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DEFINITION OF NAFLD

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

* NAFLD is subdivided iintc two major subtypes: nonalcoholic fatty
liver (NAFL, 2lso termed ‘simple steatosis’) and nonalcoholic
steatohenatitis {NASH), the progressive form of NAFLD that can lead
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to cirrhosis, hepatocellular carcinoma (HCC) and liver-related
nortality.




DIAGNOSIS OF NAFLD

NAFLD diagnosis is based mainly on the following three criteria:

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

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

3. no other cemipeting causes for hepatic steatosis (e.g., virus, drugs,
iron overioad, autoimmunity)



PREVALENCE OF NAFLD IN VARIOUS HIGH-RISK PATIENT GROUPS
COMPARED TO THE GENERAL ADULT POPULATION
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Lonardo A, Targher G et al. Dig Liver Dis 2015;47:997-1006



PREVALENCE OF NASH OR ADVANCED FIBROSIS ON HISTOLOGY IN PATIENTS WITH TYPE 2 DIABETES
(IRRESPECTIVE OF SERUM AMINOTRANSFERASE LEVELS)

Kwok et al. Gut 2016

Portillo Sanchez et al. JCEM 2015
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Lonardo A, Nascimbeni F, Mantovani A, Targher G. J Hepatol 2017, in press



SCHEMATIC NATURAL HISTORY OF NAFLD

NAFLD
20-30% general
population
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I Cirrhosis (30%) I

Decompensation (5-10%"*) HCC (1-2%*)

Buzzetti E et al. Metabolism 2016;65:1038-48



CAUSES OF DEATH IN PATIENTS WITH NAFLD

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

Table 3. Causes of Death in NAFLD Egig\e’ﬁ‘t@{\ﬁ\\?%)]
Cause of Death 6\\6Ngdjﬁgr of Patients (n = 96)

D
ICardiuvascular disease G ¢ f 41 (43%) |

Non-gastrointestinal malignancy R 18 (19%)

Hepatocellular carcinoma QV\" g 5 (5%)
ON\

Infection 5 (5%)
Gastrointestinal mgp@‘% \Q\ 4 (4%)
Cirrhosis P\\/@ ‘%\0(\3 4 (4%)
Enducrl e\ \a\le 3 (3%)*
ones® 3 (3%)

,&Q@? 8{(\0 7 (T%)
6\’\\ Missing 6 (6%)

*All three patients died from complications related to type 2 diabetes.

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



CARDIAC COMPLICATIONS ASSOCIATED WITH NAFLD

Coronary Heart Disease

Enlargement of
heart muscle

Cardiac Dysfunction
Cardiac Hypertrophy

coinplications

Adrial fibrillation

Aortic-Valve Sclerosis Atrial Fibrillation

Heart Failure

Mitral Annulus

Calcification QTc Prolongation

Mantovani A et al. Dig Dis Sci 2016;61:1246-67



NAFLD AND HEART VALVE CALCIFICATION (HVC)

Mantovani A et al. Dig Dis Sci 2016;61:1246-67



Heart valve calcification in patients with type 2 () crossman
diabetes and nonalcoholic fatty liver disease

Cross-sectional study: n= 247 T2DM outpatients (mean age 68 yrs; 71% with NAFLD on US) withc:it
previous history of heart failure, valvular heart diseases or hepatic diseases
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. 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).

Mantovani A et al. Metabolism 2015;64:879-84



Heart valve calcification in patients with type 2
diabetes and nonalcoholic fatty liver disease

Logistic Regression Analysis - Association between NAFLD and the er\<;.e of AVS,

MAC or both e 6‘6\6

G 0
OG\ 7\
\\6 \\2\\\

Unadjusted model 6653@ 1 1.89-6.51), P<0.001
G

Adjusted model 1 P\Q P‘$83\§ 29 (95% CI 1.76-6.16), P<0.001

Adjusted model 2 OR 3.88 (95% CIl 1.69-8.94), P<0.001

Adjusted model 3 OR 2.70 (95‘%) Cli 1.23-7.38), P<0.01

3 4 5 6 7

42 °
Model q,@ge a sex; model 2: age, sex, waist circumference, smoking history, HbA1c, LDL-
ch erol, eGFR, diastolic blood pressure, use of any hypoglycemic, lipid-lowering and anti-
hypertensive drugs; model 3: adjustment for the same variables included in model 2 plus E/e’

ratio.
Mantovani A et al. Metabolism 2015;64:879-84




Heart valve calcification in patients with type 2 e

diabetes and nonalcoholic fatty liver disease D
AQ

Logistic Regression Analysis - Association between NAFLD and the presence of AVS Logistic Regression Analysis - Association beh\ %«%LD ar\suhe presence of MAC
\O
@5

Unadjusted model a\\'a OR 2.54 (95% C1 1.24-5.21), P<0.001
Unadjusted model OR 3.58 (95% CI 1.80-7.12), P<0.001

OR 2.42 (95% C 1.18-4.99), P<0.001

Adjusted model 1 OR 3.35 (95% CI 1.67-6.75), P<0.001 Ad&\e@o%él 1

W% OR 3.06 (05% CI 1.35-6.98), P<0.005
Adjusted model 2 onsszlss% cms %Q? . Jusedmodel?- 06 {3a% C11.35-6.38), Pl

\(\a

0 . .
Adjusted model 3 P-0.035 OR 3.01 (95% Cl 1.12-7.99), P=0.026

Model 1: zp< and sex; Model 2: age, sex, waist circumference, smoking, HbAlc, LDL-cholesterol, eGFR, diastolic
blond wressure, use of hypoglycemic, lipid-lowering and anti-hypertensive drugs; Model 3: adjustment for the
same variables included in model 2 plus E/e’ ratio.

Mantovani A et al. Metabolism 2015;64:879-884



Hepatic Steatosis Is Associated With Aortic Valve Sclerosis in
the General Population
The Study of Health in Pomerania (SHIP)

&0 oS
Table 2. Prevalence OR for Aortic Valve Sclerosis in Participants Stratified by E&pﬁ)ﬁe gﬂb@ence of Hepatic Steatosis (Defined
Based on Ultrasound) . o™ «e?

_\

\ . \U*
@@H’eﬁ-@m\% Model 3-Adjusted Model 4-Adjusted
@@%% Cl) OR (95% CI) OR (95% CI)

Age-Sex-Adjusted

Hepatic Steatosis OR (95% CI) ‘\koﬁﬁ

No hepatic steatosis (reference) (n=1335) @b?\ (\g\(\'b\e 1.0 1.0 1.0

Hepatic steatosis (n=877) \/@%fﬁ?f\.&\&?@ 1.29 (1.04-1.60) 1.33 (1.06-1.66) 1.32 (1.04-1.66)
S

Pvalue* o OO P aﬂe‘mm 0.022 0.014 0.021

Model 2: age, sex, wal ‘ﬁ% h ﬁ‘, smoking, alcohol consumption, and physical activity. Model 3: model 2-+systolic blood pressure, antihypertensive medication,
fotal/HDL chqlg;@rgl @ﬁo‘?@ﬁpﬁ}nm medication, glycosylated hemoglobin, antidiabetic medication, antiplatelet medication, and estimated glomerular filtration rate. Model

o\

4. mpdebhﬁi‘g -sensitive C-reactive protein, serum ferritin levels, and white blood cells. Cl indicates confidence interval; HDL, high-density lipoprotein; and OR: odds ratio.
@\%Iue for comparison with the reference group no hepatic steatosis.

Markus M et al. Arterioscler Thromb Vasc Biol 2013;33:1690-95




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 batn the aortic and
mitral valves in patients with and without type 2 diabetes.

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



NAFLD AND CARDIAC ARRHYTHMIAS

i e |
Atrial Fibrillation
QTc Prolongation

Mantovani A et al. Dig Dis Sci 2016;61:1246-67




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

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

Logistic Regression Analysis - Association between NAFLD and the \%nce of AF
0 N
‘ b\@\%\@\\a‘\

Unadjusted model OR 3.04 @5‘%\\ $.54-6.02), P<0.001

\CRE\
a'a\ 69\6\

Adjusted model 1 o ©R:- 4% (95% Cl 2.17-9.11), P<0.001

.

Adjusted model 2 OR 5.88 (95% CI 2.72-12.7), P<0.001

Adjusted model 3 OR 5.17 (95% CI 2.05-13.0), P<0.001

Mode! i.. age and sex; Model 2: age, sex, systolic BP, HbAlc, 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.

Targher G, Mantovani A et al. Clinical Science 2013;125:301-309




Non-Alcoholic Fatty Liver Disease Is Associated with an
Increased Incidence of Atrial Fibrillation in Patients W|t?l)1

Type 2 Diabetes

Longitudinal study: n= 400 outpatients with T2DM (mean age 66 yrs; 70% with NAFLD on L'S) without AF,
moderate-to-severe VHD, and liver diseases at baseline; duration of follow-uzi 10 years.
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6@%[} NAFLD
0\‘3 281 272 223 170 47

Figure 3. Incidence curves for atrial fibrillation during follow-up, in patients with (solid line) and without (dotted line) NAFLD at
baseline.
doi:10.1371/journal.pone.0057183.g003

Targher G et al. PLoS ONE 2013;8:e57183




Non-Alcoholic Fatty Liver Disease Is Associated with an
Increased Incidence of Atrial Fibrillation in Patients w@;’h

. \O
Type 2 Diabetes

\’\6\\6

Table 3. Logistic regression models for NAFLD as a predictor for development of AF in 8@%\‘:5 @ﬁ\type 2 diabetes.
o\\a r\\\»a\ il

Logistic Regression Models i p value

NAFLD (yes vs. no) $\ e

unadjusted model P\

adjusted model 1 gas 40 (1.8-15.9)
adjusted model 2 6.38 (1.7-24.2)
adjusted model 3 . 4.96 (1.4-17.0)
Other independent predictors of inadent%
Age (years) 66 1.06 (1.01-1.12) <0.01
Electrocardiographic PR interval (& 1.05 (1.03-1.06) <0.001
Electrocardiographic LVH (ﬁ‘& o) G\a 4.29 (1.8-10.4) <<0.001

Sample size, n= 4%@@&1 ar ssed as odds ratios =95% confidence intervals as assessed by univariable (unadjusted) or multivariable logistic regression analyses.
Other covar a& g( ultwarlable logistic regression models were as follows: model 1: age and sex; model 2: age, sex, hypertension (blood pressure =140/
reatmi? lectrocardiographic PR interval and LVH; model 3: adjustment for variables included in the 10-year Framingham Heart Study-derived AF risk

90 m
ﬁg& age, sex, BM|, systolic BP, hypertension treatment, electrocardiographic PR interval and history of heart failure).
0.1371/journal.pone.0057183.t003

Targher G et al. PLoS ONE 2013;8:e57183




Nonmn-Alcoholic Fatty Liver Disease as a
Predictor of Atrial Fibrillatiomn im Middle-Aged
Populatiomn (OPERA Study)

AkiJ. Karajamaki<, Olli-Pekka Patsi<, Markku Savolaimnen, Y. Antero Kesaniemi,
Heikki Huikuri. Olawvi Ukikkola

Research Unit of Intermal vMiedicine, ZMedical Research Center Oulu, Oulu University Hospital,
of Oulu, Oulu, Fimnlamnd

Longitudinal study: N= 958 subjects from the OPERA cohort (26% with NAFLD on US); i:zan follow-up 16.3 years.

Table 3. Association between NAFLD (n = 958) and risk of AF during follow-up. 'a\\a

Cox regression model \6

Predictor Unadjusted model Adiusteq~. el 10(6 Adjusted model 2 Adjusted model 3

Fatty liver (yes vs. no) 1.96 (1.29-2.97) 1.52 (@15’—2.;(:;\\‘ 1.73 (1.09-2.73) 1.88 (1.03—3.45)
Age (years) ‘)00 a §( 13) 1.09 (1.05-1.13) 1.06 (1.01—1.11)
Sex (male vs female) — 1.63 (1.07—-2.49) 0.78 (0.32—1.90)
Study group (hypertensive vs. control) 1.12 (0.73—1.71) 0.70 (0.40—1.23)
Diabetes status (yes vs no) 1.00 (0.53—1.91) 1.01 (0.48—2.13)
BMI (kg/m?) 0.91 (0.80-1.03)
Waist (cm) 1.03 (0.98—1.08)
Alcohol consumption (grams/week) 1.00 (0.99-1.00)
Smoking (pack years) 1.00 (0.98—1.02)
Serum ALT (U/1) 1.00 (0.99—1.01)
Systolic Blood Pressure 1.01 (1.00-1.02)
Quuick Index (6 0.93 (0.06—14.90)

1

1

1

1

1

CAD, (yes vs 5@6 . ~C .70 (0.86—3.39)
ANP (pm (\0 .002 (1.000—1.003)

LV ge( .01 (1.00-1.02)
trial diameéeter (mm)

.03 (0.97—1.09)
s-CRP (mg/l) .00 (1.00—1.00)

Values are expressed as ORs (95% Cls) as assessed by multivariate Cox regression analyses. Independent predictors of AF are highlighted in bold type.
BMI, body mass index; ALT, alanine transferase; CAD, coronary artery disease; ANP, atrial natriuretic peptide; LVMI, left ventricular mass index; hs-CRP,
high-sensitive C-reactive protein.

Karajamaki Al et al. PLoS ONE 2015;10:e0142937



Association of nonalcoholic fatty liver disease with QTc interval in @

. . . ) CrossMark .
patients with type 2 diabetes CrossVarse

A0

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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A\
Fi 2 ?%‘rnpnr‘tion of QTc interval duration =440 ms (as measured

@Q he Bazett’'s formula) among patients with type 2 diabetes stratified
3"'

the ultrasonographic severity of NAFLD. p —— 0.005 for trend by the
chi-sgquared test.

Targher G et al. NMCD 2014;24:663-69



Association of nonalcoholic fatty liver disease with QTc interval in @
patients with type 2 diabetes

QR
Table 2 Logistic regression models for NAFLD as g@@%c‘gﬁsr for
increased QTc interval duration in patients with tg@ %\63\& etes.

Logistic regression models DR\\&@@%&SDSQJ pr Value
NAFLD (yves vs. no) v 69\0“

Unadjusted model Oed\)? &(1.4a—3.4) =0.001
ﬂd_]:usted model 1 $\6 ‘ 60(9_‘_ 8(1.5—3.6) =0.001
Adjusted model 2 T AT 220(1.4—-3.5) <0.001

Adjusted model 3 a4 226 (1.4—3.7) —=0.001

Other independent prs@@%%f— c interval In
model 3 0?\ ,(\a\e

Sex (female) P\$ O{\g\ =<0.01

Hypertension (. % Vsadno) =< 0.01

Peripheral ar é(ﬁ ease (yes vs. no) =0.05

Lower—li%ﬁ Sepsory neuropathy =< 0.05
(ves ¥3: nel

Mode! 1 adjusted for age and sex; model 2: adjusted for age, sex, diabetes duration, hypertension, PAD and lower-limb

<

| “ensory neuropathy; model 3: adjustment for the same variables included in model 2 plus BMI, alcohol consumption,
smoking, HbAlc, LVH, CHD and CKD.

Targher G et al. NMCD 2014;24:663-69




Nonalcoholic Fatty Liver Disease Is Associated With QT Prolongation
in the General Population \O@\a

Chi-Sheng Hung, MD;* Ping-Huei Tseng, MD, PhD;* Chia-Hung Tu, MD, MSc; Chien-Chuan Chen, MD; Wei-Chih Liao, MD,G@SQ
Yi-Chia Lee, MD, PhD Han-Mc Chiu, MD, PhD; Hung- Ju Lin, MD; Yi- qun Ho, MD, PhD; Wei- Shlung Yang, MD, PhD; 0\6
Ming-Shiang Wu, MD, PhD;" Ming-Fong Chen, MD, PhD' 6\

-@d <&
Mild Psg\ngéra\t; c‘G{\\VO‘ Severe
Women Men Rt P\\‘ (WQ\ - Men Women Men
NAFLD Severity n (Women/Men) | OR (95% CI) \Q@Yﬁl) c\ Q‘G‘:())R (95% Cl) OR (95% CI) OR (95% CI) OR (95% CI)
Unadjusted 15 107/16 026 | 1.42 (1 gg@@ﬁ’ \?(&@\?to 1,34 | 261 (2.26 10 3.00)° | 1.83 (1.65 10 2.03)° | 3.45 (257 10 4.62)° | 2.73 (2.28 to 3.26)°
Model 1 15 107/16 026_ d\%mﬁ b4¢®( P16 (1.06 10 1.26)° | 222 (19210 257)° | 162 (14510 1.80° | 272 (2020 367 | 2.28 (1.802.74)°
Model 2 NSO "
Al paricipants, by Bazet's crteia_{ 3 607716, 060 1.1 (101 to 1.21)" | 111 (101 10 1.21)" || 161 (1.35 10 1.90)° | 1.39 (12210 159" | 131 (116 to 224 | 187 (151 to 231)°
Al participants, by Hodgeég@a: géwﬁﬂ%‘ﬁzﬁ 1.04 (093 10 1.15) | 0.97 (0.86101.09) | 1.36 (1.14 to 1.62)* | 1.20 (1.02 to 1.41)" \ 7(0.99to 1.89) | 1.56 (1.21 to 1.99)°

Model 1:a @% r age, sex. Model 2: adjusted for age, sex, diabetes, hypertension, cholesterol, HDL, triglycerides, aspartate aminotransferase, body mass index, left ventricular hypertrophy, a history of coronary artery disease,
hy estimated glomerular filtration rate, high-sensitivity C-reactive protein, smoking, and metabolic syndrome (the fully adjusted model). HDL indicates high-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; OR, odds

ratide/ QTc, corrected QT.
*In the subgroup analyses, all variables in model 2 other than the variable for stratification were included; all of the subgroup analyses were analyzed by Bazett’s criteria, TP<0.05, *P<0.01, $P<0.001.



Nonalcoholic Fatty Liver Disease Is Associated With Ventricular Arrhythmias
in Patients With Type 2 Diabetes Referred for Clinically Indicated 24-h Hol%er
Monitoring

Cross-sectional study: n= 330 consecutive T2DM outpatients (mean age 70 yrs; 72% with MAFLD ot US) without AF,
ESRD, or known liver diseases who had undergone 24-h Holter monitoring for clinicz! reasons
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Figure 2—Prevalence of =30 PVCs/h, nonsustained VT, or both diagnosed on 249-h ambulatory
Holter monitoring in patients with type 2 diabetes stratified by NAFLD status.

Mantovani A et al. Diabetes Care 2016;39:1416-23



Nonalcoholic Fatty Liver Disease Is Associated With Ventricular Arrhythmias in
Patients With Type 2 Diabetes Referred for Clinically Indicated 24-h Holter
Monitoring

W
egression Analysis - Association between NAFLD an%\yéﬁg&@\fgr arrhythmias

Unadjusted model

Mcazi i, 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.

Mantovani A et al. Diabetes Care 2016;39:1416-23




Nomnalcoholic fatty liver disease is associated
withh an iNncreased risk of heart block im -
hospitalized patients with type 2 diabetes \og\
mellitus ‘6\0

Cross-sectional study: n= 751 hospitalized patients with T2DM (mean age 6619 yrs; 70% with NArLD on US) without
excessive alcohol, known chronic liver disease, pre-existing AF, PM/ICD, VHD, malignancies, £SRD, COPD, electrolyte
disturbances, thyroid dysfunction and use of any anti-arrhythmic drugs (except beta-blackers)
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Fig. Prevalence of heart block in relation to advanced NAFLD fibrosis (by using FIB4 score)

Mantovani A et al. PLoS ONE 12(10): e0185459.



RESEARCH ARTICLE

Nomnalcoholic fatty liver disease is associated
withh anmn iNncreased risk of heart block im Og\
hospitalized patients with tyype 2 dlabete%@\.
mellitu s . \'a

K 0
Table 2. Logistic regression models—Association between NAFLD a géu@rls@\prevalent heart
block in patients with T2DM. \\?) \ x?)\

a CI p value

Logistic Regression Models Odds Ftatlo\\a

NAFLD (yes vs. no) 0 G(G
Unadjusted model (n=751) \$\ 62 %K;(\ .53—-3.36 <0.001
Adjusted model 1 (n=751) .75—-4.01 <0.001

Va

Adjusted model 2 (n=751) !‘Qﬁﬁ (\(6 2 82 .73—4.57 <0.001

Adjusted model 3 (n=731) 3.04 .81-5.10 <0.001

Other independent predictors of Qgﬁd‘blcf\ regression model 3

Age (years) ¢ S o OV 1.03 .01—1.06 <0.001

Sex (men vs. women) B\ A(g\o\‘ 1.67 .10-2.44 <0.01

Mild-moderate heart \{a,[\.éa:hs%éb (yes vs. no) 1.59 1.01—2.98 <0.05

Serum creatinine @Q}'ggge(e 0.98 0.97—0.99 <0.05
> .

Model 1: adiusied for age and sex; model 2: adjusted for age, sex, BMI, diabetes duration, HbAlc, 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.

Mantovani A et al. PLoS ONE 12(10): e0185459.




KEY MESSAGE - 2

 Accumulating cross-sectional and praspective studies have
suggested that imaging-diagnosed MAFLD is independently
associated with an increased risk of cardiac arrhythmias (mainly
permanent/persistent atria! fibrillation) in both non-diabetic
individuals and thase with type 2 diabetes.



NAFLD AND MYOCARDIAL DYSFUNCTION

Enlargement of
heart muscle

Cardiac Hypertrophy

Heart Failure

Mantovani A et al. Dig Dis Sci 2016;61:1246-1267



Nomalcoholic Fatty Liver Disease Is
Independently Associated with Early Left
Ventricular Diastolic Dysfunctionmn inm Patlentﬁo\o
withh Type 2 Diabetes 6\0

Cross-sectional study: n=222 consecutive T2DM outpatients (mean age 6416 yrs; 71 % with NAFLD on US)
without history of CHD, HF, moderate-to severe VHD, and hepatic diseases

P<0.001 for trend
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\@Q Fig 1. Prevalence of NAFLD in relation to echocardiographic grades of left ventricular diastolic

dysfunction (LVDD) in patients with type 2 diabetes. P-value <0.001 for the trend among the three groups
of patients (as assessed by the x? test).

Mantovani A et al. Plos One 2015;10:e0135329




Nomalcoholic Fatty Liver Disease 1Is
Inmndependently Associated with Early Left \o
Ventricular Diastolic Dysfunctionmn im Patie
with T ype 2 Diabetes

Table 3. Independent predictors of the presence of mild and/or moderate L.¢'diasta ysfunction in
patients with type 2 diabetes.

Logistic Regression Models i P value

NAFLD (yes vs. no)

Unadjusted model . \ . . <0.001
Adjusted model 1 i Q i . <0.001
Adjusted model 2 A B3 ‘ . . <0.001
Adjusted model 3 OO . a09'3.08 5—6. = 0.003
Other independent predicto é @\’L‘V[@Qﬁ adjusted model 3

Diabetes duration (years) P‘\’ ‘5\0 1.07 . . <0.005
Male sex (\ G\@ 3.21 4-7. <0.005

LV ejection fra@@f@("/ahe( 0.91 i . <0.001

Model! %: adjusted for age and sex; model 2: adjusted for age, sex, BMI, duration of diabetes, hemoglobin Alc,

eGrK and hypertension; model 3: adjustment for the same variables included in model 2 plus LV ejection
fraction and LV mass index.

Mantovani A et al. Plos One 2015;10:e0135329




Association of Nonalcoholic Fatlty Liver Disease With N
Subclinical Myocardial Remodeling and Dysfunction\.'o\ﬁ\
Population-Based Study ‘ \@‘06

Community-based study: n= 2,713 US adult participants (10% with NAFLD detscted Ly computed
tomography)

P<0.0001 for trend
P=0.0001

B No NAFLD
NAFLD

@
5}
c
L]
©
>
2
o

Abnormal LV Relaxation Increased LV Filling Pressures

<136 Qﬁﬁs.\a >16.7 _ L . -
Worst strgik ‘O “Best strain’ Fig. 3. Markers of subclinical diastolic dysfunction in NAFLD partici-

GQ ﬁ;s o@ﬂ@hj‘t; Global Longitudinal Strain (%) pants compared to non-NAFLD. Abnormal LV relaxation = lateral tissue

Q‘ (\0 Doppler e’ velocity <10 cm/s. Increased LV filling pressures = lateral

'\\"\\lﬁg. 2.@Lﬁ§iles of global longitudinal strain in NAFLD participants  E/e’ ratio >12 or left atrial volume index >34 mL/m?. NAFLD was

O‘5 compared to non-NAFLD. NAFLD was associated with worse global lon-  associated with both abnormal LV relaxation (P < 0.0001) and
gitudinal strain, compared to non-NAFLD (P < 0.0001 for trend). increased LV filling pressures (P = 0.0001), compared to non-NAFLD.

VanWagner LB et al. Hepatology 2015 62 773-83




Non-alcoholic fatty liver disease is independently

associated with left ventricular hypertrophy in hypertensive

Type 2 diabetic individuals A\

Cross-sectional study: n= 116 older T2DM patients (mean age 6816 yrs; 53% with NAFLD on
US) without prior history of CHD and liver diseases

=
=
—l

S Yes
2% 0 NAFLD

ig. 1 - Prevalence of left ventricular hypertrophy (LVH) (as de-
tected by echocardiography) according to the presence of ul-
trasound-diagnosed non-alcoholic fatty liver disease (NAFLD)
in Type 2 diabetic patients (no.=116).

Mantovani A et al. ) Endocrinol Invest 2012;35:215-18



KEY MESSAGE - 3

* There is strong evidence of a significant treiationship
between NAFLD (detected by imagivig @ histology) and
myocardial abnormalities both iii ckese adolescents and in
adults with and without type 2 diabetes.

* This relationshipr appears to be statistically significant even
after sdjusting for overweight/obesity, hypertension, and
cther coexisting MetS features.



NAFLD AND CORONARY HEART DISEASE

Coronary Heart Disease

Mantovani A et al. Dig Dis Sci 2016;61:1246-67
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A systematic review: Burden and sewverity of subclinical cardinvaqcul‘lr
disease among those with nonalcoholic l'"ll't"-,,.-' liver; Should wwe C‘l "

Ebenezer T. Oni®, Arthur S. Agatston “"L". Michael J. Blaha®, Jonathan Fialk o < \O
Ricardo Eurg_...r'j"“"‘, Andrei Sposito <, Raimund Erbel ' Ron E51.3111-..-.te111—, Ted FE ‘szl.n =
Mouaz H. Al-NMallah ™, Raul D. Santos ', Matthew J- Budotft!, Khurrarm Na--.1 c. L=

In total, 27 cross-sectional study included in the meta-analysis:

* 16 studies for association between NAFLD and carotid iMT/plaques
e 7 studies for association between NAFLD ard coronary artery calcification
e 7 studies for association between NAFLD and arterial stiffness

e 6 studies for association beitween NAFLD and endothelial dysfunction

Cr::nr:.fusr'r::g\’i\ er® R evidence to support the association of NAFLD with subclinical atherosclerosis in-

de '*@Q_Q'lt of traditional risk factors and metabolic syndrome. However, there is need for future longi-
tudinal studies to review this association to ascertain causality and include other ethnic populations.

Oni ET, et al. Atherosclerosis. 2013;230:258-267.



Prevalence of Nonalcoholic Faltty Liver
Disease and Ifs Association With B
Cardiovascular Disease Among Type 2 O
Diabeftic Patients 02O

Cross-sectional study: n=2,839 T2DM outpatients (mean age 656 yrs; 69% NAFLD on US)
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o

Q}%ure 2—Age- and sex-adjusted prevalence of CVD in type 2 diabetic adults with (HR) and
without (L 1) NAFILD. Data are expressed as percentages = SE. P << 0.001 for differences between
the groups.

Targher et al. Diabetes Care 2007 30:1212-18



Prevalence of Nonalcoholic Falty Liver

Disease and Ifts Association With

.
Cardiovascular Disease Among Type 2 6\0\09\
Diabetic Patients . \°

Cross-sectional study: N=2,839 T2DM patients (mean age 6516 yrs; $9% MAFLD on US)

ILogistic Regressions (9590 C\{é%o‘\a\‘\‘a

O\
0\36 22

e

G i Q‘ 1 » 0
UNADJUSTED O R P:\\\\e : bC(\\‘ 1 P =0.001
A
A’(P‘ ~O0

AGE-, SE)CC;J:&DJUSTED . 2 P <0001

MULTIPLE"-ADJUSTED
O R

L L L -
i\ 1 | . > = =

‘o\
"ﬂg—oe 3I—Association between INAFIL D and prevalent VD in type 2 diabetic adults with and
out WAFI D (n =— 2.,392). Data are expressed as ORs = 95% CI. *The multiple adjustment

reported in the third and fourth bars was as follows: age. sex, BMI, srmoking status, diabetes
duration, AI1C, I DI cholesterol, and current use of medications (hypoglvcemic, antihypertensive,
lipid-lowering, or antiplatelet drugs).

Targher et al. Diabetes Care 2007 30:1212-1218



Nonalcoholic Fallly Liver Disease Is
Iindependently Associated With an
Increased Incidence of Cardiovascular Ev
in Type 2 Diabetic Patients P\

Longitudinal study: N=2,103 T2DM outpatients (mean age 604 yrs; 63.3% NAFLD on US) without manifest CVD
and/or secondary causes of chronic liver disease; mean follow-ug 6.5 year
\© SNV
Logistic Regression Analysis - Association between NQEE»IS Qg cident CVD events
(myocardial infarction, ischemic stroke, coronary I‘EV%%Q&I%I‘ ‘Plon or cardiovascular death)

e
@e \60‘\
Hnadjusted model eg’&i}m 2.01 (95% Cl 1.4-2.9), P<0.01

Adjusted model 1 HR 1.96 (95% CI 1.4-2.7), P<0.01

Adjusted mode(l)@@ HR 1.87 (95% CI 1.2-2.6), P<0.01
(O ¢

o

Modei 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.

Targher et al. Diabetes Care 2007 30:2119-2121



NAFLD Predicts Incident CVD Events

Table 2. Prindipal prospective and retrospective studies of the risk of CWVD mortality and morbidity in patients with NAFLD (defined by biopsy or imaging only .

Siuchy arsd year Shudy design, samole sizs, populaion ard mean sallow up Diagrosis of i firdings Og\
MAFLD &(\\
Ekstedt M af 5. 2006 [23] Relrospactive cobort Binpay™ Patients with MASH, but mol those wilh simple staatosis, Rad Righer r WMUSE-J-=E—MH] WD
129 Sweaden MNAFLD gatients, 13.7 years [~2-told) arsd Iver-nekabed (~10-1told) mosality han the generai -.&m 'lar-a:: tor ege and Sex
Ekatedt M af 50 2014 [24] Relrospactive cobort Biopay™ MAFLD patients had increased risk of death (HR 1.29, 95% -1_54), with & high risk of death
22D Sweden MAFLD patients, 28 4 years from CWO (HEE 1 55 85% O 1.11-2.15) and liver-rala g ) -'hFl 32, 959G O 1.05-9.81).
MAFLD acbvily sooma (MAS) was nol abla 1o predis 'EI‘.' daath, whareas librosis stage
predicted allcauss, OWD and liver-salateds ae XE
Sl.apannn.-a M &t &l 2012 [.Hl:l| Mationsal-assd oobaoet Uiltrasound® [ f=] E'IQI'IHI..,-EF'I asgocialion babessam NHF@ ﬁl& LIS -5 e i fns I:':'\."D CEMCET and

arsd Laza M el al. 2011 [B1] 11271 S adults fram 1ha Third Matoral Health and Noetriticn Examinatian liver) mcetaliby
Sureay T9BE-94, 14.5 years
WWarsg W st al 2011 [B2] Frospectss oohort Uhrasound MNMAFLD was -m:ha-g:sr'darﬂl rE Ehasecl presvalance of OV at hasalins bl thens
4ES Chinese paberls wilh coranary hean diseass as Sagnoagad by was no sgnificant asso Lympiss & and risk of incident CWD events
cOrcnary angiography, 1.8 years 8
Zhouw Y arf s 2012 [a5] Community-thasad cahart Ulrasound® Paliesnbs wilh A ~35 | T rabes of allcauss and CWDF mmariality than thoss withouwt RAFLD
3543 Chiness adull indiseduals, 4 years
Traspracerisuk S s &l Z0D12 Ralrospaciive community-basaed cobort Ulrasouwrnds Fram I.Bh.' predicted the higher 10-year cororary heart diseasea risk in
[B5] 308 LS RAFILD patiards, 115 yearas conpubad = tiemnbs a the orly varable significanty associated with the risk of developing new-
omograpd s e dizeasa avanls in this patient cohort
Targhear & ef sl 2007 [E87] Fraspective cofiort Ultrasound® G @ ssackabad wilh an increasad risk of fatal and nonfatal CWD ewents (HR 1.87, 95% C1
2103 Malian oulpabants with typs 2 diabastes withoul viral hapatitis and CWD e 1. 2- ep=ndenty of age. sax. body mass indax, smoking., diabebes duration, hamoglabin Ao
al basaknea, 5.5 years alestaral, Mmetabalic syndrome Tastunes, Medicalion uas
Stdarbarg C s¢ al 2010 [B3] Relrospactive cobort ks with MASH, bul not those wilh simple sbeabosis, kad higher rates ol all-cause [(~2-fold),
118 Sweadan NAFLD patienis, 24 ywears CWD (~=2-cdd) and ver-related mortality than tha gemaral populaion mabchead Tor age and gaax
Fafig M et afl. 20090 [§9] Relrospactive cobort Biaps CwWD, cancar and Pver-redated complicalions wena ha mos CHmmon causes of martality n this
173 WS MAFLD gatians, 13 years cahort of MAFLD palients
MMalteani CA af 5. 13990 [90] Retrospaclive cabort Sy Fatients wilh MASH had highsr rabes of al-cause and sar-relabed morality than hose withoul thea
132 US MAFLD patierts, 18 years disgasa. CWD monaity did nod differ between ha Grouss
Mim D s al 2013 [B2] Malional-tasad oot atudy Utrasournd Smd MAFLD was nol assecatad willh ncreased all-casse mortality. Howewar, MNAFLD will adwancsd
11154 US aduits from ths Third Mational Haa(g kP i adwanced fibrosis  hepalic fibmogis (dafined by MAFLD fibrosis scons, APRI indes or FIB-4) was indapendeniiy
Survay, 14.5 years g SCOre Systems = associgled wilth a 69% increased risk of all-causs martality. Inocresse in mortality was almost entinely
from CW0O causas {lor NFS: HR 348, 259 C1 1.91-6.25; for AFPRI: HR 2.53, 25% Cl 1.33-4.83; for
FiB-4: HR 266 85% O 1.44-4.99)
Japsen P el ai. 2003 (93] Relrospactive cobort 6 (\ uUrasournd® Patients withh FBAFLD had higher rabes of allcauss (2.6-Tok), CWD (2.7-100d) and ivar-redabed (1807
1804 Danish rcm:nahzed il P fald)y mortality than the genaral gopulation
Harimng K al ai. 200D [B4] Fopulaticn-basad e Ulrasouwnd® MAFLD was associabad wilhh an increasad risk of al-cause ard DWD (HR B.22, 95% O 1.2-31.8)
4180 Sesman md:%rﬁ 7.3 rN mofalty in man, indepardently of age, sex, waiat crcumierencs, alcohol consumpton, pFrysical
@ activity, civil atans, agualized ncoms, Tunclicnal comorbidily indesx, Hood pressure, diahabas Status
Hamaguchi M ef al. 2007 [B5] O LN Ultrasound® MAFLD was assackabtad wilh an increassad risk of nonfatal WD events (HR 4,10, 359% C1 1.610.7),
1637, e imag 5 waars irdapendenty of age. Sax. body mass index, alcaohal inake, smoking history, LD L-chalesbansl and
. e melatolic syndrome fealures
Dunm WA ef ail. 2013 [DE] 5pec1j&%g'ﬂt Compaubad Mo signilicant assocation was found baebwaan MAFLD and risk of all-causs martality and cause-
Z diabacs saan in the primmary cans and specialty cinics of 2  tomograpy® apedcific {CWD. camncer and livery mortality and marbidity. MAFLD paliens {sleabosis =30% om

Tam-Laraan 5

qa r'EI:EEI dedivery nabaark, 5 yoans imaging) averagad 8 years Youngaer than hose withow! NaFLD
A4 [97] spaclive cohort Biopsy” Mo significant difference in martalily raes batwean patients with simple steatosis amd The

1l:lEl Darish NAFLD patenis (without MNASH al basaebra), 15.7 yaars genaral population
Acta 2:-:5 [E Relrospective cobort Beopsylinmaging™ Patients with MAFLD (especially thoss with cirrbosis and MASH) kad higher rates of all-cause, CWD
420 LIS RAFLD patiards, 7.6 yaars and livar-raelataed morality Bhan the age and sax-matched general population

"Study putcome was all-cause and ca usc-spocific montalicy.

"Study outcome was nonfatal coronary heart disease and stroke.

Sgpudy outcome was a combined end point of CWVD mortality and nonfatal myocardial infarction, ischemic stroke and coronary revascularization procedures.

USoudy owtcome was a combined end point of CWD mortality and nonfatal myocardial infarction and coronary revascularization procedurcs,

"Stwdy outcome was a combined end point of CWD mortality and nonfatal congestive beart failure, angina, myocardial infarctdon and coronary revascularization procedures.

Byrne CD, Targher G. J Hepatol. 2015; 62:547-S64.



Nonalcoholic fatty liver disease is independently associated with an @ CroseMark
increased incidence of cardiovascular disease in adult patients
with type 1 diabetes

Retrospective cohort of 286 outpatients with TAIDM (mean age 43114 yrs; mean BMI 2514 kg/n*; 52% with
NAFLD on US) without secondary causes of chronic liver diseases; mean follow-up: 5.3 yeass
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(GQ ‘Ge\‘e No NAFLD (n=136) NAFLD (Nn=150)

R QQ el QO
6\?‘3. 2. Sumulative incidence rates of CVD (combined endpoint) in 286 adult patients with
O type 1 diabetes stratified by NAFLD on ultrasonography at baseline. p-Values < 0.001 for

between-group difference by the ¥~ test.

CVD events: a combined endpoint inclusive of nonfatal IHD, nonfatal ischemic stroke or revascularization procedures

Mantovani A et al. Int J Card 2016;225:387-91



Nonalcoholic fatty liver disease is independently associated with an
increased incidence of cardiovascular disease in adult patients
with type 1 diabetes

Cox regression analyses — Association between NAFLD and rlsk of
in T1DM adults

Unadjusted model HR\,?Z‘% (gﬂ@ Cl 1.9-35.1), P<0.005

Adjusted model 1 C’?-I&\\@HT (95% CI 1.4-27.5), P=0.017

p

Adjusted model 2 Q(eg’a HR 6.58 (95% CI 1.3-33.4), P=0.023

Adjusted model 3 HR 6.73 (95% CI 1.2-38.1), P=0.031

Adjusted model 4 HR 5.86 (95% CI 1.1-30.5), P=0.035

2 ToNe
(@&66(9\3‘1 2 3 4 5 6 7 8 9

Model 1: 2diusted > age and sex; Model 2: adjusted for age, sex, BMI, smoking, diabetes duration, HbAlc, hypertension,
dyslipidaiiia 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, HbAlc, eGFR, hypertension and
dyslipidemia over the follow-up.

Mantovani A et al. Int J Card 2016;225:387-91




Ultrasound- or Biopsy-Diagnosed NAFLD Predicts Fatal and Non-fatal CvVD
Events: Meta-analysis
Odds ratio Odds ratio \O

Study or subgroup log [odds ratico] SE Weight v, random, 95% CI ", random, 95°fu\,QP
Fatal CWVD events (only)

Adams 2010 0.095 0.516 3.6% 1.10 [0.40, 3.02]
Ekstedt 2015 0438 0170 F.0% 1.55 [1.11, 2.16]
Haring 2009 men -0.248 0160 T .1% 0.78 [0D.57, 1.07]
Haring 2009 women -0 020 o225 6 5% 098 [0 63, 1.52]
Jepsen 2003 0. 741 0.078 F. 7% 210 [1.80, 2.45]
Lazo 2011 -0.150 0127 T . 4% 0.86 [0D.67, 1.10]
Zhou 2012 1184 0.294 4 F% 327 [1.51, F.08]
Subtotal (95% CI) 44 1% 1.31 [0.87, 1.97]
Heterogeneity™ Tauwu® =0 25; Chif =61 73, df = 6 (p <=0 00001); 17 = 90%

2

Test for overall effect: 2 = 128 (p = 0.20)
Fatal and non-fatal CVD events (combined endpoint) d\)
Emre 2015 0.896 0422 4 4% Q@S

Pisto 2014 0.875 0175 F.0%% 60 [1% 39]
Targher 2007 0.625 0222 G 5"5! 1, 2.89]
Yo

Wong 2015 -0_.105 0.135 D G99, 1.17]
Zeb 2016 0.350 0178 eq 2 [1.00, 2.02]
( 63 [1.06, 2.48]

Test for overall effect: 2 = 2 24 (p = 0.02)

Subtotal (95% CIl) Q :32 2
Heterogeneity: Tau® =0.18; ChiZ=23.41, df =4 (p =0 000@@& 3% 6

S
N
Non-fatal CWVD events

El Azeem 2013

Fracanzani 2016

Hamaguchi 2007

Moon 2015 2

Pickhardt 2014

Subtotal (95% CI) @

Heterogeneity: Tau® =0 iz —q®&2 df =4 (p = 0.04); I = 61%
Test for owverall effec:t(e {3\661 0 0003)

Total (95% o ?G( 100.0%  1.64 [1.
Heteroge W Tau? = 0'23; Chiz = 118 34, df = 16 (p =0 00001); P86

Test,T rall effect: 2 = 3.69 (p = 0.0002)
ubgroup differences: Chi® = 3 .94, df =2 (p =0.14), 17 = 49 2%

0.05 0.2 20
Decreased risk Increased risk

N =16 observational studies with 34,043 adult individuals (36.3% with NAFLD)
Approximately 2,600 CVD outcomes (>70% CVD deaths)

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



Severity of NAFLD (either by imaging

Predicts Fatal and/or Non-fatal CVD Events: Meta-analysis

Study or subgroup log [odds ratio] SE Weight

Odds ratio

IV, random, 95% CI

+ biomarkers or by histology)

Fatal CVD events (only)

Ekstedt 2015 1472 0.328
Haring 2009 men 0879 0423
Haring 2009 women 0.343 0.756
Kim 2013 1.241 0.303
Subtotal (95% CI)

Heterogeneity: Taur=000; Chir =256, df =3 (p=047); P=0%
Test for overall effect. 2 =6.23 (p <0.00001)

Fatal and non-fatal CVD events (combined endpoint)

Emre 2015 0.896
Moon 2015 1.442 0@»6[: (\& %%
Pisto 2014 @P& Dé!(hg 24 2%
Subtotal (95% CI) 43.5%
Heterogeneity: Tau® = 0.05; Chi# = é} cP\\fz 6@?} 12 =23%

Test for overall effect: £ = 2.59 (Kﬁ 1 é\@

et

O&li Q(Gg

4.36 [2.29, 8.30]
2 41 [1.05, 5.53]
1.41 [0.32, 6.21]

346 [1.91,

3.28 [é\&ﬁ' @Q
6 (\\‘

P~$\ & cC

e‘e

245 [1.07,
423 [1.05,
1.49 [0.93,
1.94 [1.17,

Total (95% CI) 100.0%

Q(QQ (\0

2.58 [1.78,

Heterogeneit \\ =0. E@%hlz =977, di=6({(p=013); 2=239%
Test fo all effect: £ = 5.00 (p <0.00001)
Tes@)\r subgroup differences: Chi*F =271, df =1 (p=0.10), F=63.1%

N =16 observational studies with 34,043 adult individuals (36.3% with NAFLD)

Approx. 2,600 CVD outcomes (>70% CVD deaths)

| |
005 02
Decreased risk

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

Increased risk




KEY MESSAGE - 4

e Clear epidemiological evidence suppoits tihe notion that NAFLD
(regardless of the method used ior diagnosing it) is significantly
and independently asscciated with an increased risk of CVD
morbidity and movtality in both patients with and without
diabetes.



PUTATIVE MECHANISMS LINKING NAFLD WITH CARDIOVASCULAR,
CARDIAC AND ARRHYTMIC COMPLICATIONS

ALTERED GUT
MICROBIOTA

Endotoxin/bacteria
SCFAs

Fiaf -
Endotoxin/bacteria EXPANDED AN MED
ADIPO;& UE

T Nov -esterified fatty acids
T Inflammatory adipocytokines
T Thrombospondin-1
1l Adiponectin

i

of l'

Lipids and Lipoproteins & Insulin resistance
(e.g. T VLDL, | HDL-C, T small, dense LDL-C,
T non-esterified fatty acids)

Xatory molecules Vasoactive and Thrombogenic molecules
ve protein, IL-6, TNF-alpha and (e.g. T endothelin, TGF-beta, fibrinogen,
other cytokines ) factor VI, PAI-1, | FGF-21)

-~

CARDIAC STEATOSIS, INCREASED PERICARDIAL FAT

LEFT VENTRICULAR DYSFUNCTION & HYPERTROPHY
AORTIC-VALVE SCLEROSIS, MITRAL ANNULUS CALCIFICATION CONGESTIVE HEART FAILURE
CORONARY HEART DISEASE ARRHYTHMIAS (ATRIAL FIBRILLATION)

Mantovani A et al. Dig Dis Sci 2016;61:1246-67



HOW SHOULD CLINICIANS USE THESE RESULTS IN CLINICAL PRACTICE?

Caravaggio, San Girolamo, 1605-1606, detail



CLINICAL PRACTICE GUIDELINES

2
| 6\06,\0\09
0\

\°

European Association for the Study of the Liver (EASL) - European Association for the . \\:a\\a‘ 6\\6‘
Study of Diabetes (EASD) - European Association for the Study of Obesity (EASQO) . \ . 6\\.

o\

EASL-EASD—-EASO Clinical Practice Guidelines
for the management of non-alcoholic fatty liver disease

o\

Recommendations
* Cardiovascular copip %@ﬁﬁ?}ns frequently dictate the out-

2 : .
come of N@/E‘L ! screening of the cardiovascular

systeg&i@%wﬁﬁﬁtor&in all persons, at least by detailed

: XS
éé{}\l?)1{;“%%:3[}1afﬁl3&?17' assessment (A1)
o

Diabetologia 2016;59:1121-40




CONCLUSIONS -1

* Mounting evidence indicates that NAFLD is associated with an increased
risk of cardiovascular disease, independently of multiple carilio-metabolic
risk factors.

e Convincing evidence also substantiatas a ilink between NAFLD and
functional and structural myocardial abnormalities in adults with and
without coexisting features of the metabolic syndrome.

e Clinicians whe manrage 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.



CONCLUSIONS - 2

However, it is not yet established whether addition of NAF.D 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 crder 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 progressian of CHD/cardiac diseases is restricted to NASH
and advanced fibrosiz or iz 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.



RINGRAZIAMENTI

Prof. Enzo Bonora (AOUI Verona)

Prof. Giovanni Targher (AOUI Verona)

Dr. Stefano Bonapace (Ospedale Sacre Cuore, Negrar, VR)
Dr. Giovanni Morani {AGU! Verona)

Dr. Riccards Rignion (AOUI Verona)

Or.ssa Isabella Pichiri (AOUI Verona)



THANK YOU FOR YOLIR ATTENTION!



Non-alcoholic fatty liver disease is associated with an increased
prevalence of atrial fibrillation in patients with type 2 diabetes
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No steatosis/High GGT Ste atosis/ Low GGT SteatosisHigh GGT
(m=T3) (n=270) (=244 )

. .oN
‘ q’ravalam:a of AF in hospitalized Type 2 diabetic patients
W ‘stritified by NAFLD status on ultrasound and the median serum

GGT concentration
P value <0.001 for trend by the x?2 test.

Targher G, Mantovani A et al. Clinical Science 2013;125:301-309



Non-alcoholic fatty liver disease is independently §°
associated with left ventricular hypertrophy in hyperte %@8
Type 2 diabetic individuals ‘

\\

Table 2 - Multivariate logistic regression a é@s}nde pendent
predictors of left ventricular hyper‘tropf'\m n Type 2 dia-
betic patients. \ \\_6 a‘f’\

@Q@ds ratio o]
gggf’ c\gﬁ fidence intervals)

Gender (male vs fermale) 0.66 (0.24-1.87) .44
Age (yr) . 1.03 (0.99-1.08) 15
Diabetes duration (yr) S 1.02 (0.945-1.10) .37
Body mass index (kgfé&\g ( \ 0.93 (0.85-1.01) .O7
Systolic blood pr%ﬁ E:-(&‘ﬁ“loran] 1.02 (1.00-1.08) .05
Glycated hervh%@)‘o 5(15{%6] 0.95 (0.76-1.18) B2
e-GFR {'r"r"ll.-"" f‘b“ﬁas rm=<) 1.01 (O.28-1.05) .38
GGT {U,{’(l\'a( 1.00 (0.98-1.01) .53
NAF&@&@Q&-@} 5.94 (1.47-24.01) .01

\\\

O
O
o
O
o
O
O
O
o

ort size, no.—=116. e-GFR: estimated glomerular filtration rate; GGT:
O\QQ{—glutamyltransferase MNAFLD: non- alcohollc fatty liver diseases.

Mantovani A et al. ) Endocrinol Invest 2012;35:215-18
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