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Old disease, new threats:
Dark past and brighter future ?

Ebers papyrus (1550 BC), Egyptian medical report
on a condition of "passing too much urine"



Global epidemy of diabetes: worrisome predictions

Number of people with diabetes in 2017 and estimates for 2045

North America Middle East
& Caribbean & North Africa Europe

increase

16%

* Prevalence, n=424.9 million (8.8%
of adults).

* Expected to rise to 1.5x by 2045.

* Undiagnosed diabetes, 50% of all
patients.

* Responsible for 10.7% of all-cause
mortality.

e T2DM: the most common type of
diabetes (90% of all patients).

East Asia

increase

2045

183milion

South & Central
America

Western
Pacific

Source: IDF Diabetes Atlas - 8th edition (http://www.diabetesatlas.org/across-the-globe.html)
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DIABETIC ANGIOPATHY
A SPECIFIC VASCULAR DISEASE

Kxuvp LuxpBEEK
M.D. Copenhagen
PROFESSOR OF INTERNAL MEDICINE IN THE UNIVERSITY OF
AARHUS, DENMARK
From the Second University Clinic of Internal Medicine,
Kommunehospitalet, Aarhus

It has been known for many years that vascular
diseases are more common among diabetics than among
non-diabetics. In the last few years evidence has
accumulated indicating that some, at least, of these
vascular anomalies are closely related to the duration of
dabetes mellitus, True diabetie retinopathy, for instance,
is very unusual after a few years of diabetic life, but ten
vears after the diagnosis has been made ophthalmoscopy
will reveal retinopathy in some patients, and after fifteen
vears it will do so in the great majority.

Before the introduction of insulin and for some years
thereafter the number of diabetics with vaseular discases
was still relatively insignificant. During the last
decennium, however, thanks to the survival of the many
patients who would have succumbed without the help
of insulin, vascular disease in diabetes mellitus has
become a major problem. Today we are faced with a
rather characteristic syndrome affecting patients who
have had diabetes for more than fifteen years.

This elinical syndrome is composed of four important

_ owvan lasinne  wadinanathys wiavheanadthsy ansasoss

be regarded as ‘‘“ complicating disease "'—arteriosclerosis,
atherosclerosis, medial sclerosis, diffuse arteriolar sclero-
gis, or any other more or less well-known and moré or
less well-defined vascular disease ?

Until recently the vascular diseases in diabetes mellitus
were usually classified as arteriosclerosis, and the high
incidence of these anomalies was usually dealt with

only by stating that diabetes mellitus promotes the
development of arteriosclerosis.

Joslin et al. (1940) wrote: *. . . the development of
arteriosclerosis is excessive and has become the major cause
of death among diabetics generally.”

Keiding et al. (1952) write: * These patients (long-term
diabetics) offer an unusual opportumty for the study of the

nature of arterioselerosis. .

In latter years many workers geem either to have
abandoned the term arteriosclerosis or to use it as a
generic term to cover any kind of arterial hardening.
With the growth of the study of intimal lesions in large
and middle-sized arteries, the vaseular anomalies in
diabetics have come to be regarded as:atherosclerosie—
e.g., Warren and LeCompte (1952) and Katz and Stamler
(1953). Barach and Lowy (1952) say :

“What we know 18 that atherosclerosis i8 a characteristic

lesion in diabetes and that' it occurs more frequently in
diabetes than in other diseases.”

I give helow the salient points which favour' i--the
hypothesis of a generalised specific diabetic “vascular
disease, a diabetic angiopathy, not identical with any
of the above-mentioned nosological entities.

Knud Lundbak
(1912-1995)

Lundbaek K. Lancet 1954



Multivariable analysis of risk factors associated with
microvascular and macrovascular complications

Microvascular complications Macrovascular complications
a RR (95% CI)* b RR (95% Cly*
Age (per 10-year increment) : -G\ 1.14 (1,09-1,19) Age (per 10-year increment) : ° 1.41(1.34-1.48)
Male (versus female) ' e 1.30 (1.20-1.42) Male (versus female) : e 1.29 (1.16-1.45)
Time in formal education (versus > 13 years) : Time in formal education (versus > 13 years) |
0-6 years S 117 (1.05-1.30) 0-6 years e 119 (1.01-1.39)
7-13 years —t— 1.03 (0.95-1.12) 7-13 years 2.2 1,13 (1.02-1.25)
Smoking status (versus non-smoker) : Smoking status (versus non-smoker) ,
Ex-smoker S a— 114 (1.00-1.30) Ex-smoker L .= 131 (1.20-1.44)
Current smoker . 1,11 (0.97-1.26) Current smoker e 1.24 (1.07-1.43)
BMI (per 5 kg/m? increment) 1|—0— 1,03 (0.99-1.06) BMI (per 5 kg/m? increment) + 1,00 (0.96-1.04)
HbA,_ (per 1% increment) |~ 1.05 (1.02-1.08) HbA,, (per 1% increment) o 1.00 (0.97-1.04)
Diabetes duration (per 1-year increment) : o 1,03 (1.02-1.04) Diabetes duration (per 1-year increment) ﬁ 1.02 (1.01-1,02)
History of hypoglycemia® (yes versus no) : * 1.45(1.25-1.69) History of hypoglycemia® (yes versus no) : e 1.24 (1.04-1.48)
I 1 I I 1 | | | i 1
0.65 0.80 1.00 1.25 1.56 0.25 0.50 1.00 2.00 4.00
) Decreased likelihood of Increased likelihood of i Decreased likelihood of Increased likelihood of
complications complications complications complications

* Microvascular and macrovascular complications in type 2 diabetes develop relatively early in the disease process.

DISCOVER-global, prospective, observational study program of 15,992 pts with type 2 diabetes

initiating second-line therapy, conducted across 38 countries
Cardiovasc Diabetol. 2018; 17: 150



Cardiovascular disease in diabetes

Initial presentation Number of events Hazard ratio pvalue
of cardiovascular disease — (95%Cl)
No Type2
diabetes diabetes

Stable angina 12232 728 [ | 162{149-177)  «00001
Unstable angina 5286 245 - 153(132-176)  «00001
Nor fatal myocardial infarction 15191 706 8 154(142-167) 00001
Unheralded coronary death 5101 255 - 143(123-165)  «00001
Heart failure 13072 866 = 156(145-160)  «00001

Artythmia or sudden cardiacdeath 3218 100 —a— 095 (076-1-10) 065
Transient ischasmic attack 109% 513 I=} 145(131-160) <0001
Cerebro- M. 5643 316 +  120821%) <0000

| Subarachnoid haamoehage 1260 1l —me———ro 042(0-26-080) 04020

.vascu ar Intracerebyal hassmorrhags 2265 B4 —— 128 (102-162) 04035
disease and Peripheral arerial disease 10074 992 B 208076322) <0201
stroke Abdominal aortic aneurysm 061 &2 —_— 046{035-059) 00001

T T T 1
025 05 1 2 4
Hazard ratio
* 1,921.260 individuals, 34.198 (1,8%) with
Arrhvthe T2DM, follow-up 5.5 years
rrnythmias . . o ey
y * Adjusted hazard ratios (HRs) for CVD initial
and sudden . .
death presentations in T2DM

Shah AD et al. Lancet Diabetes Endocrinol. 2015;3(2):105-13.




Diabetes confers an excess

D Excess Heart Failure in Relation to Range of Risk-Factor Control
Hazard Ratio (95% Cl)

Control :
- - >80 Ref
risk of heart failure = T R
=55 to <65 yr Reference
° <0505 yr v Reference
regardless of other risk i —
>80 yr - - 1.12 (0.89-1.41)
=65 to <80 yr K 1.42 (1.28-1.58)
=55 to <65 yr = 1.61 (1.31-1.97)
fa CtO s <55 yr L —— 2.40 (1.63-3.54)
T Risk factor ;
>80 yr '@ 1.17 (1.08-1.27)
>65 to <80 yr R 1.46 (1.39-1.53)
. . =55 to <65 yr : : 1.80 (1.63-1.98)
= N=271,174 pts with T2DM from the Swedish s - 237 (1.99-2.82)
ISK TacCtors 1
1 H 1 - >80 yr : 1:237(1.15-1:32
National Diabetes Register and n=1,355,870 oy :0‘ 123 21.56—1.68;
matched controls without T2DM. T 5 o T
3 Risk factors !
= Unlike other CV complications, the risk of = %o SoliTassin,
. . . . . =55 to <65 : 2.82 (2.63-3.02
developing HF in patients with T2DM remains i : i e
. . . . 4 Risk factors :
high even after controlling multiple risk factors. >80 yr . - 1.81 (1.42-2.30)
>65 to <80 yr ; £ 2.88 (2.64-3.14)
. . . . =55 to <65 yr : 3.85 (3.47-4.26)
= The risk appears to be particularly high in o | 5.70 (4.84-6.71)
ISK TacCtors !
younger patients with T2DM. s e — 5
>55 to <65 yr ! - - 6.54 (4.85-8.81)
<55 yr : _—@—1135 (7.16-18.0])
Rawshani A et al. N Engl J Med 2018;379:633-44. i é _;, 411 é ; é



Diabetes duration is important determinant of HF risk

= 9,734 participants (mean

age 63 years, 58% women)

from the ARIC study 81 e
without HF or coronary
heart disease. S 41 600
L
. : 3 g
= |n patients with T2DM, S ) s G
duration of T2DM was & o g
° P for nonlinearity = 0.017 =
calculated. S .
T 1 | 200
= Each 5-year increase in
T2DM duration was 0.5 , e 10
L Diabetes Diabetes
Cl: 11-22) relative increase Diabetes Duration

in HF risk.

Echouffo-Tcheugui, J.B. et al. ] Am Coll Cardiol HF. 2021;9(8):594—603.
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Clinical update

Clinical diabetic cardiomyopathy: a two-faced
disease with restrictive and dilated phenotypes

Petar M. Seferovic' and Walter ). Paulus?*

"Unive rsity Medical Center, Belgrade, Serbia; and *Institute for Cardiovascular Research VU (ICaR-YU), VU University Medicl Center, Van der Boedhorststraat 7, 1081 BT Amsterdam,
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Diabetes mellitus-related cardiomyopathy (DMCMP) was originally described as a dilated phenotype with eccentric left ventricular (LV) remod-
elling and systolic LV dysfunction. Recently however, clinical studies on DMCMP mainly describe a restrictive phenotype with concentric LV re-
modelling and diastolic LV dysfunction. Both phenotypes are not successive stages of DMCMP but evolve independently to respectively heart
failure with preserved left ventricular ejection fraction (HFPEF) or reduced left ventricular ejection fraction (HFREF). Phenotype-specific patho-
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New proposed definition of
m’ diabetic myocardial disorder by
. the HFA of the ESC and the
S o A _, ESC WG on Myocardial &
8 Pericardial Disorders

Diabetic myocardial disorder is
defined as systolic and/or diastolic

Obesity myocardial dysfunction in the
ok presence of diabetes. Diabetes is
dysfunction rarely exclusively responsible for
— myocardial dysfunction, but usually
- acts in association with obesity,
°°":"i‘:e'§ ::ery arterial hypertension, chronic kidney

| disease and/or coronary artery
Chronic kidney disease, Gausg ?ddltlve
disease myocardial impairment.

Seferovic¢ P et al. Eur J Heart Fail. 2024 Sep;26(9):1893-1903



Diabetic myocardial disorder is highly prevalent in
patients with diabetes without ACVD

Definitions of
Cardiomyopathy

= US observational data: T2pm

without ACVD or HF (n=2900) - the
prevalence diabetic myocardial disorder

12% to 67% depending upon the criteria
used.

Diabetes

Echocardiogram

\‘\
= ARISE-HF trial - most frequently >
observed abnormalities: ﬂ H H
Impaired GLS (25.3%)
NP Testing

Diastolic dysfunction (17.7%),

Left atrial enlargement (11.9%),

LVH (11.9%)

Increased RV systolic pressure(3.9%),
™ NP (26.6%) and hs-Tn (20.4%) levels.

AN N NI N NN

Segar, M.W. et al. ) Am Coll Cardiol. 2021;78(16):1587—-1598. Januzzi JL, et al. Cardiovasc Diabetol. 2024;23(1):49.

Least Restrictive:
At least 1 of 3 abnormal
echo criteria

Intermediate Restrictive:

At least 2 of 3 abnormal
echo criteria

Most Restrictive:
Elevated NP levels and

at least 2 of 3 abnormal
echo criteria

Prevalance Among Individuals

with Diabetes

'

o Least  Intermediate  Most
restrictive  restrictive restrictive

0%

& S& &S
IS S

I Least restrictive [l Intermediate restrictiv
I Most restrictive



Heart failure is an early, highly prevalent and often
asymptomatic complication in patients with T2D!2

Between
25% and 40%
of patients
with diabetes
have HF!

@ Undiagnosed HF was detected in 28% of patients with T2D aged =60 years

who had T2D for
5 years* (N=386)
showed signs of
asymptomatic

LV dysfunctiont?

68%

of patients

(N=581) during cardiac screeningt?

*Median value (interquartile range 2-10 years across patient groups); TPatients had no evidence of cardiac disease at baseline. Asymptomatic LV dysfunction comprised combined
asymptomatic LV systolic and/or diastolic dysfunction, which are foundational indications of early HF; Western European cohort

HF, heart failure; LV, left ventricular; 12D, type 2 diabetes
1. Rosano G et al. Cardiac Failure Rev 2017;3:52; 2. Faden G et al. Diabetes Res Clin Pract 2013;101:309; 3. Boonman-de Winter LJ et al. Diabetologia 2012;55:2154
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Patient centered management of T2DM

REVIEW AND AGREE ON MANAGEMENT PLAN

®  Review management plan
e Mutual agreement on changes

e Ensure agreed modification of therapy is implemented

in a timely fashion to avoid clinical inertia
e Decision cycle undertaken regularly
(at least once/twice a year)

ONGOING MONITORING AND
SUPPORT INCLUDING:

Emotional well-being

Check tolerability of medication
Monitor glycemic status
Biofeedback including SMBG,
weight, step count, HbA,
blood pressure, lipids

IMPLEMENT MANAGEMENT PLAN

o Patients not meeting goals generally
should be seen at least every 3
months as long as progress is being
made; more frequent contact initially
is often desirable for DSMES

ASCVD = Atherosclerotic Cardiovascular Disease

CKD = Chronic Kidney Disease

HF = Heart Failure

DSMES = Diabetes Self-Management Education and Support
SMBG = Self- Monitored Blood Glucose

2\7

OF CARE

ASSESS KEY PATIENT CHARACTERISTICS

GOALS

Current lifestyle

Comorbidities, i.e., ASCVD, CKD, HF

Clinical characteristics, i.e., age, HbA,, weight
Issues such as motivation and depression
Cultural and sociceconomic context

¢ Prevent complications
e Optimize quality of life

oSpec

AGREE ON MANAGEMENT PLAN

ify SMART goals:

Specific
Measurable
Achievable
Realistic
Time limited

CONSIDER SPECIFIGC FACTORS THAT IMPACT

CHOICE OF TREATMENT

Individualized HbA, target

Impact on weight and hypoglycemia

Side effect profile of medication

Complexity of regimen, i.e., frequency, mode of administration
Choose regimen to optimize adherence and persistence
Access, cost, and availability of medication

SHARED DECISION MAKING TO CREATE A
MANAGEMENT PLAN

Involves an educated and informed patient (and their
family/caregiver)

Seeks patient preferences

Effective consultation includes motivational interviewing,
goal setting, and shared decision making

Empowers the patient

Ensures access to DSMES

Diabetes Care 2021;44(Suppl. 1):S40-S52




2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Management of
cardiovascular
disease In patients
with T2DM:
clinical approach
and key
recommendations

Cardiovascular disease

Type 2 diabetes mellitus

=

CVD and J

type 2 diabetes mellitus

l 1 v
Type 2 diabetes mellitus Type 2 diabetes mellitus Type 2 diabetes mellitus
and ASCVD and HF and CKD
To reduce heart failure
To reduce cardiovascular risk hospitalization in all patients To reduce cardiovascular
independent of glucose control with T2DM and HF and kidney failure risk

(HFpEF, HFmrEF, HFrEF)

All therapies are recommended independent of glucose control and
in addition to standard of care

@ESc—
Marx N et al. European Heart Journal (2023) 00, 1-98



2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Special considerations for the glucose-lowering medication in patients
with T2DM, with and without CV disease

Special considerations for glucose-lowering medications in
patients with T2DM with and without HF

It is recommended to switch glucose-lowering
treatment from agents without proven CV benefit or 1 C

proven safety to agents with proven CV benefit.

Marx N et al. European Heart Journal (2023) 00, 1-98



SGLT2 inhibitors has early beneficial effects in
preventing cardio-renal complications in T2D*

Red Reduction in
eduction in Ay i3
kidney disease?$? events

. 3P-MACE
Progression of
kidney disease
Reduction in
hospitalisations¥3-5
Hospitalisation
for heart failure
HbAdc
- ) @
Reduction All-cause
in clinical @ hospitalisation
risk factorst?
Body
weight ] .
| Reductionin
CV death mortality*?

Systalic blood
pressure

e

All-cause
mortality

"The cardiovascular and renal benefits are observed in patients with T2D with CV disease or high CV risk. TEmpagliflozin as add-on to metformin; *fEmpagliflozin on top of standard of care in patients with T2D
and established CV disease; SEmpagliflozin is not indicated for the treatment of chronic kidney disease or diabetic kidney disease. 3P-MACE, 3-point major adverse cardiovascular events; CV, cardiovascular;

HbA1c, glycated haemoglobin; T2D, type 2 diabetes
1. Haring H-U et al. Diabetes Care 2014;37:1650; 2. Wanner C et al. N Engl J Med 2016;375:323; 3. Zinman B et al. N Engl J Med 2015:373:2117; 4. Fitchett D et al. Eur Heart J 2016;37:1526;

5. Patorno E et al. Circulation 2019;139:2822
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Effect of new glucose lowering drugs on cardiovascular outcomes in placebo-controlied trials

Myocardial

HF hospitalisation
infarction

CV death

Blood vessels
DPP-4iand GLP-1 RA:

J Blood pressure
Improved endothelial function
SGLT-2i:

4 Blood pressure
J Intravascular volume
J Arterial stiffness

Liver
DPP-4iand GLP-1 RA:
¥ glucose production

SGLT-2i:
1 Gluconeogenesis
1 FFA uptake
M ketogenesis

SGLT-2 inhibitor >

Empaglifiozin

Canagliflozin

Dapaglifiozin

Heart
GLP-1 RA:
1 Heart rate
SGLT-2i:
Substrate switch (ketone bodies)
Antifibrotic effect

s d Kidney

SGLT-2i:
4 intraglomerular pressure
(tubuloglomerular feedback)
4 Diuresis and natriuresis

Adipose tissue

_ ~ . _ DPP-4iand GLP-1RA:
Possible pleiotropic A S Ak 4 Lipolysis
-

effects of GLP-1 RA; ALY
‘ Glucose uptak
i Wid SGLT'Zi &5 5y * * SGLT-ZE =
- M Lipolysis
\ 4 FFA utilisation
FN]
Recommended Dose adjustment Precautions and
dose J/ warnings
10 mg per os OD Impaired renal function:
25 mg per os OD = eGFR <30 mi/min/1.73 m%
discontinue All SGLT-2 inhibitors
* Diabetic ketoacidosis
* Hepatic Injury
» Volume depletion
= Hypotension
100 mg per os OD Impaired renal function: »  Critical lliness
{ 300 mg per os OD = eGFR <30 mi/min/1.73 m% = Emergency surgery
‘ discontinue » Recurrent genital mycotic
infections
* Lower limb amputation
*» Electrolyte imbalance
Impaired renal function:
= eGFR <30 mi/min/1.73 m%:
10 mg per os OD discontinue
Hepatic impairment:
* Starting dose, 5 mg




EMPEROR Reduced

Primary endpoint: First adjudicated CV Key secondary: Adjudicated total HF Composite renal endpoint (ESKD or
death or HF hospitalisation hospitalisations (first and recurrent) sustained profound decrease in eGFR)

Placebo

>
1

Empaglifiozin

1

Estimated cumulafive
Incidence function (%)
L

Empaglifiozin

Estimated cumulative
incidence function (%)

Empaglifiozin

Mean number of events per patient
-
e
1

90 180 270 360 450 540 630 720 a0 (4] 90 180 270 160 450 540 430 720 s510 T T T T T T T T
0 90 180 27C 340 450 540 4630
Days affer randomisation Days after randomisation

Patients at risk Pafients of risk
Plocebo 1867 1715 612 345 1108 854 A 410 224 0P Placebo 1847 1820 762 1526 1285 1017 732 497 275 135 Patients af risk

Empagiifiosin 1843 1763 1677 1424 1172 09 645 423 231 O EmpogMiotn 1843 1824 1768 1% 1283 1008 732 45 22 118 Placebo 1867 1592 1501 1136 681

Empoghfiozin 1843 1599 1532 1155 1062 &87 391 276
RRR
B NNT = 19 RRR
0 30%

HR 0.75 HR 0.70 HR 0.50

(95% Cl 0.65, 0.86) (95% Cl1 0.58, 0.85)
p<0.001 p<0.001

Days affer randomisation

ARR

50% 1.5%

(95% C1 0.32, 0.77)

N Engl J Med 2020; 383:1413-1424



DAPA-HF: primary composite outcome
CV mor'gglity/ HF hospitalisation / Urgent HF visit

32
28- HR 0.74 (0.65, 0.85)
p=0.00001

26%

~_RRR ~

Placebo

N
~
|

DAPA

N
o
]

Early separation
of treatment
curves

N
(o)}
]

RN
N
|

Cumulative Percentage (%)

o
l

NNT = 21
z —
q- | | | | | | | |
] 0 3 a 9 12 15 18 21 24
No. at Risk Months from Randomization
DAPA 2373 2305 2221 2147 2002 1560 1146 612 210

Placebo 2371 2258 2163 2075 1917 1478 1096 593 210

DAPA = dapagliflozin; HF = heart failure; hHF = hospitalization for heart failure; HR = hazard ratio; NNT = number needed to treat.
1. McMurray J. Presentation at: European Society of Cardiology Congress. September 1, 2019; Paris, France.



EMPEROR-preserved: Reduction of composite
primary endpoint of CV death/HHF

—~ 25-

>

)

3] RRR

c 201 *=

0

k=

() 151

2

S

g 10- Empaglifiozin HR: 0.79

o (95% Cl: 0.69, 0.90)

E ] £<0.001

5 5

£

4

0 ' . . . ' . . : : : : : Empagliflozin:
0 3 6 712 15 18 21 24 27 30 33 36 415 (13.8%) patients with event
Months since randomization Rate: 6.9/100 patient-years

Patients at risk Placebo: . '
Placebo 2991 2888 2786 2706 2627 2424 2066 1821 1534 1278 961 681 400 511 (17.1%) patients with event
Empagliflozin 2997 2928 2843 2780 2708 2491 2134 1858 1578 1332 1005 709 402 Rate: 8.7/100 patient-years

*During a median frial period of 26 months. ARR, absolute risk reduction; Cl, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure; HR, hazard ratio;

NNT, number needed to treat; RRR, relative risk reduction. Anker S et al. N Engl J Med. 2021 Aug 27. doi: 10.1056/NEJMoa2107038.
22



Dapagliflozin significantly reduced the risk of CV death or worsening HF?2

in patients with LVEF >40%"

’> DELIVER Primary Endpoint
Qr Composite of CV Death or Worsening HF?

HR: 0.82 (95% CI: 0.73-0.92)

25 Placebo 1 8 %
RRR

DAPA 10 mg

3.1% ARR
p=0.0008

Cumulative Incidence (%)
o
]

f NNT= 32

| | | | | | | | | | | | |
0 90 180 270 360 450 540 630 720 810 900 990 1080

Days since Randomization

ahHF or an urgent HF visit.
23 Solomon SD et al. Dapagliflozin in Heart Failure with Mildly Reduced or Preserved Ejection Fraction. N Engl J Med. 2022 Aug 27.



DAPA-HF + DELIVER Pooled Analysis

Pre-specified, patient-level pooled analysis

Study Design'-3

(P DaAPAHF
LVEF <40%; N=4744

+

@ DELIVER

LVEF >40%; N=6263

m N=11,007

DAPA 10 mg Placebo

n=5504 n=5503

Median Follow-up: 22 months

@ Purpose’

» Examine the effect of DAPA across the LVEF range
given the attenuation seen in patients with higher
LVEFs in other HF medication trials

* Prespecified outcomes:

< CV death «» Total2 hHF <+ CV death or hHF
% All-cause death < MACEP

DAPA significantly reduced the risk of
death and hHF across the LVEF range’

20 Primary Endpoint: CV Death

9

8

c Placebo

(]

e

2 10 -

o I 14 %
>

s

g 1.5% ARR
3 o A HR: 0.86 (95% Cl: 0.76-0.97) p=0.01

0 90 180 270 360 450 540 630 720 810 900 9901080
Days since Randomization

- e

All-cause death Total® hHF First hHF

10 29 % 26 %

RRR reduction RRR

1.5% ARR 6.0% ARR 3.2% ARR
p=0.03 p<0.001 p<0.001

HR: 0.90 RR: 0.71 HR: 0.74
95% Cl: 0.82-0.99 95% Cl: 0.65-0.78 95% CI: 0.66-0.82

DAPA significantly reduced the risk of
CV death or hHF across the LVEF range’

CV Death or hHF

Placebo Better

14 7
No
1.0 Difference
e H
© J \4
@ 0.8 Theew  DAPA Bett
he} — etter
=
m -
R‘; 0.6 — Unity (HR=1)
=
- Continuous HR for
DAPA vs. placebo
E . 95% ClI
0.4 Interaction p-value=0.71 °

15 20 25 30 35 40 45 50 55 60 65 70 75
LVEF, %

DAPA reduced the risk of CV death or hHF by 22%
HR: 0.78 (95% CI: 0.72-0.86); p<0.001

m SGLT2 inhibitors are recommended in patients with HF regardless of LVEF in Treatment Guidelines*

aFirst and recurrent; ®°Composite of CV death, M, or stroke.

1. Jhund PS et al. Nat Med. 2022 Aug 27; 2. McMurray JJV et al. N Engl J Med. 2019;381(21):1995-2008; 3. Solomon SD et al. N Engl J Med. 2022 Aug 27.; 4. Heidenreich PA et al. J Am Coll Cardiol. 2022;79(17):e263-e421.




The prevention of HF hospitalisation

The integrity of clinical decision making
* Primary prevention

* |ntype 2 diabetes, with or without
atherosclerotic CV disease (EMPA-REG
OUTCOME, CANVAS, VERITIS-CV)

Integrity * |In chronic kidney disease, with or

is doing the right thing  without diabetes (CREDENCE,
even when no one

is watching  DAPA-CKD, SCORED)

C.S. Lewis
* Secundary prevention

e HFrEF (EMPEROR-reduced, DAPA-HF)
e HFpEF (EMPEROR-preserved)




SGLT2 inhibitors: impact on major cardiovascular outcomes in
type 2 diabetes

Meta-analysis, 4 different SGLT2 inhibitors (empagliflozin, canagliflozin, dapagliflozin,
ertugliflozin), n=46,969 pts with T2DM (66% with CVD)

Treatment Placebo
Rate/1000 Rate/1000 Hazard ratio Favors Favors

No./total No. patient-years No./total No. patient-years (95% CI) treatment : placebo Weight, %
EMPA-REG OUTCOME 490/4687 37.4 282/2333 43.9 0.86 (0.74-0.99) |—0—| 15.72
CANVAS program NA/5795 26.9 NA/4347 31.5 0.86 (0.75-0.97) |—0—| 2012
DECLARE-TIMI 58 756/8582 22.6 803/8578 24.2 0.93 (0.84-1.03) I—H 32.02
CREDENCE 217/2202 38.7 269/2199 48.7 0.80(0.67-0.95) |—0—| 10.92
VERTIS CV 735/5499 40.0 368/2747 40.3 0.99 (0.88-1.12) |—0—| 21.23
Fixed-effects model (Q=5.22; df=4; P=.27; 12=23.4%) 0.90 (0.85-0.95) O

]

0.2 1 2
HR (95% Cl)

Reduction in the risk of MACE without evidence of a considerable
heterogeneity between the trials

McGuire DK, Shih WJ, Cosentino F et al. JAMA Cardiol. 2021;6(2):148-158.



2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Recommendations for the management of patients with HFrEF and T2DM

Pharmacological treatment indicated in patients with HFrEF Other treatments indicated in selected patients with HFrEF
(NYHA class II-1V) and diabetes (NYHA class II-1V) and diabetes

SGLT2 inhibitors (dapagliflozin, empagliflozin, or Hydralazine and isosorbide dinitrate should be
considered in self-identified Black patients with
diabetes and LVEF <35% or with an LVEF <45%
combined with a dilated LV in NYHA class -V
despite treatment with an ACE-| (or ARNI), a
beta-blocker, and an MRA, to reduce the risk of HF

hospitalization and death.

Digoxin may be considered in patients with
symptomatic HFrEF in sinus rhythm despite
treatment with sacubitril/valsartan or an ACE-|, a
beta-blocker, and an MRA, to reduce the risk of

hospitalization.

sotagliflozin) are recommended in all patients with
HFrEF and T2DM to reduce the risk of HF
hospitalization and CV death.

An intensive strategy of early initiation of
evidence-based treatment (SGLT2 inhibitors, ARNI/
ACE-Is, beta-blockers, and MRAs), with rapid
up-titration to trial-defined target doses starting
before discharge and with frequent follow-up visits in
the first 6 weeks following a HF hospitalization is

recommended to reduce re-admissions or mortality.

Marx N et al. European Heart Journal (2023) 00, 1-98



2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Recommendations for the management of diabetic patients with
HFmrEF and HFpEF

Heart failure treatments in patients with diabetes and LVEF
>40%

Empagliflozin or dapagliflozin are recommended in
patients with T2DM and LVEF >40% (HFmrEF and
HFpEF) to reduce the risk of HF hospitalization or
CV death.

Marx N et al. European Heart Journal (2023) 00, 1-98



Dapagliflozin and risk of new-onset diabetes

SGLT2i and new-onset diabetes in patients with cardiovascular or kidney disease

Participant-level pooled analysis of Fixed-effects meta-analysis of 7

DAPA-HF and DELIVER cardiovascular and kidney trials A"
(n = 5623) (n = 17 855)
H F Cumulative incidence of new-onset diabetes CV
requiring glucose-lowering therapy (%) Hazard ratio (95% CI)
P 0 [ J
tria I S 197 HR: 0.67 (95% CI: 0.49, 0.91) DELIVER ——8——f  070(048-103) trials
P=0.012 DAPA-HF } = i 0.61(0.35-1.05)
EMPEROR-Preserved —a— 084 (065-1.07)
EMPEROR-Reduced —a—— 086 (0.62-1.19)
Pl DAPA-CKD 1t = i 062 (0.36-1.08)
5. acebo - -
98 events (3.5%) EMPA-KIDNEY ———— 082 (056-1.19) .
DAPA-MI } = § 0.53 (0 36-0.77) Lower risk
Lower risk Dapagliflozin Qetal G of new-
66 events (2.3%) . .
of new- E 1 , T ' 1 655 e : 3 onset T2DM
onset T2DM © 0.5 1 15 2 2.5 3 < >
Years since randomization Favours SGLT2i Favours placebo

Reduction in the rate of new-onset diabetes
with SGLT2i vs placebo (test for overall

Reduction in the rate of new-onset diabetes
é:ﬂ‘..\, requiring new glucose-lowering therapy with
C‘ treatment effect: P < 0.001), without
heterogeneity in treatment effects across trials

~ " dapagliflozin vs placebo, with consistent findings
across the LVEF spectrum and key subgroups

Ostrominski J et al. European Heart Journal (2024) 00, 1-11



Composite renal endpoint (end-stage kidney
disease/sustained profound decrease in eGFR)

o~
]

Placebo

N
|

HR 0.50
(95% C10.32, 0.77)

Estimated cumulative
incidence function (%)

Empagliflozin

T T T T T Empadgliflozin:

0 90 180 270 360 450 540 630 30 patients with event
Days after randomisation Rate: 1.6/100 patient-years

Patients at risk Placebo:

Placebo 1867 1592 1501 1136 1058 681 357 259 58 patients with event

Empagiliflozin 1863 1599 1532 11585 1062 687 391 276 Rate: 3.1/100 patient-years

@mposife renal endpoint is defined as chronic dialysis, renal transplant, sustained reduction of 240% eGFR or sustained eGFR <15 ml/min/1.73 m?for patients with e GFR 230 mil/min/1.73 m? at
seline (<10 ml/min/1.73 m2 for patients with e GFR <30 ml/min/1.73 m2 at baseline). Dialysis is regarded as chronic if the frequency of dialysis is twice or more per week for at least 90 days. Cox
regression model including covariates age, baseline e GFR (CKD-EPI), region, baseline diabetes status, sex, and baseline LVEF. CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; e GFR,



Treatment effect, 95% Cl

Change in eGFR from baseline, mL/min/1.73 m?
} I*l’
{

Dapagliflozin and renal function: DELIVER

1. Therapeutic efficacy of dapagliflozin is
preserved across a wide range of eGFR
(25 to >100 mL/min/1,73 m?:

2. Dapagliflozin is associated with

slower decline in eGFR over time vs.
placebo.

2.0, Uticaj na hospitalizacije zbog HF/KV mortalitet

—

' @ Placebo
® Dapagliflozin

Month 0-36 (mL/min/1.73 m? per year)
Placebo-1.5(-1.8to-1.2)
0B Dapa -1.0 (-1.3 to -0.8)
‘.‘\ B Difference +0.5 (+0.1 to +0.9)
. e
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Month 0-1 (mL/min/1.73 m? per month) 9
Placebo -0.4 (-0.8t0 0) L B
75 Dapa-3.7 (-4.0to0 -3.3) Month 1-36 (mL/min/1.73 m? per year)
' Difference -3.3(-3.8t0-2.7) Placebo-1.4(-1.7to-1.1)
Dapa 0 (-0.2to +0.3)
Difference +1.4 (+1.0to +1.8)

0.6+

P for interaction = .45

0.4 ‘ . . -10

20 30 40 50 60 70 80 90 100 110 01 4 12 24 36
Baseline eGFR, mL/min/1.73 m? Time, mo

Mc Causland F et al. JAMA Cardiol. 2022 Nov 3;8(1):56—65



Treatment targets for the management of patients with
diabetes

Risk factor Target
BP e Target SBP 130 mmHg for most adults, <130 mmHg if tolerated, but not <120 mmHg
® Less-stringent targets, SBP 130- 139 in older patients (aged >65 years)

Glycaemic control: HbA1c e HbA1c target for most adults is <7.0% (<53 mmol/mol)
More-stringent HbA1c goals of <6.5% (48 mmol/mol) may be suggested on a personalized basis if this can

be achieved without significant hypoglycaemia or other adverse effects of treatment
® Less-stringent HbA1c goals of <8% (64 mmol/mol) or <9% (75 mmol/mol) may be adequate for elderly
patients (see section 6.2.1)
Lipid profile: LDL-C e In patients with DM at very high CV risk,” target LDL-C to <1.4 mmol/L (<55 mg/dL) and LDL-C reduction of at least 50%.
e |n patients with DM at high risk,” target LDL-C to <1.8 mmol/L (<70 mg/dL) and LDL-C reduction of at least 50%.
® In patients with DM at moderate CV risk,” aim for an LDL-C target of <2.6 mmol/L (<100 mg/dL)

Platelet inhibition In DM patients at high/very high CV risk

Smoking Cessation obligatory

Physical activity Moderate-to-vigorous, =150 min/week, combined aerobic and resistance training

Weight Aim for weight stabilization in overweight or obese patients with DM, based on calorie balance, and weight reduction

in subjects with IGT, to prevent the development of DM. 5
Dietary habits Reduction of caloric intake is recommended in obese patients with T2DM to lower body weight; there is no ideal f

percentage of calories from carbohydrate, protein, and fat for all people with DM.

European Heart Journal (2023) 41, 255-323



Reduction of CV risk in type 2 diabetes:
Glucose-lowering treatment

Risk assessment for patients with type 2 diabetes based on the presence of
ASCVD/severe TOD and |0-year CVD risk estimation via SCORE2-Diabetes

Marx N et al. European Heart Journal 2023, 44: 4043-4140



Reduction of CV risk in type 2 diabetes and atherosclerotic disease:
Glucose lowering treatment

To reduce CV risk independent of glucose control®

Independent of HbA ¢

Independent of concomitant glucose-lowering medication

|

For additional glucose control

Glucose-lowering agents with suggested CV benefit

Metformin
(Class lla)

Glucose-lowering agents with proven CV safety
DPP-4 inhibitors (sitagliptin, alogliptin, linagliptin)®
Ertuglifiozin’
Sulfonylureas (glimepiride or gliclazide)
Insulin glargine or insulin degludec
Other GLP-| RAs (lixisenatide, exenatide ER, oral semaglutide)

Glucose-lowering agents without CV safety evaluation
E.g. short-acting insulins

E.g. other sulfonylureas
Marx N et al. European Heart Journal 2023, 44: 4043-4140



Recommendations for glucose-lowering treatment for patients with diabetes

SGLT2 inhibitors
Empagliflozin, canagliflozin, or dapagliflozin are recommended in patients with T2DM and CVD, or at very high/high CV

risk. to reduce CV events,??¢98-07311

Empagliflozin is recommended in patients with T2DM and CVD to reduce the risk of death.**
GLP1-RAs
Liraglutide, semaglutide, or dulaglutide are recommended in patients with T2DM and CVD, or at very high/high CV risk,*

to reduce CV events,'”¢2?7—300.302-303

Liraglutide is recommended in patients with T2DM and CVD, or at very high/high CV risk.© to reduce the risk of death,'”®
Biguanides

Metformin should be considered in overweight patients with T2DM without CVD and at moderate CV risk.'**14? la C
Insulin

Insulin-based glycaemic control should be considered in patients with ACS with significant hyperglycaemia (>10 mmol/L
or >180 mg/dL), with the target adapted according to comorbidities.”®® ?%?

Thiazolidinediones

Thiazolidinediones are not recommended in patients with HF.

DPP4 inhibitors

Saxagliptin is not recommended in patients with T2DM and a high risk of H

F.291

European Heart Journal (2023) 41, 255-323



Cardiovascular complications in T2DM
can be prevented and treated

.« Obesity /
« Hypertension

« Dyslipidaemia f CV and kidney
« Smoking'-3 complications'!12

q
Stroke’

« PB-cell-dysfunction M1’
* Insulin resistance \ \ Nephropathy3”.13 Dementia'®
 Hyperglycaemia#>?

Metabolic’?8
and haemodynamic changes

Heart failure’2

Atherosclerosis’

CV disease’

Neuropathy?

>

,:, Retinopathy?®

Leading hypotheses shown; additional factors may contribute to progression of complications. CV, cardiovascular; 12D, type 2 diabetes; MI, myocardial infarction

1. Leon BM & Maddox TM. World J Diabetes 2015;6:1246; 2. Sposito AC et al. Cardiovasc Diabetol 2018;17:157; 3. Cade WT. Phys Ther 2008;88:1322; 4. Marwick TH et al. J Am Coll Cardiol

2018;71:339; 5. DeFronzo RA et al. Diabetes 2009;58:773; 6. Fowler MJ. Clinical Diabetes 2011;29:116; 7. Song MK ef al. J Diabetes Res 2014;2014:e313718; 8. Bugger H & Abel ED. Diabetologia

2014;57:660; 9. Galicia-Garcia U et al. Int J Mol Sci 2020;21:6275; 10. Hayden MR et al. Cardiorenal Med 2013;3:265; 11. Ronco C et al. J Am Coll Cardiol 2008;52:1527; 12. McCullough PA et al.

Contrib Nephrol 2013;182:82; 13. Chen Y et al. Kidney Dis 2020;6:225 ‘
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Manuel Jimenez Prieto: Martin Charcot visits a patient, 1897



Heart failure
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