Insulina e cuore;
dalla fisiologia alla
fisopatologia
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Diabetes Patients Requiring Glucose-Lowering Therapy and
Nondiabetics With a Prior Myocardial Infarction Carry
the Same Cardiovascular Risk

A Population Study of 3.3 Million People D
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Cardiovascular disease in diabetes mellitus
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Cardiovascular disease Iin diabetes mellitus
Heart failure
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Acute vascular
effecis of Insulin



Insulin Reduces Contraction and Intracellular
Calcium Concentration in
Vascular Smooth Muscle
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Percent change in FBF after 90 minutes of low-dose (430 pmol-m-2-min-1) and high-dose
(860 pmol-m=-2-min-1) insulin infusions in control arm (insulin) and experimental arm
(ouabain+insulin).
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Altered microvascuiature
In pats with T2DM



N W W
o1 © o
| 1 1

Per 1000 person-year
il
o o

N
o
1 1

O
)|

Incidence Rate of CHD Events: The role of
microvascular complications

WEUES Femaites
p=0.002 p=0.003 p<0.001 p=0.003

Micro

NG Micro
micro
No
micro
No Micro
micro .
No Micro
micro

All CHD AMI All CHD AMI

Avogaro et al Diabetes Care, 2007



307 B No microvascular disease state

1 1 microvascular disease state (e}
B 2 microvascular disease states \0\

B 3 microvascular disease states

HbA,  <7.0% 27-0% =7-0% =7-0%
Blood pressure  <140/90 mm Hg <140/90 mm Hg =140/90 mm Hg =140/90 mm Hg
LDL cholesterol  <2-5 mimal/L =2-5 mmaol/L =2-5 mmaol/L =2-5 mmol/L
Risk factors

Brownrigg JR et al Lancet Diabetes & Endocrinology, 2016



Acute metabolic
effecis of Insulin
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Metabolic switch: why ?
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Maladaptation of energy
metabolism-to insulin
stimuwiation In pats
with T2DM



Myocardial insulin resistance in T2DM

Healthy subject
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Myocardial insulin
resistance in T2bM
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Cardiac energy

metabolism in T2DM P < 0.001
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Obesity: metabolic abnormalities in the absence
of functional alterations
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Direct and indirect
beneficial effects
ofinsulin .....



Left ventricular ejection fraction in Type 2 patients with
known CHD after 2-months period
glibenclamide vs. insulin
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Metabolic therapy in cardiac failure: effects of
Trimetazidine in the chronic setting (3 months)
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Summary

Diabetes, ATS and heart failure

Acute effects of insulin
Chronic effects of insulin
Controversies

ORIGIN

GLP1-RA and risk factors of ATS

Effects onLV.fuinction/reperfusion injury - animals
Effects o LV function/reperfusion injury - humans
CV safety: meta-analysis and RCTs to come



Diabetes &
atherosclerosis



Diabetes & atherosclerosis
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Diabetes & heart fatiure



Diabetes and heart failure

bt et Prevalence
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9,591 neri diabetic subjects
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Cardiac metabolic adaptation
In heart failure

Metabolic switch in heart failure

Mormal

Taegtmeyer H et al Circulation, 2002 Neubauer S. N Engl J Med, 2007



Gel shift assay showing the relative NFkB binding to the double-
stranded oligonucleotide containing NFkKB DNA binding site
following insulin or dextrose infusion. ..
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Morphometric analysis of vessels from wild-type (WT), IRS-
1-/-, and IRS-2-/- mice.
.
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Acute effects of insulin
Mechanistic rationale
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Basal Insulin - Endothelial regeneration

CD133*KDR* cells
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DIGAMI: mortalita a lungo termine e
glicemia basale (at admission)

age, previous heart failure, and severity of the diabetic disease at admission
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Malmberg K et al, Circulation 99: 2626-2632, 1999
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Cardiovascular effects
of GLP1-RA



Blood Pressure



Liraglutide and blood
pressure
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Exenatide and blood pressure
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Liraglutide improves lipid profiles
INn patients with type 2 diabetes
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Il compenso glicemico ottenuto non e soddisfacente
(HbAlc 7.5%, obiettivo < 7%)
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Dobbiamo modificare la terapia anti-iperglicemica

del Sig Mario?
. . . \O
Viene impostata la seguente terapia \)e\o\o%‘
: : O\,
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ramipril + idroclorotiazide 5/25 alla sera



A direct cardiovasciar
role of GLP1-RA ?



A role for GLP1R agonism ?

G ¢ e GLP-1receptors have
LA s, S S been demonstrated
i T _- in cardiac myocytes
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Data In aniziabimodels

- GLP-I%nay enhance recovery of LV function after transient
coronary artery occlusion in an isolated rat heart model

- Beneficial outcomes were reported in the dog model of
pacing-induced dilated cardiomyopathy



Effetti dell’infusione di GLP-1 sul
“Ventricular Wall Motion” in soggetti con IM

Single-center pilot study (N=21)

.E Regional Wall Motion

\o Baseline Post 72 hrs inf.
’(Mb%n +‘m; Control Group, N=10; GLP-1 Group, N=11 (Patients with acute myocardial infarction (AMI)

s Qos\a B&E <40% after successful primary angioplasty. LVEF = Left ventricular ejection function.
0\6 Post IV GLP-1 = post 72-hour intravenous GLP-1 infusion.

Nikolaidis LA, Circulation 2004
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Effetto di 5 settimane di infusione di GLP-1 sulla
frazione di eiezione ventricolare e lo stato funzionale in

pazienti con scompenso cardiaco

LV Ejection Fraction Maximal O, Uptake (VO, W

50

40

9
h 30
>
=l
20
10
0 e S 0
‘Eqsgi@\ . Ge‘ﬂgéeks Baseline 5 weeks Baseline 5weeks Baseline 5 weeks
05\\ eCé%trul GLP-1 Control GLP-1
O'\QQ ¢

Changes in left ventricular ejection fraction, and maximum myocardial ventilation oxygen
consumption after 5 weeks of GLP-1 infusion (n=12) versus control (n=9) in subjects

Sokos G, J Cardiac Fail 2006
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Final infarct size and short-term
duration of iIschemia

Circ Cardiovasc Interv

April 2012

327 randomised patients

!

196 were treated with exenatide
in addition te PCI (exenatide)

191 were treated wit af@m
addition to Pz \}J

22 premature discontinued
21 ne myocardial
infarction
1 acute CABG

G0 with TIMI flow 2/3 before PCI
§ system delay data not avaliable

A

o
P

Exenatide i.v 15 min before procedure and for 6 hours

35 premature discontinued
31 ne myocardial
infarction
3 long history
1 withdrawal of consent
50 with TIMI flow 2/3 before PCI
} system delay data not avaliable

'\

(51‘[7{, ol @r inclusion in data
GNP\ At
(‘@.__.IE

102 eligible for inclusion in data
analysis

k4

Swystem delay =132 minutes

34 full analyses which
includes area at risk

39 with data for final infarct
slre

System delay < 132 minutes

35 full analyses which
iticludes area at nsk

38 with data for final infarct
5lzZe

=[ 31 lost to CME

L

System delay < 132 minutes

31 full study analyses which
includes area af risk

36 with data for final infarct
size

System delay =132 minutes

31 full analyses which
includes area af risk

3% with data for final infarct
size

Figure 1. Trial profile. CABG indicates coronary artery bypass graft operation; CMR, cardiac magnetic rescnance; PCI, percutaneous
intervention: and TIMI, Thrombaolysis in Myocardial Infarction.

Lonborg J et al Circ Cardiovasc Interv 2012




Final infarct size and short-term
duration of iIschemia

Exenatide i.v 15 min before procedure and for 6 hours

Table 2. Outcomes Evaluated With Cardiac Magnetic Resonance

n Exenatide n Placeba

2\ \
@ system delay less than or equal 6\6\\ \d\\a‘
to median (=132 min)* \\ =)

Final infarct size, g 9 (4-13) %Oo’r? a-é{@\\a
Final infarct size, %LV 8 (4-12) é‘?\ o B! oM7)
Area at risk, %LV 30 (23-38) 6\)\6 31 \\\6‘ 32 (27-40)
Myocardial salvage index 0.75 (0. 2 \ ‘ng 0.66 (0.59-0.78)
LV mass, g @;’1(?\\&—1 3 36 127 (113-154)
0y ] i %e I~ . %'—l LTl - i L1t
LVEF, 2 mo, % @6‘ Fdes) & 57 (40-63)
@ System delay greater than \\)0‘3 . ‘\(\3\
median (=132 min}* \‘3(\ 0(\g
Final infarct size, &2 O 3 15 (11-24) : 15 (10-22)
(S
Final mf%@aik@ %&.\16 g 12 (8-20) 3 12 (8-15)

oo oo

on

n
)
n
)
"
35
"
W
"
w

(=]

- ]

risk “ﬁ@ 34 (20-48) 30 (25-38)
%\\ ml\‘salvage index 0.67 (0.57-0.72) 3 0.68 (0.53-0.73)
@ @ mass, g 126 (107-144) 3 128 (38-152)
LVEF, 2 mo, % 53 (47-60) 3 55 (48-62)
LV indicates left ventricle; LVEF, left ventricular ejection fraction.
Data are presented as median (interquartile range).

*For interaction of system delay less than or equal to median with exenatide traatment, P=0.018 for final infarct size
(% LV) and P=0.021 for myocardial salvage index.

Lonborg J et al Circ Cardiovasc Interv 2012




Salvage Index and Final Infarct Size in ST-segment elevation
myocardial infarction treated by ballon angioplasty and exenatide or
placebo infusion

. \Cal
Salvage Index Infarct Size ,0°°
0,75 o,
0,7
0,65
0,6 -
0,55 -

Exenatide Placebo Exenatide Placebo

Lonborg J, Eur Heart J 2011



Grafico1

		Exenatide

		Placebo



Salvage Index

0.71

0.62



Foglio1

				Salvage Index		Serie 2		Serie 3

		Exenatide		0.71		2.4		2

		Placebo		0.62		4.4		2

		Categoria 3		3.5		1.8		3

		Categoria 4		4.5		2.8		5

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.
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		Exenatide

		Placebo



Infarct Size

0.3

0.39



Foglio1

				Infarct Size		Serie 2		Serie 3

		Exenatide		0.3		2.4		2

		Placebo		0.39		4.4		2

		Categoria 3		3.5		1.8		3

		Categoria 4		4.5		2.8		5

				Per ridimensionare l'intervallo di dati del grafico, trascinare l'angolo inferiore destro dell'intervallo.
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Meta-analisi a 12 settimane

Study name Statistics for each study MH odds ratio and 95% CI

MH odds Lower  Upper
i limit limit  Zwalue  Pwalue

MNauck et al. [31] 831 0667 5.036 1176 24
Heine et al. [34] 3 0376 €713 0629 520 o\©
Russell-Tones# et al. [44)] 57 04911 3.304 1.114 265 6\'
NCTO0260334 et al. [33] £ 0136  7.086 -0.017 S86
Diamant et al. [36] 0,122 74023 0.672 502
WNCTO0393718 et al. [33] 652 0.144 2.954 —0.556 579
Pratley et al. [50] 2 0022 2704  —1L15 25
Nauck# et al. [47] 4 0.099 2.492 —0.85 396
NCT00614120 etal. [33] 4L 0.082 2.974 —0.769 442
Garber et al. [49] 496 0.069 3.542 —0.699 454 60
Davis et al. [37] 523 0059 39477 D 253 \\a
@ Versus active co miparators (overall) 05 0633 1.758 0.203 &’3

Kendall et al. [28] 3 0.174 1445 -127%\ \.
Russell-Tones et al. [44 ] . 0.193 3.503
Rosenstock etal. [17] 051 0.003 1042 @ T‘
Marre et al. [46] 247 0.04 \\ (Jq%
Buse et al. [27] 245 0.022 E .
DeFronzo etal. [26] 0.25 1(5 ﬁ Q
Kalku etal. [43] 0_49?0‘3 ]. 3
Gaoetal. [21] Dﬁ\% B.119  —0.68
MNauck et al. [47] G\& ICIl.f 6 Q 36059 0477
Zinman et al. [45] 0.06 36644 0242
Bergenstal et : éﬁ'@] ( \1-'-13 0.007  2.823  —1.275
I\"I"It'[’r?w et 2.35 0.121  45.668 0.564

Eﬂgens é(e 0.344 0.014 B.500 0652

|

m \\|G

—0.49"

0.459 0.255 0.826  —2.500

® Versus pls C#
K D \ 0.737 0.5301 1.083 —1.352
e‘ !

0.1 10 100

Fav ours GLP-1RA  Fav ours comparator

Trials with at least 1 reported MACE
(63 studies)

Monami M et al Exp Diab Res 2011



Ongoing Trials: what to be expected

Table 1

Ongoing clinical trials evalvating treatment strategies for patients with diabetes mellitus

Title

Estimated Study
Completion Date

Design

Intervention

Patients (N)

Primary End%lg\a

ORIGIN=

LEADER™

SAVOR-TIMI
5.13:

GENERATION™

EXSCEL™!

TOSCA 1T

Elixa

April 2012 2 ¥ 2 factorial design

January 2016 Phase 3 clinical trial

Randomized, doubla-
blind. placebo-
controlled phase 4
trial

June 2015

October 2001 Randomized, double-

blind, active control,

multicenter phase
3hi4 stdy
Randomized, placebo-
controlled, phase 3
study

arch 2017 Q?
e (R{:atmued pﬂé

Dec @Q@Q‘a ﬂé?é?iphceho-
c©
_ o O

December 2014

uanLrUlled phase 4
trial

6‘3

Randomired clinical trial comparing 1 daily injection of insulin
glargine vs dose titrated to achieve FPG =53 mmolL (95
mg/dL), or standard glycemic care; and either omega-3 acid
ethyl esters 90 (1 g consisting of EPA 465 mg and DHA 375
mg) or identical placebo

Randomized clinical trial comparing max. dose of 1.8 mg
liraglntide, injectzed SC once daily, administered in addition to
subject’s standard treatment, vs placebo

Saxagliptin 5 mg or 2.5 mg ance daily vs placebo in pﬂnené %QOOD 6\6\

AP o) &©
\m@l\ Vs gljme@\d% 2,3, 4

with type 2 diabetes

Saxagliptin 5 mg oral tablet o (]

or 6 mg oral enmpn-t(g(l\ @
Q(

Sitagliptin gm hate @-%1 tablet once daily for patients

\\Sgg rmal A impaired renal function as defined by

ig tablet once daily for patients with
305,

L onceg

14,000

mg 6]1 impaired renal function as defined by eGFR vs
bo

enatide 2 mg SC injection, administered once weekly. vs
placebo

Metformin 2,000 mg + pioglitazone 1545 mg or active
comparator of metformin 2,000 mg + glibenclamide 5-15
mg or metformin 2,000 mg + gliclazide 30-120 mg or
metformin 2.000 me + glimepiride 26 ma

12,612 from 40 international
centers

o
N
e\a\\ o©F

[ mm'mﬁ:b% ality, m: Uor vascular
-cau mortmts
~.nmJL\:e,5'|}§m arrest

\\6

de1th nonfatal MI, or nonfatal
stroke; expanded composite CV
outeome*

CV death, nonfatal MI or nonfatal
ischemic stroke; hospitalization for
heart failure, unstable angina
pectoris, of coronary
revascularization

Proportion of patients reaching HbA
target <7% without hypoglycemia
over 52-wk treatment period

CV-related death, nonfatal MI, nonfatal
stroke, or unstable angina requiring
hospitalization

All-cause mortality, time to first
confirmed CV event, hospitalization
for ACS or heart failurs

All-cause mortality, nonfatal MI
(including silent MI). nonfatal
stroke, unplanned coronary
revascularization

2014 Lixisenatide in prevenzione secondaria

Rewind 2019 Dulaglutide

Fonseca V Am J Cardiol 2011




Il Sig Mario torna al controllo dopo 3 mesi

Esame Obiettivo e\o\og\a'
. O°.
_ PA: 140/85 mmHg; FC 78 bpm o 6&%@‘
\\‘3\ A\
— Peso: 83 Kg (-4 kg), altezza 173 cm, E;;M,i@% &FKg/m?2
N~ o2
— Circonferenzavita 105 cm @\)’Sa (Ne‘e
0@ 6\60
2
Esami ematochimici & strgg@g@gweg
2
- FPG: 115 mg,;(’d} SR 1c: 6.8 %
\_‘3 6‘6\
- Creqm‘n@‘@tablle
\\l'a o@\‘

O\QQOG’C@P‘tot 201 mg/dL, HDL-col 46 mg/dL, trig 158 mg/L, LDL-col
123 mg/dL



CONCLUSION

How to achieve normoglycemia
In T2DM patients ?

Pioglitazone Metformin SU GLP-1 RA Gliptins Insulin

‘l, Reduced perfusion
Diastolic Dysfunction

Systolic Dysfunction

EKG alterations

Angina

CONTRACTILE RESERVE:

CHF
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Widespread Increase in Myeloid Calcifying Cells
Contributes to Ectopic Vascular Calcification in

Type 2 Diabetes .. pos 2011:108:1112-1121.)

Gian Paolo Fadini, Mattia Albiero, Lisa Menegazzo, Elisa Boscaro, Saula Vigili de Kreutzenberg,
Carlo Agostini, Anna Cabrelle, Gianni Binotto, Marcello Rattazzi, Elisa Bertacco, Roberta Bertorelle,
Lorena Biasini, Monica Mion, Mario Plebani, Giulio Ceolotto, Annalisa Angelini, Chiara Castellani,

Mirko Menegolo, Franco Grego, Stefanie Dimmeler, Florian Seeger, Andreas Zeiher,
Antonio Tiengo, Angelo Avogaro
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Table 4. Rates of Death and Composite of Death or Heart Failure at 3 Days

Death at 3 Days

Event Rate Event Rate
Total Allocated in Combined GIK Adjusted in Combined,
No. of to GIK and Control P Value and C
Patients Group, % Groups, % AHR (95% Cl)2 for Trend

Glucose, mg/dL
<126

126-<144 5 5 . 09 (0.82-1. ‘ 20 118 (1.02-1.35)
) N 1.88 (1.69-2.08)

Potassium, mEg/L .
<4 7157 i ; 1 [Reference]

4-<5 13233 55 : X : : : 1.01 (0.92-1.11)

1.42 (1.22-1.65)

Fluid balance .
Negative 1 [Reference] ' 1 [Reference]
Neutral 1 1.14 (0.76-1.70) <.001 ; 0.79 (0.65-0.94)
Positive 3 . 2.42 (1.79-3.27) . 1.03 (0.90-1.18)

Abbreviations: AHR, dd]u ard ralip@dl, confidence interval; GIK, glucose-insulin-potassium.

Sl conversion factors; @ N ) > to mmal/L, multiply by 0.0555; potassium to mmaol/L, multiply by 1.0.

aadjusted for a X» b‘[o etes, GIK allocation, infarction Iocatlun {eg, anterior wall vs other), reperfusion therapy (yes or no), and time from symptom onset to randomization.
Fach mo gluco: bSIUm and fluid balance status also was adjusted for the other 2 covariates (eg, models for glucose strata also were adjusted for potassium and fluid




Overview of GIK Therapy for Acute MI:
A 30year Perspective

QOdds Ratio and Cls

Year Study Mortality Rate (%)
GIK Contol o FET GIK Better Placzioe Better

1987 SEVIEY 0.0 0.0 0.0 0.0 <€ 19 X >
1983 Rogers 6.5 12.3 -1.9 2.4 I 1\ A >
1978 Stanley 7.3 16.4 -2.5 2.8 I i
1977 Heng 8.3 0.0 0.6 0.2 k >
1971 Hjermann 10.6 20.0 4.8 6.8 I I P =0.07
1968 Pentecost 15.0 15.0 -0.5 6.5 I >
1968 MRC 21.4 23.6 -5.1 41.5 [ '
1967 Pilchar 13.9 29.3 -2.6 3.4 | I
1965 Mittra 11.8 283 -7.0 6.8 : 1 P =0.007

All Patients 161 210  -24.0 70.4 _|_ 2 =0.00%

1

GIK = glucose—insulin—potassium; MI = myocardial infarction; Cl = confidence interval.

Fath-Ordoubadi F, Beatt KJ. Circulation. 1997;96:1152—-1156. Reprinted with permission
(http://lww.com)
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