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KEY POINTS

� Patients with nonalcoholic fatty liver disease present higher overall mortality, and cardio-
vascular disease is one of the leading causes of death.

� Individuals with fatty liver presented higher carotid and coronary plaques measured by
surrogate markers of atherosclerosis.

� NAFLD is associated with new onset of cardiovascular events independently of confound-
ing factors.

� A complex interaction among metabolic factors, adipose tissue lipolysis, insulin resis-
tance, and excessive free fatty acids results in an inflammatory state, hypercoagulability,
and endothelial dysfunction, which might explain the association between NAFLD and
cardiovascular disease.
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Nonalcoholic fatty liver disease (NAFLD) is one of the most common chronic liver dis-
eases worldwide.1 This liver disease is characterized by presence of fat accumulation
in at least 5% of hepatocytes without others causes of chronic liver disease, including
alcohol-induced and drug-induced liver disease, autoimmune or viral hepatitis, and
cholestatic or genetic liver disease.2

NAFLD presents a large clinical spectrum, ranging from simple steatosis to coexis-
tent hepatocyte injury, nonalcoholic steatohepatitis (NASH), associated with fibrosis
and cirrhosis and its complications.3,4 Simple steatosis usually presents a benign
course; however, patients who progress to NASH may develop cirrhosis and suffer
from liver-related mortality.5,6

Patients with NAFLD usually presentmetabolic syndrome and its components, com-
mon risk factors for cardiovascular disease (CVD).7 More recently, some studies have
reported a close relationship between NAFLD and increased atherosclerosis.8 This re-
view focuses on the association between NAFLD and CVD, discussing the data linking
these major diseases and the likely mechanisms underlying this interaction.

NAFLD AND SURROGATE MARKERS OF ATHEROSCLEROSIS

NAFLD might play an important role in the atherosclerosis complex process, reinforc-
ing the relationship between fatty liver and CVD.9 Several studies have reported the
association of NAFLD with surrogate markers of atherosclerosis as presence of
carotid and coronary plaques and cardiac dysfunction.
Cardiac multislice computed tomography accurately assesses coronary plaques.10

This method calculates the coronary artery calcium (CAC) score, which reflects the un-
derlying total plaque burden that accurately correlates to increased risk of coronary
events.11,12 Individuals with NAFLD presented higher calcified and noncalcified plaques
comparedwithmatchedcontrols. In addition, the presenceof fatty liverwaspredictive of
coronary artery disease (CAD) after adjustment for confounding factors.13 Studies have
reportedastrong relationshipbetweenNAFLDandCACscore.14,15 IncreasedCACscore
was significantly associated with NAFLD independently of metabolic factors, including
visceral adiposity.14 Furthermore, a study reported a strong association betweenNAFLD
and presence of vulnerable plaques, increasing the risk of severe CV outcomes.16

Measurement of carotid intima-media thickness (CIMT) and plaque by ultrasonog-
raphy is a validated method for diagnosing early atherosclerosis and prediction of
CVD.17,18 Several studies have associated carotid with NAFLD independently of com-
ponents of the metabolic syndrome.19–22 A systematic review involving 3497 individ-
uals (7 studies) strongly correlated CIMT with fatty liver, showing an increase of up to
13% of CIMT and higher prevalence of plaques in patient with NAFLD.23 Furthermore,
a study reported that severity of histologic features seems to correlates with CIMT,
agreeing with the hypothesis that patients with NASH carry a higher risk of CVD
than individuals with simple steatosis.24

A few studies have reported the relationship between NAFLD and cardiac dysfunc-
tion. Increased cardiac left ventricular (LV) mass index and diastolic dysfunction were
associated with NAFLD.25,26 Hallsworth and colleagues27 described significant
changes in cardiac structure and function in NAFLD patients with NAFLD compared
with an age-matched, sex-matched, and body mass index (BMI)-matched healthy
population. In this study, patients with NAFLD presented thicker LV walls at systole
and diastole as well as higher peak whole wall and peak endocardial circumferential
strain. Fallo and colleagues28 also reported a positive correlation between diastolic
cardiac dysfunction and severity of fatty liver disease. Yilmaz and colleagues29 re-
ported a reduced coronary flow reserve, measured by echocardiography, in patients
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