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Abstract Non-alcoholic fatty liver disease is recognized

as the most common and emerging chronic liver disease in

western countries. The disease has been traditionally

interpreted as a possibly progressing condition to liver

fibrosis and cirrhosis. However, recently, a large number of

publications have demonstrated that people with non-alco-

holic fatty liver have an increased chance of developing

cardiovascular diseases, which represent the major causes

of death in this setting. This association is mainly explained

by the atherogenic profile of the metabolic syndrome a

condition frequently associated with fatty liver, which may

represent its hepatic component. Some studies have also

shown an association independent of traditional risk factors

or of the clinical features of the metabolic syndrome. In this

setting, cardiovascular disease seems to be the consequence

of low-grade chronic inflammation and increased oxidative

stress. Most studies did not differentiate cardiovascular risk

between simple steatosis and non-alcoholic steatohepatitis,

although the latter seems to be at higher cardiovascular risk.

Few studies have investigated the direct correlation

between hepatic inflammation and atherosclerosis. Genetic

studies will probably improve the interpretation of the

increased cardiovascular risk in patients with fatty liver and

no metabolic syndrome.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a condition

characterized by fatty deposition in the liver including a

wide spectrum of histologic alterations ranging from sim-

ple hepatic steatosis, having usually a benign clinical

course, to non-alcoholic steatohepatitis (NASH). NASH,

which is characterized by inflammation, can progress to

fibrosis and cirrhosis or even hepatocellular carcinoma

[1, 2].

NAFLD is now recognized as the most common and

emerging chronic liver disease in western countries and is

now spreading rapidly to other parts of the world [3–5].

NASH is the third most common indication for liver

transplantation in the United States and is projected to

eventually overtake the hepatitis C virus and alcoholic liver

disease as the leading cause of liver transplant [6].

The pathogenesis of non-alcoholic and virus-negative

liver steatosis and NASH appears multifactorial and many

mechanisms have been proposed as causes of fatty liver

infiltration. The association of steatosis with a number of

different clinical conditions has been suggested. It fre-

quently occurs with the features of the metabolic syndrome

(MetS) and it has been suggested that it may represent its

hepatic manifestation. Common metabolic diseases—

hyperlipidemia, type 2 diabetes, insulin resistance (IR) and

central obesity—have been associated with both benign

liver steatosis and progressive NASH.

According to current opinion, the pathogenesis of NA-

FLD is based on a ‘‘two hits hypothesis’’ [7, 8]. The ‘‘first

hit’’ involves hepatic triglyceride accumulation (i.e., sim-

ple steatosis) mainly due to IR thus increasing vulnerability

to further insults. The ‘‘second hit’’ is mainly due to

chronic oxidative stress, which leads to depletion of the

natural antioxidants and results in excess reactive oxidative
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species within the hepatocyte. It includes lipid peroxida-

tion, liver damage, mitochondrial dysfunction, and

inflammation, which in turn may progress to steatohepatitis

and fibrosis. Lipid peroxidation promotes stellate cell

proliferation, which in turn is primarily responsible for

fibrinogenesis.

Liver biopsy represents the best diagnostic test to stage

hepatic steatosis, inflammation, and fibrosis. NAFLD his-

tology includes simple steatosis or in more severe cases a

combination of steatosis, inflammatory cell infiltration,

hepatocyte ballooning and spotty necrosis [9]. However,

most of patients with liver steatosis can be well managed

without a need for liver biopsy, which cannot be performed

at large in patients with no significant or trivial liver dis-

ease, mainly for ethical reasons. Liver ultrasonographic

(US) scan, although not sufficiently sensitive to detect liver

inflammation and fibrosis, has a good correlation with the

histologic finding of fatty infiltration and international

guidelines have been proposed for the US evaluation of the

different degree of steatosis [10, 11].

NAFLD has been traditionally interpreted as a condi-

tion, which may progress to liver related complications

such as cirrhosis, liver cancer, and liver mortality. In par-

ticular, liver fibrosis predicts disease progression and the

risk for hepatocellular carcinoma. However, most people

with NAFLD in the absence of significant hepatic fibrosis

do not develop serious liver problems. Conversely, people

with NAFLD have an increased chance of developing

cardiovascular diseases, such as myocardial infarction and

stroke, which represent the major causes of death in this

setting. Indeed, cardiovascular disease is the single most

important cause of morbidity and mortality in this patient

population. Therefore, it appears that the increased mor-

tality of patients is primarily a result of cardiovascular

diseases and, to a lesser extent, to liver related diseases.

Indeed, many epidemiological, clinical, and pathophysio-

logical observations support a strong association between

NAFLD and increased cardiovascular risk, which in some

studies was found to be independent of traditional risk

factors and aspects of the MetS [12, 13]. Moreover,

patients with NASH seem to be at higher risk for athero-

sclerosis than patients with simple steatosis as a conse-

quence of chronic inflammation and oxidative stress.

Finally, an increased risk of developing type 2 diabetes

mellitus has also been demonstrated among NAFLD

patients [14]. Therefore, based on the above considerations,

we may perhaps consider patients with NAFLD at

increased global cardiometabolic risk, although the precise

mechanisms by which NAFLD contributes to cardiovas-

cular disease (CVD) and diabetes are still the subject of

ongoing research. Several studies have examined the

relation of NAFLD with functional and structural altera-

tions of the arteries and with metabolic alterations,

inflammatory markers and fat-produced hormones, which

have been linked with increased cardiovascular risk. The

awareness of NAFLD as a cardiovascular risk factor is still

emerging and over 450 articles have been published over

the last decade. In this review, we discuss the epidemio-

logical, clinical, and physiopathological evidence of an

association between NAFLD and cardiovascular diseases.

Epidemiological association of NAFLD

with CV diseases

Epidemiological studies indicate that NAFLD is associated

with an increased risk for cardiovascular disease. Steatosis

seems to be associated with an increased prevalence and

incidence of cardiovascular disease and cardiovascular

mortality.

However, most of the data are derived from studies with

small numbers of subjects where NAFLD was diagnosed

by ultrasounds or by surrogate markers like liver enzymes,

rather than liver biopsy. Moreover, few studies, which

differentiated between simple steatosis and NASH, have

investigated the direct correlation between hepatic

inflammation and atherosclerosis.

In a large study performed in the US population NA-

FLD, based on ultrasound analysis, was associated inde-

pendently with an increased risk of CVD. However,

NAFLD did not increase cardiovascular mortality over a

14-year period [15]. In a prospective study of apparently

healthy Japanese men and women where NAFLD was

diagnosed by abdominal ultrasonography, the incidence of

cardiovascular disease was higher in 231 subjects with

NAFLD at baseline than in 990 subjects without NAFLD.

Multivariate analyses indicated that NAFLD was a pre-

dictor of CVD independent of MetS and conventional risk

factors [16].

Other studies investigated the association between liver

enzymes, surrogate markers of steatosis, with cardiovas-

cular diseases. In a meta-analysis with data pooled from 10

studies 1 U/L higher GGT (on a log scale) was associated

with a 20 % increase in the risk of coronary heart disease

(CHD), a 54 % increase in the risk of stroke, and a 34 %

increase in the risk of CHD and stroke combined [17].

Conversely, the association of ALT with CVD event risk

appears somewhat weaker and current evidence from the

Framingham Offspring Study goes against an independent

association of ALT with CVD events [18]. However, in a

cross-sectional analysis comparing participants in the third

National Health and Nutrition Examination Survey in US,

it was noted that individuals with elevated ALT had not

only NAFLD but also an increased calculated risk of cor-

onary heart disease, as estimated using the Framingham

risk score [19].

S292 Intern Emerg Med (2012) 7 (Suppl 3):S291–S296

123

Author's personal copy



A recent study of unselected patients with type 2 dia-

betes mellitus reported that the prevalence of cardiovas-

cular, cerebrovascular, and peripheral vascular disease was

significantly greater in those with NAFLD on ultrasound

than in those without, and independent of the individual

components of the metabolic syndrome [20]. However,

none of the liver enzymes was independently associated

with prevalent CVD after further adjustment for the met-

abolic syndrome and/or ultrasound-diagnosed NAFLD.

Few prospective studies have been based on gold stan-

dard liver biopsy-diagnosed NAFLD. In a Swedish cohort

study, 129 consecutively enrolled patients diagnosed with

biopsy proven NAFLD were revaluated and survival and

causes of death were compared with a matched reference

population. Mortality was not increased in patients with

steatosis, while survival of patients with NASH was

reduced. Most NAFLD patients died from cardiovascular

diseases and many developed diabetes or impaired glucose

tolerance [21].

Recently, the long-term prognosis for individuals with

NAFLD and NASH was examined in a further Swedish

cohort of subjects with elevated serum levels of amino-

transaminases who underwent liver biopsy. During the

follow-up period, subjects with simple steatosis exhibited a

55 % increased mortality and those with NASH a 86 %,

compared with the total Swedish population, adjusted for

sex, age, and calendar period. Subjects more often died

from cardiovascular diseases [22].

Furthermore, in a study by Wong et al. [23] performed

in 612 consecutive patients who underwent coronary

angiogram and had ultrasound screening for fatty liver,

C50 % stenosis in at least one coronary artery was present

in 84.6 % of those with fatty liver and 64.1 % of those

without, which confirmed a strong association between

fatty liver and CHD after adjustment for many demo-

graphic and metabolic factors. However, in this study, fatty

liver could not predict cardiovascular mortality and mor-

bidity in patients with established CHD. Finally, two

studies using multislice computed tomography showed that

patients with NAFLD, even without MetS, have more

vulnerable coronary soft plaques than healthy controls

[24, 25].

NAFLD and surrogate markers of arteriosclerosis

Brachial artery flow-mediated dilation (FMD) is a test used

for clinical purposes to assess the existence of arterial

dysfunction, a hallmark of early stage, systemic athero-

sclerosis. [26]. Endothelial dysfunction has been observed

in patients with NAFLD compared to control groups and an

independent relationship between these two factors has

been demonstrated [27, 28].

Furthermore, [29] proved a relationship between sever-

ity of NAFLD and endothelial disfunction, showing a

lower FMD in biopsy-proved NASH compared with simple

steatosis. Recently, in a large study performed in obese

children, compared to normal weight controls and children

without liver involvement, those with ultrasound-diag-

nosed NAFLD and elevated alanine aminotransferase

demonstrated significantly impaired FMD after controlling

for MetS and Tunner stage [30].

Carotid intima-media thickness (IMT) and carotid pla-

que ultrasound measurement are common screening tools

for systemic atherosclerosis in asymptomatic subjects.

NAFLD patients have increased subclinical atherosclerosis

compared with non-steatosic individuals, as shown by

increased carotid wall intimal thickness and increased

numbers of atherosclerotic plaques.

In a systematic review, [31] remarked a strong associ-

ation between IMT and NAFLD with a 13 % IMT increase

in patients with hepatic steatosis in comparison with indi-

viduals without it. Similar findings have been also obtained

in pediatric populations [32]. However, there are conflict-

ing data in defining whether increased IMT is a conse-

quence of the presence of MetS or if NAFLD represents an

independent predictor. In Völzke’s study [33], after an

adjustment for age and gender as well as for possible

confounders and atherogenic risk factors, differences

between patients and control groups were not significant. In

Kim’s study [34], the independent association between

NAFLD and IMT was limited to subjects with MetS or

multiple metabolic abnormalities and authors suggest that

NAFLD can be a marker of more severe metabolic disor-

ders. Instead, several studies showed NAFLD as indepen-

dent predictor of abnormal IMT [35–37]. Furthermore,

Mohammadi et al. [38] observed an increased IMT in

NAFLD patients without metabolic disorders.

Also in defining of relationship between IMT and NA-

FLD severity there are conflicting data. In one of the three

major studies, in which NAFLD severity was defined by

liver biopsy, no difference between NASH and simple

steatosis was reported [27]. Negative findings were also

reported in a sample of obese children and adolescents

where no association was reported between histological

severity and IMT in children with NAFLD [39].

Conversely, a close relation between liver histology and

IMT was observed in other two studies [35, 36]. In par-

ticular, Brea et al. [35] defined a progressive IMT increase

from control subjects without MetS, to controls with MetS,

to NAFLD patients without MetS and those with MetS.

Many studies showed an increased prevalence of carotid

plaques in patients with NAFLD compared with control

individuals [33, 35, 37, 40]. In a systematic review, relative

risk for carotid atherosclerosis was almost twice as high in

patients with NAFLD [31].
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Finally, a study carried out in Japanese university stu-

dents has shown that the brachial-ankle pulse wave

velocity in male subjects was significantly higher in the

obese than in the overweight group, and higher in those

with than in those without NAFLD [41].

NAFLD and markers of systemic inflammation

and oxidative stress

Hepatic steatosis may be actively involved in the patho-

genesis of atherosclerosis, which includes a release of pro-

atherogenic factors from the liver promoting subclinical

inflammation, procoagulant factors and increased oxidative

stress [42, 43]. Patients with NAFLD have higher levels of

high-sensitivity C-reactive protein, TNF-a, plasma plas-

minogen activator inhibitor-1 and oxidized LDL and lower

levels of adiponectin than controls [42, 44, 45].

NAFLD is associated with inflammatory markers and

fat-produced hormones, which have been linked with

increased cardiovascular risk. In a recent study, low

adiponectin levels have also been associated with increased

aminotransferase and gamma-GT levels, suggesting a role

in liver cell integrity [46]. Inflammatory cytokines tend to

be higher in patients with NASH compared with patients

with simple steatosis. This finding is in keeping with the

observation that cardiovascular risk is higher in NASH than

in simple steatosis. Therefore, NAFLD/NASH should be

considered a low-grade chronic inflammatory disease,

similar to that observed both in acute and chronic cardio-

vascular disease.

Oxidative stress plays an important role in the progres-

sion from simple steatosis to steatohepatitis [47]. The

association between oxidative stress and NAFLD is sup-

ported by the detection of lipid peroxidation products and

8-hydroxy-deoxyguanosine in the plasma and liver biopsies

from patients with NAFLD [48, 49]. Possible consequences

of increased reactive oxygen species (ROS) production

include lipid peroxidation, release of proinflammatory

cytokines and activation of hepatic stellate cells leading to

fibrogenesis [47].

Oxidative stress in an important factor for the patho-

genesis and progression of cardiovascular disease and it has

been suggested that oxidative stress may be a key link

between NAFLD and CVD. Indeed, reactive oxygen spe-

cies derived from steatosis-stimulated fatty acid oxidation

in the mitochondria may further promote the pro-athero-

genic oxidative status, which is related to MetS. In fact, the

earliest events in the pathogenesis of atherosclerosis are

thought to be changes in endothelial functions, in turn

triggered by oxidative modification of low-density lipo-

proteins, leading to the formation of oxidized LDL in the

sub-intimal space. Oxidative stress appears to be important

in both the early and later stages of the atherosclerotic

process. The association of oxidized LDL with the initia-

tion and progression of atherosclerosis could explain the

early atherosclerotic process in NASH patients.

NAFLD and metabolic alterations

A strong association between NAFLD and each component

of MetS, including central obesity, hypertriglyceridemia

and mixed hyperlipidemia, type II diabetes mellitus and

hypertension has been clearly demonstrated. IR is consid-

ered to play a central role in the pathophysiologic process

promoting NAFLD and its progression to NASH. Both

peripheral and hepatic IR are implicated in hepatic fat

accumulation. Peripheral IR increases triglyceride lipolysis

and inhibits esterification of free fatty acids, thus promot-

ing an increased free fatty acids delivery to the liver [50].

According to the two hits hypothesis, IR, a key feature

of MetS, is considered to play a central role in the patho-

genesis of NAFLD [51, 52]. IR results in hyperinsulinemia

and high levels of plasma free fatty acids, which enter into

the hepatocyte cytoplasm to produce triglycerides. IR is

crucial for NASH development and homeostasis model

assessment HOMA–IR has been suggested to predict the

early stage of NASH [53]. IR, assessed by HOMA–IR is

also predictive of cardiovascular events in patients with

type 2 diabetes [54].

NASH is also linked to accelerated atherogenesis

through the presence of abnormal production of triglycer-

ide- and cholesterol-rich remnant particles, leading to

accelerated atherosclerosis, along with the other features of

MetS. Dyslipidemia is characterized by increased serum

triglycerides, low high-density lipoprotein (HDL) choles-

terol and increased small, dense low-density lipoprotein

(LDL) particles, i.e., the so-called ‘atherogenic lipid triad’

[55, 56]. The presence of small dense LDL particles is

associated with increased cardiovascular risk. Moreover, it

has been observed that patients with NASH have signifi-

cantly higher postprandial triglyceride levels than healthy

control subjects, which represents a further cardiovascular

risk factor [57].

Conclusions

NAFLD and NASH have become a major challenge to

healthcare systems as the consequence of the increasing

rates of obesity worldwide. There is a large body of evi-

dences linking NAFLD to CVD, although only few pro-

spective studies on the relationship of fatty liver with

cardiovascular events have been performed. This
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association could be independent or the consequence of

MetS and/or an increased cardiovascular disease risk profile.

In fact, NAFLD is strongly associated with the obesity

epidemic and its complications, such as IR, chronic

inflammation, oxidative stress and atherogenic dyslipidemia

and hypertension. NAFLD is also associated with surrogate

markers of cardiovascular disease, such as arterial stiffness,

endothelial dysfunction, and carotid atherosclerosis.

These findings fit with the hypothesis that NASH con-

tributes to a higher risk of CVD as a component of MetS.

However, whether the close association between NAFLD

and CVD is 3 explained by the atherogenic profile of MetS

or as an independent involvement of NAFLD in the path-

ogenesis of cardiovascular disease is still under debate. In

fact, several studies demonstrated that NAFLD was asso-

ciated with CVD independently of factors including gen-

der, age, fasting glucose levels, blood pressure, serum

lipids, serum creatinine, and, most importantly, waist cir-

cumference, i.e., the features of MetS. These findings

support the notion that fatty liver is probably not simply

another manifestation of MetS, but it may itself induce or

worsen IR, type 2 diabetes, and cardiovascular disease.

Therefore, the biological mechanisms potentially respon-

sible for accelerated atherogenesis in NAFLD/NASH

patients may either have origin in the liver or have the liver

as the target of systemic abnormalities.

Recent genetic studies [58, 59] such as those showing a

strong correlation between presence of the I148M poly-

morphism in the PNPLA3 gene and elevated serum levels

of ALT and AST and liver inflammation will probably be

helpful to improve the assessment cardiovascular risk in

NAFLD patients with and without MetS.
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22. Söderberg C, Stål P, Askling J, Glaumann H, Lindberg G, Mar-

mur J, Hultcrantz R (2010) Decreased survival of subjects with

elevated liver function tests during a 28-year follow-up. Hepa-

tology 51:595–602

23. Wong VW, Wong GL, Yip GW et al (2011) Coronary artery

disease and cardiovascular outcomes in patients with non-alco-

holic fatty liver disease. Gut 60:1721–1727

24. Akabame S, Hamaguchi M, Tomiyasu K et al (2008) Evaluation

of vulnerable coronary plaques and non-alcoholic fatty liver

disease (NAFLD) by 64-detector multislice computed tomogra-

phy (MSCT). Circ J 72:618–625

25. Assy N, Djibre A, Farah R, Grosovski M, Marmor A (2010)

Presence of coronary plaques in patients with nonalcoholic fatty

liver disease. Radiology 254:393–400

26. Corretti MC, Anderson TJ, Benjamin EJ et al (2002) Guidelines

for the ultrasound assessment of endothelial-dependent flow-

Intern Emerg Med (2012) 7 (Suppl 3):S291–S296 S295

123

Author's personal copy



mediated vasodilation of the brachial artery: a report of the

International Brachial Artery Reactivity Task Force. J Am Coll

Cardiol 39:257–265

27. Vlachopoulos C, Manesis E, Baou K et al (2011) Increased

arterial stiffness and impaired endothelial function in nonalco-

holic fatty liver disease: a pilot study. Am J Hypertens

23:1183–1189

28. Mohammadi A, Sedani HH, Ghasemi-Rad M (2011) Evaluation

of carotid intima-media thickness and flow-mediated dilatation in

middle-aged patients with nonalcoholic fatty liver disease. Vasc

Health Risk Manag 7:661–665

29. Villanova N, Moscatiello S, Ramilli S et al (2005) Endothelial

dysfunction and cardiovascular risk profile in nonalcoholic fatty

liver disease. Hepatology 42:473–480

30. Pacifico L, Anania C, Martino F et al (2010) Functional and

morphological vascular changes in pediatric nonalcoholic fatty

liver disease. Hepatology 52:1643–1651

31. Sookoian S, Pirola CJ (2008) Non-alcoholic fatty liver disease is

strongly associated with carotid atherosclerosis: a systematic

review. J Hepatol 49:600–607

32. Pacifico L, Cantisani V, Ricci P et al (2008) Nonalcoholic fatty

liver disease and carotid atherosclerosis in children. Pediatr Res

63:423–427

33. Völzke H, Robinson DM, Kleine V et al (2005) Hepatic steatosis

is associated with an increased risk of carotid atherosclerosis.

World J Gastroenterol 11:1848–1853

34. Kim HC, Kim DJ, Huh KB (2009) Association between nonal-

coholic fatty liver disease and carotid intima-media thickness

according to the presence of metabolic syndrome. Atherosclerosis

204:521–525

35. Brea A, Mosquera D, Martin E, Arizti A, Cordero JL, Ros E

(2005) Nonalcoholic fatty liver disease is associated with carotid

atherosclerosis: a case–control study. Arterioscler Thromb Vasc

Biol 25:1045–1050

36. Targher G, Bertolini L, Padovani R et al (2006) Relations

between carotid artery wall thickness and liver histology in

subjects with nonalcoholic fatty liver disease. Diabetes Care

29:1325–1330

37. Fracanzani A, Burdick L, Raselli L et al (2008) Carotid artery

intima-media thickness in nonalcoholic fatty liver disease. Am J

Med 121:72–78

38. Mohammadi A, Bazazi A, Ghasemi-rad M (2011) Evaluation of

atherosclerotic findings in patients with nonalcoholic fatty liver

disease. Int J Gen Med 4:717–722

39. Manco M, Bedogni G, Monti L, Morino G, Natali G, Nobili V

(2010) Intima-media thickness and liver histology in obese

children and adolescents with non-alcoholic fatty liver disease.

Atherosclerosis 209:463–468

40. Aygun C, Kocaman O, Sahin T et al (2008) Evaluation of met-

abolic syndrome frequency and carotid artery intima-media

thickness as risk factors for atherosclerosis in patients with

nonalcoholic fatty liver disease. Dig Dis Sci 53:1352–1357

41. Shiotani A, Motoyama M, Matsuda T et al (2005) Brachial-ankle

pulse wave velocity in Japanese university students. Intern Med

44:696–701

42. Targher G (2006) Relationship between high-sensitivity C-reac-

tive protein levels and liver histology in subjects with non-alco-

holic fatty liver disease. J Hepatol 45:879–881

43. Farrell GC, van Rooyen D, Gan L, Chitturi S (2012) NASH is an

inflammatory disorder: pathogenic, prognostic and therapeutic

Implications. Gut Liver 6:149–171

44. Pagano C, Soardo G, Esposito W et al (2005) Plasma adiponectin

is decreased in nonalcoholic fatty liver disease. Eur J Endocrinol

152:113–118

45. Wieckowska A, Papouchado BG, Li Z, Lopez R, Zein NN,

Feldstein AE (2008) Increased hepatic and circulating interleu-

kin-6 levels in human nonalcoholic steatohepatitis. Am J Gas-

troenterol 103:1372–1379

46. Diehl AM, Li ZP, Li HZ et al (2005) Cytokines and the patho-

genesis of non-alcoholic steatohepatitis. Gut 54:303–306

47. Day CP (2002) Non-alcoholic steatohepatitis (NASH): where are

we now and where are we going? Gut 50:585–588

48. Seki S, Kitada T, Yamada T, Sakaguchi H, Nakatani K, Wakasa

K (2002) In situ detection of lipid peroxidation and oxidative

DNA damage in non-alcoholic fatty liver disease. J Hepatol

37:56–62

49. Chalasani N, Deeg MA, Crabb DW (2004) Systemic levels of

lipid peroxidation and its metabolic and dietary correlates in

patients with nonalcoholic steatohepatitis. Am J Gastroenterol

99:1497–1502

50. Choudhury J, Sanyal AJ (2004) Insulin resistance and the path-

ogenesis of nonalcoholic fatty liver disease. Clin Liver Dis

8:575–594

51. Angelico F, Del Ben M, Conti R et al (2005) Insulin resistance,

the metabolic syndrome, and nonalcoholic fatty liver disease.

J Clin Endocrinol Metab 90:1578–1582

52. Abdelmalek MF, Diehl AM (2007) Nonalcoholic fatty liver dis-

ease as a complication of insulin resistance. Med Clin North Am

91:1125–1149

53. Shimada M, Kawahara H, Ozaki K, Fukura M, Yano H, Tsu-

chishima M et al (2007) Usefulness of a combined evaluation of

the serum adiponectin level, HOMA–IR, and serum type IV

collagen 7S level to predict the early stage of non-alcoholic

steatohepatitis. Am J Gastroenterol 102:1931–1938

54. Bonora E, Formentini G, Calcaterra F et al (2002) HOMA esti-

mated insulin resistance is an independent predictor of cardio-

vascular disease in type 2 diabetic subjects: prospective data from

the Verona Diabetes Complications Study. Diabetes Care

25:1135–1141

55. Chatrath H, Vuppalanchi R, Chalasani N (2012) Dyslipidemia in

patients with nonalcoholic fatty liver disease. Semin Liver Dis

32:22–29

56. Alkhouri N, Carter-Kent C, Elias M, Feldstein AE (2011) Ath-

erogenic dyslipidemia and cardiovascular risk in children with

nonalcoholic fatty liver disease. Clin Lipidol 6:305–314

57. Cassader M, Gambino R, Musso G et al (2001) Postprandial

triglyceride-rich lipoprotein metabolism and insulin sensitivity in

nonalcoholic steatohepatitis patients. Lipids 36:1117–1124

58. Zain SM, Mohamed R, Mahadeva S et al (2012) A multi-ethnic

study of a PNPLA3 gene variant and its association with disease

severity in non-alcoholic fatty liver disease. Hum Genet (Epub

ahead of print)

59. Sookoian S, Pirola CJ (2011) Meta-analysis of the influence of

I148M variant of patatin-like phospholipase domain containing 3

gene (PNPLA3) on the susceptibility and histological severity of

nonalcoholic fatty liver disease. Hepatology 53:1883–1894

S296 Intern Emerg Med (2012) 7 (Suppl 3):S291–S296

123

Author's personal copy


	Non-alcoholic fatty liver disease and cardiovascular disease: epidemiological, clinical and pathophysiological evidences
	Abstract
	Introduction
	Epidemiological association of NAFLD with CV diseases
	NAFLD and surrogate markers of arteriosclerosis
	NAFLD and markers of systemic inflammation and oxidative stress
	NAFLD and metabolic alterations
	Conclusions
	Conflict of interest
	References


