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Topics

* Relevance
« Natural history: RFs, organ damage, symptoms
* Action: screening, therapy



Trend in HF in US

1 = ovesiy NHANES 1999-2018
BN Diabetes
60- » Stable prevalence 3-
4%
g 40 - > Increasing proportion

of obesity and T2DM

» Little improvement in
BP

» Little improvement in
HbA1c

» Improvement in the
lipid profile up to 2010
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Ciardullo S et al, Int J Cardiol, 2022
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Stima del rischio di SCC e di ASCVD nel

T2DM in prevenzione CVD primaria

Rischio medio di SCC (QDiabetes) e di ASCVD a 10 anni

N

1089

QDIABETES [%]

ASCVD [%)]

0.83 + 13.84

F =532 M = 557
10.77+7.62 [10.33+7.29
17.50 £ 13.41 |24.01 £ 13.50

¢ Suddivisione in quintili in base al rapporto tra rischio ASCVD e SCC di ogni soggetto

Rischio ASCVD [%]

Rischio SCC [%]
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Natural history of HF

= Hypertension

* Hyperlipidemia
- DKD

* CAD

* SDOH

Pop Busui R et al, Diabetes Care, 2022



HF: classification

Type of HF HFrEF HFmrEF HFpEF

< Symptoms + Signs® Symptoms + Signs® Symptoms + Signs®

ﬁ LVEF <40% LVEF 41—49%° LVEF >50%

ZE: — — Objective evidence of cardiac structural and/or functional

abnormalities consistent with the presence of LV diastolic

dysfunction/raised LV filling pressures, including raised natriuretic peptides®

EF 41-49% EF = 50%

EF <40%

McDonagh TA et al. 2021 ESC HF Guidelines



Signs and symptoms

Classical

Less frequent
Dyspnea Night cough
Orthopbnea Breath shorteness
P Body weight reduction
Confusion/depression
Reduced tolerance to physicl exercise Palpitations
Weakness Dizziness
Bendopnea

Ankle edema




Modello grafico
(cine-RM)




VOI umi Healthy volunteer

Volume results —a— Blood volume

sistole diastole

400

Perseghin G, Il Diabete, 2022



F I USSI Healthy volunteer

Flux results (slide 1) e Vessel 1

RR-interval: 1034 ms (from heart rate) . .
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Longitudinal

Radial

Circumpherential

EF
Diastolic function
Filling pressure

Cardiac geometry

Perseghin G, Il Diabete, 2022



Abnormal Left Ventricular Energ
Metabolism in Obese Men With

Systolic and Diastolic Functions Is
Associated With Insulin Resistance

STAGEB

Structural disorder

* LV systolic dysfunction
* LV diastolic dysfunction
* LV hypertrophy

* Chamber enlargement

* Valvular disease

* Increased filling pressures OR

Elevated biomarkers

Table 2—Morphologic parameters and functional features of study subjects stratified for quartiles of BMI (kg/m®)

xreserved

Quartile 1

Quartile II

Quartile III

Quartile IV

Heart rate (beats/min)
Morphologic features
End diastolic volume (ml)
End systolic volume (ml)
End diastolic wall mass (g)
End diastolic wall mass/volume
ratio (g/ml)
Systolic function
Stroke volume (ml)
Cardiac output (I/min)
Ejection fraction (%)
Diastolic function
Early PFR (ml/s)
Atrial PFR (ml/s)
E/A peak flow
Deceleration time (ms)

217 £13(18.5-23.2)
63 £ 13

143 =22
56 = 14

138 = 24

097 = 0.16

464 = 78
213 * 54
231 +0.69
176 = 26

246 = 0.7 (23.3-25.5)
639

141 =21
5513
133 =21

0.94 = 0.10

86 =11
5409
625

475 + 74
219 = 42
224 + 0.49
183 + 34

269 +0.9(25.5-29.0)
63 =10

148 = 33
56 = 16
145 = 17

1.02 £0.18

92 =19
56 1.0
62 =4

432 =02
238 = 84
1.99 £ 0.70
197 = 39

32.0 = 1.7 (30.0-35.3)
65*+9

144 = 28

157 = 19*
1.12 = 0.19*

93 = 16
6.0 £ 12
65 = 4

469 = 96
261 = 64
1.88 £ 0.49
183 =35

Data are means * SD (BMI range) from two-tailed, independent-Samples ¢ test. TP << 0.05 vs. quartiles I and II in one-way ANOVA and Bonferroni post hoc analysis.

PFR: peak filling rate

Perseghin G et al Diabetes Care, 2007



Diagnostic algorithm l

4 or il HF strongly suspected
e if NT-proBNRBINE unavailable

WEeESc—
Eur Heart J, 2021 P e S s e, s i g £kt T i e

lar ejection fraction; NT-proBMF = Meterminal pro-8 type natriuretic peptide. The abnormal echocardiographic findings are desorbed in more detail in
the respactive sections on HFrEF {s=ction 5), HFmeEF (section 7), and HFREF {s2ction 8]



NT-ProBNP in T2DM (NHANES 1999-2004 through 2015)

Across the spectrum of glucose tolerance

Entire cohort
<100
100-299
2300

HbA1c<5.7%
<100
100-299
2300

HbA1c 5.7-6.4%
<100
100-299
2300

Diabetes
<100
100-299
2300

NT-ProBNP (pg/ml)

All-cause mortality

Events (n/N)

655/3446
499/1462
355/585

323/2144
284/925
169/305

151/727
92/280
75/116

181/575
123/257
111/164

Incidence rate per

1000 person-years

(95% Cl)

14.8 (13.7-15.9)
29.0 (26.6-31.7)
64.2 (57.8-71.2)

11.5 (10.3-12.9)
25.3 (22.6-28.5)
55.6 (47.8-64.6)

16.5 (14.0-19.3)
28.4 (23.1-34.7)
69.9 (55.7-87.6)

25.7 (22.2-29.8)
44.7 (37.5-53.3)
78.4 (65.1-94.4)

Cardiovascular mortality

Events (n/N)

123/3446
116/1462

91/585

59/2144
53/925
33/305

241727
27/280
22/116

40/575
36/257
36/164

Incidence rate per

1000 person-years

(95% Cl)

2.8 (2.3-3.3)
6.7 (5.6-8.1)
16.5 (13.4-20.2)

2.1(1.6-2.7)
4.7 (3.6-6.2)
10.8 (7.7-15.3)

2.6 (1.8-3.9)
8.3 (5.7-12.2)
20.5 (13.5-31.1)

5.7 (4.2-7.8)
13.1 (9.4-18.1)
25.4 (18.3-35.2)

NT-ProBNP (pg/ml)

<100

100-299

2300

NT-ProBNP (pg/ml)
<100

100-299

2300

NT-ProBNP (pg/ml)

<100

100-299

2300

Male

01 2 3 4 5 6

1.00 (Ref.)

1.38 (1.14 - 1.68)

2.30 (1.74 - 3.05)

Non-obese

1.00 (Ref.)

1.35 (1.1 - 1.65)

o 215 (1.58 - 2.92)

0 1 2 3 4 5 6

<60 yrs

—o—i

1.00 (Ref.)

1.44(0.97 - 2.13)

——e———3.52(2.10-590)

0 1 2 3 4 5 6

Female

o 1.41(1.06 - 1.86)

—e—i 212 (1.53 - 2.92)

01 2 3 4 5 6

Obese

o 1.35(1.02-1.79)

—o—i 2.04 (1.40 - 2.97)

0 1 2 3 4 5 6

260 yrs

. 1.31(1.10 - 1.55)

ot 202 (1.60 - 2.54)

0 1 2 3 4 5 6

1.00 (Ref.)

1.00 (Ref.)

1.00 (Ref.)

p-interaction

0.970

0.781

p-interaction

0.737

0.887

p-interaction

0.709

0.007

Ciardullo S et al
Cardiovasc Diabetol, 2022



CVOTs in HF

* Exertional dyspnea

* Orthopnea

* Paroxysmal nocturnal dyspnea
* Weakness/fatigue

* Weight gain

Table 2. Cardiovascular Outcome Trials Involving Patients with Heart Failure.*
Variable DAPA-HF EMPEROR-Reduced
Drug Dapagliflozin Empagliflozin
No. of patients 4744 3730
Type 2 diabetes — % of patients 41.7 49.8
LVEF — % 31.1 27.4
Median NT-proBNP — pg/ml 1437 1907
Mean eGFR — ml/min/1.73 m?* 65.7 62.0
Outcomes — hazard ratio (95% Cl)

Cardiovascular death or hospital-  0.74 (0.65-0.85) 0.75 (0.68-0.86)

ization for heart failure
Hospitalization for heart failure 0.70 (0.59-0.83) 0.69 (0.59-0.81)

EMPEROR-Preserved
Empagliflozin
5988
49.1
543
970
60.6

0.79 (0.69-0.90)

0.73 (0.61-0.88)

SOLOIST-WHF
Sotagliflozin
1222
100
35
1864
499

0.67 (0.52-0.85)

0.64 (0.49-0.83)

* Data sources for the trials are as follows: DAPA-HF, McMurray et al.*; EMPEROR-Reduced, Packer et al.”; EMPEROR-Preserved, Anker et al.%;
SOLOIST-WHF, Bhatt et al.”’ The abbreviation eGFR denotes estimated glomerular filtration rate, LVEF left ventricular ejection fraction, and

NT-proBNP N-terminal pro—B-type natriuretic peptide.

HF Trials

(+/- diabetes)

DAPA-HF
(Dapagliflozin NEJM 2020)

Emperor Reduced
(Empagliflozin NEJM 2020)

Emperor Preserved
(Empagliflozin NEJM 2021)

SOLOIST — WHF
(Sotagliflozin NEJM 2021)

DELIVER
(Dapagliflozin NEJM 2022)

Braunwald E, N Engl J Med, 2022
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hHF

Patients Events Events per 1000 Weight HR HR (95% Cl)
patient-years (%)

Treatment (n/MN) Placebo (n/M) Treatment Placebo
Patients with history of heart failure
EMPA-REG OUTCOME 462706 244/706 124 636 855 236 — & 0-72(0-50-1-04)
CANVAS Program B03/1461 658/1461 203 354 56.8 341 o= 0-61 (0-46-0-80)
DECLARE-TIMI 58 852/1724 87211724 314 451 555 42.4 . 0-79 (0-63-0-99)
Fixed effects model for history of heart failure (p<0-0001) ——— 0.71(0-61-0-84)
Patients with no history of heart failure
EMPA-REG OUTCOME 4225/6314 2089/6314 339 15.5 249 30:0 —a— 0-63 (0-51-0-78)
CANVAS Program  4992/8681  3689/8681 449 136 152 324 - 0-87 (0.72-1-06)
DECLARE-TIMISE  7730/15436  7706/15436 599 8.9 105 376 — - 0-84 (0.72-0-99)
Fixed effects model for no history of heart failure (p<0-0001) - 0.79 (0-71-0-88)

035 050 1.00 2.50
+— —
Fawours treatment Favours placebo

Figure 3: Meta-analysis of SGLT2i trials on hospitalisation for heart failure and cardiovascular death stratified by history of heart failure
History of heart failure: Q statistic=2.02, p=0-37, ’=0-8%; no history of heart failure: @ statistic=5-89, p=0-0527, '=66%. The p value for subgroup differences

was 0-51. Tests for subgroup differences were based on F tests in a random effect meta-regression estimated using restricted maximum likelihood and Hartung
Knapp adjustment. HR=hazard ratio. SGLT2i=sodium-glucose cotransporter-2 inhibitors.

Zelnicker TA et al, Lancet, 2019



Regardless glucose control

Non-diabetic

Hypertensive Sprague Dawley rats
(chronic angiotensin administration
using subcutaneously implanted
osmotic minipumps)

=

Hypertrophy
Sympatetic
activity

Control+Empa Control

o
<
<

Ang |l + Empa

Fibrosis

Castoldi G et al, Int J Mol Sci, 2023



Terapia Farmacologica

SID

w Quali sono i farmaci di prima, seconda e terza istanza Savik infong

di Diabetologio

MEDIC!
Sie W DIABETOLOGI

da impiegare per il controllo della glicemia nei pazienti
con diabete di tipo 2 con scompenso cardiaco?

Si raccomanda 'uso di SGLT-2i come
farmaci di prima scelta per il trattamento a SGLT2i
lungo termine di pazienti con diabete di tipo
2 con scompenso cardiaco.

GLP1RA Metformin*

| GLP-1 RA e metformina dovrebbero
essere considerati come farmaci di
seconda scelta, mentre DPP-4i, acarbosio
ed insulina come farmaci di terza scelta.

*La metformina € controindicata in classe NYHA IlI-IV
**Saxagliptin & associato ad un aumento di ricoveri per scompenso
cardiaco

Forza della raccomandazione: forte. Qualita delle prove: moderata.

SNLG

SISTEMA NAZIONALE LINEE GUIDA DELL’ISTITUTO SUPERIORE DI SANITA (6 luglio 2021) I



@ ESC ESC GUIDELINES
European Heart Journal {2021) 00, 1128
European Saciely gop10.1093/eurheartj/ehabiss
of Cardiolagy

2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC)

Eur Heart J, 2021

Management of HFrEF

To reduce mortality - for all patients

Csoimai )

To reduce HF hospitalization/mortality - for selected patients

Volume overfoad

SR with LBER = |50 ms SR with LBBB 130149 ms or non LBEB= [50 ms
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Aartic stenosi Mitrol regurgitation  Heart rate SR=T70 bprt Block Race ACE-JIARNI instoleranee
SAVRITAVI TEE MV Repair | babradine ) Hydrabzine/ISDM )

For selected advanced HF patients

MC5as BTTETC ) MCS s BT

To reduce HF hospitalization and improve QOL - for all patients

Exercise rehabilitation

Multi-professional disease management

@Esc—



Consensus ADA KDIGO

Lo @ @

Healthy diet Physical activity Smoking cessation Weight management

Metformin RAS inhibitor at maximum Moderate- ar
First-line {Initiate If eGFR =20; (if eGFR =30) tolerated dose (if HTWN®) high-intensity statin

drug therapy mmh uniil dialysis % @ " g @‘(§. %

Regular reassessment
of glycemia, albuminuria,
BF, CVD risk, and lipids

GLP-1RAifneededto  Monsteroidal MRA'If  Dihydropyridine CCB Antiplatelet Ezetimibe, PCSKS),
Additional achieve individualized ~ ACR =30 mag/g and and/or diuretic* if agent for ar icosapent ethyl if
risk-based glycemie target normal potassium needed to achieve clinical ASCVD indicated based on

therapy @ ' @ % % lndglzl:j::;ged ﬁ MCVDrl%ndlipid!
Bou

Other glucose-lowering Stercidal MRA if
drugs If needed to needed for resistant
achieve individualized hypertension T20 only
glycemic target if eGFR 245 All patients

@ @{: (T1D and TZD)

de Boer IH et al, Diabetes Care, 2022



What is the role of the HCPs?

GP
Diab
Cardio
Nephro

* Obesity

= Hypertension

» Hyperlipidemia
* DKD

* CAD

* Sex

* SDOH

STAGE A
High risk for HF

STAGE B
Structural disorder

* LV systolic dysfunction
* LV diastolic dysfunction
* LV hypertrophy

+ Chamber enlargement

+ Valvular disease

Neurohormonal
activation

+ Increased filling pressures OR Myocardial Arrhythmias and loss
 Elevated biomarkers infarction l of cardiac muscle
. Left ventricular
Atherothrombosis Sudden death

remodelling

Myocardial
ischaemia

Symptomatic heart
failure

Coronary artery
atherosclerosis

Terminal heart
disease

Risk factors
(dyslipidaemia, hypertension,
diabetes, obesity, smoking)

Death

GP
Diab

STAGE C/D
Symptoms of HF

* Exertional dyspnea

* Orthopnea

* Paroxysmal nocturnal dyspnea
* Weakness/fatigue

* Weight gain

GP
Diab
Cardio
Nephro

Dzau VJ et al Circulation, 2006
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Clinical Utility of Cardiovascular  uien w sece’

Dianna J. Magﬁana,'?'j and

Risk Scores for Identification of  ‘erathan £ shaw
People With Type 2 Diabetes More

Savor-TIMI

Likely to Benefit From Either Doclare
GLP-1 Receptor Agonist or SGLT2 =mPaRe9
Inhibitor Therapy

Diabetes Care 2022;45:1900-1906 | https.//doi.org/10.2337/dc21-1929

CONCLUSIONS

A greater increase in the rate of HHF relative to MACE was observed with pro-
gressively higher cardiovascular risk, regardless of the risk score applied. Conse-
quently, SGLT2is may offer greater overall cardiovascular protection in those at
highest MACE risk, not just those at highest HHF risk.



STAGE D

CARE TEAM MEDICAL
+ HF speclalist MAMAGEMENT
+  Primary care * History * Same as
+  Dietlclan + Physlcal stage C
+  Endocrinology examination * Possible heart
+  Advanced +  Echocardlography transplantation
Practice * Perlodic evaluation or left
Froviders with natriuretlc ventricular asslst
* Pharmacists peptides device
+ Soclal support *  Invaslve
management
e

CARE TEAM

Primary care
Dieticlan
Endocrinology
Cardiology
Advanced Practice
Providers
Pharmaclsts
Other speclalties
as needed

Social support
Targeted SDOH

N

History

physical
examination
Echocardlography
Possible invasive
evaluation

Perlodic evaluation

with natriuretic
peptides

MEDICAL
MAMAGEMENT
+ ARNIJACELS
ARBs

B blocker
MEA

SGLT2I
Dluretic
Other GDMT
a3 neaded

+ CGM

+ CRT/ICD
AVOID DPP-41

AVOID TZD3
AVOID 5Us

CARE TEAM

+ Primary care

+ Dietlclan

+ Endocrinology

CARE TEAM

Primary care
Dleticlan
Endacrinolegy
Cardiology
Targeted 5D0OH

o

* Perlodic evaluation

History
Physical
examination
Periodic
evaluatlon with
natriuretic
peptides or high-
sensitivity cardlac
troponin

STAGE B

History
Physical

examination
Echocardlography

with natriuretic
peptides or high-
sensltivity cardiac
ropanin

MEDICAL
MAMNAGEMENT
+ ACEI/ARBs

+ Optimize BF and

*

MEDICAL
MANAGEMENT

*

*

*

AVOID DPP-4

lipid contral
Optimlze
glucose control
(SGLTZ, GLP-
1RA metformin
preferred )

f

!

ACEl/ARRs
SGLTEL

(* GLP-1RA,
metformin
preferred,
Insulin 50
alternatives)
BP and Lipld
control

AVDID TZDs
AVDID 5Us _/

Figure 2—Multidisciplinary personalized care for in individuals with HF and diabetes. DPP-4i, DPP-4 inhibitors; SUs, sulfonylureas.
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