1.94, 95% CI 1.17-3.21, > = 23%) [12]. In
a recent cross-sectional study in South Korean population, Lee et al. investigated
the influence of NAFLD on subclinical coronary atherosclerosis detected by coro-
nary computed tomography angiography in an asymptomatic population. This study
showed that patients with NAFLD (diagnosed by ultrasound) had a higher coronary
calcium score than those without NAFLD (p < 0.001) [13]. In addition, the odds
ratios adjusted for cardiovascular risk factors (age, sex, obesity, diabetes mellitus,
hypertension, hyperlipidaemia, current smoking, family history of CAD and hs-
CRP) for any atherosclerotic plaque was 1.18; 95% CI 1.03-1.35; p = 0.016 and
for non-calcified plaque was 1.27; 95% CI 1.08-1.48; p = 0.003 with NAFLD [13].
This is the largest study to date to describe the association between NAFLD and
atherosclerotic plaque. In a retrospective single-centre study, Pais et al. presented
a cross-sectional and longitudinal evidence that NAFLD is an important risk factor
for the development of early carotid atherosclerosis [14]. The authors examined the
impact of steatosis (diagnosed with the fatty liver index — FLI' [15]) on the presence
and progression of carotid intima-media thickness and carotid plaques. They found
that steatosis independently predicted carotid intima-media thickness (p = 0.002)
after adjustment for metabolic syndrome and cardiovascular risk factors. Steatosis
at baseline predicted carotid plaque occurrence (OR = 1.63, 95% CI 1.10-2.41,
p =0.014), independently of age, sex, type-2 diabetes, tobacco use, C-reactive pro-
tein, hypertension, and carotid intima-media thickness. Interestingly, in a post-hoc
analysis of a prospective Japanese cohort study where NAFLD was diagnosed by
ultrasound the adjusted hazard ratios for incident CVD were 10.4 (95% confidence
interval 2.61-44.0, P = 0.001) in non-overweight with NAFLD, 1.96 (0.54-7.88,
P =0.31) in overweight without NAFLD and 3.14 (0.84-13.2, P = 0.09) in over-
weight with NAFLD [16]. However, there was a 12-year gap between the enrolment
and the post-hoc analysis without an update on more recent information leading
to possible bias in the analysis. In addition, the diagnosis of CVD was made by
self-administered questionnaire and there was no information on dietary habits and
genetic polymorphisms. Nevertheless, this study showed a potential role of NAFLD
on CVD not associated with obesity. Thus, the majority of current evidence suggest
that there is an independent association between NAFLD and CVD.

1 FLI = (e[).‘)53 x loge(triglycerides) + 0.139 x BMI + 0.718 x loge(GGT) + 0.053 x waist circumference — 15.745)/ (1 + e().953 x loge(triglycerides)
+0.139 x BMI + 0.718 x loge(GGT) + 0.053 x waist circumference — ]5.745) x 100
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9.3  Aetiology and Pathogenesis

The liver is anatomically linked to the cardiovascular system through the hepatic
veins which drain blood into the inferior vena cava. In the presence of lipid accumu-
lation in the hepatocytes, the liver undergoes structural changes depending on the
degree of severity of liver disease and the presence of fibrosis or ballooning. These
changes affect the structure not only of the hepatocytes that become swollen due to
lipid accumulation and inflammation (ballooning), but there is also a change in the
structure of hepatic sinusoids, bile ducts, hepatic arterioles and the space of Disse
[17]. These structural changes along with the liver dysfunction with the production
of hepatokines and dysregulation of glucose and lipid metabolism might contribute
to the pathogenesis of CVD.

9.3.1 Selective Insulin Resistance and Structural Changes
in the Liver

Endothelial dysfunction is the primary cause of vascular dysfunction, and it is one
of the earliest markers of atherosclerosis. Recent studies showed that endothelial
dysfunction, which is potentially responsible for CVD development, and increased
risk of incident hypertension were associated with NAFLD [18-24]. The mecha-
nism underlying the correlation between NAFLD and endothelial dysfunction is
not completely understood. One possible mechanism associated with endothelial
dysfunction in patients with NAFLD could be the presence of ‘selective hepatic
insulin resistance’, affecting both the liver and the vasculature. With insulin resis-
tance there are two effects: (a) insulin fails to suppress gluconeogenesis as well
as lipogenesis and (b) there is an impaired production of nitric oxide leading to
endothelial dysfunction [25] (see Fig. 9.1a,b). The liver expresses both insulin
receptors IRS1 and IRS2. IRS2 expression is regulated by insulin levels in fast-
ing and post-meal state, whereas IRS1 expression is not affected by insulin and
therefore remains unaltered in both fasting state and immediately after food intake.
The required condition for the development of ‘selective insulin resistance’ is the
presence of an altered ratio between IRS1 and IRS2 with a reduced expression
of IRS2 and increase expression of IRS1. Research studies show that increased
liver fat is associated with both increased expression of IRS1 and impaired insulin
clearance contributing to the development of hepatic insulin resistance [26]. In the
physiological state, insulin is involved in cardiac metabolism, promoting glucose
uptake, protein synthesis, regulation of long-chain fatty acid metabolism, and vas-
cular tonicity. Moreover, insulin has opposing haemodynamic actions on blood ves-
sels as it regulates the endothelial vasoconstriction and vasodilation in two ways: (1)
via the phosphorylation of the IRS2 and activation of phosphatidyl inositol 3-kinase
(PI3K)/Akt pathway, responsible for the nitric oxide production [27]; and (2) via
phosphorylation of the IRS1 the activation of mitogen-activated protein kinase
(MAPK) pathway, regulating the secretion of endothelin-1 [25], see Fig. 9.1a.
Therefore, insulin regulates the balance between nitric oxide-mediated vasodilation
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and endothelin-1-mediated vasoconstriction. In the first pathway, the activation of
(PI3K)/Akt in endothelial cells leads to phosphorylation of endothelial nitric oxide
synthase that in turn synthesises nitric oxide from the guanidine group of arginine
(L-arginine) and O,. This pathway regulates the expression of nitric oxide synthase,
vascular endothelial growth factor, antioxidant haeme oxygenase-1, and vascular
cell adhesion molecule-1. The action of nitric oxide on the endothelium is primarily
mediated via reductions in intracellular calcium concentrations promoting vasodi-
lation. In the second pathway, the activation of Grb2 and Shc causes a cascade of
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Fig.9.1 Insulin signalling in endothelial cells. (a) Insulin has opposing haemodynamic actions in
blood vessels. (1) Pro-atherogenic action: Insulin regulates endothelial vasoconstriction via phos-
phorylation of insulin receptor 1 (IRS1) and the activation of mitogen-activated protein kinase
(MAPK) pathway, regulating the secretion of endothelin-1 (ET-1) and plasminogen activator
inhibitor-1 (PAI). (2) Anti-atherogenic action: insulin affects vasodilation via the phosphorylation
of insulin receptor 2 (IRS2) and activation of the phosphoinositide 3-kinase (PI3K)/Akt pathway,
responsible for nitric oxide production (NO). (b) Selective insulin resistance. Reduced expression
of IRS2 leads to a selective inhibition of the (PI3K)/Akt pathway causing a deterioration of intra-
cellular signalling that reduces NO synthesis. High extracellular concentration of glucose increases
the synthesis of superoxide (O~,) dependent of NAD(P)H oxidase, which reacts with NO to gener-
ate peroxynitrite (ONOO"), contributing to endothelial cell dysfunction. IRS1 expression is
unchanged or increased therefore the (MAPK) pathway is not inhibited resulting in enhanced
expression of endothelin-1 and proliferation of vascular smooth muscle cells with pro-
atherosclerotic action. In addition, impaired insulin signalling causes a reduction in outward potas-
sium (K*) currents causing abnormal repolarisation in cardiomyocytes. /RS and /RS2 insulin
receptors 1 and 2, MAPK mitogen-activated protein kinase, ONOO~ peroxynitrite, NO nitric oxide,
PI3K phosphatidylinositol-4,5-bisphosphate 3-kinase; nitric oxide synthase, O™, superoxide, K*
potassium, E7-/ endothelin-1, PAI plasminogen activator inhibitor-1



174 E. Scorletti and C. D. Byrne

Hyperglycaemia Selective insulin Abnormal repolarization

resistance 1N
X
\
\

\

Reduced IRS2 AN Reduced insulin action
educe expression \
Y @ o \

S v
DT @S @ EymE <«
Y ke K
> qEsm o

Q p -
S - (™
— S
V Vasodilation

Monocyte adhesion

Inflammation Vasoconstriction

Oxidative stress Migration and proliferation of VSMC
Migration and proliferation of VSMC

Pro-atherogenic Action T

¢ Anti-atherogenic Aﬁdii_n/r/jf

Fig. 9.1 (continued)

phosphorylation to activate the MAPK pathway with subsequent secretion of endo-
thelin-1 [25]. Endothelin-1 plays an important role in vascular function through its
action on vascular smooth muscle cells, oxidative stress proliferation and apoptosis
[28, 29]. Reduced nitric oxide production and/or bioavailability are associated with
hypertension, atherosclerosis and angiogenesis-associated disorders. A recent study
from Persico et al. showed that nitric oxide synthase phosphorylation was reduced
in liver samples obtained from both NASH and NAFLD patients, compared to liver
samples from healthy control subjects [30]. These authors also found that endothe-
lial dysfunction measured with flow-mediated dilation of the brachial artery was
reduced according to liver disease severity. In the absence of nitric oxide signalling,
there is a disturbance in vascular homeostasis, triggering a series of events leading
to pathologies such as hypertension, renal vascular insufficiency and chronic heart
failure [31, 32], see Fig. 9.1b.

In the presence of endothelial insulin resistance, the (PI3K)/Akt pathway and
(MAPK) pathway are selectively impaired resulting in a ‘selective insulin resis-
tance’ state. In this state, there is a selective inhibition of the (PI3K)/Akt pathway
causing a deterioration of intracellular signalling that reduces the L-arginine trans-
port with consequent reduction of NO synthesis. By contrast the (MAPK) pathway
is not inhibited [33] resulting in enhanced expression of endothelin-1 and prolif-
eration of vascular smooth muscle cells with pro-atherosclerotic action [34, 35].
Multiple pathophysiological stimuli typical of NAFLD such as increased production
of inflammatory cytokines, hyperglycaemia, high levels of asymmetric dimethylar-
ginine [36], hypoadiponectinemia [37] and increased release of free fatty acids can
also cause a selective inhibition of the (PI3K)/Akt pathway with consequent reduc-
tion of NO production. In addition, high extracellular concentrations of D-glucose
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increase synthesis of O, dependent of NAD(P)H oxidase, which reacts with the
NO to generate ONOO™, contributing to endothelial dysfunction [32], see Fig. 9.1b.

Insulin has also a direct effect on cardiomyocytes, modulating cardiac contractil-
ity and affecting cardiac output. Moreover, insulin mediates the cellular hypertrophy
and generates an antiapoptotic effect on cardiomyocytes by activating other inter-
mediary intracellular signalling pathways that affect potassium currents [38, 39].
Impaired insulin signalling causes a reduction in the outward K+ currents causing
abnormal repolarisation in cardiomyocytes [40]. The arrhythmogenic potential of
altered outward K+ currents can contribute to an increase in the incidence of heart
failure [41]. Several studies have assessed the association between NAFLD and left
ventricular dysfunction and hypertrophy [42]. In a multicentre community-based
Coronary Artery Risk Development in Young Adults (CARDIA) study, VanWagner
et al. have performed a cross-sectional analysis of 2713 participants with imag-
ing-diagnosed NAFLD. Theses authors showed that NAFLD was independently
associated with left ventricular systolic and diastolic dysfunction and myocardial
remodelling [43]. In a recent cross-sectional study during a health screening pro-
gramme, 3300 subjects underwent echocardiography and hepatic ultrasonogra-
phy. In this study, the presence of NAFLD was independently associated with a
68% increase in the risk of left ventricular diastolic dysfunction. After adjusting
for age, sex and waist circumference, the risk of diastolic dysfunction incremen-
tally increased according to the severity of fibrosis. After stratifying the population
according to BMI, the association between NAFLD with fibrosis and LV diastolic
dysfunction was significant only in non-obese subjects [21].

Steatosis, inflammation and fibrosis cause significant structural changes in the
liver that might explain the endothelial and myocardial dysfunction described in this
metabolic liver condition. Recent evidence showed that hepatic parenchymal altera-
tions are responsible for the biomechanical and rheological changes in patients with
NAFLD [17]. Hepatocyte enlargement due to hepatocellular lipid accumulation and
ballooning may cause changes in the hepatic microvasculature [44] with sinusoidal
compression, sinusoidal space restriction, distortion of the sinusoidal pattern (reduc-
ing the sinusoidal space by as much as 50% compared with normal liver) [45], com-
pression of sinusoids and loss of fenestrae resulting in impaired sinusoidal flow with
increase in intrahepatic resistance causing an increase in portal venous pressure [460,
47]. In this condition, there is a disruption of sinusoidal flow starting in zone 3 of the
liver (from the central vein) and then expanding in through the entire lobule. With
these structural and functional changes, liver sinusoidal endothelial cells become
defenestrated and deposit extracellular matrix within the space of Disse causing
relative hypoxia [45]. Experimental studies in steatotic animal models indicate that
moderate steatosis reduces sinusoidal blood flow by approximately half because
of distortion of the sinusoids by fat-filled hepatocytes [48]. These alterations are
associated with increase in intrahepatic resistance responsible of post-sinusoidal
non-cirrhotic portal hypertension [49]. Franque et al. studied the portal pressure
in 50 patients with non-alcoholic fatty liver disease using transjugular liver—vein
catheterisation and biopsy. They found that the hepatic venous pressure gradient
was >5 mmHg; the threshold indicating sinusoidal portal hypertension in about
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one-third of the study population, and that this portal hypertension was related to
the steatosis grade and not to the presence of extensive fibrosis or cirrhosis [50]. In
another study, Chung et al. showed that NAFLD was associated with a 29% increase
in the risk of diastolic dysfunction compared with controls. In addition, the authors
found that in non-obese subjects, the risk to develop diastolic dysfunction increased
incrementally according to fibrosis grade [21].

These hepatic haemodynamic changes in patients with NAFLD suggest that
there could be a reduction in hepatic arterial flow [51] with a consequent decrease
in cardiac preload resulting in early asymptomatic cardiovascular alterations [52].
This would have an effect on the micro and macro circulation with possible increase
in vascular calcifications and atherosclerosis formation [53], endothelial dysfunc-
tion [30] and increase in intima-media thickness [54] and myocardial dysfunction
[42, 55, 56].

9.3.2 Lipid Metabolism and Atherosclerosis

Several studies have shown that the process of atherogenesis is initiated by two
main mechanisms: (1) endothelial injury and/or (2) accumulation of low-density
lipoproteins (LDL) within the arterial wall, which are generally prone to oxidisation
[57, 58].

The liver plays a major role in regulating lipid metabolism by the combined
action of de novo lipogenesis and lipid oxidation, as well as uptake and secretion of
lipoproteins. Liver fat accumulation is associated with an imbalance in hepatic fatty
acid uptake, endogenous lipid synthesis, lipid oxidation and very-low-density lipo-
protein production [59, 60]. NAFLD is associated with hepatic insulin resistance
and induces hepatic VLDL production via changes in the rate of apo B synthesis
[61] and stimulation of de novo lipogenesis [62]. In the presence of hepatic insulin
resistance, there is an increased expression of sterol regulatory element binding pro-
tein 1¢ (SREBPIc) that leads to the activation of key enzymes for de novo lipogen-
esis [63]. Moreover, carbohydrate responsive-element binding protein (ChREBP) is
also stimulated by hyperglycaemia contributing to the activation of lipogenesis [64].

In the liver, lipid droplets are stored in the endoplasmic reticulum of the hepa-
tocytes where VLDL particles are assembled. Subsequently, apolipoprotein
B-containing VLDL particles are secreted into the circulation. Increased circulating
levels of VLDL particles can lead to the generation of small, dense LDL that are
highly atherogenic. In the circulation, LDL can enter the artery wall and be oxi-
dised by vascular cells (endothelial cells, smooth muscle cells and macrophages)
with oxidising enzymes including lipoxygenase and myeloperoxidase. Oxidation of
LDL can occur in two ways: (a) mild oxidation of LDL, with absence of changes
or little changes in apolipoprotein B100 (this mild oxidised LDL retains its affin-
ity for the LDL receptor); (b) mild oxidised LDL can be further oxidised leading
to a loss of recognition by the LDL receptor and a shift to recognition by scaven-
ger receptors [58]. Oxidised LDL activates the conversion of monocytes to mac-
rophages foam cells with subsequent formation of the fatty streak. In addition, the
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reduction of NO bioavailability (described previously) with consequent increase in
the production of reactive oxygen species such as O~, and ONOO~ contribute to the
oxidative modification of LDL and the development of atherosclerosis. The accu-
mulation of subendothelial atherogenic apolipoprotein B-containing low-density
and very-low-density lipoproteins and chylomicrons plus monocytes activation and
migration through the endothelial wall into the vascular smooth muscle cells layer
of the intimal media contribute to the formation of the atherogenic streak. Several
studies have showed an association between NASH and an altered LDL profile [59,
60]. Chalasani et al. showed a significant association between NASH and increased
levels of oxidised LDL compared with controls. This was in line with other studies
conducted previously by Sanyal and MacDonald where they found an association
between lipid peroxidation and severity of liver disease. Alkhouri et al. showed
that in patients with NAFLD, the histologic severity of liver disease was strongly
associated with an increased level of triglycerides and low-density lipoprotein and a
decrease in high-density lipoprotein [65]. In addition, in a large, multi-ethnic, sex-
balanced cohort, CT-diagnosed NAFLD was associated with atherogenic dyslipi-
daemia defined as low HDL-cholesterol and high triglycerides and a triglycerides/
HDL ratio greater than 3 [60].

9.3.3 Hepatokines

The ectopic accumulation of lipids in the liver is associated with the infiltration and
activation of immune cells and production of pro-atherogenic and pro-inflammatory
cytokines known as hepatokines. Hepatokines are proteins that influence metabo-
lism and inflammatory pathways by affecting insulin sensitivity, homeostasis and
cardiovascular health [66]. The liver secretes numerous hepatokines; however, the
specific role of these hepatokines is not been completely elucidated. Some of them
have been associated with NAFLD and CVD although the exact role has not been
clarified. Fetuin-A (also known as a2-HS-glycoprotein), that is primarily synthe-
sised by hepatocytes, is a natural inhibitor of the insulin receptor tyrosine kinase.
Several lines of evidence showed that fetuin-A is a potent inhibitor of calcification.
Fetuin-A binds with bioactive Ca®* suggesting its potential role in the inhibition
of systemic calcification by protecting VSMC from the detrimental effects of Ca**
overload and subsequent calcification [67, 68]. However, the role of fetuin-A in
NAFLD and CVD seems to be complex and controversial as it seems to be modu-
lated by various independent pathogenetic mechanisms such as inflammation and
insulin resistance. Sato et al. showed that serum fetuin-A concentration was nega-
tively correlated with platelet count, NAFLD fibrosis score and mean IMT [69]. In
contrast, Celebi et al. observed no difference in plasma levels of fetuin-A between
NASH and NAFLD groups. Moreover, the authors did not find any association of
circulating fetuin-A with liver histology and insulin resistance in subjects with
NAFLD [70]. By contrast, some studies showed high plasma levels of fetuin-A with
insulin resistance and hepatic steatosis and increased risk of myocardial infarction
and ischemic stroke [71]. Kahraman et al. described high plasma concentrations of
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fetuin-A in patients with NASH; this result was confirmed by mRNA and protein
expression of fetuin-A in liver tissue [72]. Fetuin-A could represent a possible bio-
marker to detect CVD in patients with NAFLD; however, further studies are needed
to clarify its metabolic function and its association with liver disease, atherosclero-
sis and vascular calcification.

Fibroblast growth factor 21 is another hepatokine secreted mainly by the liver
and is regulated by several transcription factors including peroxisome proliferator-
activated receptor a (PPAR- «), PPARy, ChREBP and SREBP [73]. Fibroblast
growth factor 21 has been shown to have beneficial effects on energy homeostasis,
glucose and lipid metabolism. Emerging evidence suggests that fibroblast growth
factor 21 is also a physiological protector of vascular functions via two major
mechanisms: (1) indirectly via inducing expression and secretion of adiponectin
that in turn leads to the production of NO in endothelial cells [74, 75]; and (2)
directly by inhibiting the hepatic cholesterol biosynthesis by suppressing SREBP
[76]. However, in contrast to this evidence, recent studies showed that high levels of
fibroblast growth factor 21 are associated with NAFLD and atherosclerosis [77, 78].

Selenoprotein P is a secretory protein primarily produced and released by the
liver, and it is responsible for transporting selenium from the liver to extrahepatic
tissues. Selenoprotein P is upregulated in the liver of patients with NAFLD [79],
type 2 diabetes [80] and CVD [81]; however, there have been very few studies that
have investigated the relationship between selenoprotein P and CVD. The mecha-
nism by which selenoprotein P causes CVD is not clear; one possible mechanism is
through its effect on insulin resistance. However, further studies are needed to iden-
tify the independent relationship between selenoprotein P and CVD and to clarify
the underlying mechanism linking selenoprotein P and CVD.

Hepatokines that are mainly secreted from the liver have para- and endocrine
effects and are known to directly affect inflammation, and glucose and lipid metabo-
lism. Although accumulating evidence shows that hepatokines play an important
role in modulating inflammatory processes that in turn affect atherosclerotic pro-
cess, it remains controversial whether there is an independent effect of these hepa-
tokines to affect the pathogenesis of CVD.

9.3.4 Prothrombotic Factors

The liver synthesises several coagulation factors including fibrinogen, and plasmin-
ogen activator inhibitor-1 (PAI-1), which may have important roles in the develop-
ment of CVD. In addition, insulin has also been shown to increase the expressions
of PAI-1, through the MAPK pathways [33]. In a large community-based, prospec-
tive observational study of CVD risk, increasing PAI-1 levels were associated with
an adverse cardiovascular risk profile [82].

Kotronen et al. showed an independent association between increased activi-
ties of coagulation factors (FVIII, FIX, FXI and FXII) and NAFLD (liver fat diag-
nosed by MRS) compared with controls [83]. This study was in accordance with
Tripodi et al. showing that plasma from patients with NAFLD was characterised by
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a procoagulant imbalance that progressed with increasing severity of disease from
simple steatosis to cirrhosis [84].

By contrast, Verrijken et al. studied a large cohort of overweight/obese patients
who underwent a clinical assessment for coagulation factors, and metabolic and
liver disease. In this study, severity of liver histology was associated with a sig-
nificant and independent increase in PAI-1. Whereas, other metabolic features (but
not NAFLD) were associated with an increase in fibrinogen, factor VIII and von
Willebrand factor, antithrombin III was decreased [85]. Similar results were found
in other research studies in adults and children where increased PAI-1 levels were
associated with NAFLD severity and CVD [86-88]. PAI-1 is the primary inhibitor
of the endogenous fibrinolytic system, and it is responsible for reducing fibrinolytic
activity and plays a key role in the atherothrombotic process [86, 89, 90]. Increased
PAI-1 plasma levels would reduce the capacity of the fibrinolytic system to prevent
fibrin deposition in vessel walls and thrombus formation [91].

9.3.5 PNPLA31148M Genotype

The relationship between liver fat content, NAFLD and ischaemic heart disease
(IHD) has recently been investigated in a Mendelian randomisation and meta-
analysis of 279,013 individuals [92]. In a cohort study of the Danish general popu-
lation (n = 94,708/ITHD = 10,897), the authors tested whether a high liver fat content
or a diagnosis of NAFLD was associated with IHD. The authors then tested whether
a genetic variant in the gene encoding the protein patatin-like phospholipase domain
containing 3 proteins (PNPLA3), [148M (rs738409) (a strong and specific cause of
high liver fat content and NAFLD) was causally associated with the risk of IHD.

As expected from existing evidence, the authors found that the risk of IHD
increased stepwise with increasing liver fat content (in quartiles) up to an odds
ratio (OR) of 2.41 (1.28-4.51) (P-trend = 0.004). The corresponding OR for IHD
in individuals with vs. without NAFLD was 1.65 (1.34-2.04) (P = 3 x 10°),
which is in keeping with existing evidence. PNPLA3 1148M was associated with
a stepwise increase in liver fat content of up to 28% in MM vs. II-homozygotes
(P-trend = 0.0001) and with ORs of 2.03 (1.52-2.70) for NAFLD (P = 3 x 107),
3.28 (2.37-4.54) for cirrhosis (P = 4 x 107'%) and 0.95 (0.86-1.04) for IHD
(P =0.46). In the meta-analysis (N = 279,013/IHD = 71,698), the OR for IHD was
0.98 (0.96-1.00) per M-allele vs. I-allele. The OR for IHD per M-allele for higher
genetically determined liver fat content was 0.98 (0.94-1.03) vs. an observational
estimate of 1.05 (1.02-1.09) (P for comparison = 0.02).

Therefore, despite confirming the known observational association of hepatic fat
content (and NAFLD) with the risk of prevalent IHD in this analysis, the authors
suggested that fatty liver due to PNPLA3 variant is not causally associated with
IHD [92]. Although, these data are undoubtedly thought provoking, we believe that
it is important to be cautious about the interpretation of these data for the follow-
ing reasons. (a) Based on the ICD-8 codes (and computed tomography scanning),
the prevalence of NAFLD (i.e. 0.7% of the whole cohort; 633 out of 94,708) was
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extraordinarily low, and it is also quite possible that there was contamination bias
(with up to 25-30% of subjects in the reference group possibly having undiagnosed
NAFLD). (b) Using a Mendelian randomisation approach, the authors failed to show
any increase in the risk of prevalent IHD with the presence of the PNPLA3 148M
allele in a subgroup of 1439 individuals in whom liver fat content was detected by
computed tomography scanning. It is important to note that many subjects in this
analysis did not have NAFLD (because liver fat percentage was <5.6%), and it is
also noteworthy that the mean liver fat percentage was extremely low and similar in
all three PNPLA3 genotypes (Il = 5.1%, IM = 6.0% and MM = 6.5%, respectively).
(c) The authors also tested whether the PNPLA3 genotype was associated with risk
of prevalent IHD in the whole cohort, of whom nearly 99% did not have known
NAFLD. Since PNPLA3 148 MM was associated with a tiny increase in liver fat
percentage in people with imaging-diagnosed NAFLD, it is perhaps not surprising
that in the general population without NAFLD, PNPLA3 148 MM was not associ-
ated with IHD. Although a subsequent meta-analysis also confirmed the lack of a
significant association between this genetic variant and IHD, again no information
was available about NAFLD status in the CARDIOGRAMplusC4D consortium.

To date, a consensus is emerging that there are at least two distinct forms of
NAFLD, i.e. the obese/metabolic NAFLD and the PNPLA3-associated NAFLD,
which may have different consequences for risk of IHD [12, 93-95]. Less than
5-6% of European individuals with NAFLD carry the PNPLA3 148MM genotype,
and this genotype is neither sufficient nor necessary to cause non-alcoholic steato-
hepatitis, cirrhosis or primary liver cancer. The contribution of genetic polymor-
phisms to inter-individual variation in NAFLD phenotype is relatively small, and
the role of the PNPLA3 148M allele in the general population without NAFLD is
far from clear.

Thus, we consider that further research is urgently needed to test the effect of
PNPLA3 148 MM genotype on risk of incident cardiovascular outcomes in cohorts
with proven NAFLD. Since undiagnosed NAFLD is very common in the general
‘healthy’ population, it is also important to know that the control/reference popula-
tion does not have NAFLD.

9.4 Treatments

Since NAFLD is associated with extrahepatic complications such as type 2 diabetes
(T2DM) and chronic kidney disease that also increase risk of cardiovascular dis-
ease (CVD) [12, 96-98], effective treatment strategies are urgently required [94].
Crucially, similar proportions of people with NAFLD die from CVD as from liver
disease [94] and when patients with NAFLD develop type 2 diabetes, the presence
of diabetes further increases risk of CVD, creating a vicious spiral of potential ill
health [99]. Consequently, an ideal effective treatment for NAFLD might therefore
be expected to not only reduce risk of chronic liver disease-related complications
but also to decrease risk of type 2 diabetes and CVD.
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In 2017, the comparative benefits and harms of different interventions using
standard Cochrane methodology were evaluated [100]. These authors concluded
that due to the very low-quality evidence, there was current uncertainty about the
effectiveness of pharmacological treatments for people with NAFLD including
those with NASH. Importantly as stated, further well-designed randomised clinical
trials with sufficiently large sample sizes are necessary. Nevertheless, that said, the
purpose and focus of this section are to discuss the existing evidence for potential
diets and pharmacological treatments for NAFLD which also have beneficial effects
on CVD and CVD risk factors.

The ability to diagnose NASH and monitor NASH is crucial for the testing of
therapeutic interventions for NASH and to evaluate their effectiveness on CVD and
cardiac complications of NAFLD.

Currently, the only investigation with acceptable sensitivity and specificity for
diagnosing and monitoring NASH is liver biopsy and histological examination; and
this is the current ‘gold standard’ that has undoubtedly hampered the testing of drug
effectiveness in NASH [101]. Despite this caveat, current guidelines have concluded
that there is sufficient evidence to consider the use of a Mediterranean diet (MD)
[102] and pioglitazone or vitamin E therapy in the treatment of NASH [102-104].

Weight loss is the most effective way to promote liver fat removal, and several
controlled studies have confirmed that an intense approach to lifestyle changes, car-
ried on along the lines of cognitive-behaviour treatment, is able to attain the desired
7-10% weight loss, associated with reduced liver fat, non-alcoholic steatohepatitis
(NASH) remission and also reduction of fibrosis [105]. Even larger benefits have
been reported after bariatric surgery in NAFLD, where 80% of subjects achieve
NASH resolution at 1-year follow-up [105].

The major focus of this section will be to discuss the potential CVD benefits
of the MD diet as well as pioglitazone and vitamin E as this diet and these two
agents have recently been recommended by the Guidelines discussed above for
NAFLD. We will also discuss the role of statins as these agents have been used for
many years to lower low-density lipoprotein (LDL-C) and decrease CVD risk.

9.4.1 Mediterranean Diet (MD)

The benefits of the MD as the diet of choice for NAFLD have recently been dis-
cussed in an excellent review of the subject [106]. The individual components of
the MD such as olive oil, fish, nuts, whole grains, fruits and vegetables have been
shown to beneficially affect or negatively correlate with NAFLD. Additionally, an
MD contains lower amounts of dietary components that are thought to be potentially
harmful for obesity, NAFLD and CVD, such as fructose, refined carbohydrates,
trans fatty acids and red meats and therefore an MD diet tends to comply with cur-
rent guidelines to reduce the risk of CVD [107]. In June 2017, the American Heart
Association’s presidential advisory on dietary fats stated that replacing saturated fat
with polyunsaturated vegetable oil reduces the incidence of CVD by ~30% [108].
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Importantly, this shift towards more unsaturated fats occurs when a Westernised
diet containing processed foods is replaced by the Mediterranean diet (MD) [108].
It is beyond the scope of this chapter to discuss the many potential mechanisms of
benefit by which a MD may benefit NAFLD and CVD. However, we have briefly
summarised the key components of the diet and the key factors that may be favour-
ably affected in reducing risk of CVD in NAFLD in Fig. 9.2.

Data from three small, brief duration randomised trials have suggested a poten-
tial beneficial effect of the MD in NAFLD [109-111]. We believe that longer-
term RCTs are needed, preferably with histological liver outcomes to test whether
there is any benefit on NASH and/or liver fibrosis. It has to be stressed that in most
cases any form of healthy diet, which leads to caloric reduction and is acceptable
to the patient, should be encouraged for patients with NAFLD. For the patient
who finds caloric restriction difficult, changing dietary composition without nec-
essarily reducing caloric intake could offer a more feasible alternative although
the benefit on liver health is not as marked as weight reduction alone [102, 105].
The importance of weight loss has been highlighted in patients with NASH, where
weight loss per se is able to induce NASH resolution, without any worsening of
fibrosis [112].

Hepatic glucose output

Insulin resistance, visceral fat mass
Blood pressure

Triglyceride/HDL-cholesterol

Small, dense LDL-cholesterol

f Lipotoxicity Post-prandial lipemia

L CFAs/ Oxidative stress IMPROVEMENTS!
DAGs Collagen matrix IN VASCULAR

) RISK FACTORS
Ceramides/ Stellate & Kupffer:
Di-P PA r cell activation

vitamin D, omega-3 FAs
carotenoids olive oil
polyphenols/antioxidants/phytochemicals

'MEDITERRANEAN
g DIET .

fibres

Lipid
globule/
steatosis

low levels of trans fats/sucrose/fructose/

in: S alt/ni itrites/nitr
Favou.rable changes in S RS
Incretins &5
SCFAs é\\\%
TMA IMPROVEMENTS
LPs IN VASCULAR
RISK FACTORS
Anglotensinogen
Endothelin-1
INTESTINE Interleukin-6

C-reactive protein
Reactive oxygen species
Magnesium

(favorable changes on gut microbiota and intestinal function)

Fig. 9.2 Potentially beneficial effects of the Mediterranean diet in NAFLD. The Mediterranean
diet (MD) contains a variety of nutrients that have the potential for affecting improvements in
vascular risk factors. The MD may have stimulatory effects in the intestine to promote favourable
changes in gut microbiota and intestinal function with beneficial effects for liver disease in
NAFLD. BCAAs branched chain amino acids, DAGs di-acylglycerols, di-P PA di-palmitolyl phos-
phatidic acid, LCFAs long-chain fatty acids, LPS lipopolysaccharide, SCFAs short chain fatty
acids, TAGs tri-acylglycerols, TMA trimethylamine
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9.4.2 Thiazolidienediones (Pioglitazone) and Vitamin E

Recently as a result of several randomised placebo-controlled trials in patients
with NASH, three key international bodies (National Institute for Health and Care
Excellence (NICE), the Joint European Societies (Diabetes, Hepatology and Obesity)
and the American Association for the Study of Liver Diseases) have recently also
recommended the use of pioglitazone for the treatment of NASH [102—104].

9.4.2.1 Pioglitazone

Thiazolidienediones (TZDs) are well known to lower plasma glucose concentra-
tions over many years of treatment, and these drugs (rosiglitazone and pioglitazone)
have been licensed for the treatment of type 2 diabetes for almost 20 years. TZDs
are potent peroxisome proliferator-activated receptor gamma (PPARY) agonists that
target both adipose tissue metabolism and also inflammation. The first available
TZD was troglitazone which was rapidly withdrawn (in the UK in 1997, and in the
USA in 2000) because of toxic side effects. In the UK rosiglitazone was withdrawn
as a result predominantly of concerns raised about possible increased cardiovas-
cular risk in a meta-analysis published in 2007 [113]. Yet despite those concerns,
in 2013 the US Food and Drug Administration (FDA) lifted the final regulatory
restrictions on rosiglitazone in 2013, stating that ‘we have continued monitoring
these medicines and identified no new pertinent safety information. As a result, we
have determined the risk evaluation and mitigation strategy is no longer necessary
to ensure that the benefits of rosiglitazone medicines outweigh their risks’. Since
most of the available evidence with this class of drug in NASH exists for piogli-
tazone, because of these problems with rosiglitazone, we will focus discussion on
the evidence with pioglitazone treatment.

Pioglitazone treatment results in histological resolution of NASH in ~50% of
patients regardless of diabetes status [114—116]. The mean effect for response to
pioglitazone defined as resolution of NASH from three key trials [114-116] is 51%
(95% C1 42, 60), and a recent meta-analysis of pioglitazone treatment in NASH has
concluded that thiazolidinediones significantly improve ballooning degeneration,
lobular inflammation, steatosis and combined necroinflammation in patients with
NASH and that pioglitazone may improve fibrosis [117].

Extensive use of pioglitazone to treat T2DM has established its safety and
generic pioglitazone costs to the UK NHS are only ~£1.15 (1.31 Euros or 1.51
USD in June 2018); per patient per month. Importantly since patients with NAFLD
are also at increased risk of type 2 diabetes and CVD, RCT evidence also shows
that treatment with pioglitazone also decreases risk of developing type 2 diabetes
[118], myocardial infarction [119] and stroke [120, 121]. For all of these additional
benefits of treatment with pioglitazone, the magnitude of the benefit of treatment
with pioglitazone is a reduction in risk of between 16 and 72%. For example in
the PROactive Study (PROspective pioglitAzone Clinical Trial In macroVascu-
lar Events) [119], the main secondary end point was the composite of all-cause
mortality, non-fatal myocardial infarction and stroke. 301 patients in the piogli-
tazone group and 358 in the placebo group reached this end point, and there was
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a significant 16% decrease in risk of this end point with pioglitazone treatment. In
order to examine whether pioglitazone can reduce the risk of type 2 diabetes melli-
tus in adults with impaired glucose tolerance, a total of 602 patients were randomly
assigned to receive pioglitazone or placebo. After a median follow-up of 2.4 years,
compared with placebo, pioglitazone reduced the risk of conversion of impaired
glucose tolerance to type 2 diabetes by 72% (95% confidence interval, 0.16-0.49;
P <0.001) [118]. Similarly, for the primary [120] and secondary [122] prevention
of stroke, there was a similar magnitude of benefit with pioglitazone treatment.
IRIS (Insulin Resistance Intervention after Stroke) was a primary prevention trial
[120]. 3876 patients who had had a recent ischemic stroke or transient ischaemic
attack, subjects received either pioglitazone (target dose, 45 mg daily) or placebo.
Eligible patients did not have diabetes but were found to have insulin resistance
on the basis of a score of more than 3.0 on the homeostasis model assessment of
insulin resistance (HOMA-IR) index. The primary outcome was fatal or non-fatal
stroke or myocardial infarction. By 4.8 years of follow-up, a primary outcome had
occurred in 175 of 1939 patients (9.0%) in the pioglitazone group and in 228 of
1937 (11.8%) in the placebo group (hazard ratio in the pioglitazone group, 0.76;
95% confidence interval [CI], 0.62-0.93; P = 0.007). Diabetes developed in 73
patients (3.8%) and 149 patients (7.7%), respectively (hazard ratio, 0.48; 95% ClI,
0.33-0.69; P < 0.001). Importantly, overall safety and tolerability was good with
no change in the safety profile of pioglitazone identified. For example, in the high-
risk PROactive Study (PROspective pioglitAzone Clinical Trial In macroVascular
Events) [119], whilst there was a very slight increase in the well-recognised side
effect of cardiac failure 6% versus 4% of those in the pioglitazone versus placebo
groups; mortality rates from heart failure did not differ between groups. Thus, in
summary in NAFLD, treatment with pioglitazone may directly benefit the liver and
decrease risk of type 2 diabetes, myocardial infarction and stroke (Fig. 9.3).

Pioglitazone targets both adipose tissue metabolism and inflammation, acting
through the transcription factor PPARy. PPARYy has three splicing variant isoforms
(1-3, and) that display differences in tissue localisation for each isoform: 1 (ubig-
uitous localisation), 2 (localised in adipose tissue) and 3 (localised in macrophages,
colon and adipose tissue) [123]. PPARY is predominantly expressed in adipocytes,
immune cells including macrophages (and Kupffer cells) and hepatic stellate cells.
PPARY agonists activate PPARYy receptor function to decrease supply of fatty acids
to the liver by promoting pre-adipocyte differentiation. Additionally in the liver
PPARYy agonists activate Kupffer cells polarisation from a pro-inflammatory M1
to a pro-resolving M2 phenotype [124] and reverses hepatic stellate cell trans-
differentiation to myofibroblasts [125].

Although it is uncertain whether pioglitazone has actions in the intestine, colonic
epithelium expresses high levels of PPARY3 receptors, and a high potency natu-
ral ligand for PPARY3 receptors is butyrate [126]. Butyrate is produced locally in
the large intestine from the gut microbiota-induced fermentation of carbohydrate.
Thus, dysbiosis could adversely affect the integrity of intestinal permeability via a
butyrate-PPARy3-mediated effect, with a consequent increase in lipopolysaccharide
concentrations in the portal circulation promoting the risk of NASH. Interestingly,
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PPARy agonist treatment in NAFLD
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Fig.9.3 PPARy agonist treatment in NAFLD. NAFLD increases risk of type 2 diabetes, CVD and
hepatocellular carcinoma. With the development of type 2 diabetes, there is a further increase in
the risk of liver fibrosis. With development of more advanced forms of liver fibrosis (e.g. F3 and
F4 fibrosis), there is a marked increase in the risk of hepatocellular carcinoma. In NASH, PPARY
agonist treatment has a beneficial effect to cause resolution of NASH in ~50% of patients (after
2 years of treatment). PPARy agonist treatment may be also beneficial in reducing liver fibrosis
(although further research is needed in this patient group). PPARY agonist treatment decreases risk
of type 2 diabetes (and lowers plasma glucose concentrations in patients who have established type
2 diabetes). PPARYy agonist treatment also decreases risk of myocardial infarction and stroke

in mice a high-fat diet modifies the PPAR-y pathway leading to disruption of the
microbial and physiological ecosystem in small intestine, and these effects were
reversed by treatment with the PPARY agonist rosiglitazone [127]. Since many
patients with type 2 diabetes also have dysbiosis and NASH, PPARYy agonist drugs
would seem an ideal form of treatment for this group of patients, particularly if it
were possible to develop even better PPARY agonists that retained the beneficial
effects of the drugs without increasing the risk of known side effects associated with
the class. The potential modes of action of PPARYy agonists in NAFLD are shown
in Fig. 9.4.

There is considerable interest in determining whether it is possible to dissoci-
ate the benefits of pioglitazone from the side effects. In recent years the global
usage of pioglitazone has plummeted, largely because of fears about side effects
associated with this drug (such as increased risk of bone fracture, fluid retention
and increases in body fat). It has been known for many years that post-translational
modification (PTM) of the PPARY in the form of altered phosphorylation status
affecting functioning of the PPARY receptor [128, 129] and PPARY activity is also
known to be regulated by other PTMs such as sumoylation and ubiquitinylation
[130]. Kraakman et al. [131] have recently tested in mice whether another PTM, i.e.
deacetylation of PPARY, is able to dissociate the metabolic benefits of TZDs from
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Fig. 9.4 Potential modes of action of PPARY agonist effects to confer benefit in NAFLD. PPARy
agonist treatment acts via PPARYy2 receptors in pre-adipocytes to promote adipocyte differentia-
tion, increase expandability of peripheral adipose tissue depots and increased adiponectin release
from adipocytes. The increased expandability of peripheral adipose tissue depots decreases fatty
acid flux to the liver with consequent decreased fluxes in acetyl Co-A for lipid synthesis. Increased
adiponectin release potentially decreases inflammation and improves hepatic insulin sensitivity.
PPARY agonist treatment acts in liver via PPARY3 receptors in macrophages (Kupffer cells) to
decrease activation of macrophages and also acts in hepatic stellate cells to decrease activation of
these matrix-producing cells. Although it is uncertain whether pioglitazone has actions in the intes-
tine, colonic epithelium expresses high levels of PPARy3 receptors and butyrate is a high-potency
natural ligand for PPARY3 receptors. Butyrate is produced locally in the large intestine from the
gut microbiota-induced fermentation of carbohydrate. Thus improvements in dysbiosis, perhaps
due to a Mediterranean diet (see Fig. 9.2), could improve intestinal permeability via a butyrate-
PPARy3-mediated effect. A potentially beneficial consequence of this effect would be reduced
levels of lipopolysaccharide in the portal circulation, thus reducing the levels of this pro-
inflammatory stimulus in the liver. DAGs di-acylglycerols, di-P PA di-palmitoyl phosphatidic acid,
LCFAs long-chain fatty acids; PA/-1 plasminogen activator inhibitor-1, CRP C-reactive protein,
TNF-alpha tumour necrosis factor, FGF-21 fibroblast growth factor, VLDL very-low-density lipo-
protein, HDL-C high-density lipoprotein cholesterol, LDL-C low-density-lipoprotein cholesterol

their adverse effects. TZDs induce the deacetylation of PPARy on K268 and K 293
to cause the browning of white adipocytes. By mutating these two lysine residues to
arginine (2KR) there is constitutive deacetylation of PPARy and increased energy
expenditure protecting the mice from diet-induced obesity, glucose intolerance and
hepatic steatosis. When 2KR mice were treated with the TZD rosiglitazone, they
retained the beneficial response to the TZD without the evidence of the potentially
harmful side effects of the drug such as bone demineralisation, fluid retention or fat
deposition. Intriguingly, these data provide the first evidence that it is possible to
dissociate benefits from harms with this class of drugs. The data also suggesting the
following fascinating possibilities:
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(a) it may be possible to design more specific PPARy drugs than current TZDs or
even to combine PPARYy drugs with specific acetylation inhibitors;

(b) variable acetylation status of the PPARy receptor may be very important in
normal physiological conditions to increase the risk of obesity and obesity-
related conditions;

(c) and maybe lower doses of currently available TZDs (pioglitazone) would still
confer a benefit in NASH without increasing the risk of harmful side effects.

9.4.2.2 Vitamin E
Although vitamin E is recommended for consideration of treatment of NASH in the
Guidelines discussed above [102, 104, 132], there is less convincing evidence that
vitamin E treatment confers any benefit beyond the liver. Although several obser-
vational epidemiologic studies suggested that vitamin E supplementation might
decrease the risk of developing CVD, these data were not substantiated by the
results from RCTs testing the effects of vitamin E on a variety of CVD end points.
Vitamin E is a powerful antioxidant that has the potential for reacting with
lipid peroxyl radical and over the last two decades a number of studies have tested
whether vitamin E is beneficial for CVD [133]. There have been several RCTs that
have tested the effects of vitamin E on a range of CVD-related end points. Of these
studies, notably the Physicians Health Study of 14,641 men over the age of 50 years
were randomised to receive vitamin E (400 IU/day) alternate days and vitamin C
(500 mg/day) every day for 8 years [134]. During a mean follow-up of 8 years, there
were 1245 confirmed major cardiovascular events. Compared with placebo, vitamin
E had no effect on the incidence of major cardiovascular events (both active and pla-
cebo vitamin E groups, 10.9 events per 1000 person-years; hazard ratio [HR], 1.01
[95% confidence interval, 0.90-1.13]; P = 0.86), as well as total myocardial infarc-
tion (HR, 0.90 [95% CI, 0.75-1.07]; P = 0.22), total stroke (HR, 1.07 [95% CI,
0.89-1.29]; P = 0.45) and cardiovascular mortality (HR, 1.07 [95% CI, 0.90-1.28];
P =0.43). Importantly, vitamin E was associated with an increased risk of haemor-
rhagic stroke (HR, 1.74 [95% CI, 1.04-2.91]; P = 0.04). Further longer-term follow-
up of this cohort with over 11 years of follow-up in 2012 confirmed there was no
CVD benefit of vitamin E treatment [135]. Furthermore, a meta-analysis of the
dose-response relationship between vitamin E supplementation and total mortality
using data from RCTs was reported in 2005 [136]. Data from 135,967 participants
in 19 clinical trials were analysed. Of these trials, nine trials tested vitamin E treat-
ment alone and 10 tested vitamin E combined with other vitamins or minerals. The
dosages of vitamin E ranged from 16.5 to 2000 [U/day (median, 400 IU/day). Nine
of 11 trials testing high-dosage vitamin E (>400 IU/day) showed increased risk
for all-cause mortality in comparisons of vitamin E versus control. The pooled all-
cause mortality risk difference in high-dosage vitamin E trials was 39 per 10,000
persons (95% CI, 3—74 per 10,000 persons; P = 0.035). A dose-response analysis
showed a statistically significant relationship between vitamin E dosage and all-
cause mortality, with increased risk of dosages greater than 150 IU/day.
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Although the generalisability of these findings to patients with NAFLD is uncer-
tain, considering that high-dosage (=400 IU/day) vitamin E supplements may
increase all-cause mortality and the dose of vitamin E that has been tested in NASH
was 800 IU/day [115]; in our opinion vitamin E treatment should not be considered
in NAFLD.

9.4.3 Statins

The role of statins in liver disease has recently been reviewed [137]. Although
there had previously been concern that this class of agents may be harmful in liver
disease, these agents are now known to be safe in patients with NAFLD. Analysis
of the Dallas Heart Study data in 2006 showed that in 2264 Dallas Heart Study
participants who were using no lipid-lowering agent (n = 2124), or who were being
treated with a statin for lipid management (n = 140), statin use was not associated
with a greater frequency of hepatic steatosis (38% vs. 34%) or elevated serum ALT
(15% vs. 13%) by a pair-matched analysis [138]. A Cochrane Systematic Review
in 2013 concluded that trials with larger sample sizes and low risk of bias are
necessary before it could be concluded that statins were an effective treatment for
patients with NASH. However, it was stated that because statins can improve the
adverse outcomes of other conditions commonly associated with NASH (for exam-
ple, hyperlipidaemia, diabetes mellitus, metabolic syndrome), the use of statins in
patients with NASH may be justified [139]. A recent systematic review in 2017
evaluated the effects of statins in chronic liver disease [140] and found that statin
use is probably associated with lower risk of hepatic decompensation and mortal-
ity, and might reduce portal hypertension, in patients with CLDs. Thirteen studies
(3 randomised trials, 10 cohort studies) were identified in adults with chronic liver
diseases, reporting the association between statin use and risk of development of
cirrhosis, decompensated cirrhosis, improvements in portal hypertension, or mor-
tality. Among 121,058 patients with CLDs (84.5% with hepatitis C), 46% were
exposed to statins. In patients with cirrhosis, statin use was associated with 46%
lower risk of hepatic decompensation (4 studies; RR, 0.54; 95% CI, 0.46-0.62),
and 46% lower mortality (5 studies; RR, 0.54; 95% CI, 0.47-0.61). In patients with
CLD without cirrhosis, statin use was associated with a nonsignificant (58% lower)
risk of development of cirrhosis or fibrosis progression (5 studies; RR, 0.42; 95%
CI, 0.16-1.11). In three randomised controlled trials, statin use was associated
with 27% lower risk of variceal bleeding or progression of portal hypertension
(hazard ratio, 0.73; 95% CI, 0.59-0.91). Thus one can conclude that prospective
observational studies and randomised controlled trials are needed to confirm this
observation.

Although, other agents have been tested in patients with NAFLD which have
effects on CVD risk factors such as liraglutide, obeticholic acid and omega-3 fatty
acids, none of these agents are currently recommended in international guidelines
for patients with NASH. Because of the limitations of space and the remit of this
chapter, we have therefore not discussed the use of these agents in NASH.
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In summary, we consider that pioglitazone treatment should be considered for all
patients with NASH, regardless of whether they have type 2 diabetes, providing the
drug is not contraindicated. In our opinion it is important to undertake a baseline
diagnostic liver biopsy and a repeat follow-up biopsy after ~2 years to evaluate
response to pioglitazone therapy. For patients who show improvement of NASH,
pioglitazone should be continued, and for patients who have worsening of NASH
or no improvement of liver disease, the drug should be withdrawn. In contrast, for
patients with NASH who also have co-existing type 2 diabetes, pioglitazone treat-
ment should be used unless contraindicated, specifically as an effective glucose-
lowering agent in this patient group. For such patients, pioglitazone treatment is
advocated primarily as a treatment for type 2 diabetes with the possibility that it
may also benefit liver disease in NAFLD, and decrease risk of myocardial infarc-
tion and stroke. For all patients with NAFLD, CVD risk should be assessed using
available CVD risk calculators.

9.5 Conclusions

Since NAFLD is embedded in a more complex metabolic disease, it is difficult to
dissect the independent role of a metabolically dysfunctional liver on the develop-
ment of CVD. Therefore, the design of future clinical studies should take account of
metabolic confounders such as adipose tissue dysfunction, metabolic inflammation,
gut dysbiosis, dyslipidaemia and hyperglycaemia. Secondly, the different methods
used for the diagnosis of NAFLD add uncertainty as to the relationship between
liver disease severity and any association with CVD. Finally, some of the prospec-
tive epidemiological cohort studies had a long period of follow-up, without repeat
measurements during follow-up which could result in confounding by unmeasured
factors. Therefore, we suggest that better designed epidemiological studies are
needed to clarify the independence of the role of the liver in NAFLD in the develop-
ment of CVD.

We consider that two key questions still require further research. Firstly, which
patients with NAFLD are at higher risk of CVD and secondly, do patients with CVD
need to be screened for NAFLD?

With regard to the first question, as described in this chapter, the early anatomi-
cal and structural changes in the liver due to lipid accumulation in hepatocytes can
cause a disruption of the hepatic sinusoids leading to non-cirrhotic portal hyperten-
sion. This process occurs before hepatic collagen deposition and therefore before the
development of NASH [50]. Therefore, measurement of the hepatic venous pressure
during liver ultrasound could be an inexpensive strategy that might help to identify
a subset of patients with NAFLD at higher risk of developing myocardial dysfunc-
tion. However, further evaluation is needed in patients with NAFLD because mea-
suring hepatic venous pressure could be recommended in the evaluation of CVD
risk. Other tests include measurement of carotid ultrasound for measuring carotid
intima-media thickness, flow-mediated dilation for measuring endothelial function,
echocardiography for identifying any myocardial dysfunction and high-resolution
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computed tomography for the estimation of coronary calcium score to detect early
signs of coronary artery atherosclerosis, may have clinical utility in refining the esti-
mation of cardiovascular risk in NAFLD, but discussion of their value in NAFLD is
beyond the scope of this chapter.

With regard to the second question, we think that more research needs to be
undertaken to identify the prevalence of NAFLD in patients with established
CVD. Investigating abnormalities of simple liver function tests with measurement
of liver fat with ultrasound, combined with the assessment of liver fibrosis with
simple biomarker tests in those patients with diagnosed liver fat, would help the
physician to identify NAFLD and assess liver disease severity in those patients with
established CVD [141].
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