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From Diabetes to Heart Failure: one wa

HF/ HF/ RR

Study T2D Without Diabetes with 95% CI
T2D and HF with prevalent CVD

Aronow & Chul (1999) 272/690 467/2,047 - 1.34[1.14, 1.56]
van Melle et al. (2010) 30/200 471639 ———————— 3.34( 1.65, 6.76]
Patel et al. (2017) 24/63 115/434 —————e———  298[1.51, 5.88]
Abdissa et al. (2020) 70/96 126/210 _—— 2.34[1.13, 4.85)
Polovina et al. (2020) 25/194 59/1094 — 1.45[1.04, 2.02]
Ritsinger et al. (2020) 111,682 147,030 - 1.56 [ 1.39, 1.76]
Karayiannides et al. (2022) 7,082/58,073 26,732/249,217 L 3 1.41[1.34, 1.48]
Lee et al. (2022) 264/1,327 1,063/8,556 —— 1.73[1.40, 2.14]
Lemesle et al. (2022) 66/2,025 84/7,156 —— 1.73[1.21, 2.48]
Lemesle et al. (2022) 96/1,135 115/2,650 —— 1.70 [ 1.26, 2.30]
Yen et al. (2022) 2,040/53,509 1,796/53,509 ¢ 1.20[1.13, 1.28]
Heterogeneity: 1° = 0.08, I* = 92.73%, H* = 13.75 <> 1.61[1.35, 1.92]
T2D and HF without prevalent CVD

de Simone et al. (2013) 156/1,278 68/1,479 —— 1.98 [ 1.51, 2.60]
Vimalananda et al. (2014) 264/681 1,078/4,136 . 1.81[1.57, 2.08]
Shah et al. (2015) 866/34,198 13,072/1,887,062 L 2 1.56 [ 1.4, 1.68]
Larsson et al. (2018) 301/2,130 3,945/69,106 - 1.691.50, 1.90]
Lee et al. (2019) 36,448/1,913,503  89,173/18,500,151 * 1.42[1.39, 1.44]
Sattar et al. (2019) 241,278 /1,363,612 L J 1.62[1.58, 1.66]
Nguyen et al. (2020) /377,205 /638,301 L 2 2.75(2.64, 2.86)
Chadalavada et al. (2021) 122,685 /470,482 - 1.54 [ 1.34, 1.76]
Coles et al. (2021) 436/29,847 2,635/704,696 - 1.59 [1.41, 1.79]
Echouffo-Tcheugui et al. (2021) 573/1,841 761/4,802 e 2 1.80 [ 1.64, 1.98]
Groenewegen et al. (2021) 444/12,168 1,013/130,143 -9 2.36[2.10, 2.65]
Kadowaki et al. (2022) 22,079/426,186  28,033/1,018,609 & 1.72[1.69, 1.75]
Heterogeneity: 1° = 0.03, I* = 98.86%, H’ = 87.41 » 1.78 [ 1.60, 1.99]
T2D and HF with unspecified CVD prevalence

Davis et al. (2000) 150/1,509 260/6,036 —— 2.09[1.71, 2.55)
Nichols et al. (2004) 1,167/8,231 526/8,845 2 2 2.50[2.31, 2.71]
Roy et al. (2011) 220717 183/717 —— 1.45(1.14, 1.85)
Ballotari et al. (2017) 787/24,348 1,534/331,843 R 2 2.70[2.47, 2.95)
McAllister et al. (2018) 22,959/132,562  91,429/3,037,572 * 2.20[2.10, 2.30]
Khan et al. (2018) 214/1,002 270/1,804 —— 1.30 [ 1.09, 1.55]
Sattar et al. (2019) /318,083 /1,675,108 L 2 1.65[ 1.63, 1.68]
Winell et al. (2019) 70,045215,231  225,945/2,773,325 * 213[2.11, 2.15)
Klajda et al. (2020) 241116 281232 —_— 2.13[1.25, 3.62]
Chadalavada et al. (2021) 120,059 /470,482 * 1.77[1.64, 1.91)
Vuori et al. (2021) 652/3,834 5,524/90,177 R 2 2.70[2.49, 2.93)
Heterogeneity: T° = 0.05, I* = 99.40%, H* = 166.99 e 3 2.02[1.75, 2.33]

HF/ HF/ RR
Study T1D Without Diabetes with 95% CI
T1D and HF with prevalent CVD
Karayiannides et al. (2022) 309/2,221 27,041/249,317 O 1.59[1.42, 1.78]
Heterogeneity: 1° = 0.00, I* = %, H® = . <w 1.59[1.42, 1.78]
T1D and HF without prevalent CVD
Larsson et al. (2018) 22/247 3,945/69,106 —— 2.68[1.76, 4.09]
Lee et al. (2019) 376/9,397 89,173/18,500,151 k3 3.02[2.73, 3.35]
Chadalavada et al. (2021) 1,986 I —— 2.55[1.77, 3.67]
Heterogeneity: 1° = 0.00, I = 8.25%, H” = 1.09 fes 2.94[2.61, 3.32)
T1D and HF with unspecified CVD prevalence
McAllister et al. (2018) 1,313/17,858 91,429/3,037,572 —{ 3.51[2.96, 4.17]
Rawshani et al. (2018) 127,195 J135,178 —4— 6.35[522, 7.72]
Chadalavada et al. (2021) 12,626 /470,482 R = 3.13[2.66, 3.69]
Heterogeneity: 1° = 0.13, I* = 94.22%, H* = 17.29 =z 4.11[2.69, 6.27]

2 3 456789

Panchal K et al. Diab Res and Clin Pract 2018
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From Heart Failure to Diabetes: the way back

12+ ~ 58,056 non-
~ Heart fai 27 di '
B | 19?2!1,3{{}3r§er50n-years ot diabetic adults Wald x* p OR (95% Cls)
g | ©5% CI116-16.9) | a aged 230 years . . . T
Ne! 94 47 . . . i ; DL—L.
S | . with no evidence BMI 26.6 <0.0001 1.64 (1.36-1.98)
"aﬁJ Q i of diabetes Lipid-lowering therapy 12.1 0.0005 2.05(1.37-3.07)
5 | Serum creatinine 9.7 0.0018 0.68 (0.54-0.87)
82 6 Diuretic therapy 8.6 0.0033 4.81 (1.69-13.69)
O Qa ~ . .
£ o / ; Digoxin therapy 52 0.0221 1.65 (1.08-2.54)
238 | o e Heart failure was ALT 49 0.0269 1.15 (1.02-1.31)
8" ] Fa . ' independently Age 3.9 0.0476 0.81 (0.65-1.00)
5 ] - -~ f_,_,»’/ﬂ No heart failure | associated Wlth an ORs are expressed per 1 SD change in age, BMI, ALT, A1C, and creatinine.
1 - o 9.2/1,000 person-years
1 et (95% C18.8-9.6) increase in : :
o . Preiss D et al Diabetes Care 2009
; 1: I ] 1 . diabetes incidence
Follow-up time (years) Of 48% (95% Cl

27—-73%)

Nichols GA et al. Diabetologi 2011
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Heart Failure and Diabetes: dangerous liaison

Acute Heart Failure Chronic Heart Failure
% %

Study ES (95% CI) Weight Study ES (95% CI) Weight
AHF RCT : AHF RCT |
Gustafsson (2004) | —. 1.50 (1.30, 1.60) 7.17 Gustafsson (2004) | — 1.50 (1.30, 1.60) 7.17
Deedwania (2011) T 1.12(0.93,1.37) 5.26 Deedwania (2011) S aaa 1.12(0.93,1.37) 5.26
Subtotal (°= 85.3%, P=0.009) i 1.31(0.99,1.74) 1243 Subtotal (/°= 85.3%, P = 0.009) i 1.31(0.99, 1.74) 12.43

1 1

1 1
AHF Registry i AHF Registry i
Varela-Roman (2005) —— 1.43(1.14,1.80) 4.59 Varela-Roman (2005) —— 1.43(1.14,1.80) 4.59
Owan (2006) - 1.09(1.05,1.13) 823 Owan (2006) - 1.09(1.05,1.13) 8.23
Varadarajan (2006) T 117 (0.95,1.44) 4.93 Varadarajan (2006) S 1.17(0.95,1.44) 493
Ouzounian (2007) -— 1.16 (0.93, 1.46) 4.64 Ouzounian (2007) -— 1.16 (0.93, 1.46) 4.64
MacDonald (2008) . 1.26 (1.22,1.30) 8.27 MacDonald (2008) . 1.26 (1.22,1.30) 8.27
Harjola (2010) 4 1.38(1.08,1.76) 4.31 Harjola (2010) +—— 1.38(1.08, 1.76) 4.31
Barsheshet (2010) ——— 1.19(0.90, 1.60) 3.63 Barsheshet (2010) ——— 1.19(0.90, 1.60) 3.63
AlHabib (2014) —f— 1.04 (0.90,1.20) 6.32 AlHabib (2014) —f— 1.04(0.90,1.20) 6.32
Shah (2014) i 1.18 (0.96, 1.46) 4.94 Shah (2014) 1 1.18 (0.96, 1.46) 4.94
Helfand (2015) + 117 (1.09,1.26) 7.76 Helfand (2015) - 1.17(1.09,1.26) 7.76
Teng (2015) - ! 0.72 (0.84,0.80) 7.01 Teng (2015) - ! 0.72 (0.64,0.80) 7.01
Khafaji (2015) —— 1.18 (0.95, 1.46) 4.84 Khafaji (2015) —— 1.18(0.95, 1.46)  4.84
Targher (2016) — 0.98 (0.74,1.31)  3.66 Targher (2016) —_— 0.98 (0.74,1.31)  3.66
Spinar (2016) »> 1.18(1.10,1.26) 7.82 Spinar (2016) > 1.18(1.10,1.26) 7.82
Targher (2017) —— 1.16(1.02,1.33) 6.60 Targher (2017) —— 1.16(1.02,1.33) 6.60
Subtotal (I°=B88.0%, P = 0.000) O 113 (1.05,1.22) 87.57 Subtotal (I° = 88.0%, P = 0.000) & 1.43(1.05,1.22) 8757

1 1

1 1
Overall (I°= 88.5%, P=0,000) & 1.15(1.07,1.24)  100.00 Overall (I°= 88.5%, P=0,000) 20 1.15(1.07,1.24)  100.00

I I

T * T T ! T
0.6 1 2 0.6 1 2

Dauriz M et al. Diabetes Care 2017
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Heart Failure and Diabetes: a dangerous liaison

1.How to prevent development of Heart Failure in patients
with Diabetes

2.How to handle glycemic control in Heart Failure
patients

3.How to manage Heart Failure in patients with Diabetes
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From Diabetes to Heart Failure: one way

Traditional risk factors
Myocardial function

Healthy P Dysfunction
Myocardial Autonomic
ischaemia dysfunction
Inflammation Neurohormonal and

Valvular

RAAS activation
heart Hypertension
disease ,
Coronary == Endothelial
artery Adverse dysfunction

cardiac
remodelling

disease i
Extracellular matrix

" remodelling

Obesity dysfunction Myocardial & @  ImpairedCa®
= sybstrate VY handling
switch — " *

Pandey A et al. Lancet Endocrinol & Metab 2023
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Insulin-Resistance is (one of?) the link

A NOT2D/IR = T2D/IR

= Ectopic lipid accumulation = Ectopic lipid in muscle and liver
in skeletal muscle and liver = Adipose tissue dysfunction

m Skeletal muscle inflammation (e.g. altered adipokines, inflammation) .

= Adipose tissue inflammation = Mitochondrial dysfunction
= Growth hormone resistance mOxidative stress
= Incomplete FAO

all-cause mortality or Cardiovascular
hospitalization in patients with or without (A)
insulin signaling impairment [1-34 (1-:03-1-73),
p=0-03], (B) Type 2 Diabetes (T2D) [1:55 (1-20-
2:01), p=0-001], or Homeostatic model assessment

0.4

Cumulative event

0.2

X

\ OBESITY 00

HEART |« INSULIN 3 7 —= e = for insulin resistance (HOMA-IR) impairment [0-94
FAILURE Ml — BRESISTANGEN—> Ji | Y PE 2 DIABETES Time (months)
| METABOLIC SYNDROME Number at risk (0:74-1-20), p=0-64].

A@ - | ‘ ‘

0 12 24 36 48
Time (months)

i i Skeletal muscle B BOTER SN20 c OIS 18,
f*
0.6 S

Y .

0.4

Alnflammation

Altered
adipokine
secretion

p = 8e-04

’ p=064 T
el 0.4 /
i I aa 0.2 o
¥ Glucose uptake - P
0.0 -'”Ir 0.0 v"r/
0 12 24 36 48 0 12 24 36 48
Time (months) Time (months)

Y ¥

ACytokines | AFatty acidslATriglycerides " (AGlucose | o ) Number at risk Number at risk
~ Alnsulin AGrowth hormone A Catecholamines -

24 24
Time (months) Time (months)

A Gluconeogenesis
A Lipogenesis
AVLDL Secretion

Cumulative event
Cumulative event

A Lipolysis

Riehle C et al. Cardiovasc Res 2016
Cittadini A et al. Eur J Prev Cardiol 2022
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Risk factors for Heart Failure

CENTRAL ILLUSTRATION: Joint Risk Factor Control for HF

57 6.5 Higher Degrees of Risk Factor Control Are
2 Associated With Lower Risk of Incident HF
140 Among Hypertensive Patients
90 & ] ’ 1 1.2 «
14 .

Keep blood pressure Keep LDL-C  Keep hemoglobin Alc E 0.8 4
<140/90 mm Hg <140 mg/dL <6.5% B G | I
£ 4
% |

= 0.4 *
@ 02

0 ; : r T T

=2 3 4 5 =6

Degree of Risk Factor Control

Hypertension-Related Excess Risk of HF Is
Eliminated When Achieving =5 Risk Factor

Controls, Compared With

Joint risk factor control Keep normal B:'" Nonhypertensive Control Subjects
for heart failure 18.5-24 kg/m
2.5 4
2 ..
% 4 5
$ s |
s ,] . by
E i
0.5 -
i i : i 0 T T T T T T
Protect kidneys Keep physically active  Stop smoking i 5 5 % E ok
Hypertensive
Degree of Risk Factor Control

Kou M, et al. J Am Coll Cardiol HF. 2023;11(6):678-688.

Cardiotoxic Cancer
Treatments

Hypertensive Disorders
of Pregnancy

NON-TRADITIONAL

§ RISK FACTORS
g Inflammation Sex Hormones
Hypertension HEART FAILURE Smoking
TRADITIONAL
RISK FACTORS

Obesity Hyperlipidemia

Diabetes

Everit IK et al. Curr Ateroscl Rep 2022
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Importance of difference risk factors

271,174 patients with type 2 diabetes who were reg- istered

. . . . . Control |
in the Swedish National Diabetes Register and matched =Boyr z Reference
=65 to <80 yr Reference
them with 1,355,870 controls R ieleerice
: No risk factors |
H F
D Heart Failure _ . o =80 yr +: 1.12 (0.89-1.41)
. Pativutx withuop omising 265 to <80 yr K 142(1.28-158) 1)  glycated hemoglobin
All Patients Conditions at Baseline ! - 6 Y
=55 to <65 yr ' 1.61 (1.31-1.97) | (> o
Atrial fibrillation ® Body-mass index ° <55 yr L —— 2.40 (1.63-3.54) evel (27.0 %)
Body-mass index @ Glycated hemoglobin @ 1 Ri;lé factor I . s 117 (1.08-127) 2)  systolic and diastolic
Physical activity =] Physical activity & =80 yr ! . .08-1.
Estimated GFR e Smaking & =65 to <80 yr ! & 1.46 (1.39-1.53) blood pressure (SBP
Glycated hemoglobin @ Duration of diabetes ] =55 to <65 yr . 1.80 (1.63-1.98) 2140 mm Hg or DBP
Coronary heart disease ® Income 4 <55yr ! v 2.37 (1.99-2.82) >80 mmHg)
Income & Marital status & 2 Risk factors : . L
Duration of diabetes @ Estimated GFR o =80 yr :’ 1.23 (1.15-1.32) 3)  Micro-albuminuria (or
Blood-pressure medication [ ] Systolic blood pressure & 265 to <80 bii ! ‘ 1.62 (1'56_1'68) albuminuria
p ¥ P 55 to <65 ; 2.11 (1.98-2.26)
Systolic blood pressure ] Blood-pressure medication | @ = IOISD N . : . ; 4 ki
Diastolic blood pressure -] Diastolic blood pressure ] <5391 ! 2.71 (2.40-3.05) ) SmoKing
# P 3 Risk factors !
Marital status @ Albuminuria @ 230 yr ; ¢ 142 (131-154) 5) LDL cholesterol level (
Smoking ® Education S—| =65 to <80 yr R 2.01 (1.92-2.10) 97 mg/dl).
Edlf(:ihnn : Lipid-lowering medication |@ 554G <65 yr ! 282 (2.63—3.02)
Llpld-lc.rwer.:rsg medication LDL n.:hnlcsteral <55 yr ! 3.93 (3.50-4.42)
Albuminuria Immigrant 4 Risk factors !
LDL cholesterol =80 yr - 1.81 (1.42-2.30)
Immigrant : : . _— : : i - 265 to <80 yr : L 3 2.88 (2.64-3.14)
0.000 0010 0020 0030 000 001 002 003 004 Zgg to <65 yr : g-’;g g-gi-g-;g%
= <55 yr ! - ; .84-6.
; ; 5 Risk factors i
Increasing Importance Increasing Importance =80 yr ! . 2.76 (0.82-9.25)
=65 to <80 yr ; - — 3.93 (2.75-5.60)
>55 to <65 yr i —— 6.54 (4.85-8.81)
: <55 yr : —@—1135 (7.16-18.01)
Rawshani A et al. NEJM 2018 Y LI R R

D Excess Heart Failure in Relation to Range of Risk-Factor Control
Hazard Ratio (95% Cl)
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Prediction of T2DM in HF

WATCH-DM TRS-HF

Risk Indicator Points
Prior heart failure 2
SBP (o FPG gL Atrial fibrillation :
<50 0 <25 0 <100 0 <125 0 Coronary artery disease 1
50 - 54 1 25-34 1 100 - 139 1 125-199 1 eGFR <60 mL-min-1-1.73 m-2 1
55 - 59 2 35-39 2 140 - 159 2 200-299 2
60 - 64 3 > 40 5 > 160 3 =300 3 Urine albumin-to-creatinine ratio
65 - 69 4
70 - 74 5 >300 mg/g 2
>75 6 Serum Cr DBP (mmHg) 30-300 mg/g 1
(mg/dL)
<1.0 0 <60 2 < 30 2 H Placebo m Dapagliflozin HR‘;;:T';?;Z'”)
1.0-149 2 60 - 80 1 30-59 1 i 16% m\:r:ss
= = e [ 8 0 e ! DECLARE-TIMI58 &
= 120 0 ; 12%
P o 11.4%
Risk Score HF Risk Group 5-yr HF Risk 2 —
m =<7 points Very Low 1.1% 5 - SNiTess
Yes 3 8-9 points Low 3.6% : i ralini
g NNT =172 5.1%
G 10 points Average 4.7% ] HR0.66(0.39-1.13)
Prior CABG N 4% ARR=0.3% 3.6%
11-13 points High 9.2% g NNT = 303 .
3 b - o m 1.2%
Yes Z > 14 points Very High 17.4% 2 Be
Risk (Score)  Low (0) Intermediate (1) High (2) Very High (3+)
N (%) 6,953 (41%) 5,325 (32%) 2,488 (15%) 2,076 (12%)
Segar MW et al. Diabetes Care 2019 Berg D et al. Circulaltion 2019
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Cohort

Population
studied

Natriuretic peptides in T2DM

Table 1—Biomarkers and optimal cutoffs for incident HF in diabetes

Biomarker(s) Median
studied follow-up Outcome

Biomarker thresholds and results

Thousand & 1 Study (58)

Pooled cohort from
Atherosclerosis Risk in
Communities (ARIC),
Dallas Heart Study
(DHS), and Multi-Ethnic
Study of
Atherosclerosis (MESA)
(56)

EXAMINE (57)

St Vincent’s Screening to
Prevent Heart Failure
(STOP-HF) (59)

NT-proBNP Selected
PreventiOn of cardiac
eveNts in a populaTion
of dlabetic patients
without A history of
Cardiac disease
(PONTIAC) (60)

Canagliflozin
Cardiovascular
Assessment Study
(CANVAS) (131,211)

1,093 individuals with
T1D, =18 years old,
with no known heart
disease at baseline

6,799 individuals with
dysglycemia
(diabetes 33.2%,
prediabetes 66.8%),
and no CVD at
baseline

5,224 individuals with
T2D and a recent
acute coronary
syndrome event

1,374 participants at HF
risk, ~20% with
diabetes

300 individuals with
T2D with no history
of CVD

4,330 individuals with
T2D and either CVD
or multiple risk
factors

NT-proBNP 6.3 years Incident MACE* HF

NT-proBNP, 17 years Incident HF:
hs-CRP, prediabetes vs.
and diabetes
hs-cTN

NT-proBNP 597 days Incident HHF

BNP 4.2 years LV dysfunction or
newly diagnosed
HF for intensive
intervention vs.

usual care

NT-proBNP 2 years HHF or death

NT-proBNP 6 years Incident HHF; HHF

or death

NT-proBNP >300 pg/mL:
41 per 1,000 person-years

NT-proBNP <150 pg/mL:
10 per 1,000 person-years

hs-cTN =6 ng/L
NT-proBNP =125 pg/mL
hs-CRP =3mg/L

Biomarker score= 1
HR1.40 (1.09-1.80)
vs. 1.82 (1.31-2.53)

Biomarker score = 2
HR 1.83 (1.37-2.45)
vs. 2.42 (1.71-3.43)

Biomarker score 23
HR 3.68 (2.53-5.34)
vs. 4.72 (3.16-7.04)

NT-proBNP 154.1-420.4:
HR 3.27 (1.20, 8.92)

NT-proBNP 420.4 to <1,084.0:

HR 7.24 (2.84-18.49)

NT-proBNP =1,084.0:
HR 29.3 (12.0-71.5)

At least one BNP >50 pg/mL

OR for intervention
0.55 (0.37-0.82); P =0.003

NT-proBNP >125 pg/mL

65% risk reduction with
intervention in primary
endpoint

40% risk reduction in HHF

NT-proBNP 2125 pg/mL

Incident HHF:

HR 5.40 (2.67-10.9)
HHF or death:

HR: 3.52 (2.38-5.20)

I Diuresis
I Natriuresis
T Vasodilatation
|- Blood pressure

- Fibrosis BNP

- Cardiac Rermodelling

All HR and OR values are shown with 95% Cl. HHF, hospitalization for HF; HR, hazard ratio; hs-cTN, high-sensitivity cardiac troponin; LV, left

ventricular; OR, odds ratio. *MACE: hospital admissions for acute coronary syndrome, HF, stroke, and cardiac revascularization and death.

Pop-Busui R et al. Diabetes Care 2022

Neprilysin

LCZ696

High (ventricular) filling pressure

ProBNP (108 aa)

-,

BNP (32 aa)

saass® aanoo. BNP

k-

NT-proBNP (76 aa)

Neprilysin

Inactive fragments
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Diabetic Cardiomyopathy

Survival Functions

Normal Diabetic cardiomyopathy R ??'?*‘!F{featl”e“ Patients with
LVH e 1 SBHF feature asymptomatic type 2
/ e—t diabetes mellitus with
= preserved ejection fraction
%\ S E b 2 SBHFToature and no ischemic heart
0 disease recruited from a
s s | § 0.4 - 23 SBHF features community-based

population. Features
considered: left ventricular
hypertrophy (LVH), LAE, DD

Diabetic dysfunction 0.0 4 (abnormal E/e0), and GLS
(LA dilatation + reduced € , , ' Y ' Y (<16%).
. . 6 12 18 24 30 36
Reduced functional reserve with stress Months
0 SBHF feature 19 15 12 m m m
1 SBHF feature 96 92 87 87 85 85
2 SBHF features 47 43 37 34 34 34
=3 SBHF features 23 18 13 n 1 n
Negishi K. Cardiovasc Diag Ther 2018 Wang Y et al. JACC Cardiovasc Imag 2018
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Do the “Right” thing!

-22% peak 2.75-fold increase of
Resting and exercise TAPSE/PASP mPAP/CO slope in
RIGHT-NET echocardiography on in CVRF CVRF
" a semirecumbent
cycle ergometer _ B
- :,x"':"

Healthy subjects

Incremental higher proportion of
mPAP/CO slope 2 3 in CVRFs

n 1 58 N Healthy subjects 1 CVRF patients 2 2 CVRF patients

One CVRF

. mPAP/COslope 2 3 mmHg/L/min

n.204
Two or more CVRFs

mPAP/COslope < 3 mmHg/L/min

CVRF: Cardiovascular Risk Factors ﬂ b,-]\ Hypertension = Diabetes Dyslipidemia

De Luca M....Marra AM. Eur J Prev Cardiol 2024
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A practical approach

STAGE A ey G _F smaeop
High risk for HF Structural disorder Symptoms of HF

* Obesity * LV systolic dysfunction * Exertional dyspnea
* Hypertension * LV diastolic dysfunction * Orthopnea
* Hyperlipidemia * LV hypertrophy * Paroxysmal nocturnal dyspnea
* DKD * Chamber enlargement * Weakness/fatigue
* CAD * Valvular disease * Weight gain
* Sex * Increased filling pressures OR
« SDOH Elevated biomarkers
e Measurement of a natriuretic peptide
or high-sensitivity cardiac troponin
on at least a yearly basis is recom-
Biomarkers = mended to identify the presence of
(NT-proBNP, BNP, » Elevated i i
hs-TN) St stage B HF and to determine risk for
JvD progression to symptomatic HF.
Lower extremity edema
< Displaced lateral apical i
YES '« oy L
Sustained apical impulse (HFpEF)
E S3 (HFrEF),
Normal S4 (HFpEF)
A
) Imaging : _| HEpEF
Repeat in at least 1 year . (CXR, Echocardiogram) HFrEF

Pop-Busui R et al. Diabetes Care 2022
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SGLT2i: don’t even need to talk about it!

Novel mechanisms of
benefit in heart failure

EMPA-REG OUTCOME (empagliflozin) with SGLT inhibition
. - Altered adipokine Autophagy improved cardiac inprovedinyocardial
anary Rutcame 0-86 (074_099) ferulation Induction ionli,c homeostasis energetics
First heart failure hospitalisation —e— 0-65 (0-50-0-85) ) suppression of yﬁf Increased lucagon Gz naeased catabolin
/ ~ leptin secretion vs insulin ratio due v f._, «5 7 gls:::g g\feat:tate o

CANVAS Program (canagliflozin) g/ Py 2doeyes 1 ;fu':g;:a;;g;;;";w § | ncressed urivar
NHE-1 SGLT1 glucose excretion

Primary outcome — = 0-86 (0-75-0-97) l inbibition  inhibition 1

First heart failure hospitalisation
DECLARE-TIMI 58 (dapagliflozin)
Primary outcome

First heart failure hospitalisation

0-67 (0-52-0-87)

0-83 (0-73-0-95)
073 (0-61-0-88)

Reduced
serum leptin

Autophagic
T}?\clearance of
1" /damaged
= organelles

sodium and restored
sodium-calcium exchanger
function

—&=o= Improved intracellular

— Increased
Activation of ketone body
SIRT1 and AMPK, production

3 HIF1,2alfa @ Reduced intracellular J

|

Alternate fuel instead

Al | ) of fatty acids and
S glucose

e
LLLLE

. . Reduced - o« calcium transients and
VERTIS CV (ertUghﬂOZIn) = eSicalc':ialfat T cardl|uac contralctlon
. Reduced oxidative stress
Primary outcome i 0-97 (0-85-1-11) and inflammation r
Increased ATP
First heart failure hospitalisation —e— 0-70 (0-54-0-90) r / prodgten
J 1 ;? Improved Improved :
;{v : A :;:it:vascular - cardiovascular - 'l;npn',ved cardiac
T furesscreate » a3 outcomes work efficiency © 2020 S Josh

Pandey A et al Lancet 2023 Joshi SS et al. Heart 2021

ASSOCIAZIONE
MEDIC!
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GLP-1ra and HF prevention

Hospital admission for heart failure

ELIXA 122/3034 (4%) 127/3034 (4%) —— 0-96 (0-75 to 1.23) 075
LEADER 218/4668 (5%) 248/4672 (5%) . 0-87 (073 to 1.05) 014
SUSTAIN-6 59/1648 (4%) 54/1649 (3%) —— 111(0-77 to 1.61) 0-57
EXSCEL 219/7356 (3%) 231/7396 (3%) e 0-94 (0-78 to 1.13) 0-49
Harmony Outcomes 7914731 (2%) 111/4732 (2%) — 0-71(0-53 to 0-94) 0.019
REWIND 213/4949 (4%) 226/4952 (5%) . 0-93 (0-77 to 1.12) 0.46
PIONEER 6 21/1591 (1%) 24/1592 (2%) —t 0-86 (0-48 to 1.55) 059
AMPLITUDE-O 40/2717 (1%) 31/1359 (2%) 0-61 (0-38 to 0-98) 0-04
Subtotal (P=3.0%, p=0-41) O 0-89(0-82t00-98) 258 (158 to 1422) 0-013

Reduction of first hospital admission for heart failure by 11% (HR 0-89 [95% CI 0-82—-0-98]; p=0-013)

Joshi SS Sattar N Lancet Diabetes Endocrinol 2021
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Mineralcorticoid Receptor Antagonists

Inclusion/exclusion Protocol Outcomes

T2D + CKD @ 519 10 mg or CV composite:

eGFR =25 mL/min/1.73m? Ll > e 20 mg od A4y Time to CV death, non- fatal M,
Serum [K*] < 4.8 mmol/L s non-fatal stroke, or HHF
Maximum tolerated labeled dose 0 Median follow-up 3 years

>57% kidney composite:
of RAS N ( |1 \ Time to kidney failure,
HFrEF (NYHA class II-IV) ‘ (= | Placebo . 1 r ¥ sustained >57% decrease in

eGFR, or renal death
7 =T eGFR (mL/min/1.73 m?) UACR (mg/g) -
Baseline characteristics ) i Few hyperkalemia-related

1 : discontinuations occurred
Median age: 65 years

a 0% Q30%

RAS inhibitors: 99.8%
& Statins: 72.2% 0.2

 (n=110) =————@ .66

10.14 Patients with hypertension who are not meeting blood pressure targets on three

. % e . . B . . . . . .
0 ;,EA113 c7 /77_ gO:qug - g oy e Discontinuation rate classes of antihypertensive medications (including a diuretic) should be considered for

Prior HF: 7.7% 025-<45 @260 O30-<300 (IR/100 PY)

mineralocorticoid receptor antagonist therapy. B

Results
HR (95% Cl) p-value Risk §

) { \ ) HR (95% Cl) p-value Risk §
& Sg:“::;:;v 0.86 (0.78-0.95) 0.0018  14% [ ] I r ! fg:::gsne 0.77 (0.67-0.88) 0.0002  23%
M HHF 0.78 (0.66 - 0.92)  0.0030 22% % E Dialysis 0.80 (0.64-0.99)  0.040 20%

Finerenone on top of standard of care reduces the risk of clinically
Conclusion meaningful cardiovascular and kidney outcomes in patients with type 2
diabetes over a broad spectrum of chronic kidney disease

Agarwal R et al. Eur Heart J 2022

DIABETOLOGI
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Prevent HF in T2DM: lifestyle intervention

T | Miandouization Grouy DSE — — — 11|
0.06
0.054 Per 10% decrease in predicted fat mass from baseline to 1-year follow-up
Overall HF 55847 4.19 0.74 (0.64-0.86) <0.001 0.80 (0.68-0.95) 0.01
E i HFpEF 55715 2.08 0.72 (0.58-0.89) 0.002 0.78 (0.61-0.996) 0.046
? HFrEF 55715 1.72 0.72 (0.57-0.90) 0.004 0.76 (0.59-0.97) 0.03
0.03
Per 10% decrease in predicted lean mass from baseline to 1-year follow-up
0,024 Overall HF 55847 4.19 0.64 (0.50-0.81) <0.001 0.75 (0.55-1.02) 0.06
HFpEF 55715 2.08 0.57 (0.40-0.81) 0.002 0.68 (0.44-1.06) 0.09
= HFrEF 55715 1.72 0.72 (0.49-1.04) 0.08 0.88 (0.54-1.42) 0.60
-~ Per 10% decrease in waist circumference from baseline to 1-year follow-up
R T T T T T T T
* 2 4 & 8 » L 1" Overall HF 55845 4.19 0.75(0.61-0.93) 0.007 0.77 (0.62-0.95) 0.02
Years Since Randomization
Number at Risk HFpEF 55713 2.08 0.62 (0.46-0.83) 0.002 0.61 (0.44-0.83) 0.002
DSE 2561 2526 2474 2437 2406 2369 2326 2208 2243 2173 2063 1943 1487 759 43
ILI 2548 2516 2477 2448 2421 2309 2349 2301 2256 2201 2112 1997 W% 773 76 HFrEF 55713 1.72 0.86 (0.62-1.18) 0.34 0.89 (0.64-1.24) 0.49

Pandey A et al. Circulation 2020 Patel KV et al. Circulation 2020
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Type 1 Diabetes is even more dangerous

Data from 47 cohorts, involving 12,142,998 individuals

Study RR (95% Cl) Weight (%) Study d RR (95% CI)  Weight (%)
Type 1 Type 1
NHS Information Services Scotland [18] n 4.20 (3.24, 5.43) 50.80 NHS Information Services Scotland [18] e 3.00(2.37,3.78) 51.77
Swedish NDR [27] T > 6.36 (4.82, 8.40) 49.20 Swedish NDR [27] —l > 4.07 (3.14,5.27) 48.23
Subtotal (2= 78.4%, p = 0.031) <= 5.15(3.43, 7.74) 100.00 Subtotal (/2= 66.3%, p = 0.085) <= 347(257,469) 100.00
Type 2 Type 2
Swedish NDR [20] - 1.48 (1.40, 1.57) 11.21 Swedish NDR [20] * 1.38(1.31,1.45) 11.70
Taiwan’s NHI system [19] > 1.49(1.39, 1.58) 11.16 Taiwan’s NHI system [19] = 1.44 (1.35, 1.54) 11.52
CALIBER programme [5] - 1.61(1.46, 1.79) 10.74 APCSC [16] I 1.49(0.84, 2.64) 3.07
NHANES | Epidemiologic Follow-up Study [15] T 1.83(1.38,2.41) 7.62 CALIBER programme [5] - 1.54(1.39,1.71) 10.95
Policardo et al [23] = 1.89(1.81, 1.97) 11.32 Kaiser Permanente Georgia [17] - 1.71(1.55, 1.89) 11.00
CHS [24] —= 1.90 (1.56, 2.30) 9.24 CHS [24] —=— 1.73(1.41,2.12) 8.79
Kaiser Permanente Georgia [17] - 2.03(1.84, 2.37) 10.38 Policardo et al [23] =s 1.74 (1.66, 1.82) 11.74
NHS Information Services Scotland [18] = 2.34 (2.20, 2.50) 11.15 NHANES | Epidemiologic Follow-up Study [15] E e 1.83(1.27,2.63) 5.52
APCSC [16] 2.40(1.21,4.74) 2.85 NHS Information Services Scotland [18] = 2.08 (1.96, 2.21) 11.60
LRPP [25] ™ 2.91(2.54, 3.33) 10.24 LRPP [25] - 2.36 (2.07,2.70) 10.31
KPMCP [26] - 3.03(1.79, 5.14) 4.09 KPMCP [26] 2.57 (1.57,4.22) 3.79
Subtotal (/2= 95.1%, p <0.001) < 1.95(1.70, 2.22) 100.00 Subtotal (/2= 93.9%, p <0.001) < 1.74 (1.55, 1.95) 100.00
I I 1 I I I
05 1 2 4 0.5 1 2 4
Lower RR for diabetes Higher RR for diabetes Lower RR for diabetes Higher RR for diabetes

Ohkuma T et al. Diabetologia 2019

ASSOCIAZIONE
MEDIC!
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Type 1 Diabetes prompts attention

For heart failure

* The analysis based on Cox regression was adjusted for time-updated age, time-updated time period, sex, and interaction terms.

0.87 (0.74-1.01)

1.01 (0.86-1.18)

1.16 (0.97-1.40)

0.71 (0.69-0.73)

0.84 (0.81-0.87)

1.18 (1.12-1.23)

<0.001

1 Values are ratios of hazard ratios for patients with type 1 diabetes or type 2 diabetes as compared with controls, during a 10-year time period. A value above 1 means a greater event-
rate reduction, and a value below 1 a lesser event-rate reduction, in the patients with diabetes than in the matched controls (see the Supplementary Appendix).
4 The P value is for the interaction between time period and group — that is, patients with either type 1 diabetes or type 2 diabetes and matched controls.

Table 3. Adjusted Hazard Ratios for All Outcomes.*
Patients with Matched Patients with Type 1 Diabetes Patients with Matched Patients with Type 2 Diabetes
Outcome Type 1 Diabetes Controls vs. Matched Controls Type 2 Diabetes Controls vs. Matched Controls
Hazard Ratio during P Value for Hazard Ratio during P Value for
a 10-Year Period Hazard Ratiof Interactiond: a 10-Year Period Hazard Ratiof Interaction:
Death
From any cause 0.71 (0.66-0.78) 0.77 (0.72-0.83) 1.08 (0.99-1.18) 0.09 0.79 (0.78-0.80)  0.69 (0.68-0.70) 0.87 (0.85-0.89) <0.001
From cardiovascular 0.58 (0.50-0.68) 0.62 (0.53-0.72) 1.06 (0.89-1.26) 0.53 0.54 (0.52-0.55)  0.50 (0.49-0.52)  0.94 (0.90-0.98) 0.004 1 ) Lack of Specific
disease
From coronary heart 0.56 (0.48-0.67) 0.55 (0.46-0.65) 0.97 (0.80-1.18) 0.74 0.52 (0.50-0.53)  0.48 (0.46-0.50)  0.94 (0.89-0.98) 0.009 risk stratification
disease
o 2) Lackof data on
ospitalization
For cardiovascular 0.64 (0.56-0.72) 0.91 (0.82-1.01) 1.43 (1.25-1.62) <0.001 0.56 (0.54-0.57)  0.71 (0.68-0.73) 1.27 (1.22-1.32) <0.001 b ioma I’ke 'S
disease
For acute myocardial 0.63 (0.55-0.73) 0.87 (0.75-1.00) 137 (1.16-1.62) <0.001 050 (0.48-0.52) 0.62 (0.59-0.65)  1.24 (1.18-1.31) <0.001 3) Warni ngon SGLT2i
infarction
For coronary heart 0.56 (0.50-0.64) 0.78 (0.70-0.87) 1.39 (1.22-1.58) <0.001 0.55 (0.53-0.57)  0.67 (0.65-0.69) 1.22 (1.17-1.27) <0.001
disease
For stroke 0.65 (0.55-0.77 0.95 (0.82-1.10 1.47 (1.22-1.76 <(0.001 0.61 (0.59-0.63 0.76 (0.73-0.79 1.24 (1.18-1.31 <0.001

Rawshani A et al. New Engl J Med 2017
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Heart Failure and Diabetes: a dangerous liaison

1.How to prevent development of Heart Failure in patients
with Diabetes

2.How to handle glycemic control in Heart Failure
patients

3.How to manage Heart Failure in patients with Diabetes
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Glycemic control in HF and Diabetes

o 30

3 T 1447 2
PR o patients 9 f: 21,794 patients
e ] I | NYHA - % NYHA I-11
X I T -

. 1 . i .

" - 0

w Qi Q2 Q3 Q4 Q5

) o . " e T HbAIC <6.4 >6.4-7.1 >7.1-7.8 >7.89 9.0

HbA1c Category
Elder DJH et al. Eur J Heart Fail 2015 Aguillar D et al. ] Am Coll Cardiol 2009

100

HbA, > 7.0
80 -

60 - HbA, <7.0

127 advanced HF

40

Survival, %

20 P=.006

0 T T T T Ll T 1 T Ll 1

T )
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (months)

Eshaghian S et al. Am Heart J 2006
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Glycemic control in HF and Diabetes

» Patient’s clinical/functional status
 Self-management capacity
» Social support

- Medication side effects and costs
« Hypoglycemia risks
* Treatment burden

6.5% 7.0% 8.0% 8.5%

» Long life expectancy + Intermediate life expectancy + Limited life expectancy HbA1¢>8.5%
+ Stage A, BorC + Stage C heart failure + Stage D heart failure may lead to

heart failure + Stage D heart failure with » End-stage kidney hsyrg;a t??:rtr'ﬁ
* No serious comorbidities and/or considering advanced disease ypergly
+ No serious diabetes therapies (LVAD, transplant) + Oxygen-dependent

complication * Micro/macrovascular diabetes lung disease
» No medication side complications * Uncontrolled cancer

effects, hypoglycemia * Severe hypoglycemia + Advanced dementia

or treatment burden * Polypharmacy, high treatment

burden

Dunlay SM et al. AHA Statement on Diabetes in Heart Failure Circulation 2019
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SGLT2i: should we really talk about them?

Dapagliflozin or empagliflozin are recommended for patients with HFrEF to reduce the risk
of HF hospitalization and death.'9819?

2021

2023

2023
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Win ratio of
clinical benefit*

Time to death

HFE frequency

Time to HFE

KCCQ-TSS

Ties, none of
the previous

B Placebo winner
M Ties

SGLT2iin HF: When? ASAP!

0.2%
0.6%

35.9%
27.5%

- 6.4%

[l Empaglifiozin 10 mg winner

Win ratio: 1.36
95% CI (1.09-1.68) —a—
P=0.0054
0.25 0.5 2 !
< >
Favors Favors
placebo empaglifiozin

530 patients with a primary
diagnosis of acute de novo or
decompensated chronic heart
failure regardless of left
ventricular ejection fraction were
randomly assigned to receive
empagliflozin 10 mg once daily
or placebo. Patients were
randomized in-hospital when
clinically stable and were treated
for up to 90 days. The primary
outcome of the trial was clinical
benefit, defined as a hierarchical
composite (win ratio).

Voors AA et al. Nature Medicine 2022
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SGLT2i: should we really talk about them?

Table 1 Major SGLT2i trials in patients with HF and reported incidence of UTIs/MGls

DAPAHF DELIVER* EMPEROR-Reduced” EMPEROR-Preserved’ SOLOIST-WHF" EMPULSE®
Trial . . . o=
SGLTZi Placebo SGLTZi Placebo SGLT2i Placebo SGLTZi Placebo SGLT2] Placebo SGLTZi Placebo Assessing Risk of MGI and UTI Before Starting SGLT2 Inhibitors
¢ . y
EF 9 BT a0 <40% 4o oy LVEF
Participants 2373 2371 313 3132 1863 1867 2997 2991 505 611 265 265 . : :
Age (yrs) 6611 6711 7210 7210 6711 6711 7249 7210 59 (63-76) 70 (64 -76) 71(62-78) 70 (59-78) Demographics Current UTI/MGI infection
Female (%) 24 23 44 a4 24 24 45 a5 33 35 33 35 - Female* ADPKD
BMI (kg/m?) 2846 286 30+ 6 EVES 284 2845 306 306 30 (26-34) 31(27-35) 28 (25-33) 29(25-34) : : -
eGFR (ml/min/1.73 m?) 66+20 66219 61+19 61£19 62422 62+22 6120 6120 49 (40-34) 51(41-65) 50 (36—65) 54(39-70) . U“‘"F" mcised male Recurrent MGl or UTI (special attention
HF Hospitalization (%) 9.7 13.4 105 133 13.2 18.3 86 1.8 40.4 63.9 5.3+ 45+ - Obesity to MDRO)#
CV death (%) 9.6 1.5 74 8.3 10 10.8 7.3 82 10.6 125 128 18.5% - Older Individuals
Death from any cause (%) 11.6 13.9 15.9 16.8 13.4 14.2 14.1 143 13.5 16.3 42 83  Nlonwhite SRefer to specialist for guidance
Diabetes (%) 42 42 45 a5 50 50 49 49 100 100 47 44
Exclusion for Hx of UTI/MGI No No No No Mo No Increased Estrogen Levels

MGI AEs (%) . . : . . . - Postmenopausal Estrogen Therapy
Complicated MGI AEs (%) L L L L T
UTI AEs (36) X . X : ; X . i X . Medications

Complicated UTI AEs (%) - - S ;
UTI/MGI Causing Discontinuation (%) . . : i ] ! -Antutmcrobta_ls
- Corticosteroids

**Hospitalizations for heart failure until 30 days after initial hospital discharge (%) AE, adverse event; BMI, body mass index; CV, cardiovascular; EF, ejection fraction; eGFR, estimated glomerular filtration rate; Hx, history, Immunosuppression

MGI, myeotic genital infections; UTI, urinary tract infection.Complicated UTI and MGI were based on a narrow BleMQ (Boehringer Ingelheim customized MedDRA query) as defined in EMPEROR-Preserved and EMPEROR-
Reduced protocols and included prespecified terms sensitive to capturing possible UTI/MGI events. The analyses of adverse events were based on the number of patients with AEs and not on the number of AEs."? -HIv
- Chemotherapy/Steroids

Urologic Procedures

: R

Personal Hygiene Instructions: = Or_thotoplc Bladder SUb_StltUtlﬂn
SGLT2 Inhibitor Use - Urinary Outlet Obstruction®

- Artificial Urinary Sphincter

-
‘: - Implantable Penile Prosthesis
‘ 4 Type 2 Diabetes Mellitus*
History of Fournier's Gangrene

Educate to dry and/or Educate for symptoms
wash genitals after each of infection.
urination and at bedtime.

*Risk Factors for UTI/MGI from SGLT2 inhibitor Use
*Practice Shared Decision Making

Consider interrupting SGLT2i while
treating MGI/UTI, but not mandatory;
if interrupted-restart after resolution.

Duvalyan A et al. J Cardiac Fail 2022

20 MEDIC!
1974  Keaenel
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Back to the future: Metformin!

Metformin Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Eurich 29 008 200 F73 o 0% 0.54 [0.38, 0.77] 2005 -—
Masoudi 460 1861 4345 12069 13.3% 0.69 [0.63, 0.75] 2005 .
Inzucchi 93 406 768 2184 11.0% 0.65 [0.54, 0.79] 2005 -
Andersson 239 688 2344 3615 12.9% 0.54 [0.48, 0.60] 2010 - _
Roussel 221 1220 488 2790 12.0% 1.04 [0.90, 1.20] 2010 T 34 504 patients
Evans 137 205 183 217 12.8% 0.79 [0.71, 0.89] 2010 e : :
Shah 22 99 112 302  6.2% 0.60 [0.40, 0.89] 2010 — W|th.d|abetes
MacDonald 155 376 733 1306 12.4% 0.73 [0.65, 0.84] 2010 - mellitus and HF
Aguilar 246 1561 1117 4624 12.5% 0.65 [0.58, 0.74] 2011 -
Total (95% Cl) 6624 27880 100.0% 0.69 [0.61, 0.79] )
Total events 1602 10290

H R £ . 2 (S S S : : : :
Heterogeneity: Tau® = 0.03; Chi‘ = 63.59, df = 8 (P < 0.00001); I = 87% 501 01 I 0 100

Test for overall effect: Z = 5.45 (P < 0.00001) Faibre Matforinili Eiiore éanttol

Eurich DT et al. Circ Heart Fail 2013
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GLP1-ra (Liraglutide) in HFrEF

LIVE trial (247 HFrEF pt)
FIGHT trial (300 HFrEF pt)

Liraglutide n (%) Placebo n (%

Cardiac
Death due to ventricular tachycardia 1 0 ; +h di
y Z‘ Patients with diabetes Patients without diabetes
: ; 55+ .
Ventricular tachycardia 3 1 5o MR 1.54(95%C1, 0.87-2.46); log-rank P=.07 537 1R, 1.02 (95%C), 0.60-1.72); log-rank P=.54
1 50
Atrial fibrillation (DC-converted) 4 2 c 459 451
5 Liraglutide 5 Liraglutide
£ 5o 40 £ o 401 irag
Acute coronary syndrome 3 0 = g 35 gt
* £5 T 2 35
p <0.05 t2 30 3
i w T 1
Worsening of CHF 1 0 su Placebo g W Placebo
T £ 251 St 25
* = o e g
Subtotal 12(10) 3(13) s T 209 5T 204
58 £8
E T 159 B 151
Gastrointestinal S 104 8  1p-
oo 5
Gastritis 0 1 0 .
0 15 30 45 60 75 90 105 120 135 150 165 180 0 15 30 45 60 75 90 105 120 135 150 165 180
Subtotal 0 1(1) Days Postrandomization Days Postrandomization
Central nervous system No. at risk No. at risk
Liraglutide 91 86 77 69 63 60 58 53 51 46 43 41 24 Liraglutide 63 60 51 46 44 42 40 36 34 32 31 29 16
Placebo 87 8 75 73 72 66 64 58 57 56 52 50 31 Placebo 59 55 49 44 41 40 40 36 33 31 29 28 16
Apoplexy 1 2
TCI 1 0
Dizziness 0 1
Subtotal 2(2) 3(3)

Jorsal Aet al. Eur J Heart Fail 2016 Magullies K et al JAMA2016
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GLP1-ra (Semaglutide) in HFrEF

—— Placebo—heart failure with reduced ejection fraction - Placebo—heart failure with preserved ejection fraction
—— Semaglutide 2.4 mg—heart failure with reduced ejection =~ —— Semaglutide 2.4 mg—heart failure with preserved ejection
fraction fraction
A Semaglutide 2-4 mg HR Interaction B  Semaglutide 2-4 mg HR Interaction
vs placebo (95% Cl) p value vs placebo (95% ) p value
Heart failure with reduced 0-65 (0-49-0-87) Heart failure with reduced  0-79 (0-58-1.08)
ejection fraction 0-82 ejection fraction 0-79
Heart failure with preserved .69 (0.51-0-91) Heart failure with preserved .75 (0.52-1.07) Treatment Wlth semaglutide
ejection fraction ejection fraction L. .
resulted in improved outcomes in
20- . both the heart failure with
18- - reduced ejection fraction (HR

16
14

12

0:65, 95% CI 0-49-0-87 for MACE;

0-79, 0-58-1-08 for the composite

heart failure endpoint) and heart
failure with preserved ejection

Proportion of patients (%)
Y
o
|

b i fraction groups (0-69, 0-51-0-91
a = for MACE; 0-75, 0-52—1-07 for the
= I | composite heart failure endpoint)
2 e Py

0 = | | | T T T 1

Deanfield J et al. Lancet 2024
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The NEW ENGLAND JOURNAL of MEDICINE

The NEW ENGLAND JOURNAL of MEDICINE

“ RESEARCH SUMMARY

“ RESEARCH SUMMARY I|

Semaglutide in Patients with Heart Failure
with Preserved Ejection Fraction and Obesity

Kosiborod MN et al.

CLINICAL PROBLEM

Patients with heart failure with preserved ejection frac-
tion often have obesity, a condition that is associated
with a greater burden of heart failure-related symptoms,
worse functional capacity, and more impaired quality of
life. Whether therapies that target obesity in such pa-
tients can alleviate symptoms and physical limitations
is unknown.

CLINICAL TRIAL

Design: A multinational, double-blind, randomized, placebo-
controlled trial evaluated whether treatment with semaglu-
tide — a glucagon-like peptide 1 receptor agonist approved
for long-term weight management — would reduce heart
failure—related symptoms and improve physical function,
in addition to inducing weight loss, in adults with heart
failure with preserved ejection fraction and obesity.

Intervention: 529 patients with a body-mass index of
>30 were assigned to receive subcutaneous semaglutide
(24 mg) or placebo once weekly for 52 weeks. The dual
primary end points were the change in the Kansas City
Cardiomyopathy Questionnaire clinical summary score
(KCCQ-CSS), which quantifies heart failure-related symp-
toms and physical function, and the change in body
weight from baseline to week 52.

RESULTS

Efficacy: The mean change in KCCQ-CSS and the mean
percentage change in body weight were significantly
greater with semaglutide than with placebo.

Safety: Serious adverse events occurred less often with
semaglutide than with placebo, primarily because fewer
cardiac disorders occurred in the semaglutide group.
Adverse events leading to treatment discontinuation
were more common with semaglutide.

LIMITATIONS AND REMAINING QUESTIONS
= The number of non-White trial participants was low.

= The trial was not sufficiently powered to evaluate the
effects of semaglutide on clinical events, such as hos-

Percentage Change Mean Change (points)

Percentage of Participants
Percentage of Participants

DOI: 10.1056/NEJM0a2306963

.
(" semaglutide
(=783

Heart failure
with preserved
ejection fraction
+BMI =30
\ / N\
‘Change in KCCQ-CSS at 52 Wk

18

Semaglutide

Estimated difference, 7.8 points
(95% Cl, 4.3 to 10.9); P<0.001

0 20 36 52 52
Weeks

Change in Body Weight at 52 Wk

Semaglutide

Estimated difference, ~10.7 percentage points
(95% C1, ~11.9 to ~9.4); P<0,001

o 20 36 52 52
Weeks

‘Week 52 data are based on ANCOVA and imputation of missing data

Cardiac Disorders
P<0.001

Serious Adverse Events
) P<0.001

g

00~

2.7

Semaglutide

CONCLUSIONS

i $166

Semaglutide _Placebc

Semaglutide in Patients with Obesity-Related Heart Failure
and Type 2 Diabetes

Kosiborod MN etal. DOI: 10.1056/NEJMo0a2313917

CLINICAL PROBLEM

In patients with heart failure with preserved ejection
fraction and obesity, but without type 2 diabetes, sema-
glutide treatment has led to larger reductions in heart
failure-related symptoms and physical limitations and
greater weight loss than placebo. However, the efficacy
of the glucagon-like pepride-1 receptor agonist in patients
with obesity-related heart failure with preserved ejection
fraction and type 2 diabetes is unknown.

Placebo
(N=308)

Onee weeldy for 52 wk
CLINICAL TRIAL

Design: A multinational, double-blind, randomized, con-
trolled trial assessed the efficacy and safety of semaglu-
tide in adults with heart failure with preserved ejection

fraction, a body-mass index 230, and type 2 diabetes. Mean Change in KCCQ-CSS at 52 Wk*

Intervention: 616 participants were randomly assigned to
receive once-weekly subcutaneous semaglutide (2.4 mg)

ted difference, 7.3 points
€1, 4.1 to 10.4; P<0.001

or placebo for 52 weeks. The first primary end point was £ .
the change in the Kansas City Cardiomyopathy Question- & -
naire clinical summary score (KCCQ-CSS), which ranges e I 64
from 0 to 100, with higher scores indicating fewer symp- -
toms and physical limitations. The second primary end o — .
point was the change in body weight. Semaglutide Plapsbo
RESULTS
Efficacy: Treatment with semaglutide was associated with Mean Change in Body Weight at 52 Wk*
a significantly greater improvement in the KCCQ-CSS 20
and with greater weight loss at week 52 than placebo. Estimat Tf‘\“;r_ 6': sl ts
9
Safety: The placebo group had a higher incidence of seri- s 20
ous adverse events than the semaglutide group. E’ ) Se Placebo
g 3.4

Non-White participants were underrepresented in the
trial, thus limiting generalizability.

The trial was not designed to evaluate clinical events
such as hospitalizations and urgent visits for heart
failure.

The trajectory of the effects of semaglutide suggested
persistent improvements over time as compared with
placebo, but the durability of these effects beyond 1 year

GLP1-ra (Semaglutide) in HFpEF: The STEP-HF trials

pitalization: forheare fatlure. In adults with heart failure with preserved ejection fraction

and obesity, once-weekly treatment with semaglutide was

is unknown.
= Whether the observed effects of semaglutide would last
beyond 1 year is unknown.

associated with greater reductions in heart failure—related
symptoms and physical limitations and greater weight loss
than placebo over 52 weeks.

Links: Full Article | NEJM Quick Take

Links: Full Article | NEJM Quick Take | Editorial

Copyright © 2023 Massachusetts Medical Society Copyright © 2024 Massachusetts Medical Society.
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Insulin in Heart Failure patients

24 012 patients with HF from four large randomized trials

A Hazard Ratio Hazard Ratio
Study log[Hazard Ratio] SE Weight [95% CI] [95% ClIl
Val-HeFT 01655 01219 158% 1.18[0.93,1.50] -
CORONA 0.2469 0101 23.0% 1.28[1.05,1.56) S —
GISSI-HF 0.4318 0.0892 29.4% 1.54[1.29,1.83] ——
ATMOSPHERE 0.2231 0.0858 31.8% 1.25[1.05,1.47] —
Total (95% Cl) 100.0% 1.32[1.20, 1.46] >
Heterogeneity: Chi*= 4.33, df=3 {(P=0.23), F=31% 055 D:? 1 1I5 2I
Hiaskioraverll efieck &= 3.90 (' <0,00001) ' Without Insulin - With Insulin

B Hazard Ratio Hazard Ratio
Study log[Hazard Ratio] SE Weight [95% CI] [95% CI]
Val-HeFT 0.207 0117 14.0% 1.23[0.98,1.55) ]
CORONA 0.239 0.096 20.7% 1.27[1.05,1.53) ——i——
GISSI-HF 0.2546 0.0808 29.3% 1.29[1.10,1.51] —
ATMOSPHERE 0.2311 0.0728 36.0% 1.26[1.09,1.45) —&—
Total (95% CI) 100.0% 1.27[1.16, 1.38] ’
Heterogeneity: Chi*=0.12, df=3 (P =0.99); = 0% ) t t i

g i : ( ) 0.5 0.7 1 1.5 2

Test for overall effect: Z=5.41 (P < 0.00001)

Without Insulin - With Insulin

Logistic regression analysis showed that insulin
prescription was associated with a significantly
higher risk of all-cause death [odds ratio (OR) 2.02,
95% confidence interval (Cl) 1.87-2.19] and
rehospitalization for HF (OR 1.42, 95% ClI 1.32-1.53).

Cosmi F et al. EurJ Heart Fail 2018
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Heart Failure and Diabetes: a dangerous liaison

1.How to prevent development of Heart Failure in patients
with Diabetes

2.How to handle glycemic control in Heart Failure
patients

3.How to manage Heart Failure in patients with Diabetes
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Diabetes accelerates disease progression in HF

Delta changes of selected echocardiographic variables

Left Ventricle Right Ventricle
Diastolic dimension Function Diastolic dimension Function
VEDVI (mi/Kg) EF (%) RVDd (mm) TAPSE/PASP (Delta %)
0 14 L7 " w1 []
18 £l
Y 14 B E .
12 11 : 1D
» P ’ " .-
N Lo a4 3 ER 0
Y (¥ ) 21
L ﬂ.: l ; - -5
» = "5
Delta changes peak VO2 (% from baseline)
*§
% . % . 1
p<0.05vs EU - Euglycemic (EV) Insulin resistant (IR) . Type 2 Diabetes (T2D)

§ p<0.05vs IR

Salzano A, Marra AM, Cittadini A Cardiovasc Diabetol 2022
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The four Pillars in HFrEF

Management of HFrEF

fTo reduce mortality - for all patients

McDonagh T et al.

. ESC Heart Failure Guidelines.
SGLT2i Fur Heart ) 2021

Drug/Device
‘Trial and Year Studied Patient Population N % With DM DM Status
ACE inhibitor
CONSENSUS '™ Enalapril | NYHA IV 253 2 From meta-analysis'”*: mortality RR of 0.64 (95% CI, 0.46-0.88)
in non-DM vs 1.06 (95% Cl, 0.65-1.74)in DM
SAVE' Captopril | Recent MI 2231 2 No interaction by DM status (P=0.45)
1992 EF <40% Benefit of captopril was similar among non-DM (HR, 0.80 [95%
No overt HF 1, 0.64-0.94]) and DM (HR, 0.83 [95% C1, 0.63-0.87))2
SOLVD-Treatment” Enalapril | Chronic HF 2569 2% From meta-analysis!’*: mortality RR of 0.84 (95% CI, 0.74-0.95) A 4
EF £35% in non-DM vs 1.01 (95% CI, 0.85-1.21)in DM . . . . .
TRACE™ Trandolapril | NYHA BV 1749 14 Multivariable analysis'™: interaction analysis (P=0.3). Mortality f-Blocker MR
1995 EF<25% RR of 0.82 (95% Cl, 0.63-0.97) in non-DM vs 0.64 (95% Cl, s e Bisoprolol | NYHA IV 2647 B Primary paper: Interaction P=0.48 for mortality benefit by DM RALES™ Spironolactone | NYHA -V 1663 22 Not reported in primary paper; not one of the 6 prespecified
0.45-0.91)in DM 1999 £ <35% status 1999 EF <35% subgroups of interest
ARE Secondary paper: R of mortality was 0.6 (95% C1, 0.54-0.81)
in non-DM vs 0.81 (95% C1, 0.51-1.28) in DM'™ EMPHASIS-HF'?! Eplerenone | NYHAI 2737 32 No interaction by DM status
Val-HeFT'® Valsartan | NYHA class IV 5010 25 Primary text: "Valsartan improved the composite outcome in 2011 n N i
2001 i those with and without diabetes” COPERNICUS'™" Carvediol | HFwith EF<25% | 2289 2 Data from meta-analysis'™: Mortality RR of 0.67 (959% CI, EF<35% Secondary paper: HR, 0.72 (95% Cl, 0.58-0.88; P=0.002) in
2001 052-0.85 -DM vs 0,68 (95% CI, 0.47-1.00) in DM. RRR ¥ X
For overall trial, combined end-point mortality and morbidity, of 102 (95'1,2  065-1.61 ¢ ¢ ) non-DM vs 0.54 (85% C, 0.42-0.70; P<0.0001) in DM'
3.3% ARR (28.8% s 32.1%; RRR, 13%; P=0.009) . -

- MERILHE 'S Metoprolol | NYHA IIB-V 3991 2 Primary paper with DM subgroup predefined; similar mortality in EPHESUS’ Eplerenone | Acute MI 6632 32 No interaction of DM status with mortality (P=0.35)
HEAAL Losartan 150 mg | NYHA dlasses IV | 3846 N No interaction by DM status (P=0.35) 1999 uccinate | g <259 DM and non-DM 2003 complicated by LVSD Secondary paper: RRR for cardiovascular death or cardiovascular
D Vs 50mg daly | g <40% Death or HF admission: 0.87 (95% Cl, 0.77-0.98) in non-DM vs Data from meta-analysis"*: mortality R of 0.62 (95% CI, (EF <40%) and HF hospitalization of 17% in DM (P=0.031); greater ARR

(target doses) | | of ACE HR 0.96 (95% CI, 0.82-1.12) in DM for 150 mg vs 50 mg 0.48-0.79) in non-DM vs 0.81 (95% C1, 0.57-1.15) in DM. RRR hospitalization in DM cohort (5.1%) than non-DM (3%)'**
inhibitors of 1.32 (95% C1, 0.86-2.02)
Secondary paper: similar reductions for mortality and
VALANT' Valsartanvs | MI complicated by | 14703 23 A prespecified subgroup analyss found that patients with DM Hospitaization in DM and non DN
2003 valsartan plus | LVSD, HE or both i
captoprilvs | within past 10d death and cardiovascular death, reinfarction, or hospitalization for HE
captopril Overall trial found no difference in mortality for valsartan vs
captopril (R, 1.00 [97.5% CI, 0.90-1.11J; P=0.98).
CHARM-Program Candesartan | Multiple tias: 7599 28 ‘Summary paper from the CHARM Program’™: the effect of
2008 CHARM-Alternative, candesartan was not modified by DM status (P=0.09 test for
Added, and Preserved interaction).
ARNI
PARADIGM-HF: Sacubitril- | NYHA LIV 8442 35 Primary paper: ARR of 4.7% in cardiovascular death or HF
2014 valsartan vs | f <agop hospitalization with sacubitriWalsartan vs enalapril. Primary end-
enalapril point interaction for DM subgroup not significant (P=0.40). The
interaction P value for cardiovascular mortality was 0.05.
Secondary paper: the benefit of sacubitril-valsartan was
consistent across the range of HbA, '

Dunlay SM et al. AHA Statement on Diabetes in Heart Failure Circulation 2019
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Diuretics and Diabetes

Heart Failure Hospitalisation or CV Mortality |
% B o] T . Compared to those with neither HF nor
i e e $8 5 et prescribed LD (reference group; placebo),
P __ those with both HF and receiving LD had
/ﬁé Bl =% the highest rates for all-cause [hazard
- ‘ “"’ e - ratio (HR) (95% confidence interval)
T TS Pom e e e e 3,19(2.03-5.01)] and cardiovascular
CEEETEML e e p g w0 et T e e e e g 0 9 o mortality [3.83 [(2.28-6.44)], and HF
s D B R BELLE LA BEE EEILE RS AR RS RE A a B hospitalizations [9.51 (5.61-16.14)].
All-Cause Mortality Patients without HF but prescribed LD
e —— e had higher rates for all three outcomes
o= o e | [1.62 (1.10-2.39); 1.97 (1.26-3.08);
el el 3.20(1.90-5.39)], which were similar to
18 2 === patients with HF who were not receiving
| T " LD [1.42(0.78-2.57); 1.56 (0.78-3.11);3.00
T o B T e . (1.40-6.40)].

Pellicori P et al Eur J Heart Fail 2021

Scompenso Cardiaco e Diabete-Prof. Alberto M. Marra-Congiunta SID-AMD 2024 E SID




Cardiac Rehabilitation in Diabetes and HF

Table 3 Physical Function Outcomes at 3 Months Stratified by Diabetes Status with Adjustment for Baseline Covariates*

. . . . . Diabetes Mellitus No Diabetes Mellitus
Physical Rehabilitation in Older Patients with Acute Decompensated Heart Failure
with and without Diabetes Mellitus (DM) 3-Month Qutcome Rehabilitation Attention Difference P for Rehabilitation Attention Difference P for P for
_— R & Intervention Control (95% CI) Difference Intervention Control (95% CI) Difference Interaction
, o ovinute akBistance .m (n=103) (n=83) (n=72) (n=91)

i i S SPPB score 7.8 (0.3) 6.2(0.3)  15(0.5-26)  <.001 8.3 (0.3) 5 8(0.3) 1 5 (0.4-2.6) <.001 .99
£x Worse baseline performance - Balance score 3.0 (0.1) 2.5(0.1)  0.5(0.1-1.0) .004 3.3(0.2) .0(0.1) 3 (-0.2-0.8) .18 32
i i nerease nprscalfncten 4. meter walk score 2.8 (0.1) 23(0.1)  0.4(0.0-0.8) .006 3.1(0.1) 6(0.1) o 6 (0.1-1.0) 001 .62
“ o Chair rise score 1.9 (0.1) 1.4 (0.1)  0.6(0.1-1.0) .001 2.0 (0.2) 3(0.1)  0.7(0.2-1.2) <.001 .69
KoM Noom 6-minute walk distance (m) ~ 281.3 (11.8) 252.5(13.3) 28.8(—13.1-70.7) .076  286.7 (13.9) 248 0(12.8) 38.7(—3.8-81.2) 019 .67
Frailty Quality of Life (KCCQ) _z'., Gait speed (m/s) 0.8 (0.0) 0.7(0.0)  0.1(0.0-0.2) .004 0.8 (0.0) 7 (0.0) o 1(0.1-0.2) <.001 .22
L ° Male grip strength (kg) 28.9 (1.0) 30.5 (1.3) —1.6 (—5.6-2.5) 32 32.2 (1.3) 30 9 (1.1) 4 (—2.6-5.4) 37 19
 be * No Diabetes Mellitus Female grip strength (kg) 20.9 (1.0) 21.9(1.0) -1.0(-3.9-1.9) .39 22.0(0.9) 21 2(0.9) .8(—2.3-3.8) .52 .29

1. & ple e e Modified Fried frailty score 1.7 (0.1) 1.7(0.2) —0.0(—0.5-0.5) .99 1.2 (0.1) .8(0.1) —o 6(—1.1, —0.1) 2001 021
§ s g i KCCQ overall 63.8 (2.6) 60.0 (2.9) 3.8 (—5.6-13.2) .30 74.3 (3.1) 62 0 (2.8) 12 2 (2.3-22.1) .002 A1
£ e EQ5D VAS 69.4 (2.4) 62.2(2.7) 7.2(—15-15.8)  .033 72.2 (2.8) 64.8 (2.6) 4 (—1.8-16.6) .038 .97
NooM NooM Cognition (MoCA Score) 22.4 (0.4) 224 (0.5)  —0.0 (—1.6-1.5) .93 22.4(0.5) 22 8 (0.4) —o 4(—2.0-1.2) 52 .69
Figure Effect of the novel REHAB-HF intervention in patients with acute decompensated heart failure on outcomes at 3 Depression (GDS-IS SCOTE) 3.6 (0 3) 4.4 (0.3) —-0.8 (—2.0-0.3) .050 3.4 (0.4) (0 3) -0.7 ( 1. 8—0.5) .15 17

months in participants with diabetes mellitus (shown in red) and without (shown in blue). SPPB = Short Physical Perfor-
mance Battery; DM = diabetes mellitus; QOL = quality of life; KCCQ = Kansas City Cardiomyopathy Questionnaire. Presented as mean (SE)'

*Adjusted for baseline measure, age, sex, clinical site, and EF category (< vs. >45%).
BMI = body mass index; GDS-15 = Geriatric Depression Scale-15; GDS-15 = Geriatric Depression Scale-15; KCCQ = Kansas City Cardiomyopathy Questionnaire; EQ5D VAS = EuroQol visual analogue scale;
MoCA = Montreal Cognitive Assessment; SPPB = Short Physical Performance Battery.

Outcomes | Group Group Murray EM et al. Am J Med 2022

PT (n=90) TELE (n=90)

SPPB score, primary outcomet

At baseline - 5.30 (1.62) | 5.26 (1.55) | 0.860
At 3 mo 8.09 (0.79) 812 (072) 0.781 Yuan M et al. Front Endocrinonl 2024
At 6 mo 9.21 (0.61) 9.21 (0.66) 1.000

ASSOC\AZ\DNE
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Diabetes And Heart Failure: Take Home Message

-The bidirectional interplay between Diabetes and Heart Failure cannot be neglected
-Risk factor control prevents development from Diabetes to Heart Failure

-Yearly screening with natriuretic peptides is highly recommended

-Patients with Type 1 Diabetes have higher risk of Heart Failure than Type 2

-Patients with Diabetes and HF Should be on a moderate glycemic control (HB1AC 7-8%)
-SGLT2i are nowadays a pillar of HF therapy regardless of EF (and of diabetic status too)
-GLP1-RA seems quite promising in patients with HFpEF

-Insulin is associated with a Risk of poor outcomes in HF patients

-Cardiac Rehabilitation might be helpful
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From Diabetes to Heart Failure: one way

Adjusted Risk of HF Population-
With vs Without Attributable
Study Cohort N Follow-Up, y A ia
Framingham ' 45-74y 5209 Up to 20 Age-adjusted rates (person-years): RR (men): 1.82 Men: 7.7%
(Stl‘ldé’ Sjmﬂ'e DM (men): 7.6/1000 RR (women): 3.75 Women: 18.0%
included ages )
45-74y) No DM (men): 3.5/1000
DM (women): 11.4/1000
No DM (women): 2.2/1000
Cardiovascular >65y 5888 Mean 5.5 Rates (person-years): RR: 1.74 (95% (I,
Health Study * DM (men): 44.6/1000 1.38-2.19)
No DM (men): 22.9/100
DM (women): 32.5/1000
No DM (women): 12.1/1000
Heart and Soul Stable 839 Mean 4.1 Rates (person-years): HR, 3.34 (95% (I,
Study © CAD DM: 36.6/1000 1.65-6.76)
No DM: 17.9/1000
MESA « 4-84y 6814 Median 4 HR, 1.99 (95% C|, DM-attributable
1.08-3.68) risk: 19 per 1000
NHANES s 25-74y 13643 Mean 19 Cumulative incidence at age 85 y: RR, 1.85(95% ClI,
DM (men): 65.5% 1.51-2.28)
No DM (men): 36.9% Similar in men and
DM (women): 61.8% women 1. Kannel WB et al. JAMA 1979
No DM (women): 28.9% 2. GottdienerJS et al. JACC 2000
Retrospective cohort 8231 +DM, Upto6 Rates (person-years): 3. Van Melle JP et al. Diabetes Care 2010
of Kaiser Permanente 8845 no DM: 30.9/1000 4. Bahrami H et al. JACC 2008
Northwest Database ° DM
No DM: 12.4/1000 5. HelJetal. Arch Intern Med 2001
Rate ratio, 2.5 (95% CI, 2.3-2.7) 6. Nichols JA et al. Diabetes Care 2004

CAD indicates coronary artery disease; DM, diabetes mellitus; ellipses (...), not reported; HF, heart failure; HR, hazard ratio; MESA, Multi-Ethnic Study of

Atherosclerosis; NHANES, National Health and Nutrition Examination Survey; and RR, relative risk.

modified from Dunlay SM et al. AHA official statement on Diabetes and Heart Failure. Circulation 2022
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Prevention of HF in Diabetic patients: glycemic control

2 Q- 0
a
=
o
=
T 2 -
=
- -2
‘5 Among individuals without type 2 diabetes, a 1% higher
£ 21 HbA1c is associated with a 39% higher risk of heart
g failure independent of other risk factors.
@ P
=
e
o
Q9
W
=,
T = B
1 I ] 1 1
4.5 5 2.5 6 6.5
HbA1c (%)

Matsushita K et al. Diabetes 2010
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