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Abstract: Non-alcoholic fatty liver disease (NAFLD) encompasses pure steatosis through nonalcoholic steatohepatitis (NASH) and is the
most common cause of chronic liver disease in Western countries. NASH is a progressive liver disease that increases the risk of cirrhosis
and end-stage liver disease. Interestingly, the global health risk of NAFLD is not confined to the liver. Compared with those without
NAFLD, patients with NAFLD exhibit not only increased liver-related complications and liver-related mortality but also increased risk of
developing type 2 diabetes, cardiovascular disease (CVD) and chronic kidney disease, increased risk of post-operative complications af-
ter major liver surgery, and increased risk of developing certain malignancies, including primary liver cancer and colorectal cancer. In
this review, we discuss the current evidence linking NAFLD with the risk of CVD in the setting of the more complex scenario of other
hepatic and extra-hepatic complications that may occur during the natural course of NAFLD. Moreover, we provide a brief description of
the putative biological mechanisms underlying such complications, particular emphasis being given to CVD. We conclude that NAFLD
is a complex health problem with implications far beyond the liver. Hence, it may cause a significant global health burden and the assis-
tance of patients with NAFLD impacts on the work of physicians from many different medical specialties.
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“LIFE IS A RISK. DRESS ACCORDINGLY”
INTRODUCTION

In its original 1980 description, Ludwig listed those co-
morbidities that are associated with nonalcoholic fatty liver disease
(NAFLD), i.e., type 2 diabetes (T2D), obesity and gallstones, and
the risk of progressing to cirrhosis [1]. In the 1990s, some studies
highlighted that NAFLD usually follows a benign course in most
patients but that cirrhosis and hepatocellular carcinoma can develop
in a minority of cases [2,3]. Collectively, these pioneer studies dat-
ing back to the early '80s and the '90s had already depicted the
whole spectrum of the metabolic disorders related to NAFLD and
the gamut of its hepatic complications.

More recently, however, it was also appreciated that, further to

menacing the structural and functional integrity of the liver,
NAFLD may pose even more substantial systemic health risks.
Compared with those without steatosis, patients with NAFLD ex-
hibit not only increased all-cause and liver-related mortality but
also increased risk of cancer, increased risk of T2D, increased risk
of post-operative complications after liver resection, and increased
risk of cardiovascular disease (CVD) and chronic kidney disease
(CKD).
This review article aims to focus on the increased risk of CVD in
people with NAFLD in the setting of the more complex scenario of
other hepatic and extra-hepatic complications that may occur during
the natural course of NAFLD.
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I. RISK OF ALL-CAUSE AND LIVER-RELATED MORTAL-
ITY

A recent joint position paper by leading American hepatological
societies states that patients with NAFLD have increased all-cause
mortality compared to matched control populations [4]. The best
evidence for such a conclusion results from a recent systemic re-
view and meta-analysis by Musso et al. [5]. By pooling data from
seven prospective studies with follow-up periods ranging from 7 to
28 years [6-13], the authors concluded that NAFLD as diagnosed
by either imaging or histology was associated with a substantially
increased risk of all-cause mortality (odds ratio [OR] 1.57, 95%
confidence intervals [C1] 1.18-2.10, P<0.001) [5]. The main causes
of mortality among patients with NAFLD were malignancy (28%)
and CVD (25%). Interestingly, liver-related mortality not only
ranked third among the causes of death in patients with NAFLD as
compared with eleventh in the control population [5] but, more
alarmingly, these deaths appeared to be concentrated in the more
highly active 45-54-year age group [11], so posing a particularly
heavy economic burden on the society. Although the conclusions of
this meta-analysis appear to be methodologically correct, however,
it should be pointed out that there was a high heterogeneity among
the meta-analyzed studies (1°=88%), and that the original data in-
cluded in the meta-analysis come from either USA or northern
Europe [5], implying that the natural history of NAFLD in countries
other than those listed is, at best, characterized by an unproven
inference.

Such a limitation in our understanding of the natural history of
NAFLD needs to be emphasized since genetic factors, diet and
lifestyle can affect the development and course of NAFLD [14,15].
The results of a recent Italian population-based cohort study, which
was not included in the Musso’s meta-analysis, is of interest [16].
In this study, the authors examined the 15-year mortality rates in
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approximately 2,000 middle-aged individuals living in Cremona, a
town in northern Italy. Interestingly, they found that the fatty liver
index (FLI), a surrogate marker of NAFLD, was associated with
increased all-cause and cause-specific mortality [16]. However,
after adjustment for insulin resistance as estimated by homeostasis
model assessment, the FLI lost its significant association with all-
cause, CVD and cancer-related mortality while retaining a signifi-
cant association with liver-related mortality alone [16]. This finding
would suggest that the extra-hepatic complications of NAFLD
might be likely due to concurrent insulin resistance rather than to
NAFLD per se. However, the results of this observational study
should be interpreted with some caution as the FLI is an index de-
rived from serum liver enzymes, metabolic and anthropometric
variables (i.e., body mass index, waist circumference, serum
triglyceride level and serum gamma-glutamyltransferase level) that
has been initially proposed to screen those individuals in need to
undergo liver ultrasonography [17] and that has never been vali-
dated against liver histology.

It is worth to mention here that recent data from the National
Health and Nutrition Examination Survey (NHANES-III) has
reached unexpected results, conflicting with most of the literature
data. Surprisingly, using data from the NHANES 1988-94 database,
Lazo et al. failed to find a significant association between NAFLD
on ultrasonography and the 14-year risk of all cause and cause spe-
cific (cardiovascular, cancer, liver) mortality in U.S. adults [18].
However, some important limitations of this study should be kept in
mind in interpreting the results. Among these, we would like to
underline the lack of a liver biopsy for diagnosing NAFLD, the
relatively short-term follow-up (especially considering that NAFLD
patients had a mean age of ~48 years at baseline) and the relatively
low number of mortality outcomes [18].

Given that compared to the general population of same age and
seXx, NAFLD is associated with a significantly higher all-cause
mortality [4], the ensuing question is whether the severity of
NAFLD histology may add further prognostic value, especially for
liver-related mortality. In order to answer such a question, Angulo
[19] recently reviewed the published data from prospective studies
on long-term mortality in NAFLD with an average follow-up period
of 5 years or longer [3,9,13,20-25], and reported that liver-related
mortality followed a steeper gradient from pure steatosis to NASH
and to NASH-cirrhosis. Collectively, these studies showed that the
liver-related mortality was significantly higher in patients with
NASH as compared to pure steatosis (7.3% vs. 0.9%, respectively,
P<0.001) [19]. In addition, it also appeared that the presence and
severity of hepatic fibrosis dictated both all-cause and liver-related
mortality in NAFLD as well as the development of the most impor-
tant liver-related complications, including portal hypertension, end-
stage liver disease and primary liver cancers [19,26]. Accordingly,
to date, the identification of accurate non-invasive predictors of
advanced liver fibrosis in patients with NAFLD represents a key
clinical task. Several non-invasive clinical scoring systems have
been developed to predict advanced liver fibrosis in routine clinical
practice [4,5]. Most of such non-invasive clinical scoring systems
include markers of insulin resistance and/or various components of
the metabolic syndrome, suggesting that it is the dysmetabolic mi-
lieu along with older age that primarily drives the progression of
NAFLD.

More recently, major genetic modifiers of the natural course of
NAFLD have also emerged. In fact, Sookoian et al. [14] gauged
across different populations the effect of the rs738409 variant of the
patatin-like phospholipase domain-containing protein 3 (PNPLA3)
gene, a known risk factor for NAFLD development [27], on the
histological severity of NAFLD. In this meta-analysis, the authors
reported that rs738409 is a major modifier of the natural history of
NAFLD across different ethnicities on a worldwide basis [14].
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l.a. Biological Basis of Hepatic Complications: From Intra-
Hepatic Fat to Fibrosis and Beyond Via (Mild) Necro-
inflammation

The intra-hepatic necro-inflammatory changes along with ad-
vancing age dictate the future development of hepatic fibrosis and
are, therefore, critical to account for the variable clinical course of
NAFLD [28].

A substantial evolution in the theories of NAFLD pathogenesis
has occurred in the last years. The original “two-hit” theory of
NAFLD proposed by Day and James 15 years ago suggested that, at
the beginning, all patients with NAFLD develop pure steatosis (the
so-called “first hit’”), which progresses to NASH only in a minority
of cases as a result of the so-called “second hit” [29]. Such a theory
has been challenged by the results of some recent studies suggest-
ing that pure steatosis and NASH are two different and probably not
necessarily inter-related pathologic conditions (as reviewed in
30,31). Moreover, accumulating evidence suggests that pure steato-
sis is an adaptive phenomenon that may protect the liver against the
chemical damage of free fatty acids (FFA), which are made less
lipo-toxic when they are stored into the liver as inert triglycerides
[30-32]. This view anticipates that those individuals in whom this
adaptive phenomenon fails, will develop NASH. Unfortunately, to
date, we cannot identify with certainty those individuals in whom
NASH will develop. However, accumulating evidence supports the
possibility that insulin resistance is a ““necessary but not sufficient”
morbid condition, which plays a role only in the early phases of the
development of NASH [33]. Interestingly, specific genetic poly-
morphisms [14,27,30], chemical nature of the fat accumulated in
the liver [e.g., saturated fatty acids [34] and free cholesterol [35]],
increased serum uric acid level [36], increased serum ferritin level
[37], and some endocrine disorders, e.g., hypothyroidism [38], play
important roles in promoting the development of NASH. In addi-
tion, decreased antioxidant defenses, early mitochondrial dysfunc-
tion, altered sleep physiology, hypothalamic changes and gut mi-
crobiota may also contribute to the development of NASH but their
pathogenetic role needs to be further elucidated [30,39].

At variance with other chronic hepatitides (such as viral hepati-
tis and autoimmune hepatitis), NASH is generally associated with
far less prominent intra-hepatic necro-inflammation [40,41]. Such a
milder degree of hepatic histologic changes might account for the
more indolent course of NAFLD when compared with other chronic
hepatitides. It is also possible, however, that a certain amount of
chronic inflammation in patients with NAFLD also occurs in other
organs. For instance, chronic inflammatory changes that occur in
the adipose tissue (“adipositis”) may result in abnormalities in the
pattern of adipokine secretion [30,42], which together with endo-
plasmic reticulum stress and innate immunity, are central pathways
in the pathogenesis of NASH [31], and may at least partly account
for both hepatic and extra-hepatic complications of NAFLD. In
particular, an abnormal cytokine secretion pattern may promote on
the one hand a wound-healing pro-fibrogenic response into the
liver; on the other hand, the development of systemic adverse meta-
bolic and vascular outcomes [42-45].

Finally, insulin resistance and its related low-grade inflamma-
tory state (which is typically associated with NASH) may also play
a pathogenetic role in the development of primary liver cancers,
principally hepatocellular carcinoma (HCC), in a subset of geneti-
cally prone NAFLD cases [46,47]. Major risk factors for the devel-
opment of HCC in patients with NASH include older age, cirrhosis,
T2D, obesity and iron overload [46]. However, iron overload is a
controversial finding in NASH [48], and HCC has been also re-
ported in non-cirrhotic NAFLD [49]. This finding suggests that
NAFLD/NASH itself might promote HCC development in associa-
tion with the mitogenic activity induced by chronic hyperinsuline-
mia and hyperglycemia [43,46].
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Il. RISK OF CANCER

In principle, it might be anticipated that the liver is the target
organ for malignant transformation in patients with NAFLD. In-
deed, NAFLD is associated with excess occurrence of primary liver
cancer, principally HCC. However, based on the analogy with obe-
sity and T2D [50,51], other organs might also be exposed to an
increased cancer risk among patients with NAFLD. The putative
underlying mechanisms by which NAFLD and its related metabolic
disorders are linked to increased cancer risk have been extensively
reviewed elsewhere [52].

Il.a. Hepatocellular Carcinoma

The first circumstantial evidence that HCC could well be a part
of the NAFLD spectrum may be dated back to the 1990s [2], ap-
proximately 10 years after the disease had been named by Ludwig.
However, it was the seminal paper by Bugianesi et al. [53] that
provided a systematic evaluation of the entity of the risk of HCC in
patients with NAFLD. These authors by comparing 23 patients in
whom HCC had developed on cryptogenic cirrhosis (likely repre-
senting burnt-out NASH) have identified the following independent
risk factors for HCC: hypertriglyceridemia, T2D and lower
aminotransferase levels. Because these three risk factors were pre-
viously reported as clues pointing to NASH in cryptogenic cirrhosis
in the USA [54], the same authors also suggested that HCC may
occur as a late complication of NASH-related cirrhosis [53]. Ac-
cordingly, in our recent review we also concluded that there is a
strong inter-relationship between NASH, cryptogenic cirrhosis and
HCC [49].

Notably, an Italian multicenter study has raised alarm about the
fact that HCC is often diagnosed at a more advanced clinical stage
among patients with cryptogenic cirrhosis, thus leading to more
limited treatment options and hence a shorter survival of these pa-
tients compared with those with hepatitis C virus infection [55].
Similar findings have been also confirmed by other studies [56,57].
To further compromise the chances for an early diagnosis of HCC
among patients with NASH is the observation that the dysmetabolic
milieu related to NAFLD is an important risk factor for the devel-
opment of HCC [58], and that HCC may also develop among pa-
tients with non-cirrhotic, low-fibrosis NASH [59-62]. All these
findings strongly suggest the opportunity of more liberal surveil-
lance schedules in patients with NASH [63]. However, the
cost/effectiveness ratio of such a clinical approach needs to be bet-
ter defined.

Il.a.1. Intra-hepatic Cholangiocarcinoma

Some recent data have suggested that NAFLD is not only asso-
ciated with an increased incidence of HCC but also of ICC.

Similarly to HCC, two large epidemiological surveys have
shown that the dysmetabolic milieu related to NAFLD is an impor-
tant risk factor for the development of ICC [64,65]. In USA, Welzel
et al. [64], by comparing 743 consecutively diagnosed cases of ICC
with a sample of inhabitants of the same geographic area, have
reported that the metabolic syndrome was an independent predictor
of ICC (adjusted OR 1.56; 95% CI 1.32-1.83, P<0.001). In a large
prospective cohort study involving 578,700 European individuals, it
has been also reported that components of the metabolic syndrome
(especially high body mass index and increased fasting glucose
levels) were associated with an increased risk of developing both
HCC and ICC during an average follow-up of ~12 years. However,
a subgroup analysis of these data revealed that only HCC retained a
significant association with metabolic syndrome components [65].

I1.b. Colorectal Neoplasms and Other Types of Cancer

Sgrensen et al. who examined the incidence of cancer in 7,326
patients discharged with a diagnosis of fatty liver from a Danish
hospital during 1977-1993 published the first evidence for a signifi-
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cant association between NAFLD and increased risk of colorectal
cancer [66].

Notably, these findings have been further confirmed by other
investigators [67-69]. Hwang et al. [67] reported that NAFLD was
significantly associated with the number of colorectal adenomatous
polyps among 2,917 Korean adults, who were consecutively sub-
mitted to colonoscopy. In a study involving two large cohorts of
Chinese individuals, Wong et al. [68] found that NASH was associ-
ated with the presence of colon adenomas (adjusted OR 4.89, 95%
Cl 2.0-11.7) and advanced neoplasms (adjusted OR 5.34, 95% CI
1.9-14.8), independently of metabolic risk factors. In contrast, the
presence of colon adenomas and advanced neoplasms was similar
between patients with pure steatosis and control subjects [68]. Fi-
nally, in a study involving 1,211 Austrian men and women, who
underwent screening colonoscopy, Stadlmayr et al. [69] reported
that NAFLD was a independent risk factor for colorectal neoplasia
(adjusted OR 1.47; 95% CI 1.1-2.0; P=0.01).

Collectively, these few available studies suggest that NAFLD is
associated with the adenoma-carcinoma sequence in the large
bowel; that this association follows a biological gradient and that it
occurs irrespective of the underlying metabolic disorders. However,
currently, it is still uncertain if screening colonscopy should be
routinely performed in all patients with NAFLD; this decision
should be better taken on an individual clinical basis [70].

Two other neoplasms, i.e., pancreatic [66] and breast [71] can-
cers, both belonging to the spectrum of diseases that are closely
associated with obesity and T2D, have been also reported to occur
more frequently among patients with NAFLD than among those
without. However, these data are preliminary and the true entity of
excess risk, if any, remains to be evaluated prospectively.

Il.c. Biological Basis for the Development of Extrahepatic Can-
cers

In theory, at least three putative biological mechanisms might
account for the increased risk of extrahepatic cancers observed
among patients with NAFLD.

First, both NAFLD and extrahepatic cancers may result from
the dysmetabolic milieu that is typically observed in T2D and obe-
sity. Second, NAFLD may contribute to the development of extra-
hepatic cancers via dysregulation of the innate immunity and/or
altered cytokine secretion patterns [72]. Third, in the case of colo-
rectal cancer, an altered bile composition in patients with NAFLD
may represent an additional risk factor that promotes the develop-
ment of colorectal cancer.

The first putative biological mechanism may account for the
association between NAFLD and the risk of pancreatic cancer:
systemic insulin resistance promotes the development of fatty
changes both in the liver and in the pancreas [43]. Experimental
evidence supporting insulin resistance as a risk factor for the devel-
opment of pancreatic cancer has been reviewed previously [73].
The second putative biological mechanism may account for the
association between NAFLD and the risk of developing certain
cancers in organs distant from the liver such as the breast [71]. Ad-
ditionally, the last two biological mechanisms might also be in-
volved in the pathogenesis of colorectal cancer. However, while a
potentially pro-oncogenic cytokine profile has been reported in
NAFLD [72,73], little is known about changes of the bile acid
composition in NAFLD. However, the finding that gallstones in
NAFLD patients go often in parallel with increasing insulin resis-
tance further suggests that altered bile composition might also play
a role in the development of colorectal cancer [74-76].

I1l. RISK OF TYPE 2 DIABETES MELLITUS

A systematic review and meta-analysis of 23 prospective, popu-
lation-based studies confirmed that NAFLD diagnosed on serum
liver enzymes or imaging is associated with a twofold to three-fold
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Table 1.

Is nafld a risk for the development of type 2 diabetes? Data from prospective studies

Author, year (Ref.)

Study Characteristics and Findings

Vozarova, 2002 (77)

Higher ALT level is associated with increased risk of incident T2D in nondiabetic Pima Indians followed-up for ~7 years

Lee, 2003 (78)

Higher GGT level is associated with increased risk of incident T2D in healthy workers followed-up for 4 years

Hanley, 2005 (79)

Higher ALT level is associated with incident metabolic syndrome in 1,625 individuals followed-up for ~5 years

Monami, 2008 (80)

Higher GGT level is associated with increased risk of incident T2D in 2,662 diabetes-free individuals followed-up for ~3 years

Goessling, 2008
81)

Higher ALT level is associated with increased risk of incident T2D in 2,812 individuals followed-up for 20 years

Ford, 2008 (82)

Higher GGT level is associated with increased risk of incident T2D in 3,011 individuals followed-up for 7 years

Adams, 2009 (83)

Higher ALT level is associated with increased risk of incident T2D/metabolic syndrome in 358 individuals followed-up for 11
years

Fraser, 2009 (84)

Higher ALT and GGT levels are both associated with increased risk of incident T2D in a meta-analysis of 18 prospective, popula-
tion-based studies; the fully adjusted hazard ratio for diabetes per increase in one unit of logged ALT was 1.83 (95% CI 1.57-2.14)
and for GGT was 1.92 (1.66-2.21)

Balkau, 2010 (85)

Higher fatty liver index (FLI) is associated with increased risk of incident T2D in 7,711 individuals followed-up for 9 years

Okamoto, 2003 (86)

NAFLD on ultrasonography is not independently associated with incident T2D in 840 individuals followed for 10 years

Shibata, 2007 (87)

NAFLD on ultrasonography is associated the risk of incident T2D in 3,189 male middle-aged workers followed for 8 years

Kim, 2008 (88)

NAFLD on ultrasonography is associated the risk of incident T2D in 5,372 individuals followed for 5 years

Yamada, 2010 (89)

NAFLD on ultrasonography is associated the risk of incident T2D in 12,375 individuals followed for 5 years

Sung, 2011 (90)

NAFLD on ultrasonography is associated the risk of incident T2D in 11,091 individuals followed for 5 years

Bae, 2011 (91)

NAFLD on ultrasonography is associated the risk of incident T2D in 7,849 individuals followed for 5 years, especially among
those with impaired fasting glycemia at baseline

Sung, 2012 (92)

NAFLD on ultrasonography is associated the risk of incident T2D in 12,853 individuals followed for 5 years, independently of
insulin resistance and overweight/obesity

Ekstedt, 2006 (9)

Patients with histologically confirmed NASH are at higher risk of incident T2D than those with pure steatosis during a 13.7-year
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follow-up (n=129)

increase in the risk of developing T2D [5]. These data fit well with
clinical experience suggesting that patients with NAFLD, who are
not diabetic at baseline, frequently develop the disease during the
follow-up.

In (Table 1) are reported the principal prospective studies that
have assessed the relationship between NAFLD (as detected by
serum liver enzymes, imaging or histology) and the risk of develop-
ing T2D [9,77-92]. Many population-based studies that have used
serum liver enzymes or radiological imaging have consistently
shown that NAFLD is independently associated with an increased
risk of incident T2D. However, the adjustment for potential con-
founders was often incomplete (for example, data on waist circum-
ference, family history of diabetes, physical activity, fasting glucose
level and insulin resistance were not always included in multivari-
ate regression models). Only one study with a relatively small num-
ber of patients with biopsy-proven NAFLD (n=129) assessed the
risk of T2D of different NAFLD histological subtypes, finding an
OR of 2.98 (95% CI 1.23-7.22; P<0.01) in patients with NASH
compared to those with pure steatosis over 13 years of follow-up
(Table 1).

A recent review of the literature data published by our group
has confirmed that NAFLD is an optimal biological milieu in which
T2D can develop [43]. The relationship between NAFLD and T2D,

however, is bidirectional: once developed, T2D has the potential for
promoting the progression to NASH, cirrhosis and HCC [43]. Be-
cause of the “vicious circle” between NAFLD and T2D (as sche-
matically shown in Fig. 1), we believe that more careful surveil-
lance of these patients will be needed.

I11.a. Biological Basis For A Diabetogenic Role of NAFLD

T2D only manifests as a result of defects in insulin secretion,
insulin action, or both. [93]. Except for specific varieties of genetic
hepatic steatosis which are not associated with insulin resistance
[94], as a general rule, NAFLD and insulin resistance go always
together [94,95], primarily as a result of protein kinase Ce activa-
tion which impairs insulin signaling in target cells [96]. The bio-
logical mechanisms leading from NAFLD to T2D and from the
latter to progressive liver disease are summarized in schematic (Fig.
1). Recently, our group has published comprehensive reviews on
the basic mechanisms leading from NAFLD to both T2D and
atherogenic dyslipidemia [43-45].

IV. SURGICAL RISK

Given the growing and epidemic prevalence of NAFLD in the
general population, it is expected that these individuals may be
prone to hepatic resection either as a therapeutic option for primary
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Fig. (1). NAFLD and type 2 diabetes mellitus, “a vicious circle” (from Loria P et al. [43] with permission).
This figure depicts the closed loop leading from NAFLD to type 2 diabetes via long-standing insulin resistance (left section). Closing the circle, concurrent
type 2 diabetes and NAFLD trigger ongoing liver injury and may result in end-stage liver failure as well as primary liver cancer (right section).

and metastatic hepatobiliary cancers or in the setting of living dona-
tion for liver transplantation [97]. Although advanced techniques in
modern surgery, patients selection and postoperative medical man-
agement have resulted in negligible peri-operative mortality rates
[98], however, recent studies have highlighted that hepatic steatosis
is a risk factor for postoperative complications and death after ma-
jor liver surgery [99]. For instance, McCormack et al. reported that
compared with those without steatosis, patients with histologically
confirmed hepatic steatosis have a significantly greater incidence of
post-operative complications when considered either overall (50%
vs. 25%) or major (27.5% vs. 6.9%) [99]. More recently, in a case-
control study involving 102 patients with NASH, 72 patients with
pure steatosis and 174 nonsteatotic control patients who underwent
liver resection, Reddy et al. reported that 90-day post-operative
overall morbidity, any liver-related morbidity and hepatic decom-
pensation were significantly greater in patients with NASH, but not
in those with pure steatosis, compared to corresponding controls
[100].

Preliminary experimental evidence in animal models suggested
that impaired liver regeneration (probably because of increased
hepatocellular lipid peroxidation and damage in concert with
Kupffer cell-mediated pro-inflammatory responses) may represent
the biological basis accounting for increased rates of complications
after major hepatic resection [101].

In order to estimate the potential adverse impact of NAFLD on
patient outcomes after major surgery of the liver, de Meijr et al.
recently performed a systematic review and meta-analysis of four
prospective studies involving approximately 1,000 patients [97].
Notably, they reported that patients with NAFLD had a twofold to
three-fold higher risk of major complications and death after he-
patic resection compared with those without steatosis, and that this

risk increased in parallel to the histological severity of hepatic stea-
tosis (Fig. 2) [97].

Overall, these (preliminary) findings suggest the opportunity to
implement specific changes in our routine clinical practice such as
improved techniques of communication and, if possible, pre-
operative interventions to improve NAFLD [97].

V. RISK OF CVD AND CKD
V.a. Risk of CVD

Originally deemed to be its hepatic manifestation [102-104],
NAFLD has been more recently considered as one of the most im-
portant contributors to the development of metabolic syndrome
[105]. On these grounds, and given that the first reported associa-
tion between fatty liver and atherosclerosis dates back to the early
1950’s [106], it is certainly not surprising that a lot of epidemiol-
ogical studies have recently shown that NAFLD is linked with an
increased risk of CVD, as also reviewed elsewhere [5,44,45,
107,108].

Currently, there is a large body of evidence suggesting that
NAFLD, especially in its necro-inflammatory form (NASH), is
associated with a more athero-thrombotic risk profile (Table 2),
independently of overweight/obesity and other cardio-metabolic
risk factors [109-132]. Therefore, NAFLD per se might represent
an emerging risk factor for CVD. In line with this hypothesis, sev-
eral cross-sectional studies have shown that NAFLD is associated
with a greater prevalence of clinically manifest CVD as well as
with markers of subclinical atherosclerosis such as increased arte-
rial stiffness, reduced brachial artery flow-mediated vasodilation
and increased carotid-artery intimal medial thickness or coronary-
artery calcium [107,133-161], as summarized in (Table 3). The



6 Current Pharmaceutical Design, 2013, Vol. 19, No. 00

Lonardo et al.

Mortzlity rate

Rafarence 2304 slealoss  No sleatosis Risk ratio Waight {1
Behns ot al*' 1017 20172 - 514 (0-53, 48.86 1440
Kooby et al 6of 102 5of 160 } 188 (059 601 535
Gomez el al™ 2015 200128 b — .51 (0-36, 173 83
McCormack et al® 2ol 14 1ol 58 o 829 (0-81, 8503 133
Overal 110f 174 100418 - 279 (119, 651 1000

150, 3df,P=086 F=0% -
e 001
237 P=002

Test for heterogeneily: 1

T_-,:J ::

Favours 2

10 100

Favours no stealosis

Fig. (2). Hepatic steatosis is associated with increased post-operative mortality rates (from de Meijer VE et al. [97] with permission).
Meta-analytic evidence that patients with histologically confirmed hepatic steatosis have a substantially higher risk of mortality following major surgical inter-

ventions on the liver than those without steatosis.

most worrying aspect of NAFLD as an emerging CVD risk factor is
that the increased CVD risk is not only restricted to adults but it has
also observed among children and adolescents. Additionally, the
adverse impact of NAFLD on CVD risk is not only confined to
vascular beds as several studies reported that NAFLD is also asso-
ciated with early abnormalities in cardiac metabolism, geometry
and function (as reported in Table 3). Based on such findings, re-
cent clinical recommendations to be applied to the individual pa-
tient with NAFLD have been put forward by national and interna-
tional hepatological societies [4,70,162].

While the association between NAFLD and prevalent CVD
seems to be robust and consistently replicated across different
populations, the contribution of NAFLD per se to increased risk of
incident CVD is more controversial. It remains debatable if
NAFLD is simply a marker of CVD or if it actively contributes to
the pathogenesis of CVD.

Several, but not all studies, reported that CVVD morbidity and
mortality are a serious menace to patients with NAFLD, and that
CVD dictates the outcome (or outcomes) in patients with NAFLD
more frequently and to a greater extent than does the progression of
liver disease (Table 4) [5,7-13,18,20,163-169]. On the other hand,
in this review, we did not discuss the large number of prospective,
population-based cohort studies that have used serum liver enzymes
to diagnose NAFLD, and that have consistently shown that mod-
estly elevated serum liver enzyme levels (i.e., a surrogate marker of
NAFLD) are long-term, independent predictors of CVD morbidity
and mortality both in adults and in adolescents [45,108,170].

Perhaps, the strongest evidence that supports a prognostic role
of NAFLD on CVD risk is among people with T2D, as it is sus-
pected that NAFLD per se is associated with an almost twofold
increase in the risk of fatal and non-fatal CVD events even after
controlling for several CVD risk factors, including metabolic syn-
drome features [166,167].

In addition, as reported in (Table 4), some retrospective studies
with a relatively long duration of follow-up that have examined the
natural history of patients with histologically confirmed NAFLD
have clearly shown that patients with NASH, but not those with
pure steatosis, are at increased risk of CVD mortality compared
with the reference population. Nevertheless, as also mentioned
above, a recent systematic review and meta-analysis of retrospec-
tive/prospective studies by Musso et al. [5] concluded that NAFLD
confirmed by ultrasound or histology is associated with a substan-
tially increased risk of incident CVD (adjusted OR 2.05, 95% ClI
1.81-2.31, P<0.0001; n=7 meta-analyzed studies) but that the sever-
ity of NAFLD histology does not appear to predict CVD mortality.

Indeed, CVVD mortality did not significantly differ between patients
with NASH and those with pure steatosis (adjusted OR 0.91, 95%
Cl 0.42-1.98, P=0.82; n=5 meta-analyzed studies). However, fur-
ther larger and longer follow-up studies are needed to better eluci-
date this issue.

V.b. Risk of CKD

Epidemiological data supporting the view that NAFLD is asso-
ciated with CKD, independently of overweight/obesity, T2D and
hypertension, have been recently reviewed by our group [171].
Published data clearly demonstrate that NAFLD is associated with
an increased prevalence of CKD, defined as presence of microal-
buminuria, overt proteinuria or an estimated glomerular filtration
rate (GFR) <60 ml/min/1.73m?, in both nondiabetic and diabetic
individuals [172-175]. Preliminary evidence also suggests that there
is a positive, graded relationship between kidney function parame-
ters (abnormal albuminuria and/or GFR reduction) and the severity
of NAFLD histology [176,177]. The few available prospective
studies seemingly also support a prognostic role for NAFLD in the
development and progression of CKD both in patients without dia-
betes and in those with type 2 diabetes [178-181]. However, further
research is urgently needed to ascertain whether NAFLD confers an
excess risk over and above what would be expected from the shared
cardio-renal risk factors.

Before such data become available, no systematic follow-up of
patients with NAFLD for the early detection of CKD was recom-
mended by practice guidelines endorsed by scientific societies
[4,70,162]. Nevertheless, we believe that clinicians should be will-
ing to implement such a follow-up evaluation in the individual pa-
tient with NAFLD, based either on personal/familial clues that sug-
gest an increased risk for CKD or on the coexistence of multiple
cardio-renal risk factors that may further amplify kidney damage.

V.c. Biological Basis for the Development of CVD and CKD

There are few but consistent pieces of biological evidence that
may account for a role of NAFLD in the development and progres-
sion of CVD. For instance, particularly in patients with NASH, the
liver disease is associated with structural and metabolic changes of
all the resident cell populations of the liver (i.e., hepatocytes,
Kupffer cells and stellate cells). Such phenotypic changes in liver
cell populations may result in a systemic more athero-thrombotic
risk profile possibly through the development of systemic/hepatic
insulin resistance, atherogenic dyslipidemia and the up-regulation
of synthesis and secretion of several pro-inflammatory and pro-
coagulant factors (as schematically shown in Fig. 3 and Table 2).
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Nafld Increases The Risk Of Cvd: Summary Of The Biological Evidence From Human Studies.

Author, year (Ref.)

Study Characteristics and Findings

NAFLD or NASH is associated with increased circulating levels of proatherothrombotic mediators

Kugelmas, 2003 (109)

Increased serum levels of TNF-alpha, IL-6 and IL-8 (case-control study)

Hui, 2004 (110)

Increased serum levels of TNF-alpha, soluble TNF receptors and decreased levels of adiponectin (case-control study)

Chalasani, 2004 (111)

Increased serum levels of oxidized LDL-cholesterol and thiobarbituric acid reactive substances (case-control study)

Haukeland, 2006 (112)

Increased serum levels of interleukin IL-6, MCP-1, CCL2 and CCL19 (case-control study)

Targher, 2005 (113), Targher, 2008
(114)

Increased levels of hs-CRP, fibrinogen, von Willebrand factor, PAI-1 and decreased levels of adiponectin (case-
control study)

Musso, 2007 (115)

Increased serum nitrotyrosine levels (case-control study)

Nobili, 2009 (116), Milner, 2009 (117)

Increased serum levels of retinol-binding protein 4 (case-control study)

Sookoian, 2010 (118)

Increased levels of soluble ICAM-1, PAI-1 and soluble CD40 ligand (case-control study)

Yilmaz, 2011 (119)

Increased levels of chemerin and vaspin (case-control study)

Kotronen, 2011 (120)

Increased levels of coagulation factor V111, 1X, X1 and XII activities (case-control study)

Sookoian, 2012 (121)

Increased white blood cell and platelet counts (case-control study)

Alkhouri, 2012 (122)

Increased mean platelet volume, a marker of platelet activation (case-control study)

Ndumele, 2011 (123)

Increased serum levels of hs-CRP (community-based study)

Xu 2009 (124), Yilmaz 2012 (125)

Increased hemoglobin levels, especially in those with NASH without metabolic syndrome (community-based and
cohort study)

NAFLD/NASH is associated with abnormal hepatic expression of molecular mediators of atherogenesis,
inflammation and coagulation

Sookoian, 2010 (118), Sookoian,
2011 (126)

Increased hepatic expression of hepatic expression of SICAM-1 and PAI-1; TGFB1, angiotensin I-converting
enzyme, LAMAL, SERPINB2, CSF2, IL1A, IL3, IL4, LIF and MMP1 in NASH (case-control study)

Wieckowska, 2008 (127)

Increased hepatic expression of IL-6 (case-control study)

Yoneda, 2007 (128)

Increased hepatic expression of CRP (case-control study)

Thuy, 2008 (129)

Increased hepatic expression of PAI-1 (case-control study)

Westerbacka, 2007 (130), Greco,
2008 (131)

Hepatic up-regulation of several genes involved in monocyte/macrophage recruitment, inflammation and coagula-
tion (case-control study)

NAFLD is associated with impaired vascular repair capacity

Chiang, 2012 (132)

Decreased circulating levels of bone marrow derived-endothelial progenitor cells (case-control study)

Table 3.

Clinical evidence about the impact of nafld on cvd-related phenotypes

Author, year (Ref.)

NAFLD/NASH is associated with CVD-related phenotypes

Carotid Atherosclerosis

Sookoian, 2008 (107)

NAFLD is associated with a 13% increase in carotid artery wall thickness (meta-analysis of 7 studies involving 3497
subjects)

Targher, 2006 (133), Colak,
2012 (134)

Severity of NAFLD histology is associated with carotid artery wall thickness

Kozakova, 2012 (135)

NAFLD as estimated by the fatty liver index is associated with early carotid plaques in middle-aged nondiabetic subjects

Coronary Atherosclerosis

Gastaldelli, 2009 (136)

NAFLD as estimated by the fatty liver index is associated with coronary heart disease in middle-aged nondiabetic subjects
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Author, year (Ref.)

NAFLD/NASH is associated with CVD-related phenotypes

Lee, 2011 (137), Chen, 2010 (138),
Kim, 2012 (139), Sung, 2012 (140)

NAFLD is associated with abnormal coronary artery calcium score

Akabame, 2008 (141)

NAFLD is associated with coronary vulnerable plaques on 64-detector multislice computed tomography

Assy, 2010 (142)

NAFLD is associated with greater severity of coronary artery disease on coronary CT angiography

Wong, 2011 (143)

NAFLD is associated with greater severity of coronary artery disease on coronary angiography

Yilmaz, 2010 (144)

NAFLD is associated with decreased coronary flow reserve

Targher, 2007 (145)

NAFLD is associated with greater prevalence of coronary, cerebrovascular and peripheral vascular disease in type
2 diabetic patients

Lin, 2005 (146)

NAFLD is associated with ischemic heart disease in a community-based cohort of male workers

NAFLD and CVD Phenotypes in Children and Adolescents

Schwimmer, 2008 (147)

NAFLD on biopsy is associated with multiple cardiovascular risk factors

Pacifico, 2010 (148)

NAFLD is associated with reduced brachial artery flow-mediated vasodilation and increased carotid artery wall
thickness

Alkhouri, 2011 (149)

NAFLD is associated with increased carotid artery wall thickness

Increased Avrterial Stiffness and Circulatory Endothelial Dysfunction

Vlachopoulos, 2010 (150), Salvi, 2010
(151), Lee, 2012 (152)

NAFLD is associated with increased arterial stiffness and reduced brachial artery flow-mediated vasodilation

Villanova, 2005 (153), Colak, 2012
(134)

NAFLD histology is associated with reduced brachial artery flow-mediated vasodilation

Early Abnormalities in Cardiac Metabolism and Function

Perseghin, 2008 (154)

NAFLD is associated with impaired left ventricular energy metabolism in nondiabetic, normotensive, young
subjects

Lautamaki, 2006 (155), Rijzewijk,
2010 (156)

NAFLD is associated with decreased myocardial perfusion in type 2 diabetic patients with/without ischemic heart
disease

Goland, 2006 (157), Fotbolcu, 2010
(158)

NAFLD is associated with abnormalities in left ventricular morphology and function in nondiabetic, normoten-
sive subjects

Fallo, 2009 (159)

NAFLD is associated with diastolic dysfunction in patients with never-treated essential hypertension

Bonapace, 2012 (160)

NAFLD is associated with diastolic dysfunction in type 2 diabetic patients without ischemic heart disease

Colak, 2012 (161)

NAFLD is associated with increased epicardial fat thickness

Table 4.

Does nafld/nash increase the risk of fatal and non-fatal cvd events?

Author, year (Ref.)

Study Characteristics and Findings

NAFLD or NASH is not associated with increased risk of CVD events

Musso, 2011 (5)

NASH does not confer a significantly higher CVD mortality than pure steatosis (meta-analysis of 5 studies)

Lazo, 2011 (18), Stepanova, 2012
(163)

NAFLD on ultrasonography is associated with higher CVD prevalence but does not increase all-cause and cause-
specific mortality in US adults (n=11,371, follow-up 14.5 years)

Dam-Larsen, 2004 (20)

No excess of all-cause and cause-specific mortality in patients with pure steatosis on biopsy compared with the gen-
eral population (n=109, follow-up 16.7 years)

Domanski, 2012 (164)

No increased prevalence of CVD in patients with NASH compared with those with non-NASH fatty liver (a retro-
spective chart review of 377 patients with biopsy-proven NAFLD). Note of caution: cross-sectional study

NAFLD or NASH is associated with increased risk of CVD events




Cardiovascular and Systemic Risk in Nonalcoholic Fatty Liver

Current Pharmaceutical Design, 2013, Vol. 19, No.00 9
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Author, year (Ref.)

Study Characteristics and Findings

Musso, 2011 (5)

NAFLD, as assessed by either liver enzymes or ultrasonographic/histological methods, is associated with increased
risk of all-cause, CVD and liver-related mortality compared with the reference population (meta-analysis of 7 stud-
ies)

Jepsen, 2003 (7)

NAFLD (especially NASH and cirrhosis) is associated with increased CVD mortality in 1,800 patients discharged
with a hospital diagnosis of NAFLD followed for 6.2 years

Adams, 2005 (8)

NAFLD (especially NASH and cirrhosis as confirmed by imaging or biopsy) is associated with increased CVD mor-
tality in a community-based cohort of 420 patients with NAFLD followed for 7.6 years

Ekstedt, 2006 (9)

Patients with histologically confirmed NASH but not those with pure steatosis are at higher risk of all-cause, CVD
and liver-related mortality compared with the reference population (n=129, follow-up 13.7 years)

Dunn, 2008 (11)

NAFLD diagnosed by liver enzymes is associated with CVD mortality especially in the 45-54 yr-age group
(NHANES-I11, n=7,574, follow-up 8.7 years)

Haring, 2009 (12)

NAFLD on ultrasonography increases prediction of CVD mortality from elevated serum GGT levels in a population-
based cohort of individuals (n=4,160, follow-up 7.3 years)

Soderberg, 2010 (13)

Patients with histologically confirmed NASH but not those with pure steatosis are at higher risk of all-cause, CVD
and liver-related mortality compared with the reference population (n=118, follow-up 24 years)

Sung, 2009 (165)

Young, nonobese subjects with ultrasound-diagnosed NAFLD have a higher CVD risk (by Framingham risk score),
especially those with suspected NASH (n=30,172 subjects). Note of caution: cross-sectional study

Targher, 2005 (166), Targher, 2007
(167)

NAFLD on ultrasonography is associated with an increased risk of fatal and non-fatal CVD events in type 2 diabetic
patients free from CVD and viral hepatitis at baseline (n=2,103, follow-up periods ranging from 5 to 6.5 years)

Hamaguchi, 2007 (168)

NAFLD on ultrasonography is associated with an increased risk of non-fatal CVD events in a community-based
study (n=1,637, follow-up 5 years)

Zhou, 2012 (169)

NAFLD on ultrasonography is associated with an increased risk of all-cause and CVD mortality in a community-
based study (n=3,543, follow-up 4 years)

Increase
Cardiovascular risk

NASH: phenotypic transfermatien:
Hepatocyte hypertrophy, infiltration of
Inflammatory cells and excessive fat storage.

CRP
Fibrinogen
Abnormal production of preatherogenic factors l IL6, TNFa
PAIl
1 ICAM-1
sCD40
Release of inflammatory cytokines, activation of TGFB1
Inflammatory pathways and systemic inflammatory state ACE

Fig. (3). Putative underlying mechanisms linking NAFLD to accelerated atherogenesis.

NAFLD, especially in its necro-inflammatory form (NASH), is associated with phenotypic changes in liver cell populations that may directly contribute to a
more atherothrombotic risk profile via atherogenic dyslipidemia, hepatic/systemic insulin resistance, dysglycemia and increased secretion of several pro-
inflammatory and pro-coagulant mediators.
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Fig. (4). The prominent role of CVD in the natural history of NAFLD
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This figure summarizes the wide spectrum of hepatic and extra-hepatic complications of NAFLD. CVD represents one of the most worrying adverse outcomes
of NAFLD. The biological forces driving the individual patient with NAFLD towards hepatic and extra-hepatic complications are increasingly being unveiled.

Indeed, several case-control studies have confirmed that pa-
tients with NAFLD, especially those with NASH, have increased
circulating levels of several pro-inflammatory and pro-coagulant
biomarkers compared with subjects who do not have steatosis (Ta-
ble 2). Additionally, the finding that NASH is associated with an
abnormal intrahepatic expression of these pro-inflammatory and
pro-coagulant biomarkers further supports the conclusion that the
increased circulating levels of these biomarkers result from the up-
regulation of their own synthesis in the steatotic and inflamed liver
(Table 2). These latter observations fit well also with our recent
data demonstrating that the hepatic transcriptional profile of several
candidate genes responsible for accelerated atherogenesis is selec-
tively dysregulated among patients with NASH. The list includes
genes associated with atherosclerotic risk (SERPINB2, alias PAI2,
TGFB1, ACE), genes involved in inflammation and cytokine signal-
ing (CSF2, IL1A, IL3, and IL4), and genes involved in cell prolif-

eration/growth (LIF), extracellular matrix remodeling (MMP1) and
cell adhesion-cell-matrix glycoconjugate (LAMA1) [126].

Although all the experimental and biological data would tend to
suggest that it is NASH rather than pure steatosis that leads to in-
creased risk of CVD, published data from prospective studies to
date do not entirely support such a conclusion (as summarized in
Table 4). More research is needed to draw a firm conclusion on the
role of the severity of NAFLD histology on the development and
progression of CVD.

Is there any biological explanation for these observations? We
might speculate that the liver tissue of NASH patients suffers from
a phenotypic transformation similar to that observed in other tissues
in presence of the metabolic syndrome, such as the adipose tissue
[182]. Hence, the metabolic consequences of the “transformed”
liver might be crucial to the pathogenesis of CVD as the liver is
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tightly connected to the circulatory system not only by releasing
very low density lipoproteins (VLDL) but also by secreting several
systemic coagulation/fibrinolytic factors (e.g., fibrinogen, factor
VI, von Willebrand factor, PAI-1), pro-inflammatory mediators
(e.g., C-reactive protein, TNF-alpha, IL-6 and other acute-phase
proteins) and key factors of the renin-angiotensin-aldosterone sys-
tem (RAAS). For example, angiotensinogen is constitutively pro-
duced and released from the liver into circulation where it is con-
verted by angiotensin converting enzyme (ACE) to angiotensin I,
i.e., a powerful vasoconstrictor factor that is strictly involved in
systemic inflammation by inducing the up-regulation of endothelial
adhesion molecules and pro-inflammatory cytokines. Accumulative
evidence has confirmed the strong link between RAAS, human
atherosclerosis and thrombotic risk. Surprisingly, patients with
NASH have an over-expression of ACE as recently shown by our
group [183]. Why should we consider that the hepatic over-
expression and even the release of RAAS proteins from the liver to
the circulation is clinically relevant? As previously shown, all these
molecular mediators may act in concert to produce both
cardiovascular and endothelial effects. For instance, angiotensin II
stimulates the release of PAI-1, and increases the expression of
endothelial adhesion molecules such E-selectin and ICAM-1 [184-
186]. Interestingly, we showed that patients with NAFLD have an
increased hepatic expression of ICAM-1, particularly in focus of
lobular inflammation [118]. Thus, treatment with RAAS inhibitors
might be useful not only to improve blood pressure, but also to
reduce the release of some proatherothrombotic mediators from the
inflamed/steatotic liver [183,187]. Accordingly, we also showed
that treatment with enalapril may improve hepatic fibrosis scores in
patients with NASH [183]. Other pharmacological approaches such
as pioglitazone have been proposed to be effective for the treatment
of liver disease, glucose metabolism and CVD risk in NASH [188].
Finally, studies demonstrating that further to NAFLD, other chronic
liver diseases that are typically characterized by the presence of
steatosis, such as chronic hepatitis C, are linked to an increased risk
of CVD [189,190], may provide further evidence to the notion that
hepatic steatosis itself may play a role in accelerated atherogenesis.

With regard to the biological basis for the development of CKD
among patients with NAFLD, it is important to note that there is a
strong, mutual relationship linking CKD and atherosclerosis
[191,192]. Interestingly, the putative biological mechanisms linking
NAFLD to CVD that we briefly discussed above might also be
largely implicated in the pathogenesis of kidney damage. In fact, it
has been reported that NAFLD might play a part in the pathogene-
sis of CKD, possibly through the systemic release of several pro-
inflammatory/pro-coagulant mediators from the steatotic/inflamed
liver or through the contribution of NAFLD itself to he-
patic/systemic insulin resistance and atherogenic dyslipidemia
[170,193].

CONCLUSIONS

This review has provided an unbiased view of the whole spec-
trum of the hepatic and extra-hepatic complications that may occur
in the natural course of NAFLD. In particular, the increased risk of
CVD has been discussed against the more complex scenario of
other hepatic and extra-hepatic complications of NAFLD (as sum-
marized in schematic (Fig. 4)).

As previously discussed, the currently available evidence from
published studies suggests that the long-term prognosis of patients
with  NAFLD particularly the development of liver-related
complications and liver-related death greatly depend on the severity
of liver injury on liver biopsy with a life expectancy similar to the
general population in those with pure steatosis, but a significantly
worse prognosis in those with histologically more severe liver
disease. Accumulating evidence also suggests that CVD is the lead-
ing cause of morbidity and mortality in patients with NAFLD. The
association between NAFLD and CVD seems to have strength,
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consistency, temporality and biological plausibility. However, fur-
ther research is required to ascertain whether the contribution of the
liver to the increased risk of CVD observed in patients with
NAFLD occurs independent of the shared cardio-metabolic risk
factors; whether the increased CVD risk is associated with the se-
verity of NAFLD histology and to what extent it may be reversible
when NAFLD is treated effectively. The adverse impact of NAFLD
on the well established diabetes- and obesity-related risk of CVD
deserves particular attention in view of the possible implications for
screening and surveillance strategies in the growing number of
patients with NAFLD.

There is an urgent need to conduct larger and longer follow-up
studies in patients with biopsy-confirmed NAFLD, ideally compris-
ing of both serial biopsies and clinical observations to include a
detailed examination of the actual risk of disease progression and
adverse extra-hepatic (fatal and non-fatal) outcomes. Only with this
sort of information, will we be able to provide patients with accu-
rate prognostic information, initiate randomized treatment trials on
a more rational basis and predict the likely burden of NAFLD-
related complications on health care systems.
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ABBREVIATIONS

ACE =  Angiotensin converting enzyme

ALT = Alanine aminotransferase

BMI =  Body mass index

CKD = Chronic kidney disease

CVvD =  Cardiovascular disease

FLI =  Fatty liver index

GGT =  Gamma-glutamyltransferase

HCC =  Hepatocellular carcinoma

ICC =  Intrahepatic cholangiocarcinoma
NAFLD = Nonalcoholic fatty liver disease

NASH = Nonalcoholic steatohepatitis

PAI'1 =  Plasminogen activator inhibitor 1
PNPLA3 = Phospholipase domain-containing protein 3 gene
RAAS =  Renin-Angiotensin-Aldosterone System
T2D =  Type 2 diabetes

VLDL = Very low density lipoproteins
REFERENCES

[1] Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steato-
hepatitis: Mayo Clinic experiences with a hitherto unnamed dis-
ease. Mayo Clin Proc 1980; 55: 434-38.

[2] Powell EE, Cooksley WG, Hanson R, Searle J, Halliday JW, Pow-
ell LW. The natural history of nonalcoholic steatohepatitis: a fol-
low-up study of forty-two patients for up to 21 years. Hepatology
1990; 11: 74-80.

[3] Teli MR, James OF, Burt AD, Bennett MK, Day CP. The natural
history of nonalcoholic fatty liver: a follow-up study. Hepatology
1995; 22: 1714-19.

[4] Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and man-
agement of non-alcoholic fatty liver disease: Practice guideline by
the American Association for the Study of Liver Diseases, Ameri-



12 Current Pharmaceutical Design, 2013, Vol. 19, No. 00

[5]

[6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

can College of Gastroenterology, and the American Gastroen-
terological Association. Hepatology 2012; 55: 2005-23.

Musso G, Gambino R, Cassader M, Pagano G. Meta-analysis:
natural history of non-alcoholic fatty liver disease (NAFLD) and
diagnostic accuracy of non-invasive tests for liver disease severity.
Ann Med 2011; 43: 617-49.

Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC,
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum of
clinical and pathological severity. Gastroenterology 1999; 116:
1413 -19.

Jepsen P, Vilstrup H, Mellemkjaer L, et al. Prognosis of patients
with a diagnosis of fatty liver — a registry-based cohort study. He-
patogastroenterology 2003; 50: 2101-4.

Adams LA, Lymp JF, St Sauver J, et al. The natural history of
nonalcoholic fatty liver disease: a population-based cohort study.
Gastroenterology 2005; 129: 113-21.

Ekstedt M, Franzén LE, Mathiesen UL, et al. Long-term follow-up
of patients with NAFLD and elevated liver enzymes. Hepatology
2006; 44: 865-73.

Ong JP, Pitts A, Younossi ZM. Increased overall mortality and
liver-related mortality in non-alcoholic fatty liver disease. J Hepa-
tology 2008; 49: 608-12.

Dunn W, Xu R, Wingard DL, et al. Suspected nonalcoholic fatty
liver disease and mortality risk in a population-based cohort study.
Am J Gastroenterol 2008; 103: 2263-71.

Haring R, Wallaschofski H, Nauck M, Dorr M, Baumeister SE,
Volzke H. Ultrasonographic hepatic steatosis increases prediction
of mortality risk from elevated serum gamma-glutamyl transpepti-
dase levels. Hepatology 2009; 50: 1403-11.

Soderberg C, Stal P, Askling J, et al. Decreased survival of subjects
with elevated liver function tests during a 28 year follow up. Hepa-
tology 2010; 51: 595-602.

Sookoian S, Pirola CJ. Meta-analysis of the influence of 1148M
variant of patatin-like phospholipase domain containing 3 gene
(PNPLA3) on the susceptibility and histological severity of nonal-
coholic fatty liver disease. Hepatology 2011; 53: 1883-94.

Moriya A, Iwasaki Y, Ohguchi S, et al. Alcohol consumption ap-
pears to protect against non-alcoholic fatty liver disease. Aliment
Pharmacol Ther 2011; 33: 378-88.

Calori G, Lattuada G, Ragogna F, et al. Fatty liver index and mor-
tality: the Cremona study in the 15th year of follow-up. Hepatology
2011; 54: 145-52.

Bedogni G, Bellentani S, Miglioli L, et al The Fatty Liver Index: a
simple and accurate predictor of hepatic steatosis in the general
population. BMC Gastroenterol 2006; 6: 33.

Lazo M, Hernaez R, Bonekamp S, et al. Non-alcoholic fatty liver
disease and mortality among US adults: prospective cohort study.
BMJ 2011; 343: d6891.

Angulo P. Long-term mortality in nonalcoholic fatty liver disease:
is liver histology of any prognostic significance? Hepatology 2010;
51: 373-5. Erratum in: Hepatology 2010; 51: 1868.

Dam-Larsen S, Becker U, Franzmann MB, Larsen K, Christof-
fersen P, Bendtsen F. Final results of a long-term, clinical follow-
up in fatty liver patients. Scand J Gastroenterol 2009; 44: 1236-43.
Rafig N, Bai C, Fang Y, Srishord M, McCullough A, Gramlich T,
Younossi ZM. Long-term follow-up of patients with nonalcoholic
fatty liver. Clin Gastroenterol Hepatol 2009; 7: 234-8.

Evans CD, Oien KA, MacSween RN, Mills PR. Non-alcoholic
steatohepatitis: a common cause of progressive chronic liver in-
jury? J Clin Pathol 2002; 55: 689-92.

Hui JM, Kench JG, Chitturi S, Sud A, et al. Long-term outcomes of
cirrhosis in nonalcoholic steatohepatitis compared with hepatitis C.
Hepatology 2003; 38: 420-27.

Sanyal AJ, Banas C, Sargeant C, et al. Similarities and differences
in outcomes of cirrhosis due to nonalcoholic steatohepatitis and
hepatitis C. Hepatology 2006; 43: 682-89.

Yatsuji S, Hashimoto E, Tobari M, Taniai M, Tokushige K, Shira-
tori K. Clinical features and outcomes of cirrhosis due to non-
alcoholic steatohepatitis compared with cirrhosis caused by chronic
hepatitis C. J Gastroenterol Hepatol 2009; 24: 248-54.

Lonardo A, Loria P, Adinolfi LE, Carulli N, Ruggiero G. Hepatitis
C and steatosis: a reappraisal. J Viral Hepat 2006; 13: 73-80.

Daly AK, Ballestri S, Carulli L, Loria P, Day CP. Genetic determi-
nants of susceptibility and severity in nonalcoholic fatty liver dis-
ease. Expert Rev Gastroenterol Hepatol 2011; 5: 253-63.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]
[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

[53]

Lonardo et al.

Argo CK, Northup PG, Al-Osaimi AM, Caldwell SH. Systematic
review of risk factors for fibrosis progression in non-alcoholic stea-
tohepatitis. J Hepatol 2009; 51: 371-7.

Day CP, James OF. Steatohepatitis: a tale of two "hits"? Gastroen-
terology 1998; 114: 842-5.

Lonardo A, Caldwell SH, Loria P. Clinical physiology of NAFLD:
a critical overview of pathogenesis and treatment. Expert Rev En-
docrinol Metab 2010; 5: 403-23.

Tilg H, Moschen AR. Evolution of inflammation in nonalcoholic
fatty liver disease: the multiple parallel hits hypothesis. Hepatology
2010; 52: 1836-46.

Arrese M. Burning hepatic fat: therapeutic potential for liver-
specific thyromimetics in the treatment of nonalcoholic fatty liver
disease. Hepatology 2009; 49: 348-51.

Lonardo A, Bellentani S, Ratziu V, Loria P. Insulin resistance in
nonalcoholic steatohepatitis: necessary but not sufficient - death of
a dogma from analysis of therapeutic studies? Exp Rev Gastroen-
terol Hepatol 2011; 5: 279-89.

Ricchi M, Odoardi MR, Carulli L, et al. Differential effect of oleic
and palmitic acid on lipid accumulation and apoptosis in cultured
hepatocytes. J Gastroenterol Hepatol 2009; 24: 830-40.

Van Rooyen DM, Larter CZ, Haigh WG, et al. Hepatic free choles-
terol accumulates in obese, diabetic mice and causes nonalcoholic
steatohepatitis. Gastroenterology 2011; 141: 1393-403.

Petta S, Camma C, Cabibi D, Di Marco V, Craxi A. Hyperuricemia
is associated with histological liver damage in patients with non-
alcoholic fatty liver disease. Aliment Pharmacol Ther 2011; 34:
757-66.

Fracanzani AL, Valenti L, Bugianesi E, et al. Risk of nonalcoholic
steatohepatitis and fibrosis in patients with nonalcoholic fatty liver
disease and low visceral adiposity. J Hepatol 2011; 54: 1244-49.
Carulli L, Ballestri S, Lonardo A, et al. Is nonalcoholic steatohepa-
titis associated with a high-though-normal thyroid stimulating hor-
mone level and lower cholesterol levels? Intern Emerg Med 2011
May 11.

Krawczyk M, Bonfrate L, Portincasa P. Nonalcoholic fatty liver
disease. Best Pract Res Clin Gastroenterol 2010; 24: 695-708.
Guido M, Mangia A, Faa G; Gruppo ltaliano Patologi Apparato
Digerente (GIPAD); Societa Italiana di Anatomia Patologica e Ci-
topatologia Diagnostica/lnternational Academy of Pathology, Ital-
ian division (SIAPEC/IAP). Chronic viral hepatitis: the histology
report. Dig Liver Dis 2011; 43 (suppl 4): S331-43.

Brunt EM, Tiniakos DG. Histopathology of nonalcoholic fatty liver
disease. World J Gastroenterol 2010; 16: 5286-96.

Marra F, Bertolani C. Adipokines in liver diseases. Hepatology
2009; 50: 957-69.

Loria P, Lonardo A, Anania F. Liver and diabetes. A vicious circle.
Hepatol Res 2012; in press.

Loria P, Lonardo A, Targher G. Is liver fat detrimental to vessels?:
intersections in the pathogenesis of NAFLD and atherosclerosis.
Clin Sci (Lond) 2008; 115: 1-12.

Targher G, Day CP, Bonora E. Risk of cardiovascular disease in
patients with nonalcoholic fatty liver disease. N Engl J Med 2010;
363: 1341-50.

Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver
disease and hepatocellular carcinoma: A weighty connection. He-
patology 2010; 51: 1820-32.

Dragani TA. Risk of HCC: genetic heterogeneity and complex
genetics. J Hepatol 2010; 52: 252-7.

Fujita N, Takei Y. Iron overload in nonalcoholic steatohepatitis.
Adv Clin Chem 2011, 55: 105-32.

Lonardo A, Loria P. Insulin resistance, type 2 diabetes and chronic
liver disease. A deadly trio. Clinical Medicine: Endocrinology and
Diabetes 2009: 281-88.

Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Over-
weight, obesity, and mortality from cancer in a prospectively stud-
ied cohort of U.S. adults. Engl J Med 2003; 348: 1625-38.
Giovannucci E, Harlan DM, Archer MC, et al. Diabetes and can-
cer: a consensus report. CA Cancer J Clin 2010; 60: 207-21.
Giovannucci E, Michaud D. The role of obesity and related meta-
bolic disturbances in cancers of the colon, prostate, and pancreas.
Gastroenterology 2007; 132: 2208-25.

Bugianesi E, Leone N, Vanni E, et al. Expanding the natural his-
tory of nonalcoholic steatohepatitis: from cryptogenic cirrhosis to
hepatocellular carcinoma. Gastroenterology 2002; 123: 134-40.



Cardiovascular and Systemic Risk in Nonalcoholic Fatty Liver

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]

[76]

[77]

Caldwell SH, Oelsner DH, lezzoni JC, Hespenheide EE, Battle EH,
Driscoll CJ. Cryptogenic cirrhosis: clinical characterization and
risk factors for underlying disease. Hepatology 1999; 29: 664-69.
Giannini EG, Marabotto E, Savarino V, et al. Hepatocellular carci-
noma in patients with cryptogenic cirrhosis. Clin Gastroenterol He-
patol 2009; 7: 580-85.

Guerrero-Preston R, Siegel A, Renz J, Vlahov D, Neugut A. HCV
infection and cryptogenic cirrhosis are risk factors for hepatocellu-
lar carcinoma among Latinos in New York City. J Community
Health 2009; 34: 500-5.

Takuma Y, Nouso K, Makino Y, et al. Outcomes after curative
treatment for cryptogenic cirrhosis-associated hepatocellular carci-
noma satisfying the Milan criteria. J Gastroenterol Hepatol 2011;
26: 1417-24.

Qua CS, Goh KL. Liver cirrhosis in Malaysia: peculiar epidemiol-
ogy in a multiracial Asian country. J Gastroenterol Hepatol 2011;
26: 1333-37.

Guzman G, Brunt EM, Petrovic LM, Chejfec G, Layden TJ, Cotler
SJ. Does nonalcoholic fatty liver disease predispose patients to he-
patocellular carcinoma in the absence of cirrhosis? Arch Pathol Lab
Med 2008; 132: 1761-66.

Chagas AL, Kikuchi LO, Oliveira CP, et al. Does hepatocellular
carcinoma in non-alcoholic steatohepatitis exist in cirrhotic and
non-cirrhotic patients? Braz J Med Biol Res 2009; 42: 958-62.
Paradis V, Zalinski S, Chelbi E, et al. Hepatocellular carcinomas in
patients with metabolic syndrome often develop without significant
liver fibrosis: a pathological analysis. Hepatology 2009; 49: 851-
59.

Bellentani S, Brachetti A, Dionigi E, et al. The emerging impact of
HCC-NAFLD in Italy. Dig Liver Dis 2012; 44 suppl: S9.
Sangiovanni A, Colombo M. Surveillance for hepatocellular carci-
noma: a standard of care, not a clinical option. Hepatology 2011;
54:1898-900.

Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA,
McGlynn KA. Metabolic syndrome increases the risk of primary
liver cancer in the United States: a study in the SEER-Medicare da-
tabase. Hepatology 2011; 54: 463-71.

Borena W, Strohmaier S, Lukanova A, et al. Metabolic risk factors
and primary liver cancer in a prospective study of 578,700 adults.
Int J Cancer 2012; 131: 193-200.

Sgrensen HT, Mellemkjaer L, Jepsen P, et al. Risk of cancer in
patients hospitalized with fatty liver: a Danish cohort study. J Clin
Gastroenterol 2003; 36: 356-9.

Hwang ST, Cho YK, Park JH, et al. Relationship of non-alcoholic
fatty liver disease to colorectal adenomatous polyps. J Gastroen-
terol Hepatol 2010; 25: 562-7.

Wong VW, Wong GL, Tsang SW, et al. High prevalence of colo-
rectal neoplasm in patients with non-alcoholic steatohepatitis. Gut
2011; 60: 829-36.

Stadlmayr A, Aigner E, Steger B, et al. Nonalcoholic fatty liver
disease: an independent risk factor for colorectal neoplasia. J Intern
Med 2011, 270: 41-9.

Loria P, Adinolfi LE, Bellentani S, et al. A decalogue from the
Italian Association for the Study of the Liver (AISF) Expert Com-
mittee. Dig Liver Dis 2010; 42: 272-82.

Bilici A, Ozguroglu M, Mihmanli I, Turna H, Adaletli I. A case-
control study of non-alcoholic fatty liver disease in breast cancer.
Med Oncol 2007; 24: 367-71.

Tilg H, Diehl AM. NAFLD and extrahepatic cancers: have a look
at the colon. Gut 2011; 60: 745-6.

Diehl AM. Sugar pills for pancreatic cancer: the benefits of becom-
ing (insulin) sensitive. Gastroenterology 2001; 120: 1291-6.

Loria P, Lonardo A, Lombardini S, et al. Gallstone disease in non-
alcoholic fatty liver: prevalence and associated factors. J Gastroen-
terol Hepatol 2005; 20: 1176-84.

Makino T. Fecal bile acid excretion in patients with colon cancer,
colon polyp and peptic ulcer. Tokai J Exp Clin Med 1984; 9: 297-
305.

Biasco G, Paganelli GM, Owen RW, Hill MJ. Faecal bile acids and
colorectal cell proliferation. The ECP Colon Cancer Working
Group. Eur J Cancer Prev 1991; suppl 2: 63-8.

Vozarova B, Stefan N, Lindsay RS, et al. High alanine aminotrans-
ferase is associated with decreased hepatic insulin sensitivity and
predicts the development of type 2 diabetes. Diabetes 2002; 51:
1889-95.

[78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

Current Pharmaceutical Design, 2013, Vol. 19, No. 00 13

Lee DH, Ha MH, Kim JH, et al. Gamma-glutamyltransferase and
diabetes - a 4 year follow-up study. Diabetologia 2003; 46: 359-64.
Hanley AJ, Williams K, Festa A, Wagenknecht LE, D’Agostino
RB Jr, Haffner SM. Liver markers and development of the meta-
bolic syndrome: the insulin resistance atherosclerosis study. Diabe-
tes 2005; 54: 3140-7.

Monami M, Bardini G, Lamanna C, et al. Liver enzymes and risk
of diabetes and cardiovascular disease: results of the Firenze Bagno
a Ripoli (FIBAR) study. Metabolism 2008; 57: 387-92.

Goessling W, Massaro JM, Vasan RS, D’Agostino RB Sr, Ellison
RC, Fox CS. Aminotransferase levels and 20-year risk of metabolic
syndrome, diabetes, and cardiovascular disease. Gastroenterology
2008; 135: 1935-44.

Ford ES, Schulze MB, Bergmann MM, Thamer C, Joost HG, Boe-
ing H. Liver enzymes and incident diabetes: findings from the
European Prospective Investigation into Cancer and Nutrition
(EPIC)-Potsdam Study. Diabetes Care 2008; 31: 1138-43.

Adams LA, Waters OR, Knuiman MW, Elliott RR, Olynyk JK.
NAFLD as a risk factor for the development of diabetes and the
metabolic syndrome: an eleven-year follow-up study. Am J
Gastroenterol 2009; 104: 861-7.

Fraser A, Harris R, Sattar N, Ebrahim S, Davey Smith G, Lawlor
DA. Alanine aminotransferase, gamma-glutamyltransferase, and
incident diabetes: the British Women's Heart and Health Study and
meta-analysis. Diabetes Care. 2009; 32: 741-50.

Balkau B, Lange C, Vol S, Fumeron F, Bonnet F, Group Study
D.E.S.I.R. Nine-year incident diabetes is predicted by fatty liver
indices: the French D.E.S.1.R. study. BMC Gastroenterol 2010; 10:
56-66.

Okamoto M, Takeda Y, Yoda Y, Kobayashi K, Fujino MA, Yama-
gata Z. The association of fatty liver and diabetes risk. J Epidemiol
2003; 13: 15-21.

Shibata M, Kihara Y, Taguchi M, Tashiro M, Otsuki M. Nonalco-
holic fatty liver disease is a risk factor for type 2 diabetes in mid-
dle-aged Japanese men. Diabetes Care 2007; 30: 2940-44.

Kim CH, Park JY, Lee KU, Kim JH, Kim HK. Fatty liver is an
independent risk factor for the development of type 2 diabetes in
Korean adults. Diabet Med 2008; 25: 476-81.

Yamada T, Fukatsu M, Suzuki S, Wada T, Yoshida T, Joh T. Fatty
liver predicts impaired fasting glucose and type 2 diabetes mellitus
in Japanese undergoing a health checkup. J Gastroenterol Hepatol
2010; 25: 352-6.

Sung KC, Kim SH. Interrelationship between fatty liver and insulin
resistance in the development of type 2 diabetes. J Clin Endocrinol
Metab 2011; 96: 1093-97.

Bae JC, Rhee EJ, Lee WY et al. Combined effect of nonalcoholic
fatty liver disease and impaired fasting glucose on the development
of type 2 diabetes: a 4-year retrospective longitudinal study. Diabe-
tes Care 2011; 34: 727-9.

Sung KC, Jeong WS, Wild SH, Byrne CD. Combined influence of
insulin resistance, overweight/obesity, and fatty liver as risk factors
for type 2 diabetes. Diabetes Care 2012; 35: 717-22.

American Diabetes Association. Standards of medical care in dia-
betes - 2012. Diabetes Care 2012; 35 (suppl 1): S11-S63.

Lonardo A, Lombardini S, Scaglioni F, et al. Hepatic steatosis and
insulin resistance: does etiology make a difference? J Hepatol
2006; 44: 190-6.

Kotronen A, Juurinen L, Tiikkainen M, Vehkavaara S, Yki-
Jéarvinen H. Increased liver fat, impaired insulin clearance, and he-
patic and adipose tissue insulin resistance in type 2 diabetes. Gas-
troenterology 2008; 135: 122-30.

Kumashiro N, Erion DM, Zhang D, et al. Cellular mechanism of
insulin resistance in nonalcoholic fatty liver disease. Proc Natl
Acad Sci USA 2011; 108: 16381-5.

de Meijer VE, Kalish BT, Puder M, ljzermans JN. Systematic
review and meta-analysis of steatosis as a risk factor in major he-
patic resection. Br J Surg 2010; 97: 1331-9.

Imamura H, Seyama Y, Kokudo N, et al. One thousand fifty-six
hepatectomies without mortality in 8 years. Arch Surg 2003; 138:
1198-206.

McCormack L, Petrowsky H, Jochum W, Mullhaupt B, Weber M,
Clavien PA. Use of severely steatotic grafts in liver transplantation:
a matched case-control study. Ann Surg 2007; 246: 940-46.

Reddy SK, Marsh JW, Varley PR, et al. Underlying steatohepatitis,
but not simple steatosis, increases morbidity after liver resection: a
case-control study. Hepatology 2012 Jul 5 [Epub ahead of print].




14 Current Pharmaceutical Design, 2013, Vol. 19, No. 00

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Veteldinen R, van Vliet AK, van Gulik TM. Severe steatosis in-
creases hepatocellular injury and impairs liver regeneration in a rat
model of partial hepatectomy. Ann Surg 2007; 245: 44-50.

Lonardo A. Fatty liver and nonalcoholic steatohepatitis. Where do
we stand and where are we going? Dig Dis 1999; 17: 80-89.
Marchesini G, Brizi M, Bianchi G, et al. Nonalcoholic fatty liver
disease: a feature of the metabolic syndrome. Diabetes 2001; 50:
1844-50.

Kotronen A, Yki-Jarvinen H. Fatty liver: a novel component of the
metabolic syndrome. Arterioscler Thromb Vasc Biol 2008; 28: 27-
38.

Vanni E, Bugianesi E, Kotronen A, De Minicis S, Yki-Jarvinen H,
Svegliati-Baroni G. From the metabolic syndrome to NAFLD or
vice versa? Dig Liver Dis 2010; 42: 320-30.

De Fazio V, Marsico F. Action of lipotropic factors in experimental
cholesterol arteriosclerosis in rabbits. 1. Action of anti-fatty liver
factor. Riv Ist Sieroter Ital 1950; 25: 118-24.

Sookoian S, Pirola CJ. Non-alcoholic fatty liver disease is strongly
associated with carotid atherosclerosis: a systematic review. J He-
patol 2008; 49: 600-7.

Bhatia LS, Curzen NP, Calder PC, Byrne CD. Non-alcoholic fatty
liver disease: a new and important cardiovascular risk factor? Eur
Heart J 2012; 33: 1190-200.

Kugelmas M, Hill DB, Vivian B, Marsano L, McClain CJ. Cytoki-
nes and NASH: a pilot study of the effects of lifestyle modification
and vitamin E. Hepatology 2003; 38: 413-9.

Hui JM, Farrell GC, Kench JG, George J. High sensitivity C-
reactive protein values do not reliably predict the severity of his-
tological changes in NAFLD. Hepatology 2004; 39: 1458-9.
Chalasani N, Deeg MA, Crabb DW. Systemic levels of lipid per-
oxidation and its metabolic and dietary correlates in patients with
nonalcoholic steatohepatitis. Am J Gastroenterol 2004; 99: 1497-
502.

Haukeland JW, Damas JK, Konopski Z, et al. Systemic inflamma-
tion in nonalcoholic fatty liver disease is characterized by elevated
levels of CCL2. J Hepatol 2006; 44: 1167-74.

Targher G, Bertolini L, Scala L, Zoppini G, Zenari L, Falezza G.
Nonalcoholic hepatic steatosis and its relation to increased plasma
biomarkers of inflammation and endothelial dysfunction in nondia-
betic men. Role of visceral adipose tissue. Diabet Med 2005; 22:
1354-8.

Targher G, Bertolini L, Rodella S, et al. NASH predicts plasma
inflammatory biomarkers independently of visceral fat in men.
Obesity (Silver Spring) 2008; 16: 1394-9.

Musso G, Gambino R, De MF, et al. Nitrosative stress predicts the
presence and severity of nonalcoholic fatty liver at different stages
of the development of insulin resistance and metabolic syndrome:
possible role of vitamin A intake. Am J Clin Nutr 2007; 86: 661-
71.

Nobili V, Alkhouri N, Alisi A, et al. Retinol-binding protein 4: a
promising circulating marker of liver damage in pediatric nonalco-
holic fatty liver disease. Clin Gastroenterol Hepatol 2009; 7: 575-9.
Milner KL, van der Poorten D, Xu A, et al. Adipocyte fatty acid
binding protein levels relate to inflammation and fibrosis in nonal-
coholic fatty liver disease. Hepatology 2009; 49: 1926-34.
Sookoian S, Castano GO, Burgueno AL, et al. Circulating levels
and hepatic expression of molecular mediators of atherosclerosis in
nonalcoholic fatty liver disease. Atherosclerosis 2010; 209: 585-91.
Yilmaz Y, Kurt R, Gurdal A, et al. Circulating vaspin levels and
epicardial adipose tissue thickness are associated with impaired
coronary flow reserve in patients with nonalcoholic fatty liver dis-
ease. Atherosclerosis. 2011; 217: 125-9.

Kotronen A, Joutsi-Korhonen L, Sevastianova K, et al. Increased
coagulation factor VIII, IX, XI and XII activities in non-alcoholic
fatty liver disease. Liver Int 2011; 31: 176-83.

Sookoian S, Castano GO, Pirola CJ. Cardiovascular phenotype of
nonalcoholic fatty liver disease: changing the paradigm about the
role of distant toxic fat accumulation on vascular disease. Hepatol-
ogy 2012 Apr 13 [Epub ahead of print].

Alkhouri N, Kistangari G, Campbell C, Lopez R, Zein NN, Feld-
stein AE. Mean platelet volume as a marker of increased cardio-
vascular risk in patients with nonalcoholic steatohepatitis. Hepatol-
ogy 2012; 55: 331.

Ndumele CE, Nasir K, Conceicao RD, Carvalho JA, Blumenthal
RS, Santos RD. Hepatic steatosis, obesity, and the metabolic syn-
drome are independently and additively associated with increased

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

Lonardo et al.

systemic inflammation. Arterioscler Thromb Vasc Biol 2011; 31:
1927-32.

Xu L, Xu CF, Yu CH, Miao M, Li YM. Haemoglobin and non-
alcoholic fatty liver disease: further evidence from a population-
based study. Gut 2009; 58: 1706-7.

Yilmaz Y, Senates E, Ayyildiz T, et al. Characterization of nonal-
coholic fatty liver disease unrelated to metabolic syndrome. Eur J
Clin Invest 2012; 42: 411-8.

Sookoian S, Gianotti TF, Rosselli MS, Burgueno AL, Castano GO,
Pirola CJ. Liver transcriptional profile of atherosclerosis-related
genes in human nonalcoholic fatty liver disease. Atherosclerosis
2011; 218: 378-85.

Wieckowska A, Papouchado BG, Li Z, Lopez R, Zein NN, Feld-
stein AE. Increased hepatic and circulating interleukin-6 levels in
human nonalcoholic steatohepatitis. Am J Gastroenterol 2008; 103:
1372-9.

Yoneda M, Mawatari H, Fujita K, et al. High-sensitivity C-reactive
protein is an independent clinical feature of nonalcoholic steatohe-
patitis (NASH) and also of the severity of fibrosis in NASH. J Gas-
troenterol 2007; 42: 573-82.

Thuy S, Ladurner R, Volynets V, et al. Nonalcoholic fatty liver
disease in humans is associated with increased plasma endotoxin
and plasminogen activator inhibitor 1 concentrations and with fruc-
tose intake. J Nutr 2008; 138: 1452-5.

Westerbacka J, Kolak M, Kiviluoto T, et al. Genes involved in
fatty acid partitioning and binding, lipolysis, monocyte/macrophage
recruitment, and inflammation are overexpressed in the human
fatty liver of insulin-resistant subjects. Diabetes 2007; 56: 2759-65.
Greco D, Kotronen A, Westerbacka J, et al. Gene expression in
human NAFLD. Am J Physiol Gastrointest Liver Physiol 2008;
294: G1281-87.

Chiang CH, Huang PH, Chung FP, et al. Decreased circulating
endothelial progenitor cell levels and function in patients with non-
alcoholic fatty liver disease. PLoSOne 2012; 7: €31799.

Targher G, Bertolini L, Padovani R, et al. Relations between ca-
rotid artery wall thickness and liver histology in subjects with non-
alcoholic fatty liver disease. Diabetes Care 2006; 29: 1325-30.
Colak Y, Senates E, Yesil A, et al. Assessment of endothelial func-
tion in patients with nonalcoholic fatty liver disease. Endocrine.
2012 Jun 3. [Epub ahead of print].

Kozakova M, Palombo C, Eng MP, et at; RISC Investigators. Fatty
liver index, gamma-glutamyltransferase, and early carotid plaques.
Hepatology. 2012; 55: 1406-15.

Gastaldelli A, Kozakova M, Hojlund K, et al. Fatty liver is associ-
ated with insulin resistance, risk of coronary heart disease, and
early atherosclerosis in a large European population. Hepatology
2009; 49: 1537-44.

Lee YH, Wu YJ, Liu CC, et al. The severity of fatty liver disease
relating to metabolic abnormalities independently predicts coronary
calcification. Radiol Res Pract 2011; 2011: 586785.

Chen CH, Nien CK, Yang CC, Yeh YH. Association between
nonalcoholic fatty liver disease and coronary artery calcification.
Dig Dis Sci 2010; 55: 1752-60.

Kim D, Choi SY, Park EH, et al. Nonalcoholic fatty liver disease is
associated with coronary artery calcification. Hepatology 2012 Jan
23 [Epub ahead of print].

Sung KC, Wild SH, Kwag HJ, Byrne CD. Fatty liver, insulin resis-
tance and features of metabolic syndrome: relationships with coro-
nary artery calcium in 10153 people. Diabetes Care 2012; in press.
Akabame S, Hamaguchi M, Tomiyasu K, et al. Evaluation of vul-
nerable coronary plaques and non-alcoholic fatty liver disease
(NAFLD) by 64-detector multislice computed tomography
(MSCT). Circ J 2008; 72: 618-25.

Assy N, Djibre A, Farah R, Grosovski M, Marmor A. Presence of
coronary plaques in patients with nonalcoholic fatty liver disease.
Radiology 2010; 254: 393-400.

Wong VW, Wong GL, Yip GW, et al. Coronary artery disease and
cardiovascular outcomes in patients with non-alcoholic fatty liver
disease. Gut 2011; 60: 1721-27.

Yilmaz Y, Kurt R, Yonal O, et al. Coronary flow reserve is im-
paired in patients with nonalcoholic fatty liver disease: association
with liver fibrosis. Atherosclerosis 2010; 211: 182-86.

Targher G, Bertolini L, Padovani R, et al. Prevalence of nonalco-
holic fatty liver disease and its association with cardiovascular dis-
ease among type 2 diabetic patients. Diabetes Care 2007; 30: 1212-
18.



Cardiovascular and Systemic Risk in Nonalcoholic Fatty Liver

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

Lin YC, Lo HM, Chen JD. Sonographic fatty liver, overweight and
ischemic heart disease. World J Gastroenterol 2005; 11: 4838-42.
Schwimmer JB, Pardee PE, Lavine JE, Blumkin AK, Cook S.
Cardiovascular risk factors and the metabolic syndrome in pediatric
nonalcoholic fatty liver disease. Circulation 2008; 118: 277-83.
Pacifico L, Anania C, Martino F, et al. Functional and morphologi-
cal vascular changes in pediatric nonalcoholic fatty liver disease.
Hepatology 2010; 52: 1643-51.

Alkhouri N, Carter-Kent C, Elias M, Feldstein AE. Atherogenic
dyslipidemia and cardiovascular risk in children with nonalcoholic
fatty liver disease. Clin Lipidol 2011 1; 6: 305-14.

Vlachopoulos C, Manesis E, Baou K, et al. Increased arterial stiff-
ness and impaired endothelial function in nonalcoholic fatty liver
disease: a pilot study. Am J Hypertens 2010; 23: 1183-9.

Salvi P, Ruffini R, Agnoletti D, et al. Increased arterial stiffness in
nonalcoholic fatty liver disease: the Cardio-GOOSE study. J Hy-
pertens 2010; 28: 1699-707.

Lee YJ, Shim JY, Moon BS, et al. The relationship between arterial
stiffness and nonalcoholic fatty liver disease. Dig Dis Sci 2012; 57:
196-203.

Villanova N, Moscatiello S, Ramilli S, et al. Endothelial dysfunc-
tion and cardiovascular risk profile in nonalcoholic fatty liver dis-
ease. Hepatology 2005; 42: 473-80.

Perseghin G, Lattuada G, De CF, et al. Increased mediastinal fat
and impaired left ventricular energy metabolism in young men with
newly found fatty liver. Hepatology 2008; 47: 51-58.

Lautamaki R, Borra R, lozzo P, et al. Liver steatosis coexists with
myocardial insulin resistance and coronary dysfunction in patients
with type 2 diabetes. Am J Physiol Endocrinol Metab 2006; 291:
E282-90.

Rijzewijk LJ, Jonker JT, van der Meer RW, et al. Effects of hepatic
triglyceride content on myocardial metabolism in type 2 diabetes. J
Am Coll Cardiol 2010; 56: 225-33.

Goland S, Shimoni S, Zornitzki T, et al. Cardiac abnormalities as a
new manifestation of nonalcoholic fatty liver disease: echocardio-
graphic and tissue Doppler imaging assessment. J Clin Gastroen-
terol 2006; 40: 949-55.

Fotbolcu H, Yakar T, Duman D, et al. Impairment of the left ven-
tricular systolic and diastolic function in patients with non-
alcoholic fatty liver disease. Cardiol J 2010; 17: 457-63.

Fallo F, Dalla PA, Sonino N, et al. Non-alcoholic fatty liver disease
is associated with left ventricular diastolic dysfunction in essential
hypertension. Nutr Metab Cardiovasc Dis 2009; 19: 646-53.
Bonapace S, Perseghin G, Molon G, et al. Nonalcoholic fatty liver
disease is associated with left ventricular diastolic dysfunction in
patients with type 2 diabetes. Diabetes Care 2012; 35: 389-95.
Colak Y, Karabay CY, Tuncer I, et al. Relation of epicardial adi-
pose tissue and carotid intima-media thickness in patients with
nonalcoholic fatty liver disease. Eur J Gastroenterol Hepatol 2012;
24:613-8.

Ratziu V, Bellentani S, Cortez-Pinto H, Day C, Marchesini G. A
position statement on NAFLD/NASH based on the EASL 2009
special conference. J Hepatol 2010; 53: 372-84.

Stepanova M, Younossi ZM. Independent Association between
nonalcoholic fatty liver disease and cardiovascular disease in the
US Population. Clin Gastroenterol Hepatol. 2012; 10: 646-50.
Domanski JP, Park SJ, Harrison SA. Cardiovascular disease and
nonalcoholic fatty liver disease: does histologic severity matter? J
Clin Gastroenterol 2012; 46: 427-30.

Sung KC, Ryan MC, Wilson AM. The severity of nonalcoholic
fatty liver disease is associated with increased cardiovascular risk
in a large cohort of non-obese Asian subjects. Atherosclerosis
2009; 203: 581-6.

Targher G, Bertolini L, Poli F, et al. Nonalcoholic fatty liver dis-
ease and risk of future cardiovascular events among type 2 diabetic
patients. Diabetes 2005; 54: 3541-6

Targher G, Bertolini L, Rodella S, et al. Nonalcoholic fatty liver
disease is independently associated with an increased incidence of
cardiovascular events in type 2 diabetic patients. Diabetes Care
2007; 30: 2119-21.

Hamaguchi M, Kojima T, Takeda N, et al. Nonalcoholic fatty liver
disease is a novel predictor of cardiovascular disease. World J Gas-
troenterol 2007; 13: 1579-84.

Zhou YJ, Li YY, Nie YQ, Huang CM, Cao CY. Natural course of
nonalcoholic fatty liver disease in southern China: a prospective
cohort study. J Dig Dis 2012; 13: 153-60.

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

Current Pharmaceutical Design, 2013, Vol. 19, No. 00 15

Maurantonio M, Ballestri S, Odoardi MR, Lonardo A, Loria P.
Treatment of atherogenic liver based on the pathogenesis of nonal-
coholic fatty liver disease: a novel approach to reduce cardiovascu-
lar risk? Arch Med Res 2011; 42: 337-53.

Targher G, Chonchol M, Zoppini G, Abaterusso C, Bonora E. Risk
of chronic kidney disease in patients with non-alcoholic fatty liver
disease: is there a link? J Hepatol 2011; 54: 1020-9.

Targher G, Bertolini L, Rodella S, et al. Non-alcoholic fatty liver
disease is independently associated with an increased prevalence of
chronic kidney disease and proliferative/laser-treated retinopathy in
type 2 diabetic patients. Diabetologia 2008; 51: 444-50.

Targher G, Pichiri I, Zoppini G, Trombetta M, Bonora E. Increased
prevalence of chronic kidney disease in patients with type 1 diabe-
tes and non-alcoholic fatty liver. Diabet Med 2012; 29: 220-6.
Hwang ST, Cho YK, Yun JW, et al. Impact of NAFLD on micro-
albuminuria in patients with prediabetes and diabetes. Intern Med J
2010; 40: 437-42.

Targher G, Kendrick J, Smits G, Chonchol M. Relationship be-
tween serum gamma-glutamyltransferase concentrations and
chronic kidney disease in the United States population. Findings
from the National Health and Nutrition Examination Survey 2001-
2006. Nutr Metab Cardiovasc Dis 2010; 20: 583-90.

Yilmaz Y, Alahdab YO, Yonal O, et al. Microalbuminuria in
nondiabetic patients with nonalcoholic fatty liver disease: associa-
tion with liver fibrosis. Metabolism 2010; 59: 1327-30.

Targher G, Chonchol M, Bertolini L, et al. Relationship between
kidney function and liver histology in subjects with nonalcoholic
steatohepatitis. Clin J Am Soc Nephrol 2010; 5: 2166-71.

Lee DH, Jacobs DR, Gross M, Steffes M. Serum gamma-
glutamyltransferase was differently associated with microalbumin-
uria by status of hypertension and diabetes: the Coronary Artery
Risk Development in Young Adults (CARDIA) study. Clin Chem
2005; 51: 1185-91.

Ryu S, Chang Y, Kim DI, Kim WS, Suh BS. Gamma-
glutamyltransferase as a predictor of chronic kidney disease in
nonhypertensive and nondiabetic Korean men. Clin Chem 2007;
53: 71-7.

Chang Y, Ryu S, Sung E, et al. Nonalcoholic fatty liver disease
predicts chronic kidney disease in nonhypertensive and nondiabetic
Korean men. Metabolism 2008; 57: 569-76.

Targher G, Chonchol M, Bertolini L, et al. Increased risk of CKD
among type 2 diabetics with nonalcoholic fatty liver disease. J Am
Soc Nephrol 2008; 19: 1564-70.

Cinti S. Transdifferentiation properties of adipocytes in the adipose
organ. Am J Physiol Endocrinol Metab 2009; 297: E977-86.
Sookoian S, Pirola CJ. Targeting the renin-angiotensin system:
potential beneficial effects of the angiotensin Il receptor blockers in
patients with nonalcoholic steatohepatitis. Hepatology 2011; 54:
2276-77.

Ridker PM, Gaboury CL, Conlin PR, Seely EW, Williams GH,
Vaughan DE. Stimulation of plasminogen activator inhibitor in
vivo by infusion of angiotensin Il. Evidence of a potential interac-
tion between the renin-angiotensin system and fibrinolytic function.
Circulation 1993; 87: 1969-73.

Grafe M, Auch-Schwelk W, Zakrzewicz A, et al. Angiotensin 1I-
induced leukocyte adhesion on human coronary endothelial cells is
mediated by E-selectin. Circ Res 1997; 81: 804-11.

Pastore L, Tessitore A, Martinotti S, et al. Angiotensin Il stimulates
intercellular adhesion molecule-1 (ICAM-1) expression by human
vascular endothelial cells and increases soluble ICAM-1 release in
vivo. Circulation 1999; 100: 1646-52.

Rosselli MS, Burgueno AL, Carabelli J, Schuman M, Pirola CJ,
Sookoian S. Losartan reduces liver expression of plasminogen acti-
vator inhibitor-1 (PAI-1) in a high fat-induced rat nonalcoholic
fatty liver disease model. Atherosclerosis 2009; 206: 119-26.
Musso G, Cassader M, Rosina F, Gambino R. Impact of current
treatments on liver disease, glucose metabolism and cardiovascular
risk in non-alcoholic fatty liver disease (NAFLD): a systematic re-
view and meta-analysis of randomised trials. Diabetologia 2012;
55: 885-904.

El-Kamary SS, Jhaveri R, Shardell MD. All-cause, liver-related,
and non-liver-related mortality among HCV-infected individuals in
the general US population. Clin Infect Dis 2011; 53: 150-7.
Adinolfi LE, Restivo L, Zampino R, et al. Chronic HCV infection
is a risk of atherosclerosis. Role of HCV and HCV-related steato-
sis. Atherosclerosis 2012; 221: 496-502.



16 Current Pharmaceutical Design, 2013, Vol. 19, No. 00

[191] Mohar DS, Barseghian A, Haider N, Domanski M, Narula J. Athe-
rosclerosis in chronic kidney disease: lessons learned from glyca-
tion in diabetes. Med Clin North Am 2012; 96: 57-65.

[192] Hayano S, Ichimiya S, Ishii H, et al. Relation between estimated
glomerular filtration rate and composition of coronary arterial athe-
rosclerotic plaques. Am J Cardiol 2012; 109: 1131-6.

Received: December 14, 2012 Accepted: February 1, 2013

[193]

Lonardo et al.

Bonora E, Targher G. Increased risk of cardiovascular disease and
chronic kidney disease in NAFLD. Nat Rev Gastroenterol Hepatol
2012; 9: 372-81.



