Povis
8l Cardiovascular
W research

Ceénter

R ¥ PARcc@

DIABETES AND CARDIOVASCULAR DISEASES

Jean-Sébastien Silvestre

Inserm UMRS 970, Paris Cardiovascular Research Center, :
Paris, France @
£

@H;
v 7Y
wetzite (1 Inserm

@ Université
.,:.m.....,.. e e de Paris

Website lab: http://silvestrelab.weebly.com



http://silvestrelab.weebly.com/

Global causes of death - 20T

—

Ischaemic heart Ischaemic heart _
eeeee NN discass

Alzheimer disease - 3 Chronic obstructive -
and other dementias pulmonary disease

—_

3
Trachea, bronchus Lower respiratory ﬁ
" Iu’ng cancers’ - . infections L
European Chronic obstructive World, 5  Alzheimer disease -
Region, pulmonary disease - 2016, Both and other dementias
£016; Dot sexes, All Trachea, bronchus
Colon and rectum 6 ’ ’
sexes, All ¢ ages |
cancers ung cancers
ages —
B Lower rgspira_tory || ‘ 7 Diabetes mellitus .
infections =
8 Diabetes mellitus . 8 Road injury .
9 Cirrhosis of the liver . 9 Diarrhoeal diseases ﬁl
10 Breast cancer . 10 Tuberculosis M
0 50 100 150 200 250

Crude death rate (per 100 000 population)

Cause group
Communicable, maternal, perinatal and nutritional conditions

B Noncommunicable diseases

B injuries

© World Health Organization 2018



L | || | Ra
I feby':ses of death in adult ('lm

l

|

i

The reduction in deaths caused by vascular disease is consistent with previous reports of
improved cardiovascular mortality rates, myocardial infarction, and stroke, which have been

attributed to improvements in revascularisation, acute care, risk factor management, and
behavioural changes;
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The Diabetes epidemic ooy

Diabetes accounted for 9.9% of the global all-cause mortality among people within 20-99 years (2017).
Over one third of deaths attributable to diabetes occurred in people under the age of 60 years. The
highest proportion of all deaths attributable to diabetes occurring before the age of 60 is in the Africa
region, at 73.7%.
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Causes of death in adult diég‘n ed with diabetes (USA)

A Population with Diabetes The rates of all five major complications in the
, population of adults with diabetes declined
Acute myocardial . :
1850 infarction significantly between 1990 and 2010. The highest
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Cardiovascular risk factormetic patients

Insulin
resistance

Risk factors tor (VD

BMI
BpP 285th
LDL-C 290th  parcentile
2100 mg/dL percentile =
(22:59 mmol/L)

BMI  HbA, ¢

LDL-C BP <85th <7.5%
<100 mg/dL <90th percentile
(<2:59 mmol/L) percentile

B !

Other factors that affect
CVD risk

1 Triglycerides
LHDL-C

Smoking

Insulin resistance
Poor fitness

Family history of CVD
Female sex

Age

v

Bjornstad P et al, The Lancet Diabetes & Endocrinology, 2018




Diabetes and Cardiovascul‘;ﬁ:}?&eases

A close link exists between DM and cardiovascular disease (CVD). CVD is the most prevalent cause
of mortality and morbidity in diabetic populations.

V CVD death are higher among adults (> 18 years) with diabetes (Type 2) than those without
diagnosed diabetes, largely due to an increased risk of stroke and myocardial infarction (Ml).
This increased risk of CVD mortality in diabetic patients is found in both men and women.

V CV risk factors including obesity, hypertension and dyslipidemia are common in patients with
diabetes, particularly those with T2 diabetes.

Collectively, the high rates of CV risk factors and direct biological effects of diabetes on the CV
system place diabetic patients at increased risk of developing CVD, and contribute to the increased
prevalence of MI, revascularization, stroke and CHF.
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l-a Diabetes and macrocirculatioh: Atherosclerosis "
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Atherosclerotic plaque progr%h
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Progression over time (yrs):
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Atherosclerotic plaque progression

Grade | Grade 1l Grade Il Grade IV GradeV Grade Vi

Foam cells Fatty streak Extracellular Lipid core Atherosclerotic = Complicated
fatty streak plaque lipid atherosclerotic
core embedded plaque (plaque
in fibrosis rupture,
thrombosis,
hemorrhage)

Development of * Plaque growth
fibrosis surrounding < Atherothrombosis
lipid core » Plaque rupture

* Intra- and extracellular accumulation of lipids
» Formation of lipid core

p—

Asymptomatic { — Eventual clinical events —|
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Oxidized LDL and foam cell formation

Auto-oxidation
lipid cycle

4 Capture and
catabolism of
circulating LDL

t Half life of
circulating LDL

i

t Oxidation
susceptibility

Production of oxidized LDL

with modified apo B which is

recognized by the scavenger
receptor




Oxidized LDL and foam cell formation

Oxidation of LDL and transformation of macrophages into foam cells

Protein
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Oxidized LDL and foam cell formation

Oxidation of LDL and transformation of macrophages into foam cells

foam cell

Foam cell
formation

Lipids

Foam cell formation

Y

Atherosclerosis ’

-
SR-A1

SR =
Récepteur
scavenger

Malondialdehyde
ROS
Smoking

oxLDL are not recognized by LDL-R but by scavenger
receptors .

Receptor scavenger (SR-Al, SR-All, CD36, CD68) are not
under the negative control of intracellular [cholesterol]

Very high accumulation of cholesterol in macrophages



Oxidized LDL and foam cell formation

Foam cell
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Stable and unstable atherosclerotic plague

B stable plaque
B Unstable plaque
¥ Ruptured plaque
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Lipid core Macrophages Smooth muscle cell density
(per cent of plaque area) (per cent of fibrous cap)
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Thromboembolic complicati‘ons of atherosclerotic plaque rupture

Main clinical manifestations: acute coronary syndromes (myocardial infarction, unstable angina,
sudden death), stroke and acute ischemia of the lower limbs

Intact plaque Fissuring plaque




Thromboembolic complications*of atherosclerotic plague rupture

Formation of a thrombus with total or partial obstruction and appearance of clinical symptoms

-

— -
.4

LA : :

- e 3

".A ‘-. _\\;‘:&J:‘




Atherosclerotic plaque de\mnt




Diabetes and atherosclerosis

t Oxidized LDL

Blood accumulation
of glycated proteins

t Vascular permeability

-

Smooth muscle cell
proliferation

Release of cytokines
IL-1, TNFx

Vasoconstriction

Coagulation
activation

V Blood flow abnormalities
eNOS dysfunction

V Vascular permeability: VEGF

V Capillary occlusion: Reduction
in fibrinolysis

V Inflammation

V  Reactive oxygen species
overproduction

V Advanced glycation end-
products
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Diabetes and atherosclerosis

Diabetes was associated with a greater atherosclerotic burden and impaired compensatory
remodeling of the artery wall. Furthermore, atheroma progression, despite the high use of
established medical therapies, was more rapid in patients with diabetes. This highlights the
important mechanistic links that underscore the aggressive nature of atherosclerotic

cardiovascular disease in patients with diabetes.

Nondiabetic Patients

Diabletic Patients

Parameter (n = 1,821) (n = 416) p Value
Percent atheroma volume 381 = 9.3 40.7 £ 9.9 <0.001
Adjusted percent atheroma volume* 375+ 08 40.2 = 0.9 <0.0001
Total atheroma volume (mm?3)* 192.3 = 84.1 203.8 = 90.4 0.03
Adjusted total atheroma volume (mm3) 1894 + 7.1 1994 = 7.9 0.03
Atheroma volume most diseased 10-mm segment (mm?) 62.3 = 28.8 65.4 = 30.6 0.06
Atheroma volume least diseased 10-mm segment (mm3) 43.0 = 25.9 454 + 27.1 0.12
Percentage of images containing plaque 138215 76.0 = 27.7 015
External elastic membrane volume (mm3) 498.8 + 167.2 4949 + 166.9 0.61
Lumen volume (mm3) 306.5 = 108.2 291.1 + 104.8 0.005

Nicholls SJ et al, J Am Coll Cardiol, 2008
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Diabetes and atherosclerosis

V Diabetic patients with Ml had higher risk of CHD events and mortality from CVD over 11 years
compared with nondiabetic patients with Ml.
V Diabetic patients without MI had lower risk of CHD events and mortality from CVD over 11 years
compared with nondiabetic patients with Ml.

No-diabetes & no-MI
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Therapeutic strategies targeting atherosclerosis

Treatment strategy for dyslipidemia LDL PCSK9
T LDL receptors

\ inhibitors
(40-60%)
A

Statins l
= (o)
- Statins inhibit cholesterol synthesis in the liver (40-60%)

° Endosomal
( /| =<y degradation
- Ezetimibe inhibits intestinal cholesterol uptake / >

Statins, ezetimibe, et PCSK9 inhibitors increase R-LDL
expression and reduce intracellular LDL-cholesterol:

/

Acetate — | Cholésterol
- PCSK9 inhibitors (proprotein convertase —

subtilisin/kexin  type 9) abrogate R-LDL
degradation

Dietary
cholesterol

v

Ezetimibe
(15-20%)

Grundy,SM et al, Nat. Rev. Cardiol., 2016 Y
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Therapeutic strategies targetmg herosclerosis

Anti-inflammatory treatment

Vessel wall Macrophage/monocyte  Adipose tissue NLRP3 inﬂammasome\

AL

Upstream
targets

— } and
Adahmuma biomarkers
5-LO inhibitors mﬂlxnmab TNF-a IL-1B / gan:kmumab
FLAP inhibitors : IL-18 nakinra

Tocilizumab >|L Colchicine
Anti-CAMs Leukotriene :
SIRT activators| function MMP-9 Low dose >
methotrexate
CCR2 CCR5 >
antagonists l

Darapladib
Monocyte Varespladib

A

N

ICAM-1 recruitment
VCAM
P-selectin Lp-PLA2
E-selectin sPLA2 Downstream
PAI-1 targets
Vascular risk hsCRP (mgIL) ~ and
High >3 mg/L CRP RNA - Fibrinogen DISHTIRIKO
) CRP Antisense
Intermediate 1-3 mg/L 5 4" Anti-CRPs
Low <1 mg/L SAA
Y,

Ridker P et al, Eur Heart J, 2014
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Antiinflammatory therapy in clinical care: The CANTOS trial

CANTOS was a randomized, double-blind, placebo-controlled trial of canakinumab in 10,061
patients with a history of Ml and hsCRP > 2 mg/L; such patients with “residual inflammatory
risk” rather than “residual cholesterol risk” are a common and very high risk group

MACE MACE - Plus
< e HR 0.85 ~ HR 0.83
g = 95%Cl1 0.76-0.96 @ 95%Cl1 0.74-0.92 g
< = b = J
S 2 P =0.007 g P =0.0006 /
2 g ~
2 ¢ ® /
E ‘N
£ 8 £
g ® 3
° 0 1I 2 ; 4 ; 0 1 2 3 4 5
Follow-up Years Follow-up Years
——— Placebo SC every 3 months
——— Canakinumab 150/300 mg SC every 3 months

Primary endpoint of myocardial infarction, Secondary endpoint additional including
stroke, or cardiovascular death (MACE). hospitalization for unstable angina requiring
urgent revascularization



Antiinflammatory therapyM‘éli'nTcal care: The CANTOS trial

Cumulative incidence and hazard ratios of cardiovascular mortality and all-cause mortality among
CANTOS participants allocated to either placebo or canakinumab according to whether post-
randomization on-treatment hsCRP levels were above or below 2 mg/L. Hazard ratios are adjusted
for age, sex, smoking status, hypertension, diabetes, body mass index, baseline concentration of
hsCRP, and baseline concentration of LDL-C.

CANTOS - Cardiovascular Mortality CANTOS - All Cause Mortality
. Q
o HR  (95%C) e o HR  (95%C) e
L ) 1.0  (referent) (referent) e Placebo 1.0  (referent) (referent)
e v e e Canakinumab, hsCRP 22mg/L 099 (0.82-1.21) 0.95 e v v e Camakinumab, hsCRP 22mg/L  1.05 (0.90-1.22) 056
e v e we Canakinumab, hsCRP <2mg/L  0.69 (0.56-0.85)  0.0004 e Canakinumab, hsCRP <2mg/L  0.69 (0.58-0.81)  <0.0001
) w
] bori ) © - o
o o Q o
= c
D [}
2 T
%) 7}
£ £
® < o <©
2 o 2 o
- -
K K
= =
£ £
= -
= 8 © g
o =)
e b=
o o T T T T 1
0 1 2 3 4 5

Ridker PM et al, N Engl J Med, 2017



ll-b Diabetes and microcirculatio

Hyperglycemia
Dyslipidemia SIxicative sivess Hyperinsulinemia
y>p (increased ROS and RNS) YP
A
[ ]
* Decreased eNOS expression * Insulin resistance
* Increased formation of * Decreased NO
AGEs, endothelial derived bioavailability
contracting factors * Activation of NF-kB
* Activation of PKC pathway, * Increased expression
polyol pathway and of prostacyclin
hexosamine pathways synthase
* Increased  expression of * Stress signaling
Endothelin-1 l
Increased vasoconstriction Impaired vasorelaxation
‘ Endothelial Dysfunction \




Diabetes and endothelial dy§fun ion: Glucotoxicity

Sphingosine

Insulin  VEGF 1-phosphate Bradykinin

D-Glucose

High-glucose treatment of
endothelial cells is suggested to
lead to the augmentation of ROS
from mitochondria, leading to the
activation of the glucosamine
pathway by the activation of
glutamine:fructose-6-phosphate

amidotransferase (GFAT, the key

enzyme in  this  pathway), \ /
. . . y GFAT , p=PTx
ultimately increasing eNOS O- Fructose 6-P——» Glucosamine 6-P Tkyrgg.gse
N

\
Glucose 6-P

Insulin
receptor s EDG-1 BER

glycosylation. Basal levels of eNOS

phosphorylation (green) at serine UDPGIENAC P13 Koi— Akt<—PI§-KB C;++
1179 may be reciprocally \
attenuated by  eNOS O- ROS
glycosylation with N- \/ f
acetylglucosamine (GIcNAc; red).
Mitochondria

Vasculopathy  Vascular protection



Diabetes and capillary rarefactiof’

, , o Wild-type Normoxia Diabetes mellitus Ischemia
V Microvascular disorganization

Cardiomyocyte

V Alteration of key pro-angiogenic
pathways

SERESNAAARAREAA- RN RRNNNS AL AR LA L

V Increase in capillary permeability

Y1111 AL

V Cell death

Capillary Pericyte

Howangyin K & Silvestre JS, Arterioscler Thromb Vasc Biol, 2014
Hinkel R et al, J Am Coll Cardiol, 2017



lll- Diabetes and cardiomyopa
Pathophysiological Stimuli

Inflammation Cardiomyocyte Cardiomyocyte Fibrosis Insulin Electrophysiological  Microcirculation

Loss Hypertrophy Resistance Changes E E i

O S0 e

SN\

Multiple molecular and cellular
processes contribute to
ventricular remodeling. These

include  cardiomyocyte loss schemic Phenctype.

through cell death pathways, Accumulation of exCOsS
such as necrosis, apoptosis. extracellular matrix leads to
Cardiomyocytes become fibrosis. Metabolic derangements,
hypertrophic in response to insulin resistance, and lipotoxicity
both mechanical and

can occur. Finally, structural
changes and alterations in ion
transporting processes culminate in
Heart Failure a pro-arrhythmic phenotype.

neurohumoral triggers.

Adapted from Burchfield JS et al, Circulation, 2013



Mechanisms of diabetic cmyopathy

Systemic changes
* T Angll * Hyperlipidaemia
T AGEs * Insulin resistance
* Hyperglycaemia e Lipotoxicity
|
"Heart v b

[Changes in cellular metabolism]

v

( I/Mitochondrialdysfunction ) X
L 1¢ J
/Oxidative stress
Cardiomyocyte 4—4—’ (Inﬂammation)—» Endothelial
death damage
1 4 4
Cardiomyocyte Cardiomyocyte (Proﬁbrotic response) Microvascular
Ca* dyshomeostasis hypertrophy dysfunction
,, !

(Cardiac hypertrophy) ( Cardiac fibrosis ) (Myocardial ischaemia)

"

\ A 4

(diastolic and systolic
dysfunction)

[Cardiac dysfunction }

Tan Y et al, Nat Rev Cardiology, 2020




Diabetes and cardiomyop;m?ﬁlucotoxicity

Hyperglycemia, insulin resistance, and

Hyperglycemia, insulin resistance, and hyperinsulinemia

hyperinsulinemia induce cardiac
insulin  resistance and metabolic *
disorders that increase mitochondria Cardiac insulin resistance and metabolic disorders

dysfunction, oxidative stress, advanced
glycation end products (AGEs),

impairment of mitochondria Ca%* | Mitochondria Autonomic
handling, inflammation, activation of gysnclion inflasmmation neuropathly
renin—angiotensin—aldosterone system | Activated RAAS | <=p | Oxidative stress | <=p- AUES
(RAAS), autonomic neuropathy, Impairment of Microvascular Endoplasmic

. . mitochondrial dysfunction reticulum stress
endoplasmic reticulum stress, Ca?* handling and cell death

cardiomyocyte death, as well as
microvascular  dysfunction.  These

pathophysiological abnormalities

promote cardiac stiffness, hypertrophy, Cardiac stiffness, hypertrophy and
and fibrosis, resulting in cardiac fibrosis

diastolic dysfunction, systolic *

dysfunction, and heart failure. Cardiac diastolic dysfunction and systolic dysfunction

Heart Failure

Jia G et al, Circ Res, 2018



Diabetes and cardiomyo p%otoxicity =

Diabetes
@ ® +Glucose // \
2 Insulin
" -
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“ Glutd CD36
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u: A FA
Bloodstream

-

? “— Impaired insulin

-~

A FA uptake

Sso__/ signalin .
:' § ‘.. ~-s signaling Cardiac lipid ‘a-g-\_,!_n_u}_a_ﬂ.‘?ﬂ ------ U:
: v Glucose B
: uptake ¥
: Ceramides
: "o—" DAG ‘\\ cPT1
i FAT/CD36
= PDK4
A
@ PKC
A AGEs

Mitochondrial
dysfunction

ardia
steatosi

Cardiac dysfunction

Diabetic cardiomyopathy

Palomer X et al, Trends in Pharmacol Sciences, 2018
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Diabetes and cardiomyop%idative stress

Systemic changes W
* TAngll * Hyperlipidaemia
« T AGEs * Insulin resistance )

* Hyperglycaemia ¢ Lipotoxicity

Cardiomyocyte 1

-
Polyolflux ~TAGEs PKC activation  Hexosamine flux  Mitochondrial dysfunction
8

8 == B Expression of
genes encoding

M lase, MT, GPX, NRF2*
e MGG ) (IRFZ)

p 1 MT | J‘ Nucleus

b 1y Catalase*
(o 1o, (H0+0)
/@™

! Antioxidative
capacity
A
e\
!

( Oxidative stress )

A
\

A
A

\ 4 \ 4

V7 N\
J Celldeath  Hypertrophy Inflammation  Fibrosis  Ca?* signalling dysregulation J Tan Y et al, Nat Rev Cardiology, 2020




Systemic interdependance of heart failure and diabetes

In diabetes,
hyperglycaemia induces
macro- and microvascular
dysfunction, and
myocardial ischaemia
and/or infarction bias
towards systolic
dysfunction (heart failure
with reduced ejection
fraction), while in the
absence of ischaemia,
diastolic dysfunction (heart
failure  with  preserved
ejection fraction) prevails
through a combination of
sarcomere stiffness and
fibrosis

Maack C et al, Eur Heart J, 2018
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o

Insulin secretion |

Hyperglycemia

Macroangiopathy (CHD)
Myocardial Infarction

O
(%?%‘%\ Myocyte necrosis, | Ca?* handling
Q" LV Dilation,
HFrEF

Pancreatic
insufficiency

Failure
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Diabetes exerts distinct em myocardial remodeling in HFpEF and

HFrEF

%

Obesity-Induced
Systemic
Inflammation

AGEs
Deposition

Lipotoxity

Interstitial/
Reactive
Fibrosis

Hyperinsulinemia

Hyperglycemia

Diabetes Mellitus

HFpEF
Endothelial Cell

HFrEF

' ROS

Cell Death _

Paulus WJ et al, JACC Heart failure, 2018

Diabetes leads to worse clinical outcomes in
HFpEF than in HFrEF

Myocardial remodeling is driven by microvascular
endothelial inflammation in HFpEF and by
cardiomyocyte cell death in HFrEF.

In HFpEF, DM mainly increases cardiomyocyte
hypertrophy and stiffness, probably because of
hyperinsulinemia and
microvascular endothelial inflammation.

In HFrEF, DM augments replacement fibrosis because
of cardiomyocyte cell death induced by lipotoxicity
or advanced glycation end products.
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IV- Diabetes and the extracellulaf matrix compartment

V Pro-inflammatory cytokines and
DIABETES chemokines: TNFa, IL1[3, CCI2

Hyperglycemia AGEs ROS Neurohumoral activation

V4

IMMUNE CELLS
Mo Mac L MC

V Growth factors

V Endothelin-1

N

V Oxidative stress
CM

e '/A-\/AGE/RAGE MEC degradation, ROS, TGFj,

EC AT1 activation, Inflammation

/ ‘(TGF -B)
Matricellular proteins \/Ad I pOkI ne
proliferation
fibrobl differentiati ) .
ottx oythesiamotsboren . B VMatricellular proteins: TSP1/Ang2
CARDIAC FIBROSIS VMicroRNAs:
| + miR125b, miR199a

DIASTOLIC DYSFUNCTION

-miR150, miR29b, miR30a
miR133 overexpression attenuated the
Russo | et al, J Mol Cell Cardiol, 2016 fibrotic response



{ I 1
|

LDiabetes and the inflan‘m compartment

:

Pancreas Type 2 diabetes Liver dysfunction
(islet inflammation)

& —~ P

¢ Impaired insulin secretion
e B-cell failure

* Hyperglycaemia
* Dyslipidaemia
* Metabolic syndrome

C

* Tissue inflammation

>

Adipose tissue Gut microbiome Muscle
-> immune system interaction

* Tissue inflammation




Pro-inflammatory pathv&%-regulate the development of diabetic
cardiomyopathy

(Systemic changes W

" * T Angll .
* T AGEs
* Lipotoxicity
(Systemic and/or cardiac i
[ __inflammatory cell activation* | 1
\/

Y
Cf—(HMGBl—LPS) < (12-LOX and 15-LOX* )

/ /—TNFR1
Cardiac cell ’/
JU

¢ ¢ ) y

NLRP3 - -kB
inflammasome* ke
v

A ]
A

\ 4  / y \ 4

Cardiomyocyte Cardiomyocyte Cardiomyocyte Cardiomyocyte Oxidative stress,
death hypertrophy metabolic contractile <«——| mitochondrial

[ imbalance dysfunction dysfunction
TanY et al, Nat Rev CardioIoL,—lmﬂ J

— 1 PP,




Diabetes and immuno-metabdli'ls%

Insulin

B8
LR T IAL

IRE1 %8 - €

Inﬂammasome @
w /

PERK S50 — @ mTORC
pelF2c / \
ATF6 7 ‘ Protein/
@ = e nucleic acid
(o) NOYAYAYA  VAYAYA i
\ > Metabolic genes Inflammatory genes
e (Lipogenesis, gluconeogenesis,  (Cytokine/chemokine
- sterol synthesis) expression)

Hotamisligil SG et al. Nature, 2017




Diabetes and immuno-me'tm

N

Myocardial inflammation

-6 JTNF-o Jil IL-13 JTGF-B (TNF-o

7 Sk K N | o N
NLRP3/ NF-KG

Casp1 / _I_
extrinsic intrinsic =
apoptotic il apoptotic miR-29 IRS-1 PGC-lat
pathway pathway ﬁ
= | I/

Cardiomyocyte Cardiomyocyte Cardiomyocyte Fibroblast Cell
Hypertrophy Death Contractility Activation Metabolism

Hotamisligil SG et al. Nature, 2017



VI- Treatment of type 2 dia etes’

Excess of nutrients

4

White adipose tissue
Liver
Skeletal muscle

Lifestyle intervention

118-HSD1 inhibitors

xceeded storage capacity

Cellular stress:
- Activation of JNK

Decreased hepatic glucose output:
- Activation of IKKp N

Metformin

PPARy agonists
\/ GK activators

Anti-glucagon
118-HSD inhibitors

Attenuation of insulin signalling - insulin resistance

PPARy agonists Secretion of pro-inflammatory cytokines

Anti-IL-1p .
Anti-TNF-« Increased insulin demand

Salsalate
salicylate and Beta-cell

nonsteroidal anti- Hyperplasia
inflammatory drug Hypertrophy

Hyperinsulinaemia

\—_ Reduced renal glucose resorption:

Inhibitor SGLT2, sodium glucose co
transporter 2

Increased Insulin secretion:
Sulfonylurea derivatives
GLP-1 analogues

DPP 4 inhibitors

TAK-875

GK activators

v

Beta-cell defect:
- Dysfunction
- Reduction of mass ¥

glucagon-like peptide-1 GLP-1-analogues
dipeptidylpeptidase 4 DPP 4 inhibitors

Hyperglycaemia
Diabetes mellitus type 2

Kaiser D et al, Br J Pharmacol, 2014
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Treatment of diabetic patien:c'\'/\‘n heart failure

Basic concepts concerning the
use of anti-diabetic drugs in
patients with heart failure.

* Should a diabetic patient with heart failure (HF) be
treated differently from a diabetic patient without HF for
safety reasons?

An important and yet under-
investigated issue is the
differential efficacy of anti-
diabetic drugs in men and
women. In two meta-
analyses, diabetes was
associated with a less
favourable CV risk profile and

a higher risk of death from » Should a HF patient without diabetes be treated with a
CAD in females compared specific anti-diabetic agent that provides a favorable HF
with males Sl eely outcome in the absence of diabetes?

e Should a HF patient with diabetes be treated with a
specific anti-diabetic agent that provides a favorable HF
outcome in addition to being safe and effective in
glycemic control?

Maack C et al, Eur Heart J, 2018



COVID-19 in people with‘o'l%s: understanding the reasons for worse
outcomes
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At admission hyperglycaemia Worsening metabolic control New-onset diabetes (?)
in patients with diabetes
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Poor outcome

Apicella M et al, The Lancet Diabetes & Endocrinology, 2020



