CONGRESSO
NAZIONALE
IL PAZIENTE CON
INVECCHIAMENTO: SCENARIO 2.0 SCOMPENSO CARDIACC
e~ COMORBI LITA DIABETIC

Raffaele Marfella

{1 1i¥ 117



Prevalenza (%)

20

16

12

Prevalenza del diabete mellito tipo 2

strati ficata per sesso

18,4 18,4

15-24 25-34 35-44 45-54 55-64 65-74 75-84 85+
B Maschi B Femmine

Fonte ISTAT 2013,elaborazione ISS



IDF Diabetes Atlas 7th Edition (2015)

We project that in 25 years the number of people

with diagnosed diabetes will increase by 55%,

from 415 millionin 2015 to 642 millionin 2040 .
The biggest percent iIncreases will be among people

aged 65 years (69%)
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September 13, 2015 (EASD, Lisbon, Portugal)
AThi s yidéailion deaths will be attributed to diabetes,
with 1 person dying from diabetes every 7 seconds
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Rawshani A, et al. N Engl J Med. 2017;376:1407-1418.
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Causes of Death in a Contemporary  Ahinav sharma,** Jennifer 8. Green,*
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. - John B. Buse,3 John M. Lachin,”
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Study Group
Overall causes of death Cardiovascular death
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|  Figure 1—Distribution of causes of mortality.

Diabetes Care Publish Ahead of Print, published online October 6, 2017



HF in Patients With Diabetes in the

Framingham Study

Role of Diabetes in Congestive Heart Failure:

The Framingham Study

WILLIAM B. KANNEL, MD, FACC
MARTHANA HJORTLAND, PhD*
WILLIAM P. CASTELLI, MD

Framingham, Massachusetts
Bethesda, Maryland

Kannel WB, et al. Am J Cardiol. 1974;34:29-34

The incidence of congestive heart fallure was determined in relation to
prior diabetic status in 5,209 men and women aged 30 to 62 years fol-
lowed up for 18 years in the Framingham study. Men aged 45 to 74

years had more than twice the freguency of congestive failure as their
nondiabetic cohorts, and diabetic women had a fivefold increased risk.



Prevalence and Annual Incidence Rates

of CHF per 1000 People
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How Many Patients With HF Have

Undiagnosed Diabetes/Prediabetes?

HbA,.
HbA, <5.7% 5.7%t06.5% HbA, > 6.4%
Patients, n (%) 1618 (30) 2643 (49) 1106 (21)

In PARADIGM, 49% of patients with HF
had an HbA,_ between 5.7% and 6.5%
(PREDIABETES)
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McMurray JJ, et al. N Engl J Med. 2014;371:993-1004.



Heart Failure as Risk for Diabetes

Cumulative Risk of Diabetes Development According to Loop-
Diuretic Dosage
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Risk Factors for HF in Patients

With Diabete

Associated Linked
with diabetes to diabetes
AHypertension .
AObesity AHyperglycemia

Alnsulinresistance

ADyslipidemia AHigh FFAITG

Alschemicheart disease
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Insulin Resistance and Risk of CHF

Glucose (mmol/L) x Insulin (mU/L) HOMA IR Basal L.R. Index
HOMA-IR = 29 Normal <2.7 ( (1/HOMA2 S$% )*100)
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Ingelsson E, et al. JAMA. 2005;294:334-341.



5-Year Survival Estimates for 115,803 Adults Aged 65 Years in Fee-for-

Service Medicare With Diabetes by Incident HF Status
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Bertoni AG, et al. Diabetes Care. 2004;27:699-703.



Definition of the Type of HF

Criteria

1) Symptoms + signs
2) LVEF <40%

Criteria

1) Symptoms + signs
2) LVEF 40% to 49%
3) = Elevated levels of natriuretic peptides
= At least one additional criterion:
— Relevant structural heart disease (LVH and/or LAE)
— Diastolic dysfunction

Criteria

1) Symptoms + signs
2) LVEF 250%
3) = Elevated levels of natriuretic peptides
= At least one additional criterion:
— Relevant structural heart disease (LVH and/or LAE)
— Diastolic dysfunction

Ponikowski P, et al. Eur Heart J. 2016;18:891-975.




Diabetes Is Common Among Patients

With HF

* These are independent studies with different study designs and patient
populs%tions; no direct comparisons can be made between studies
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*Prevalence of Uiabetes at baseline: selected clinical trials and registries in patiénts with HF

a. Pitt B, et al. N Engl ] Med. 2014;370:1383-1392; b. Redfield MM, et al. JAMA. 2013;309:1268-1277; c. Pieske B, et

al. Eur Heart J. 2017;38:1119-1127; d. Pitt B, et al. N Engl/ J Med. 2003;348:1309-1321; e. McMurray JJV, et al. N Engl/

J Med. 2014;371:993-1004; f. Gheorghiade M, et al. JAMA. 2015;314:2251-2262; g. Luo N, et al. JACC Heart Fail.
2017;5:305-309; h. Greenberg BH, et al. Heart J. 2007;154:277:e227.e1-8; i. Peacock WF 4th,, et al. N Engl J Med. 85
2008; 358:2117-2126.



Clinical Implications of

Echocardiographic Phenotypes of
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Patients With Diabetes Mellitus

Laura Emande, MD, PuD*" Etienne Audureau, MD, PuD,” Christine L. Jellis, MD, PuD,” Cyrille Bergerot, MD,*
Corneliu Henegar, MD, PaD," Daigo Sawaki, MD, PuD,” Gabor Czibik, MD, PuD,” Chiara Volpi, MD,”

Florence Canoui-Poitrine, MD, PuD,” Héléne Thibault, MD, PuD," Julien Ternacle, MD,*"

Philippe Moulin, MD, PsD 5" Thomas H. Marwick, MBBS, PuD, MPH,’ Geneviéve Derumeaux, MD, PaD™"

Diabetesincreaseamortality in both
heart failure with preservedEFand heart failure with decreaseceF

Systolic Function

3 Clusters of
Patients
with Diabetes

Diastolic Function

Left Ventricular
Remodeling

Patients with Events (%)

Cluster 1:

Men with preserved
systolic and diastolic
function

Cluster 2:

Obese and hypertensive
women with diastolic
dysfunction

Cluster 3:
Men with LV hypertrophy

and systolic dysfunction

Ernande, L. et al. J Am Coll Cardiol. 2017;70(14):1704-16.

CENTRAL ILLUSTRATION Cardiac Phenotypes in Diabetes by Cluster Analysis
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Complexity of HF and T2D

Images courtesy of Robert J. Chilton, DO

Preserved EF

Type 2 DM-Cardiomyopathy

Reduced EF
EF-35% EF-65%

Both can have 1schemic heart disease

translational considerations




First Description of Diabetic

Cardiomyopathy

New Type of Cardiomyopathy Associated
with Diabetic Glomerulosclerosis

SHIRLEY RUBLER, MD, FACC

JOEL DLUGASH, MD

YUSUF ZIYA YUCEOGLU, MD, FACC
TARIK KUMRAL, MD

ARTHUR WHITLEY BRANWOQOD, MD

New York, New York

ARTHUR GRISHMAN, MD, FACC |iﬂ

The postmortem findings and clinical records of 27 patlents with
proved diabelic glomerulosclerosis were examined and reviewed for
evidence of primary myocardial disease. Twenty-three cases were
excluded because of complicating conditions such as hypertension,
ignificant obstruction of the major coronaty arteries or valvular dis-

ease. Four patients demonstrated cardiomegaly and congestive
heart failure of no known cause.

Rubler S, et al. Am J Cardiol. 1972;30:595-602.
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More fibrosis
In diabeticheart

More apoptosis
In diabeticheart

More inflammation
In diabeticheart




Many Faces of the Diabetes Heart

"picture worth a thousand words"




Mechanism of Diabetic Cardiomyopathy

Insulin resistant heart cells

Hyperglycemia

High FFA / TG

™ FFA oxidation
T ROS

EC dysfunction Lipotoxicity
Fibrosis Mitochondrial uncoupling
Glucotoxicity Cellular dysfunction
Apoptosis

Diabetic cardiomyopathy / heart failure



JAM AE’ Insulin Therapy and Lipid Overload
mma e I TYP@ 2 Diabetes

Raffaele Marfella, MD, PhD
raffaele.marfella@unina2.it

Michelangela Barbieri, MD, PhD

Giuseppe Paolisso, MD

Department of Geriatrics and Metabolic Diseases
Second University of Naples

Naples, Italy

JAMA, August 20, 2008—Vol 300, No. 7

Early diabetes
! CarleDFrAnwc‘fte 1 Card'FDFfE‘fDG‘r’TE o Maintenance
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metabolism
Late diabetes
Passive _
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Myocytelipid accumulation
In type 2 diabeticpatients

Raffaele Marfella,"** Clara Di Filippo,"" Michele Portoghese, Mlchelaﬂgela Barbieri,* Franca
Ferraraccio,** Mario Siniscalchi,* Federico Cacciapuoti.* Francesco Rossi,' Michele D’Amico,’
and Giuseppe Paolisso™®

Department of Geriatrics and Metabolic Diseases,* Department of Experimental Medicine,” and
Department of Preventive Medicine,** Second University of Naples, Italy; and Cardiovascular Surgery Unit,?
Sassarn Hospital, Sassar, [taly

Pazienti cordiabete tipo 2 Pazienti senzaiabete

Journal of Lipid Research  Volume 50, 2000



Myocyte lipid overload
decreasesjection fraction

Raffaele Marfella,'"™* Clara Di Filippo,"" Michele Portoghese,® Michelangela Barbieri,* Franca
Ferraraccio,** Mario Siniscalchi,* Federico Cacciapuoti,® Francesco l?n'.huuvssi.,'r Michele D’ﬂ.ﬂ‘licn,f
and Giuseppe Paolisso®

Department of Geriatrics and Metabolic Diseases,* Department of Experimental Medicine,” and

Department of Preventive Medicine,** Second University of Naples, Italy; and Cardiovascular Surgery Unit,®
Sassart Hospital, Sassan, [taly

Frazione di eiezione>50% Frazione di eiezione 5680% Frazione di eiezione<30%

Journal of Lipid Research  Volume 50, 2000



Journal of Lipid Research  Volume 50, 2009

PPAR" expressionmyocytes
In advanceddiabetes

Pazienti cordiabete tipo 2 Pazienti senzaiabete



Journal of Lipid Research  Volume 50, 2009

PPAR expressionmyocytes
In advanceddiabetes

Pazient cordlabete tipo 2 Pazienti senzailabete



(Circulation. 2007;116: &NA -

Circulation et (ff)

Learn and Live..

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Cardiac Steatosis in Diabetes Mellitus
A "H-Magnetic Resonance Spectroscopy Study

Jonathan M. McGavock, PhD; Illdiko Lingvay, MD, MPH; Ivana Zib, MD: Tommy Tillery, BSc;
Naomi Salas, BSc: Roger Unger, MD: Benjamin D. Levine, MD: Philip Raskin, MD;
Ronald G. Victor, MD; Lidia §. Szczepaniak, PhD
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More fibrosis
In diabeticheart

More apoptosis
In diabeticheart

More Inflammation
In diabeticheart
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Cardioprotection in diabetic patients

ST /s it possible?
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Clinical Application of Current Data:

Outline

Glucoselowering drugsand heartfailure outcomes

Heartfailure drugsand outcomesin diabetic patients



Pharmacologic Therapies

for T2D

154 SGLT2 inhibitors
= Bromocriptine
o Colesevelam
B DPP4 inhibitors

Wy
o
2
-g‘ = Inhaled insulin
£ 104 Pramlintide
= ) :
: ~ GLP-1 receptor agonists
i _ Glinides
o) — Thiazolidinedione antidiabetics
A
2 - Insulin analogues ¢
) ! S !
S 54 a-glucosidase inhibitors T
§ — Human insulin I
w °
S - Metformin ¢~
* Sulfonyl tidiabetics g—
Animal insulin  2Ulfonylurea antidiabetics T_
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Kahn SE, et al. Lancet. 2014;383:1068-1083.



Potential Benefits of Metformin in HF:

Results From a Meta-Analysis

9 studies included involving 35,000 patients

Risk Ratio
Study or Subgroup IV, Random, 95% CI
Evans -_—
Eurich
Masoudi -
Inzucchi —_—
Shah .
MacDonald .
Roussel —
Andersson -
Aguilar ——
Total (95% CI) &

0507 1 152
Favors metformin  Favors control

Heterogeneity: Tau? = 0.00; Chi? =9.45, df =8 (P=.31); I’ = 15%
Test for overall effect: Z=5.35 (P <.00001)

* Metformin was associated with reduced mortality
compared with comparator (mostly SUs) and reduced
hospitalization (3 studies)
* No increased risk in patients with reduced LVEF and CKD 3

Eurich DT, et al. Circ Heart Fail. 2013;6:395-402.



Metformin Reduces Lipogenesis Markers in Obese Mice Fed a
Low-Carbohydrate and High-Fat Diet

Karla Nayara de Oliveira Santana' - Deborah Farias Lelis' - Keila Lopes Mendes' - Jamille Fernandes Lula' -

. — * * = .} = 1 2
Alanna Fernandes Paraiso' - Joao Marcus Oliveira Andrade’ - John David Feltenberger- - Junio Cota“ -
. e . 2 . s . . " _— o - ]
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Estimated Ewent Rate, %

Effects of glitazones on
results of meta

Serious Heart Fallure

101

Harard ratin=1.41 [85% confidence
interval, 1.14-1.76)
P= o0z

Pioglitazone

— Pioglitazone

Waseks
Heart Failure
Source Wisight, %

Kzhn et al.” 2006 3568
Dlargie et al 1@ 2007 18.70
Gerstein et al.* 2006 3.81
Home et al,'? 2007 41.82

10000

100 120 140

Singh S JAMA 2007

heart failure
- analysis

Lincoff. JAMA 2007

Rosiglitazone

Ralative Risk
[95% CI)

1.56 [0.90-2.72)
1.97 (0.95-4.04)
7.00 {1.58-30.75)
2 14 (1.30-3.54)

2 .09 (1.52-2.88)
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JAMA

The Journal of the American Medical Association

Insulin Therapy and Lipid Overload
in Type 2 Diabetes

Raffacle Marfella, MD, PhD
raffacle.marfella@unina2.it

Michelangela Barbieri, MD, PhD .

Giuseppe Paolisso, MD Calorlc Su rplus
Department of Geriatrics and Metabolic Diseases

Second University of Naples \l/

Naples, Italy

Hyperinsulinemia

Increased t Myocardial lipid
adiposity deposition

JAMA, August 20, 2008—Vol 300, No. 7



Lipid content

The Journal of Clinical Investigation  http://www.jciorg Volume 117 Number 10  October 2007

Cardiomyocyte expression of PPARy leads
to cardiac dysfunction in mice
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Thiazolidinediones may contribute to the Heart 2009:95;1020-1022
intramyocardial lipid accumulation in diabetic
myocardium: effects on cardiac function

R Marfella, M Portoghese, F Ferraraccio, M Siniscalchi, M Babieri, C Di Filippo,
M D’ Amlco F Rossi and G Paollsso )
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Cardiovascular Actions and Clinical
Outcomes With Glucagon-Like Peptide-1
Receptor Agonists and Dipeptidyl
Peptidase-4 Inhibitors

Michael A. Nauck, MD

Juris J. Meier, MD

Matthew A. Cavender,
MD, MPH

Mirna Abd El Aziz, MD

Daniel J. Drucker, MD

G CVOT: Hospitalization for CHF

DPP- GLP-X
ITphibitors recepitor
agonists

(95 % CI)
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hospitalization
for congestive heart failure

"Hazard ratio” for




SAVOR-TIMI, EXAMINE, TECOS: Topline
Results

* No CV benefit vs placebo
observed with saxagliptin,

L. . . e [a.d =.
alogliptin, or sitagliptint@-d 8

95% Cl: 1.07, 1.51

Hospitalization for HF, SAVOR-TIMI!

* Increased HF risk associated

=S
'

with saxagliptin and, 35 i

possibly, alogliptin(a-] 2 37 2.8%

‘é‘ 25

No HFsignalwith 2.

. . . . . . ch 15

sitaglipinand vildagliptin £

0.5
0 -

Saxagliptin Placebo

a. Scirica BM, et al. N Engl J Med. 2013;369:1317-1326; b. Zannad F, et al. (n=8280) (n=8212)
Lancet. 2015;385:2067-2076; c. White WB, et al. N Engl J Med. 2013;369:
1327-1335; d. Green JB, et al. N Engl J Med. 2015;373:232-242.



EMPA-REG OUTCOME Was a Randomized,

Double-Blind, Placebo-Controlled CV Outcomes Trial

* All CV and neurological events were adjudicated by independent, masked,
clinical event committees

Patients with T2D and Empagliflozin or Primary endpoint:
established CV disease placebo given on top 3P-MACE
u of standard of care
,-\/ (/O n ZL/"/('Q By 7
™ Xy \ 4 f)
7020
- Empagliflozin 10 mg
p atients Pre-specified primary endpoint
Empagliflozin 25 mg components:
* (Vdeath
_ _ 3.1 years median * Non-fatal Mi
CV disease was defined as observation time * Non-fatal stroke
=1 of the following:
* CAD Other pre-specified outcomes
* PAD * Hospitalisation for heart
* History of Ml failure
* History of stroke * All-cause mortality

87
Zinman B, et al. N Engl J Med. 2015;373:2117-2128; supplementary appendix.



Reduced Risk of HHF Was Observed Early and

Sustained Throughout the Trial

HR 0.69
7 - HR 0.65 (95% Cl: 0.53, 0.91)
(95% Cl: 0.50, 0.85) HR 0.69
6 _ P=.0017 (95% CI:0.52, 0.92)
HR 0.60
5 == Empagliflozin (95% CI: 0.44, 0.83)
R Placebo HR 0.62
- (95% Cl: 0.44, 0.87)
& 4 HR 0.57
S (95% CI: 0.40, 0.80)
s HR 0.47
§ 3 (95% CI: 0.29, 0.76)
) 2
-
o
= 7
®
LI 1 I
O —
180 360 540 720 1080 1260 1440
No. of Patients Days
Empagliflozin 4687 4614 4523 4427 3988 2950 2487 1634 395
Placebo 2333 2271 2226 2173 1932 1424 1202 775 168

91
Zinman B, et al. N Engl J Med. 2015;373:2117-2128.



Reduction in Risk of HHF or CV Death Was

Consistent Across Subgroups by Baseline HbA,_

n with event/analysed (%) Treatment by
— subgroup
Empagliflozin Placebo HR (95% CI) HR (95% Cl) Eeratiion
All patients 265/4687 (5.7) 198/2333(8.5) 0.66 (0.55,0.79) :
HbA1c at baseline P=.6881
<7.0% 16/297 (5.4) 15/127 (11.8) 0.44 (0.22, 0.89) '
7.0% to <8.0% 114/2042 (5.6) 86/1029 (8.4) 0.66 (0.50, 0.87) ’—H
8.0% to <9.0% 77/1534 (5.0) 60/795 (7.5) 0.65 (0.46, 0.91) *_‘
>9.0% 57/812 (7.0) 37/382(9.7) 0.72 (0.48, 1.10) -—
0125025 05 1 2 4
) Favours Favours !
empagliflozin placebo

Indirect evidence suggests non-diabetes patients with heart failure may benefit from empagliflozin

HHF or CV death by HbA, at baseline; post hoc analysis. 94
Woerle HJ, et al. EASD 2017. Abstract 918.



Canagliflozin Reduced HF Hospitalizations

Canagliflozin Placebo
Outcome (N =5795) (N =4347) Hazard Ratio (95% Cl)
HHF 55 8.7 ® 0.67 (0.52, 0.87)
Death from CV
causes or HHF 16.3 20.8 —@— 0.78 (0.67, 0.91)
I I
0.5 1.0 2.0

* >

Canagliflozin Better Placebo Better

96
Neal B, et al. N Engl ) Med. 2017;377:644-657.



RESEARCH ARTICLE .
‘@ PLOS |one

Effects of canagliflozin on weight loss in high-
fat diet-induced obese mice

June 30, 2017

Wenjun Ji'-*%, Mei Zhao'**, Meng Wang'-*, Wenhui Yan', Yuan Liu', Shuting Ren*>®,
Jun Lu’, Bing Wang®#®, Lina Chen'>#
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CVD-REAL

Questions Posed

Do the results of EMPA-REG OUTCOME
and CANVAS apply to a real-world setting?

Outcome N Hazard Ration (95% Cl)

United States 233,798 0.55 (0.44, 0.69)

Norway 25,050 0.62 (0.49, 0.79)

Denmark 18,468 0.77 (0.59, 1.01)

P value for SGLT2i

Sweden 18,378 0.61 (0.45, 0.82)
United Kingdom 10,462 0.36 (0.12, 1.13)

Germany 2900 0.14 (0.03, 0.68)

Total 309,056 0.61 (0.51, 0.73)

* SGLT-2i class exposure time: 53% canagliflozin, 42% dapagliflozin,
and 5% empagliflozin

Kosiborod M, et al. Circulation. 2017;136:249-259.



What happens when you have two
SGLInhibitors (SGLAL + SGLA2)
on heart failure primary outcome?
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Pharmacologic Therapies

for T2D

EFFETCS on HEART FAILURE OUTCOMES
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Cardioprotection in diabetic patients

ST /s it possible?
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Clinical Application of Current Data:

Outline

Glucoselowering drugsand heartfailure outcomes

Heartfailure drugsand outcomesin diabetic patients



2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Starting dose (mg) | Target dose (mg)
ACE-I
Captopril 6.25 tid. 50 tid.
Enalapril 25bid. 20 bid.
Lisinopril® 2.5-500d. 20-35 o.d.
Ramipril 250d. 10 0d.
Trandolapril* 0.50d 4o0d.
Beta-blockers
Bisoprolol 1.25 0d. 10 0d.
Carvedilol 3.125 bid. 25 b.id*®
Metoprolol succinate (CR/XL) | 12.5-25 o.d. 200 od.
Nebivolol* 1.25 od. 10 0d.
ARBs
Candesartan 4-8od 320d
Valsartan 40 b.id. 160 b.id.
Losartan®* 50 od. 150 o.d.
MRAs
Eplerenone 250d 50 0d.
Spironolactone 25 0.d. 50 od.
ARNI
Sacubitril/valsartan 49/51 b.id. 97/103 b.id
If-channel blocker
Ivabradine 5 bid. 7.5 bid.




