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onalcoholic fatty liver disease encompasses a spectrum of
pathologic conditions, ranging from simple steatosis to nonalcoholic steato-
hepatitis and cirrhosis. The disease has reached epidemic proportions and
is the most common cause of chronic liver disease in Western countries1-4 Ap-
proximately 20 to 30% of adults in the general population in Western countries
have nonalcoholic fatty liver disease, and its prevalence increases to 70 to 90%
among persons who are obese or have diabetes; such patients are also at increased
risk for the development of advanced fibrosis and cirrhosis14
Recognition of the importance of nonalcoholic fatty liver disease and its strong
association with the metabolic syndrome!# has stimulated interest in its putative
role in the development and progression of cardiovascular disease> Accumulating
evidence suggests that cardiovascular disease dictates the outcome (or outcomes)
in patients with nonalcoholic fatty liver disease more frequently and to a greater
extent than does the progression of liver disease.24°
This review focuses on the rapidly expanding body of clinical evidence that
supports a strong association between nonalcoholic fatty liver disease and the risk
of cardiovascular disease. Because of the link between the two disorders, more
careful surveillance of these patients will be needed.

Increased Prevalence of Cardiovascular Disease

Markers of Subclinical Cardiovascular Risk
Patients with nonalcoholic fatty liver disease, both adults and children, typically
meet the diagnostic criteria for the metabolic syndrome (i.e., abdominal obesity,
hypertension, atherogenic dyslipidemia, and dysglycemia) and therefore have muk
tiple risk factors for cardiovascular disease.l> As compared with control subjects
who do not have steatosis, patients with nonalcoholic fatty liver disease have im-
paired flow-mediated vasodilatation® and increased carotid-artery intimal medial
thickness”12 — two reliable markers of subclinical atherosclerosis — that are in-
dependent of obesity and other established risk factors. Although some recent stud-
ies have shown no significant association between nonalcoholic fatty liver disease
and either carotid-artery intimal medial thickness or carotid-artery calcium (as
quantified on computed tomography!3:14), a systematic review and meta-analysis of
seven cross-sectional studies (involving a total of 3497 subjects) confirmed that
nonalcoholic fatty liver disease diagnosed on ultrasonography is strongly associat
ed with increased carotid-artery intimal medial thickness and an increased preva-
lence of carotid atherosclerotic plaques.t®

In a study from 2006, we found that carotid-artery intimal medial thickness
was greatest in patients with nonalcoholic steatohepatitis, intermediate in those
with simple steatosis, and lowest in healthy controls matched for age, sex, and
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Figure 1. Carotid-Artery Intimal Medial Thickness
in Patients with Nonalcoholic Fatty Liver Disease.

Panel A shows the mean (£SD) intimal medial thick-
ness of the common carotid artery, as measured on
ultrasonography, in healthy controls, patients with
simple steatosis, and patients with nonalcoholic steato-
hepatitis (NASH). Panel B shows the mean intimal me-
dial thickness in patients with NASH according to the
histologic stage of hepatic fibrosis (from 0, indicating
no fibrosis, to 3, indicating advanced fibrosis; patients
with cirrhosis [i.e., those with stage 4 fibrosis] were not
included in the study). All data have been adjusted for
age, sex, status with respect to smoking history, body-
mass index, waist circumference, hypertension, dia-
betes status, levels of low-density and high-density
lipoprotein cholesterol and triglycerides, and insulin
resistance (as estimated on the basis of a homeostasis
model assessment). Data are from Targher et al 1

body-mass index (Fig. 1A).1° In addition, the
histologic severity of nonalcoholic steatohepati-
tis was associated with the degree of carotid-
artery intimal medial thickness, independently
of classic cardiovascular risk factors, insulin re-
sistance, and metabolic syndrome components
(Fig. 1B). Larger studies will be needed to con-
firm the reproducibility of these results. Young
patients with nonalcoholic fatty liver disease
who are not obese and who do not have diabetes
or hypertension have echocardiographic features

of early left ventricular dysfunctionl® and im-
paired left ventricular energy metabolism, as
measured on cardiac phosphorus-31 magnetic
resonance spectroscopy.t’

Clinically Manifested Cardiovascular Disease
Given the strong association between nonalco-
holic fatty liver disease and markers of subclini-
cal cardiovascular disease, it is certainly not sur-
prising that patients with ultrasonographically
diagnosed nonalcoholic fatty liver disease have a
higher prevalence of clinically manifested car-
diovascular disease than do control subjects
without steatosis.’820 In a large study involving
approximately 3000 unselected patients with
type 2 diabetes, the prevalence of coronary, cere-
brovascular, and peripheral vascular disease was
remarkably higher among patients with nonalco-
holic fatty liver disease than among those with-
out this disease, independently of traditional risk
factors, duration of diabetes, extent of glycemic
control, use of lipid-lowering, hypoglycemic, an-
tihypertensive, or antiplatelet medications, and
components of the metabolic syndrome.X® The
findings were similar in a study of adults with
type 1 diabetes.’® In a community-based cohort
of 2088 male workers, the presence of ultrasono-
graphically diagnosed nonalcoholic fatty liver dis-
ease was independently associated with an in-
creased prevalence of ischemic heart disease.?°
In patients consecutively referred for elective cor-
onary angiography, nonalcoholic fatty liver dis-
ease was associated with more severe coronary
artery disease independently of established risk
factors.?! Moreover, nonalcoholic fatty liver dis-
ease, as assessed by magnetic resonance spec-
troscopy, was associated with reduced myocardial
perfusion in patients with type 2 diabetes who
were known to have coronary artery disease, inde-
pendently of traditional risk factors, visceral fat
mass, and insulin sensitivity (as assessed with the
use of the euglycemic hyperinsulinemic clamp).22
Finally, an autopsy study involving 742 children
showed that the prevalence of coronary heart dis-
ease was increased by a factor of 2 among those
with nonalcoholic fatty liver disease.23

Increased Incidence of
Cardiovascular Disease

The main prospective and retrospective studies
assessing the relationship between nonalcoholic
fatty liver disease (as detected by means of biop-
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markers of nonalcoholic fatty liver disease (and
should therefore be interpreted cautiously)->
have shown that this disease is associated with
an increased risk of cardiovascular disease inde-
pendently of alcohol consumption and several
established cardiovascular risk factors. In a sys-
tematic review and meta-analysis of 11 prospec-
tive studies, Fraser et al. confirmed that an ele-
vated serum -glutamyltransferase level was an
independent, long-term predictor of incident car-
diovascular events in both men and women.3®
The meta-analysis of the only 2 prospective stud-
ies that used an elevated serum alanine amino-
transferase level as a surrogate marker of non-
alcoholic fatty liver disease failed to show any
independent association with cardiovascular dis-
ease outcomes.3> Some of the studies,3"38 but not
all of them,32:36:39 confirmed that an increased
serum alanine aminotransferase level is less pre-
dictive of incident cardiovascular disease than is
an increased serum -glutamyltransferase level,
which is thought to be a marker not only of non-
alcoholic fatty liver disease but also of oxidative
stress.3

Liver Ultrasonography
Hamaguchi et al. reported that nonalcoholic fat
ty liver disease diagnosed on ultrasonography in
a community-based cohort of healthy adults was
associated with an increased risk of nonfatal car-
diovascular events independently of cardiometa-
bolic risk factors (Table 1),0 and nonalcoholic
fatty liver disease has also been found to be an
independent predictor of incident cardiovascular
events in patients with type 2 diabetes.*142 More
recently, in a population-based study of 4160
middle-aged subjects, Haring et al. found that
ultrasonography of the liver was useful in pa-
tients with increased levels of -glutamyltrans-
ferase not only for the diagnosis of nonalcoholic
fatty liver disease but also for better cardiovascu-
lar-risk stratification.*3

To date, the evidence from published pro-
spective studies suggests that patients with non-
alcoholic fatty liver disease have multiple risk
factors for cardiovascular disease; that cardio-
vascular disease is much more common than
liver disease as a cause of death in such patients,
especially those with nonalcoholic steatohepati-
tis; and that nonalcoholic fatty liver disease is
linked to an increased risk of cardiovascular
events both in patients without diabetes and in
those with type 2 diabetes. However, further

Figure 2 (facing page). Possible Mechanisms Leading
to Cardiovascular Disease in Patients with Nonalcoholic
Fatty Liver Disease.

The putative underlying mechanisms that link non-
alcoholic fatty liver disease and cardiovascular disease
might originate from the expanded and inflamed vis-
ceral adipose tissue, with the liver functioning as both
the target of the resulting systemic abnormalities and
the source of several proatherogenic factors. Non-
alcoholic fatty liver disease — especially its necro-
inflammatory form, nonalcoholic steatohepatitis —
might play a part in the pathogenesis of cardiovascular
disease through the systemic release of several inflam-
matory, hemostatic, and oxidative-stress mediators or
through the contribution of nonalcoholic fatty liver dis-
ease to insulin resistance and atherogenic dyslipidemia.
HDL denotes high-density lipoprotein, LDL low-density
lipoprotein, NAFLD nonalcoholic fatty liver disease,
and NASH nonalcoholic steatohepatitis.

study is needed to determine whether nonalco-
holic fatty liver disease poses an independent
risk above and beyond known cardiovascular
risk factors. Although the evidence for this is
suggestive, too few studies have been carried out
and they have not been methodologically rigor-
ous. Additional large-scale prospective studies
of a more extensive panel of known risk factors
are needed to draw firm conclusions about any
independent hepatic contribution to the increased
cardiovascular risk observed among patients with
nonalcoholic fatty liver disease.

Putative Mechanisms Linking
Nonalcoholic Fatty Liver Disease
to Cardiovascular Disease

From a pathophysiological perspective, there are
two key questions that should be addressed.
First, is nonalcoholic fatty liver disease associat-
ed with cardiovascular disease as a consequence
of the shared risk factors, or does nonalcoholic
fatty liver disease contribute to cardiovascular
disease independently of these factors? Second,
is the risk of cardiovascular risk also increased in
patients with simple steatosis, or is the necroin-
flammatory milieu of nonalcoholic steatohepati-
tis a necessary proatherogenic stimulus?

The close correlations among nonalcoholic
fatty liver disease, abdominal obesity, and insulin
resistance make it extremely difficult to distin-
guish the precise causal relationships underlying
the increased risk of cardiovascular disease among
patients with nonalcoholic fatty liver disease.

As shown in Figure 2, the biologic mecha-
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nisms potentially responsible for accelerated
atherogenesis in nonalcoholic fatty liver disease
probably have their origin in the expanded vis-
ceral adipose tissue, with the liver being both
the target of the resulting systemic abnormali-
ties and a source of proatherogenic molecules
that amplify the arterial damage.

Visceral Obesity, Inflammation, and Insulin
Resistance

Expanded and inflamed visceral adipose tissue
releases a wide array of molecules potentially in-
volved in the development of insulin resistance
and atherosclerosis, including free fatty acids, in-
terleukin-6, tumor necrosis factor  (TNF- ),
monocyte chemotactic protein 1 (also known as
CC chemokine ligand 2), and other proinflam-
matory cytokines.#>49 These cytokines may de-
rive from adipocytes themselves, infiltrating
macrophages, or both.#5-49 As reviewed in detail
elsewhere,#49 the resulting adipose-tissue in-
flammation is one of the earliest steps in the
chain of events leading to insulin resistance, es-
pecially in obese and overweight persons. Activa-
tion of proinflammatory pathways is mediated
by cytokine receptors and pattern-recognition re-
ceptors, including toll-like receptors and recep-
tors for advanced glycation end products, which
are gatekeepers of the innate immune sys-
tem.47:49.50 These pathways converge on two main
intracellular transcription factor-signaling path-
ways — namely, the nuclear factor B (NF- B)
pathway, which is activated by the inhibitor of
NF- B kinase beta, and the c-Jun N-terminal ki-
nase (JNK) pathway.46-49 Experimental findings
in mice indicate that the activation of INK 1 in
adipose tissue can translate into insulin resis-
tance within the liver.5!

Some evidence suggests that in lean persons,
insulin resistance may be dissociated from adi-
pose-tissue inflammation in the earliest phases,
and this dissociation seems to be due mainly to
cellular lipid accumulation in skeletal muscle
and inhibition of the insulin-signaling cascade 52
Insulin resistance in skeletal muscle is in turn
associated with hyperinsulinemia in peripheral
and portal veins, which promotes hepatic insu-
lin resistance and hepatic steatosis, at least in
part by inducing hepatic lipogenesis mediated by
sterol regulatory element-binding protein 1c,
and by inhibiting fatty acid oxidation.52:53

Inflammation, Coagulation, and Disordered
Lipid Metabolism

Hepatic steatosis results from increased hepatic
uptake of free fatty acids derived mainly from the
hydrolysis of adipose-tissue triglycerides (in-
creased because of insulin resistance) but also
from dietary chylomicrons and hepatic lipogen-
esis.1446-49 |nsulin resistance is a pathogenic
factor in the development and progression of
nonalcoholic fatty liver disease446-49 and also
plays a major role in the development of the met
abolic syndrome and cardiovascular disease.?

In the presence of increased free fatty acid
flux and chronic, low-grade inflammation, the
liver is again both the target of and a contributor
to systemic inflammatory changes. Activation of
the NF- B pathway in the liver of patients with
nonalcoholic steatohepatitis leads to increased
transcription of several proinflammatory genes
that amplify the systemic, low-grade inflamma-
tion.*849 Hepatic steatosis is associated with
increased production of interleukin-6 and other
proinflammatory cytokines by hepatocytes and
nonparenchymal cells, including Kupffer cells
and hepatic stellate cells.*6-4% Increased intrahe-
patic cytokine expression results from local acti-
vation of the NF- B pathway, as mediated by
hepatocellular damage and fat-derived factors,
and is likely to play a key role in the progression
of nonalcoholic fatty liver disease?®-4° and car-
diovascular disease.*®

As recently reviewed in detail %> some studies
have shown that a number of the genes involved
in fatty acid metabolism, lipolysis, monocyte and
macrophage recruitment, coagulation, and inflam-
mation are overexpressed in patients with non-
alcoholic fatty liver disease. Moreover, in a num-
ber of case—control studies, circulating levels of
several inflammatory markers (e.g., C-reactive
protein, interleukin-6, monocyte chemotactic pro-
tein 1, and TNF- ), procoagulant factors (e.g.,
plasminogen activator inhibitor 1 [PAI-1], fibrino-
gen, and factor VII), and oxidative stress mark-
ers (e.g., oxidized low-density lipoprotein cho-
lesterol, thiobarbituric acid—reacting substances,
and nitrotyrosine) are highest in patients with
nonalcoholic steatohepatitis, intermediate in those
with simple steatosis, and lowest in control sub-
jects without steatosis, and the differences are
independent of obesity and other potentially con-
founding factors.5> Notably, some studies also
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Figure 3. Inflammatory and Procoagulant Biomarkers in Patients with Nonalcoholic Steatohepatitis.
Mean (+SD) plasma high-sensitivity C-reactive protein (hs-CRP), plasminogen-activator inhibitor 1 (PAI-1) activity,
adiponectin, and fibrinogen in relation to the histologic stage of fibrosis are shown for 45 overweight male patients
with histologically defined nonalcoholic steatohepatitis (NASH). AU denotes arbitrary units. P values for trends were
determined by means of one-way analysis of variance. Data are from Targher et al.>°

showed a strong, graded relationship between
intrahepatic messenger RNA expression of C-
reactive protein, interleukin-6, or PAI-1 and the
severity of histologic changes in patients with
nonalcoholic fatty liver disease.56-58 Recently, we
also reported that men with nonalcoholic steato-
hepatitis had higher plasma high-sensitivity C-
reactive protein, fibrinogen, and PAI-1 activity
levels and lower adiponectin levels than did over-
weight men without steatosis but with similar
levels of visceral adiposity, suggesting that non-
alcoholic steatohepatitis can contribute to a more
atherogenic risk profile over and above the con-
tribution of visceral adiposity.>® This hypothesis
was supported by the strong, graded relation-
ships of these plasma inflammatory and proco-
agulant markers with the histologic severity of

nonalcoholic steatohepatitis, independently of
age, visceral adiposity, and other metabolic ab-
normalities (Fig. 3).5°

The atherogenic role of hepatic necroinflam-
mation, which is a feature of nonalcoholic steato-
hepatitis, is supported by the observation that
cardiovascular risk is greater among patients
with nonalcoholic steatohepatitis than among
those with simple steatosis?426-29 and by the ob-
servation that the risk of incident cardiovascular
events is strongly associated with elevated serum
liver enzyme levels — a marker of hepatic necro-
inflammation. We have also found that patients
with nonalcoholic steatohepatitis and those with
chronic viral hepatitis both have markedly great
er carotid-artery intimal medial thickness than
do healthy control subjects, which is consistent
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with the hypothesis that liver inflammation plays
a role in the pathogenesis of cardiovascular dis-
ease.t0

Ample evidence indicates that nonalcoholic
fatty liver disease, especially in its necroinflam-
matory form (nonalcoholic steatohepatitis), can
exacerbate both hepatic and systemic insulin
resistance and promote the development of
atherogenic dyslipidemia,3-5104748 thus favoring
progression of cardiovascular disease. Finally,
nonalcoholic fatty liver disease may also contrib-
ute to cardiovascular risk through abnormal lipo-
protein metabolism, especially during the post-
prandial phase.51.62

Further research is required to define the ma-
jor sources of some proinflammatory and proco-
agulant mediators (i.e., to determine the relative
contributions of visceral adipose tissue and the
liver itself), as well as to uncover other specific
mechanisms by which nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis may con-
tribute to the development and progression of
cardiovascular disease.

Conclusions

Nonalcoholic fatty liver disease has emerged as a
growing public health problem worldwide. In-
creases in morbidity and mortality from cardio-
vascular disease are probably among the most
important clinical features associated with non-
alcoholic fatty liver disease. To date, there is a
growing body of evidence suggesting that car-
diovascular disease is the leading cause of death
in patients with advanced nonalcoholic fatty liver
disease and that nonalcoholic fatty liver disease
is associated with an increased risk of incident
cardiovascular disease that is independent of the
risk conferred by traditional risk factors and
components of the metabolic syndrome. Although
additional research is required to draw a defini-
tive conclusion, these observations raise the
possibility that nonalcoholic fatty liver disease
— especially its necroinflammatory variant,
nonalcoholic steatohepatitis — not only is a
marker of cardiovascular disease but also may be
involved in its pathogenesis. This process may
occur through the systemic release of proathero-
genic mediators from the steatotic and inflamed
liver or through the contribution of nonalcoholic
fatty liver disease itself to insulin resistance and
atherogenic dyslipidemia, which are important
risk factors for cardiovascular disease.

The treatment strategies for nonalcoholic
fatty liver disease and cardiovascular disease are
similar, aimed primarily at reducing insulin re-
sistance and modifying the associated cardio-
metabolic risk factors.15:63 Pharmacotherapy for
nonalcoholic fatty liver disease should probably
be reserved for patients with nonalcoholic ste-
atohepatitis who are at highest risk for disease
progression. The lack of data from large, ran-
domized, controlled trials with both histologic
follow-up and cardiovascular end points makes
it difficult to offer definitive recommendations
regarding the treatment of nonalcoholic steato-
hepatitis. Current recommendations are limited
to weight reduction by means of diet and exer-
cise and to the treatment of individual compo-
nents of the metabolic syndrome with the use of
therapies that may have beneficial hepatic effects,
including bariatric surgery for obesity, insulin
sensitizers (metformin and thiazolidinediones)
for type 2 diabetes, and drugs directed at the
renin—angiotensin—aldosterone system to control
hypertension.#3-66 Pioglitazone is probably the
thiazolidinedione of choice, since most of the
evidence supporting a beneficial effect of this
class of drugs on nonalcoholic steatohepatitis
comes from studies of pioglitazone. Unlike rosi
glitazone, pioglitazone has not been associated
with an increased risk of cardiovascular events.57.68
There is no convincing evidence that lipid-lower-
ing agents, including statins, are beneficial for
patients with nonalcoholic steatohepatitis; how-
ever, they can be safely prescribed for conven-
tional indications, such as diabetes and high
cardiovascular risk, since there is no evidence
that patients with preexisting nonalcoholic fatty
liver disease are at increased risk for statin-
induced idiosyncratic hepatotoxicity or that statins
are associated with an increased frequency of he-
patic steatosis or serum alanine aminotransferase
abnormalities in these patients.®® Preliminary evi-
dence also supports a role for antioxidants, anti-
cytokine agents, and hepatoprotectants, includ-
ing bile acids*7%; however, there are insufficient
data to either support or refute the use of these
agents as standard therapy for patients with
nonalcoholic fatty liver disease.

It is not known whether ameliorating nonal-
coholic fatty liver disease will ultimately prevent
or slow the development and progression of car-
diovascular disease. Moreover, the prognostic
value of nonalcoholic fatty liver disease in car-
diovascular risk stratification remains debatable.
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Nevertheless, the strong association between
nonalcoholic fatty liver disease and cardiovascu-
lar risk deserves particular attention in view of its
potential implications for screening and surveil-
lance strategies in clinical practice. The current
body of evidence argues for careful monitoring

current concepts

and evaluation of the risk of cardiovascular dis- ease develops.
ease in all patients with nonalcoholic fatty liver

disease. Such patients, especially those with non-
alcoholic steatohepatitis, are candidates not only
for early treatment of their liver disease but also

reported.

for early and aggressive treatment aimed at their
associated cardiovascular risk factors, because
many patients with more severe forms of nonal-
coholic fatty liver disease will have major cardio-
vascular events and will ultimately die from
cardiovascular disease before advanced liver dis-
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