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DEFINITION OF NAFLD

• NAFLD is characterized by an excessive liver fat accumulation, often
associated with insulin resistance, and histologically defined by the
presence of macrovesicular steatosis in more than 5% of
hepatocytes in individuals who consume little or no alcohol.

• NAFLD is subdivided into two major subtypes: nonalcoholic fatty
liver (NAFL, also termed ‘simple steatosis’) and nonalcoholic
steatohepatitis (NASH), the progressive form of NAFLD that can lead
to cirrhosis, hepatocellular carcinoma (HCC) and liver-related
mortality.Diapositiva preparata da ALESSANDRO MONTAVANI e ceduta alla Società Italiana di Diabetologia. 
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DIAGNOSIS OF NAFLD

NAFLD diagnosis is based mainly on the following three criteria:

1. hepatic steatosis on imaging methods (mostly ultrasound) or
histology

2. no excessive alcohol consumption (a threshold of 30 g/day for men
and 20 g/day for women is conventionally adopted)

3. no other competing causes for hepatic steatosis (e.g., virus, drugs,
iron overload, autoimmunity)
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PREVALENCE OF NAFLD IN VARIOUS HIGH-RISK PATIENT GROUPS
COMPARED TO THE GENERAL ADULT POPULATION

Lonardo A, Targher G et al. Dig Liver Dis 2015;47:997-1006
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PREVALENCE OF NASH OR ADVANCED FIBROSIS ON HISTOLOGY IN PATIENTS WITH TYPE 2 DIABETES
(IRRESPECTIVE OF SERUM AMINOTRANSFERASE LEVELS)

Lonardo A, Nascimbeni F, Mantovani A, Targher G. J Hepatol 2017, in press
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SCHEMATIC NATURAL HISTORY OF NAFLD

Buzzetti E et al. Metabolism 2016;65:1038–48
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CAUSES OF DEATH IN PATIENTS WITH NAFLD 

Ekstedt et al. Hepatology 2015;61:1547-54

Longitudinal study: n = 229 Sweden patients with biopsy-proven NAFLD and elevated serum liver 
enzymes (49% with NASH); mean follow-up 26.4 years
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CARDIAC COMPLICATIONS ASSOCIATED WITH NAFLD

Mantovani A et al. Dig Dis Sci 2016;61:1246-67
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NAFLD AND HEART VALVE CALCIFICATION (HVC)

Mantovani A et al. Dig Dis Sci 2016;61:1246-67
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Mantovani A et al. Metabolism 2015;64:879-84

Cross-sectional study: n= 247 T2DM outpatients (mean age 68 yrs; 71% with NAFLD on US) without 
previous history of heart failure, valvular heart diseases or hepatic diseases

N.B.: 139 (56.3%) patients had no heart valve calcification (HVC-0), 65 (26.3%) patients had one valve 
affected (HVC-1) and 43 (17.4%) patients had both valves affected (HVC-2).
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Mantovani A et al. Metabolism 2015;64:879-84
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Mantovani A et al. Metabolism 2015;64:879-884

Model 1: age and sex; Model 2: age, sex, waist circumference, smoking, HbA1c, LDL-cholesterol, eGFR, diastolic
blood pressure, use of hypoglycemic, lipid-lowering and anti-hypertensive drugs; Model 3: adjustment for the
same variables included in model 2 plus E/e’ ratio.Diapositiva preparata da ALESSANDRO MONTAVANI e ceduta alla Società Italiana di Diabetologia. 
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Markus M et al. Arterioscler Thromb Vasc Biol 2013;33:1690-95

Community-based study: n=2,022 middle-aged German individuals (39.7% with NAFLD on US)
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KEY MESSAGE - 1

Cross• -sectional studies suggested that imaging-diagnosed
NAFLD is independently associated with the presence of
cardiac calcification (i.e., AVS and MAC) in both the aortic and
mitral valves in patients with and without type 2 diabetes.

Although• future prospective studies are needed, these
findings suggest that valvular calcification of the aortic and
mitral valves might represent a further link underpinning the
increased risk of incident CVD observed in patients with
NAFLD.
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NAFLD AND CARDIAC ARRHYTHMIAS

Mantovani A et al. Dig Dis Sci 2016;61:1246-67
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Targher G, Mantovani A et al. Clinical Science 2013;125:301–309

Cross-sectional study: n= 702 hospitalized patients T2DM  (mean age 67 yrs; 73.2% with NAFLD on US) 
without malignances, ESRD, hepatic diseases and excessive alcohol consumption 

Non-alcoholic fatty liver disease is associated with an increased
prevalence of atrial fibrillation in patients with type 2 diabetes
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Targher G, Mantovani A et al. Clinical Science 2013;125:301–309

Non-alcoholic fatty liver disease is associated with an increased
prevalence of atrial fibrillation in patients with type 2 diabetes

Model 1: age and sex; Model 2: age, sex, systolic BP, HbA1c, eGFR, total cholesterol, electrocardiographic LVH, COPD,
prior history of HF, VHD or hyperthyroidism; Model 3: model 2 plus serum GGT concentration and use of anti-
hypertensive drugs, insulin, digoxin, nitroderivates and anticoagulants.
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Targher G et al. PLoS ONE 2013;8:e57183

Longitudinal study: n= 400 outpatients with T2DM (mean age 66 yrs; 70% with NAFLD on US) without AF, 
moderate-to-severe VHD, and liver diseases at baseline; duration of follow-up 10 years.

With NAFLD

Without NAFLD
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Targher G et al. PLoS ONE 2013;8:e57183
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Käräjämak̈i AJ et al. PLoS ONE 2015;10:e0142937

Longitudinal study: N= 958 subjects from the OPERA cohort (26% with NAFLD on US); mean follow-up 16.3 years.
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Targher G et al. NMCD 2014;24:663-69

Cross-sectional study: n= 400 randomly selected T2DM outpatients (mean age 63 yrs; 70% with NAFLD on US)
without pre-existing AF, moderate-to-severe VHD, hepatic diseases, and excessive alcohol consumption
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Targher G et al. NMCD 2014;24:663-69

Model 1 adjusted for age and sex; model 2: adjusted for age, sex, diabetes duration, hypertension, PAD and lower-limb
sensory neuropathy; model 3: adjustment for the same variables included in model 2 plus BMI, alcohol consumption,
smoking, HbA1c, LVH, CHD and CKD.Diapositiva preparata da ALESSANDRO MONTAVANI e ceduta alla Società Italiana di Diabetologia. 
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Hung CS et al. J Am Heart Assoc 2015;4:e001820

Cross-sectional study: n= 31,116 consecutive participants (41% with NAFLD on US)
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Mantovani A et al. Diabetes Care 2016;39:1416-23

Cross-sectional study: n= 330 consecutive T2DM outpatients (mean age 70 yrs; 72% with NAFLD on US) without AF, 
ESRD, or known liver diseases who had undergone 24-h Holter monitoring for clinical reasons

Nonalcoholic Fatty Liver Disease Is Associated With Ventricular Arrhythmias
in Patients With Type 2 Diabetes Referred for Clinically Indicated 24-h Holter
Monitoring
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Mantovani A et al. Diabetes Care 2016;39:1416-23

Model 1, adjusted for age, sex; model 2, adjusted for age, sex, BMI, hypertension, smoking history, CKD, COPD, IHD, VHD, anti-arrhythmic
drug use, or serum GGT; model 3, adjustment for the same variables included in model 2 plus LV ejection fraction.

Nonalcoholic Fatty Liver Disease Is Associated With Ventricular Arrhythmias in 
Patients With Type 2 Diabetes Referred for Clinically Indicated 24-h Holter 
Monitoring
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Mantovani A et al. PLoS ONE 12(10): e0185459.

Fig. Prevalence of heart block in relation to advanced NAFLD fibrosis (by using FIB4 score) 

Cross-sectional study: n= 751 hospitalized patients with T2DM (mean age 66±9 yrs; 70% with NAFLD on US) without
excessive alcohol, known chronic liver disease, pre-existing AF, PM/ICD, VHD, malignancies, ESRD, COPD, electrolyte
disturbances, thyroid dysfunction and use of any anti-arrhythmic drugs (except beta-blockers)
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Mantovani A et al. PLoS ONE 12(10): e0185459.

Model 1: adjusted for age and sex; model 2: adjusted for age, sex, BMI, diabetes duration, HbA1c, eGFR, macroalbuminuria, hypertension (i.e., blood
pressure 140/90 mmHg or drug treatment, including beta-blockers), prior IHD and mild-to-moderate VHD; Model 3: adjusted for the same variables
included in model 2 plus peripheral artery disease, diabetic retinopathy, lower-extremity sensory neuropathy, statins and anti-platelet agents.
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KEY MESSAGE - 2

• Accumulating cross-sectional and prospective studies have
suggested that imaging-diagnosed NAFLD is independently
associated with an increased risk of cardiac arrhythmias (mainly
permanent/persistent atrial fibrillation) in both non-diabetic
individuals and those with type 2 diabetes.
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NAFLD AND MYOCARDIAL DYSFUNCTION

Mantovani A et al. Dig Dis Sci 2016;61:1246-1267
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Mantovani A et al. Plos One 2015;10:e0135329

Cross-sectional study: n=222 consecutive T2DM outpatients (mean age 64±6 yrs; 71 % with NAFLD on US) 
without history of CHD, HF, moderate-to severe VHD, and hepatic diseases
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Mantovani A et al. Plos One 2015;10:e0135329

Model 1: adjusted for age and sex; model 2: adjusted for age, sex, BMI, duration of diabetes, hemoglobin A1c,
eGFR and hypertension; model 3: adjustment for the same variables included in model 2 plus LV ejection
fraction and LV mass index.
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VanWagner LB et al. Hepatology 2015̃ 62̄ 773-83

Community-based study: n= 2,713 US adult participants (10% with NAFLD detected by computed
tomography)
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Mantovani A et al. J Endocrinol Invest 2012;35:215-18

Cross-sectional study: n= 116 older T2DM patients (mean age 68±6 yrs; 53% with NAFLD on
US) without prior history of CHD and liver diseases
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KEY MESSAGE - 3

There• is strong evidence of a significant relationship
between NAFLD (detected by imaging or histology) and
myocardial abnormalities both in obese adolescents and in
adults with and without type 2 diabetes.

This• relationship appears to be statistically significant even
after adjusting for overweight/obesity, hypertension, and
other coexisting MetS features.
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NAFLD AND CORONARY HEART DISEASE

Mantovani A et al. Dig Dis Sci 2016;61:1246-67
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In total, 27 cross-sectional study included in the meta-analysis:

• 16 studies for association between NAFLD and carotid IMT/plaques

• 7 studies for association between NAFLD and coronary artery calcification

• 7 studies for association between NAFLD and arterial stiffness

• 6 studies for association between NAFLD and endothelial dysfunction

Oni ET, et al. Atherosclerosis. 2013;230:258-267.
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Targher et al. Diabetes Care 2007̃ 30:1212–18

Cross-sectional study: n=2,839 T2DM outpatients (mean age 65±6 yrs; 69% NAFLD on US)
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Targher et al. Diabetes Care 2007̃ 30:1212–1218

Cross-sectional study: N=2,839 T2DM patients (mean age 65±6 yrs; 69% NAFLD on US)
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Targher et al. Diabetes Care 2007̃ 30:2119–2121

Longitudinal study: N=2,103 T2DM outpatients (mean age 60±4 yrs; 63.3% NAFLD on US) without manifest CVD 
and/or secondary causes of chronic liver disease; mean follow-up 6.5 years 

Model 1: adjusted for sex, age, smoking, diabetes duration,HbA1C, LDL, and medications (hypoglycemic, antihy-pertensive, 
lipidowering, or antiplatelet drugs; model 2: model 1 plus metabolic syndrome. 
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NAFLD Predicts Incident CVD Events

Byrne CD, Targher G. J Hepatol. 2015; 62:S47-S64.
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Mantovani A et al. Int J Card 2016;225:387–91

Retrospective cohort of 286 outpatients with T1DM (mean age 43±14 yrs; mean BMI 25±4 kg/m2; 52% with
NAFLD on US) without secondary causes of chronic liver diseases; mean follow-up: 5.3 years

CVD events: a combined endpoint inclusive of nonfatal IHD, nonfatal ischemic stroke or revascularization procedures
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Mantovani A et al. Int J Card 2016;225:387–91

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, BMI, smoking, diabetes duration, HbA1c, hypertension,
dyslipidemia and CKD; Model 3: adjustment for the same variables included in model 2 plus prior history of IHD and serum GGT;
Model 4: adjusted for age, sex, diabetes duration, smoking and temporal changes in BMI, HbA1c, eGFR, hypertension and
dyslipidemia over the follow-up.
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Ultrasound- or Biopsy-Diagnosed NAFLD Predicts Fatal and Non-fatal CVD 
Events: Meta-analysis

Targher G, et al. J Hepatol. 2016;65:589-600

N =16 observational studies with 34,043 adult individuals (36.3% with NAFLD)
Approximately 2,600 CVD outcomes (>70% CVD deaths)
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Severity of NAFLD (either by imaging ± biomarkers or by histology) 
Predicts Fatal and/or Non-fatal CVD Events: Meta-analysis

N =16 observational studies with 34,043 adult individuals (36.3% with NAFLD)
Approx. 2,600 CVD outcomes (>70% CVD deaths) Targher G, et al. J Hepatol. 2016;65:589-600
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KEY MESSAGE - 4

Clear• epidemiological evidence supports the notion that NAFLD
(regardless of the method used for diagnosing it) is significantly
and independently associated with an increased risk of CVD
morbidity and mortality in both patients with and without
diabetes.
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Mantovani A et al. Dig Dis Sci 2016;61:1246-67

PUTATIVE MECHANISMS LINKING NAFLD WITH CARDIOVASCULAR, 
CARDIAC AND ARRHYTMIC  COMPLICATIONS
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Caravaggio, San Girolamo, 1605-1606, detail

HOW SHOULD CLINICIANS USE THESE RESULTS IN CLINICAL PRACTICE?Diapositiva preparata da ALESSANDRO MONTAVANI e ceduta alla Società Italiana di Diabetologia. 
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Diabetologia 2016;59:1121–40
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CONCLUSIONS - 1
• Mounting evidence indicates that NAFLD is associated with an increased

risk of cardiovascular disease, independently of multiple cardio-metabolic
risk factors.

• Convincing evidence also substantiates a link between NAFLD and
functional and structural myocardial abnormalities in adults with and
without coexisting features of the metabolic syndrome.

• Clinicians who manage patients with NAFLD (especially those with NASH)
should not focus only on liver disease, but should also recognize the
increased risk of cardiovascular, cardiac and arrhythmic complications and
undertake early, aggressive risk factor modification.
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CONCLUSIONS - 2

• However, it is not yet established whether addition of NAFLD to the
currently available risk assessment calculators improves CVD risk prediction.

• Randomized controlled trials with CVD outcomes that focus on treatments
for liver disease in NAFLD are also required in order to definitely establish a
causal relationship between NAFLD and risk of incident CVD events.

• The key question of whether the prognostic value of NAFLD in the
development and progression of CHD/cardiac diseases is restricted to NASH
and advanced fibrosis or is also associated with simple steatosis remains
(partly) unresolved.

• Finally, more research is needed to gain mechanistic insights into the
pathophysiology linking NAFLD to CHD/cardiac diseases.
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Targher G, Mantovani A et al. Clinical Science 2013;125:301–309

Non-alcoholic fatty liver disease is associated with an increased
prevalence of atrial fibrillation in patients with type 2 diabetes
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Mantovani A et al. J Endocrinol Invest 2012;35:215-18
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