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Hazard ratios (HRs) for vascular outcomes in people with versus
those without diabetes at baseline

Number HR (95% Cl)
of cases
Coronary heart disease* 26505 —- 2:00 (1-83-2-19)
Coronary death 11556 —i— 2-31(2-05-2-60)
Non-fatal myocardial infarction 14741 - 1-82 (1-64-2-03)
Stroke subtypes*
Ischaemic stroke 3799 = 2-27 (1-95-2-65)
Haemorrhagic stroke 1183 . 156 (1-19-2-05)
Unclassified stroke 4973 — 1-84 (1-59-2-13)
Othervascular deaths 3826 —— 173 (1-51-1-98)
I |
1 2 4

102 prospective studies, 700,000 patients, 8.5 million patient-y follow=up
The Emerging Risk Factors Collaboration Lancet 375: 2215-22, 2010



Type 2 diabetes increases risk of developing HF synmptoms and
HF hospitalizations

Development of Heart Failure

Diikict
;| DN P < .0001

Il No diabetes

Cumulative incidence, %

Years Since Randomization

Rerth R, et al. Diabetes Care. 2018;41:1285-1291.
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Rationale for management of hyperglycaemia

Hazard ratio Hazard ratio

Hazard ratio

4 Any end point related to diabetes
P<0.0001

21%o decrease per 1%
reduction in HbAlc

0-5 ] ] T ] 1

4. Death related to diabetes
P<0.0001

1- 21% decrease per 1%
reduction in HbAlc
0-5 L] L] L] L] 1
4-All cause mortality
P<0.0001
1-
149%o decrease per 1%
: reduction in HbAlc
5 6 7 8 9 10

Updated mean haemoglobin Alc concentration (%)

Hazard ratio Hazard ratio

Hazard ratio

Fatal and non-fatal myocardial

10- infarction - Fatal and non-fatal stroke
1290 decrease per 1%
P<0.0001 P<0.035 reduction in HbA1c
1- 14% decrease per 1%
0.5 reduction in HbA1c

Microvascular end points I _ Cataract extraction

P<0.0001

37% decrease per 1%
reduction in HbA1c

19% decrease per 1%

P<0.0001 reduction in HbAlc

Amputation or death from
peripheral vascular

disease
P<0.0001

43% decrease per 1%
reduction in HbAlc

Heart failure
16% decrease per 1%

P<0.021 reduction in HbAlc

5 6 - 7 8 9

10 5

6 7 8 9 10

Updated mean haemoglobin Alc concentration (%)

Stratton et al. BMJ 2000;321:405—412



Landmark studies in type 2 diabetes:
intensive glucose control on CV outcomes

Study Duration, y N Glycemia
Achieved

Target HbA, , %
FPG <6

UKPDS!E] 10 3867 mmol/L /7.0vs 7.9

(110 mg/dL)

ACCORD!®! 3.5 10,251 HbA,.<6.0% 6.4vs 7.5

ADVANCEL] 5 11,140 HbA,. <6.5% 6.5vs 7.3

VADTId! 6.3 1791 HbA, <6.0% 6.9 vs 8.4

a. UKPDS Group Lancet. 1998;352:837-853; b. ACCORD Study Group, et al. N Engl J Med. 2011;364:818-828; c.
ADVANCE Collaborative Group, et al. N Engl J Med. 2008;358:2560-2572; d. Duckworth W, et al. N Engl J Med.
2009;360:129-139.



UKPDS, ACCORD, ADVANCE, and VADT meta-analysis

Number of events
_— (annual event rate, %) AHbA Favours Falvours Hazard ratio
fais More Less (%) more | ess (95% CI)
intensive intensive intensive mtensive

Major cardiovascular events

ACCORD 352(2.11) 371 (2.29)  —1.01 _-- 0.90 (0.78-1.04)

ADVANCE 557(2.15) 590 (2.28)  -0.72 0.94 (0.84-1.06)
UKPDS 169(1.30) 87 (1.60)  —0.66 - 0.80 (0.62-1.04)
VADT 116 (2.68) 128 (2.98)  —1.16 n 0.90 (0.70-1.16)
Overall 1,194 1,176 ~0.88 <> 0.91 (0.84-0.99)

(0=1.32, p=0.72, 1’=0.0%)

-996 Relative Risk

Turnbull FM et al. Diabetologia 52:2288-2298, 2009



UKPDS, ACCORD, ADVANCE, and VADT meta-analysis
Cardiovascular death

Number of events

(annual event rate, %) AHDA, Favours Favours Hazard ratio
H c
Trials More Less (%) ~ more  less (95% CI)
intensive intensive intensive intensive
1
ACCORD 135 (0.79) 94 (0.56) —1.01 : . 1.35 (1.04—1.76)
]
ADVANCE 253 (0.95) 289 (1.08)  —0.72 —.- : 0.88 (0.74—1.04)
UKPDS 71 (0.53) 29 (0.52) —0.66 . 1.02 (0.66—1.57)
1
VADT 38 (0.83) 29 (0.63) —1.16 —JI} > 1.32 (0.81-2.14)
]
Overall 497 441 0.8 e 110 (0.84-1.42)
(0=8.61, p=0.04, 1>=65.1%)
| |
0.5 1.0 2.0

Hazard ratio (95% CI)

Turnbull

FM et al. Diabetologia 52:2288-2298, 2009



Glucose control alone has failed to reduce the risk of adverse HF
outcome in T2DM

Number of Events

(annual event rate, %) Favors
More Less
More Less Chan : HR
2 : ge Intensive Intensive
Trial Intensive Intensive  ;, A1C (%) < . (95% Cl)
Hospitalized/Fatal HF
UKPDS 8 (0.06) 6 (0.11) -0.66 - 0.55 (0.19-1.60)
ACCORD 152 (0.90) 124 (0.75) -1.01 +Hl— 1.18 (0.93-1.49)
ADVANCE 220 (0.83)  231(0.88) -0.72 T+ 0.95 (0.79-1.14)
VADT 79 (1.80) 85 (1.94) ~1.16 £ 0.92 (0.68-1.25)
1.00 (0.86-1.16)
R i e . 00 _ (Q=3.59, P=0.31, P=16.4%)
ACCORD=Action to Control Cardiovascular Risk in Diabetes; ' '
ADVANCE=Action in Diabetes and Vascular Disease: Preterax and 0.5 110 2.0

Diamicron Madified Release Controlled Evaluation; HR (95% CI)



Effects of SGLT2 inhibitors on the cardio-renal-metabolic systems may be
mediated via multiple mechanisms

Downstream observed

il 1,2
SGLT2 inhibitors effects? 10

Diuresis HbA1c

ﬁ Body weight

/aw Glucose
L/}/K excretion
% Natriuresis

Blood pressure

IS0

CV events

Kidney disease

CRM, cardio-renal-metabolic; LV, left ventricular

1. Vallon V & Thomson SC. Diabetologia 2017;60:215; 2. Heise T et al. Clin Ther 2016;38:2265; 4. Zinman B et al. N Engl J Med 2015:373:2117; 5.
Wanner C et al. N Engl J Med 2016;375:323



SGLT2 inhibitors cardiovascular outcomes trials

EMPA-REG CANVAS DECLARE-

OUTCOME! Program? TIMI 583 CREDENCE* VERTIS CV
SGLT2 inhibitor Empagliflozin | Canagliflozin | Dapagliflozin | Canagliflozin | Ertugliflozin
N 7020 10,142 17,160 4401 8246
Duration of follow-up, median, 3.1 2.4 4.2 2.6 3.0
years
Age, mean * SD, years 63.1 + 8.6 63.3 + 8.3 63.9 + 6.8 63.0 £ 9.2 64.4 + 8.1
Female, % 28.5 35.8 37.4 33.9 30.0
HbA1c, mean x SD, % 8.11+0.8 8.21+0.9 83112 831+13 82110
3;:'::“5 2lTELE [EET S =, NA 135+7.8 | 11.8+78 | 158+8.6 | 13.0+8.3
Established CV disease, % 100 65.6 40.6 50.4 100
History of HF, % 10.1 14.4 10.0 14.8 23.7
Reduced kidney function (eGFR 25.9 20.1 7.4 50.8 21.9

<60 mL/min/1.73 m?), %




Summary of CVOTs with SGLT2 inhibitors

3-point MACE

CV death

Non-fatal MI

Non-fatal
stroke

Hospitalization
for HF

EMPA-REG

OUTCOME!
(empagliflozin)

HR 0.86
(95% CI 0.74, 0.99)

CANVAS
Program?
(canaglifiozin)

HR 0.86
(95% CI 0.75, 0.97)

DECLARE
-TIMI 583
(dapagliflozin)

HR 0.93
(95% CI 0.84, 1.03)

CREDENCE*
(canagliflozin)

HR 0.80
(95% CI 0.67, 0.95)

VERTIS CV
(ertuglifiozin)

HR 0.97
(95% CI 0.85, 1.11)

HR 0.62
(95% CI 0.49, 0.77)

HR 0.87
(95% CI 0.72, 1.06)

HR 0.98
(95% CI 0.82, 1.17)

HR 0.78
(95% CI 0.61, 1.00)

HR 0.92
(95% CI 0.77, 1.11)

HR 0.87
(95% CI 0.70, 1.09)

HR 0.85
(95% CI 0.69, 1.05)

HR 89
(95% CI 0.77, 1.01)

HR 0.815
(95% CI 0.59, 1.10)

HR 1.0
(95% CI 0.86, 1.27)

HR 1.24
(95% CI 0.92, 1.67

HR 0.90
(95% CI 0.71, 1.15)

HR 1.01
(95% CI 0.84, 1.21)

HR 0.805
(95% CI 0.56, 1.15)

HR 1.0
(95% CI 0.76, 1.32)

HR 0.65
(95% CI 0.50, 0.85)

HR 0.67
(95% CI 0.52, 0.87)

HR 0.73
(95% CI 0.61, 0.88)

HR 0.61
(95% CI 0.47, 0.80)

HR 0.70
(95% CI 0.54, 0.90)

1. Zinman B et al. N Engl J Med 2015;373:2117; 2. Neal B et al. N Engl J Med 2017;377:644; 3. Wiviott S et al. N Engl J Med 2019;380:347; 4
Perkovic V et al. N Engl J Med 380(24):2295-2306, 2019; 5 Mahaffey KW et al Circulation 140(9):739-750, 2019




SGLT2 inhibitors cardiovascular outcomes trials:
MACE

Treatment

Placebo

No./total No.

Rate/1000
patient-years

No./total No.

Rate/1000
patient-years

Hazard ratio
(95% CI)

EMPA-REG OUTCOME
CANVAS program
DECLARE-TIMI 58
CREDENCE

VERTIS CV

490/4687
NA/5795

756/8582
217/2202
735/5499

37.4
26.9
22.6
38.7
40.0

Fixed-effects model (Q=5.22; df=4; P=.27; 12 =23.4%)

282/2333
NA/4347

803/8578
269/2199
368/2747

439
31.5
24.2
48.7
40.3

0.86 (0.74-0.99)
0.86 (0.75-0.97)
0.93 (0.84-1.03)
0.80 (0.67-0.95)
0.99 (0.88-1.12)

0.90 (0.85-0.95)

-10%0 Relative Risk

Favors : Favors
treatment placebo Weight, %
o 15.72
e 2012
B 32.02
e 10.92
22 21.23
3
0.2 1 2
HR (95% ClI)

Mc Guire DK et al. JAMA Cardiol 6(2):148-158, 2021



SGLT2 inhibitors cardiovascular outcomes trials:
CV Death

Treatment

Placebo

No./total No.

Rate/1000
patient-years

No./total No.

Rate/1000
patient-years

EMPA-REG OUTCOME
CANVAS program
DECLARE-TIMI 58
CREDENCE

VERTIS CV

Fixed-effects model (Q=11.22; df=4; P=.02; 12=64.3%)

172/4687
NA/5795

245/8582
110/2202
341/5499

12.4
11.6
7.0

19.0
17.6

CI, confidence interval; CV, cardiovascular.

137/2333
NA/4347

249/8578
140/2199
184/2747

20.2
12.8
7.1

24.4
19.0

Hazard ratio Favors Favors
(95% CI) treatment : placebo Weight, %
0.62 (0.49-0.77) H—o— 15.61
0.87 (0.72-1.06) I—C—ﬂ 21.32
0.98 (0.82-1.17) |—0—| 25.24
0.78 (0.61-1.00) I—O—i 13.05
0.92 (0.77-1.10) |—0~—| 24.77
0.85 (0.78-0.93) @

02 1 2

HR (95% ClI)

-159% Relative Risk

Mc Guire DK et al. JAMA Cardiol 6(2):148-158, 2021



HF hospitalization

SGLT2 inhibitors cardiovascular outcomes trials:

Treatment

Placebo

No./total No.

Rate/1000
patient-years

No./total No.

Rate/1000
patient-years

Hazard ratio
(95% CI)

EMPA-REG OUTCOME
CANVAS program
DECLARE-TIMI 58
CREDENCE

VERTIS CV

126/4687
NA/5795
212/8582
89/2202
139/5499

9.4
5.5
6.2
15.7
7.3

Fixed-effects model (Q=1.39; df=4; P=.85; 12=0.0%)

95/2333
NA/4347
286/8578
141/2199
99/2747

14.5
8.7
8.5
253
10.5

0.65 (0.50-0.85)
0.67 (0.52-0.87)
0.73 (0.61-0.88)
0.61 (0.47-0.80)
0.70 (0.54-0.90)

0.68 (0.61-0.76)

-32% Relative Risk

CI, confidence interval; HHF, hospitalization for heart failure.

Favors : Favors
treatment { placebo

0.2

HR (95% CI)

Weight, %
16.09
17.10
33.72
16.01
17.08

Mc Guire DK et al. JAMA Cardiol 6(2):148-158, 2021



Dedicated heart failure trials will SGLT2 inhibitors

2019

Timeline for trial completion

2020

Q1 Q2 Q3

EMPERIAL1-3
(empagliflozin)

Change from baseline to Week 12
in exercise capacity (6MWT)

EMPEROR-Reduced’
(empaglifiozin)

Time to first event of adjudicated
CV death or adjudicated HHF

DAPA-HF*
(dapagliflozin)

Time to first occurrence of CV
death, HHF, or urgent HF visit

Outcomes listed are key primary endpoints 6MWT, 6-minute walk test; CV, cardiovascular; HF, heart failure; HHF, hospitalisation for heart

failure.

1. NCT03448406; 2. NCT03448419; 3. Abraham WT et al. Eur J Heart Fail 2019; doi:10.1002/ejhf.1486; 4. NCT03036124; 5. NCT03877224;

DETERMINE>5:®
(dapagliflozin)
Change from baseline to Week 16
in exercise capacity (6MWT)

2021

DELIVER?
(dapagliflozin)

Time to first occurrence of
CV death, HHF or urgent HF visit

EMPEROR-Preserved?
(empagliflozin)

Time to first event of adjudicated
CV death or adjudicated HHF

ERTU-GLS11
(ertugliflozin)
Global Longitudinal Strain (GLS)

SOLOIST-WHF®
(sotagliflozin)

Total number of CV death, HHF or
urgent HF visits; kidney composite

6. NCT03877237; 7. NCT03057977; 8. NCT03521934; 9. NCT03619213; 10. NCT03057951; 11. NCT03717194



DAPA-HF trial: Primary Endpoint

4744 patients with New York Heart Association class II, I1I, or IV HF and an ejection fraction
of 40% or less to receive either dapagliflozin (at a dose of 10 mg once daily) or placebo

Results: Dapagliflozin significantly reduces the primary endpoint of CV death

or worsening of HF (HHF or urgent HF visit)

100 309 HR=0.74(0.65, 0.85) N =4744

o0 254 P=-00001
£ 804 204 _

i Pl =

g 70 154 = NNT = 21
§ 60~ | e
£ 50 < £ l 26% RRR
v 5
2 40- -
S 30 01— T T T | T | 1
g 0 3 6 9 12 15 18 21 24
S 204

10~

04 | I I I I I I 1

0 3 6 9 12 15 18 21 24
Placebo Dapaglifiozin Months since Randomization
No. at Risk
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210

Dapagliflozin 2373 2305 2221 2147 2002 1560 1146 612 210

McMurray JJ, et al. N Engl J Med. 2019;381:1995-2008; McMurray JJ, et al. Eur J Heart Fail. 2019;21:665-675.



EMPEROR-Reduced Primary Endpoint

3730 patients with class 11, III, or IV heart failure and an ejection fraction of 40% or less to
receive empagliflozin (10 mg once daily) or placebo

Results: Empagliflozin significantly reduced the primary endpoint

No. at Risk
Placebo
Empagliflozin

Estimated Cumulative Incidence (%)

100+

90

80—

70+

60

50-

40

304

20+

10+

354
304
25
20-

15+
104

5

(CV death or HHF)

Hazard ratio, 0.75 (95% CI, 0.65-0.86)
P<0.001

Placebo

_ = Empagliflozin

0
0

. — = Empagliflozin

Placebo

1867
1863

1715
1763

540 630 720

180 270 360 450

Days since Randomization
1612 1345 1108 854 611 410 224
1677 1424 1172 909 645 423 231

810

109
101

Packer M et al. N Engl J Med. 383:1413-24, 2020



EMPEROR-Preserved Primary Endpoint
Composite of CV death and HF hospitalization

5988 patients with class II-1IV heart failure and LVEF >40% were randomized to receive
empagliflozin (10 mg once daily) or placebo

25
2
8
E 20
@
=
[T]
£
[+ 15"
2
=
=
E 104
=
(3
o
2
o 5+
E
?
L

Statistically significant
from day 18

Placebo

Empaglifiozin

T T T |

3 6 9 12

L) T T T T T |

T
15 18 21 24 27 30 33 36

Months since randomization

Patients at risk

Placebo 2991
Empaglifiozin 2997

2786 2627
2843 2708

2066 1534 961 400
2134 1578 1005 402

HR 0.79

(99% CI 0.69, 0.90)
P = 0.0003

Placebo:
211 patients with event
Rate: 8.7 per 100 patient-years

Empaglifiozin:
415 patients with event
Rate: 6.9 per 100 patient-years

RRR NNT=31
21%

During a median
treal penod of
26 months

Anker SD et al. N Engl J Med 385:1451-61, 2021



Dapagliflozin in heart failure with mildly reduced or preserved ejection fraction:
the DELIVER Trial - Composite of occurrence of worsening HF or cardiovascular death

6263 patients with heart failure and a left ventricular ejection fraction of more than 40% to
receive dapagliflozin (at a dose of 10 mg once daily) or matching placebo

307 Hazard ratio, 0.82 (95% Cl, 0.73-0.92)
100+ 254 P<0.001 Placebo
90~ 20
— 80+
X 154 Dapagliflozin
70+
:
10
:E 60—
J
£ 504 5
S
s 40+
= 0 T T T T T | ! T T T T |
E 30 0O S0 180 270 360 450 540 630 720 810 900 990 1080
3 —
v 20
10_/
0 | T | | | T T T ! | | |
0 90 180 270 360 450 540 630 720 810 900 990 1080
Days since Randomization
No. at Risk
Placebo 3132 3007 2896 2799 2710 2608 2318 2080 1923 1554 1140 772 383

Dapagliflozin 3131 3040 2949 2885 2807 2716 2401 2147 1982 1603 1181 801 389

Solomon SD et al. N Engl J Med 387:1089-98, 2022



Treatment effects of SGLT2 inhibitors on the composite of cardiovascular death
or first hospitalisation for heart failure

I Diabetes status I

Numberwith event/ Hazard ratio
number of patients (%) (95% Cl)

SGLT?2 inhibitors Placebo

Diabetes

DELIVER 248/1401 (17-7%)  298/1405 (21-2%) — 0-81 (0-68-0-96)
EMPEROR-Preserved  239/1466 (16-3%)  291/1472 (19-8%) — - 0-79 (0-67-0-94)

DAPA-HF 213/1075 (19-8%)  268/1064 (25-2%) — - 0-75 (0-63-0-90)

EMPEROR-Reduced  200/927 (21-6%)  265/929 (28-5%) S — 0-72 (0-60-0-87)

Subtotal -2 0.77 (0-70-0-84)

Test for overall treatment effect p<0-0001
Test for heterogeneity of effect p=0-80

No diabetes

DELIVER 227/1730(131%)  279/1727 (16-2%) — 0-80 (0-67-0-95)
EMPEROR-Preserved 176/1531(11-5%)  220/1519 (14-5%) S — 0-78 (0-64-0-95)
DAPA-HF 169/1298 (13-0%)  227/1307 (17-4%) — - 0-73 (0-60-0-89)
EMPEROR-Reduced  161/936 (17-2%)  197/938 (21-0%) — 0-78 (0-64-0-97)
Subtotal <= 0.77 (0-70-0.85)

Test for overall treatment effect p<0-0001
Test for heterogeneity of effect p=0-92
Test for treatment by subgroup interaction p=0-93

Vaduganathan M et al. Lancet 2022 Aug 26;S0140-6736(22)01429-5. doi: 10.1016/S0140-6736(22)01429-5. Online ahead of print



Impact of SGLT-2i—mediated systemic and direct myocardial effects on cardiac homeostasis

Vascular resistance .

'l' SGLT-2i Effects on

T Osmotic diuresis y Cardiac Homeostasis
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Chilton RJ Diabetes Obes Metab. 1-14, 2019



CV protection of SGLT2 inhibitors

|
Reduction in
interstitial edema

CV protection by SGLT2
inhibitors

Farkouh ME, et al. J Am Coll Cardiol. 2018;71:2507-2510.



Dapagliflozin reduces sodium tissue content of the skin as measured by
23Na-MRI imaging in T2DM subjects

P=0.013

Skin Na [A.U] o
%] w = an
o Q o Q

—
o
1

o

Baseline Dapagliflozin

Karg MV et al. Cardiovasc Diabetol 17:5, 2018



SGLT2 inhibitors may differentially regulate the interstitial vs intravascular
compartment when compared with loop diuretics thus limiting the reflex
neuro-humoral stimulation that occurs in response to intravascular volume
contraction with traditional diuretics

SGLT2 inhibitors Loop diuretics

Interstitial oedema in
congestive heart failure

Na* Interstitial Intravascular Na* Interstitial Intravascular
volume volume volume volume

Verma and McMurray Diabetologia 61:2108-2117, 2018



CV protection of SGLT2 inhibitors

Farkouh ME, et al. J Am Coll Cardiol. 2018;71:2507-2510.

Natriuresis

CV protection by SGLT2
inhibitors

Improved renal function
+ cardiorenal physiology

Reduction in
interstitial edema

Reduced pre-/after-load
+ reduction in LV
wall stress




SGLT2 inhibitors may exert their beneficial actions via improvement of
ventricular loading conditions, secondary to a reduction in preload due to the
diuretic and natriuretic effects and afterload

V Sodium tissue content
vV Blood pressure
V Arterial stiffness

A Vasodilation




CV protection of SGLT2 inhibitors

Inhibition of cardiac
sodium-hydrogen
exchange

Farkouh ME, et al. J Am Coll Cardiol. 2018;71:2507-2510.

Natriuresis

CV protection by SGLT2
inhibitors

Improved renal function
+ cardiorenal physiology

Reduction in
interstitial edema

Reduced pre-/after-load
+ reduction in LV
wall stress




SGLT2 inhibition and direct effects on Na*/H* exchanger 1 in the myocardium

SGLT2 inhibitors

i Na/K 2k
D ATPase Ga*Na/ca Ca*Na/Ca
antiporter antiporter
N
: - INa* INa*
~--=fCa?* ~---=|Ca?*

[

Verma and McMurray Diabetologia 61:2108-2117, 2018

MCU: mitochondrial Ca2+ uniporter
NCX: Na+/Ca2+ exchanger



CV protection of SGLT2 inhibitors

Improved cardiac
bioenergetics

Inhibition of cardiac
sodium-hydrogen
exchange

Farkouh ME, et al. J Am Coll Cardiol. 2018;71:2507-2510.

Natriuresis

CV protection by SGLT2
inhibitors

Improved renal function
+ cardiorenal physiology

Reduction in
interstitial edema

Reduced pre-/after-load
+ reduction in LV
wall stress




Potential mechanisms whereby adjunctive therapy with SGLT2 inhibitors may
promote ketosis and increase the risk of ketoacidosis in type 1 diabetics

SGLT2i %}\
T R R,
A

o " 3 tPlasma »| | Insulin dose
glucose
| D S
N > T Glucagon ~ | ——— 1tLipolysis

O ¢ 7 ! P
| 1 Glucosuria

a cell
Yy

t Ketogenesis

+ Na* reabsorption

t Ketone body » 4 Ketone bodies

- >
reabsorption (plasma)




Fuel energetics of various substrates

Energy liberated, kcal/mol of

Substrate P/O ratio*** 2-carbon units
Glucose 2.58 223.6
Pyruvate 2.50% 185.7*
Palmitate 2.33%% 298**
BHOB 2.50% 243.6%*

*Although the difference in energy produced by BHOB (per oxygen atom consumed) is
comparable to pyruvate, more energy is derived from BHOB vs. pyruvate due to BHOB being
more reduced. If pyruvate were burned in a bomb calorimeter, it would liberate 185.7 kcal/mol
of 2-carbon units, whereas the combustion of BHOB would liberate 31% more calories (243.6
calories/2-carbon unit). **Combustion of palmitate generates 298 kcal/mol of 2-carbon units,
but there is loss of ATP due to uncoupling proteins generating heat instead of ATP. ***P/0 ratio
reflects the number of molecules of ATP produced per atom of oxygen reduced by the
mitochondrial electron transport chain.

Mudaliar S et al. Diabetes Care 39:1115-1122, 2016



Postulated effects of SGLT2 inhibitors on heart failure

Healthy Myocardium Heart Failure Myocardium

BCAA: Branched chain amino acids

Santos-Gallego, C.G. et al. J Am Coll Cardiol. 2019;73(15):1931-44. FFA: Free fatty acids



To investigate the cardioprotective mechanism of SGLT2i we performed a
26-week, randomized, open-label, cross-over, active-comparator study to
determine the effects of empaglifilozin 10 mg versus glimepiride 2 mg daily
on myocardial glucose metabolic rate assessed by cardiac dynamic 18F-FDG
PET combined with a euglycemic-hyperinsulinemic clamp in 23 patients with
type 2 diabetes (FIORE trial).

We also measured cardiac geometry, myocardial mechano-energetic

efficiency, and systolic and diastolic function by echocardiography.

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Study design
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Week 0 26 weeks 52 weeks
Randomization Crossover End
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Ecocardiography Ecocardiography Ecocardiography
Clinical, anthropometric and laboratory Clinical, anthropometric and laboratory Qlinical, anthropometric and laboratory
evaluation evaluation evaluation

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Change in myocardial glucose metabolic rate from baseline to week 26
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Change in B-hydroxybutyrate from baseline to week 26

Change in B-hydroxybutyrate (mmol/l)

from baseline to week 26

0,3

0,25

0,2

0,15

0,1

0,05

Empaglifiozin Glimepiride

0,28

Adjusted between-group difference 0.18
(95% CI 0.15 to 0.21) P<0.0001

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Change in left ventricular ejection fraction from baseline to week 26

Change Left ventricular ejection fraction (%)

from baseline to week 26

1,5

0,5

Empaglifiozin Glimepiride

1,56

Adjusted between-group difference 2.36
(95% CI 0.49 to 4.24) P=0.01

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Changes in myocardial MrGlu were inversely correlated with changes in LV ejection

fraction from baseline to week 26

A myocardial metabolic rate of glucose
(mmol/min/100mg)

200

10,0

-10,0

-20,0

r=-0.399
° P=0.006
@
® @
®
o]
——
@ . e —e °
-
@ [
—
’ o T
_\_\_—\—

-10

-5 0 3 10

A left ventricular ejection fraction

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Change in LV end-systolic volume from baseline to week 26

Change LV end-systolic volume (ml)

from baseline to week 26

Empaglifiozin

Glimepiride

4,51

-5,21

Adjusted between-group difference -4.98
(95% CI -8.32 to -1.64) P<0.0001

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Change in LV end-diastolic volume from baseline to week 26

Change LV end-diastolic volume (LVEDV) (ml)

from baseline to week 26

Empaglifiozin

Glimepiride

3,27

-5,89

Adjusted between-group difference -5.74
(95% CI -11.12 to -0.37) P=0.02

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Change in NT-ProBNP from baseline to week 26
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Adjusted between-group difference -15.87
(95% CI -24.67 to -7.07) P=0.001

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Potential mechanism of changes in energy production, cardiac load, aortic
compliance and ventricular filling pressure with SGLT-2 inhibitors

energetics

4 t B-hydroxybutyrate
. (ketone body) )

Modified from Chilton R] Diabetes Obes Metab. 1-14, 2019



Change in myocardial oxygen consumption (mmHg x bpm) from baseline to week 26
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Adjusted between-group difference -2155
(95% CI -2899 to -1411) P<0.0001

Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Change in myocardial mechano-energetic efficiency from baseline to week 26

Myocardial mechano-energetic efficiency can be estimated as:

systolic blood pressure (SBP) x stroke volume (SV) (stroke work)

the “double product” of SBP x heart rate (HR) (myocardial oxygen consumption)

Empagliflozin Glimepiride
0,03 -

0,02

0,02 -

Adjusted between-group difference 0.027
(95% CI 0.005 to 0.048) P=0.003
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-0,02

Change myocardial mechano-energetic efficiency
(ml/s*g-1) from baseline to week 26
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Succurro E et al. Diabetes Obes Metab. 24 (12):2319-2330, 2022



Changes in myocardial MrGlu were inversely correlated with changes in myocardial

mechano-energetic efficiency from baseline to week 26

A myocardial metabolic rate of glucose
(mmol/min/100mg)
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PN

FIRST-LINE THERAPY depends on comorbidities, patient-centered treatment factors, including cost and access considerations, and

management needs and generally includes metformin and comprehensive lifestyle modification®

ASCVD/INDICATORS OF HIGH RISK, HF, CKDt

RECOMMEND INDEPENDENTLY OF BASELINE A1C,
INDIVIDUALIZED A1C TARGET, OR METFORMIN USE%

3 ¥

+ASCVD/INDICATORS

OF HIGH RISK*
CKD withaut

albuminuria
(e.g., 2GFR <80
mbLmin/1.73 mf)

CKD and
albuminuria
{8.g=, =200 ma/g
craatinina)

SGLT2
with proven
penefit in this

population’

PREFERABLY
SGELT21 with primarny evidence

of reducing CKD progression

SGLT2I with evidence of
reducing CKD progression in
= For patients on a

GLP=1 RA, consider

incorporating SGLT2I

with proven CVD
benefit and vice versa'
= T20¢

GLP=1 RA with proven CVD
benefit’ if SGLT2i not tolerated
ar contrandicated

PHARMACOLOGIC TREATMENT OF HYPERGLYCEMIA IN ADULTS WITH TYPE 2 DIABETES

{ NONE |

For patients with CKD (e.g., eGFR
<60 mLmin.73 m") without
abuminunia, recommend the

following to decreasa cardiovascular
risk

¥

GLP-1 (Emapsy | SGLT2 l
RA with \\-DR ! with

praven proven
oD oD
benafit! banafit’

vy =3

If A1C abowve target, for patients on
SGLT2I, consider incorporating a
GLP=1 RA and vice versa

J

If A1C remains above target, conslder reatment intensification based on comorbldities,
patient=centared treatment faclors, and managemant needs

—>

Incorporate agents that provide adequate EFFICACY to achieve and maintain glycemic goals
Higher glycemic efficacy therapy: GLP=1 RA; insulin; combination approaches (Table 9.2)
. Consider additional comarbidities, patient-centered treatment factors, and management needs in choice

of therapy, as below:
MINIMIZE HYPOGLYCEMIA MINIMIZE WEIGHT GAIN/ CONSIDER COST AND ACCESS
PROMOTE WEIGHT LOSS
Madow inherent risk of hypodycemia: PREFERABLY Available in genaric form at lower cost:
DPP-4. GLP-1 RA, S6LT2, T2D GLP=1 RA with good afficacy for waight loss = Cartain insuling: consider insulin
For 5U or basal insulin, consider agants with availabla at the lowest acquistion cost
lewer rsk of hypoglycemia™ OR = 5U
SGLTZ
\L =720
IF A1C ABOVE TARGET ] * *
[ IF A1C ABOVE TARGET ] I IF A1C ABOVE TARGET

\ 1 1

Incorporate additonal agents based on
comorbidities, patient=centerad treatment
factors, and managemeant neads

Incorparate additional agents based on
comorbidities, patient=certensd treatmeant
factors, and management needs

For patients on a GLP-1 RA, consider
Incorporating SGLTZ] and vice versa
n [f GLP-1 RA not tolerated or indicated,
consider DPP=4j (weight neutral)

2

Incorparate additions] agents based on
comorbidities, patient=centered traatment
factors, and management needs

~For aduls with overweight or obesity, Kestyle modification to achieve and maintain =5% weight lss
and =150 min‘wesek of moderate= o vigoous=niensity physcal activity is mecommended
(Sew Section 5: Faciltating Behavior Change and WelHbeing to Improve Health Oulcomes).
tActioned whenever Ihese become new dinical considerations regandless
of background gucosedowedng medicatons.
Thost patients enrclled in the rebevant trials wene on metfomin at basdine as plucose-lowenng thersoy.
“Refar to Section 10:; Cardovazcular Disease and Risk Management,
“Refer to Seclion 11; Chranic Kidney Disease and Risk Management and specific medication
sl tor eGFR criteria,

1. Provan benafit refars to label ndication izes Table 9.2)

2. Low dose may be better tolerated though
less wel studied for CVD effects

3. Choose later generation SU o kwer rsk of hypoplycemia

4, Risk of hypoglysermia: degludec £ glargine U=300
« ghapgine U=100 / deterrir < NPH insuln

5. Consider counire= and region=specific cost of drugs

American
Diabetes
Association.

Diabetes Care 45 (Suppl. 1):5125-S143, 2022




Linea Guida della SID e dell’AMD =D
La terapia del diabete mellito tipo 2

di Diabetologia

Si raccomanda l'uso di metformina, SGLT-2i e GLP-1 RA come farmaci di prima
scelta per il trattamento a lungo termine in pazienti con diabete di tipo 2 con

pregressi eventi cardiovascolari e senza scompenso cardiaco.

Pioglitazone, DPP-4i, acarbosio ed insulina dovrebbero essere considerati farmaci
di seconda scelta.

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

Agonisti recettore GLP-1 Inibitori SGLT2

Inibitori DPP4 Insulina

Le associazioni tra piu farmaci devono essere prescritte secondo le indicazioni delle
rispettive schede tecniche.



Linea Guida della SID e del’AMD 230D
La terapia del diabete mellito tipo 2

Si raccomanda l'uso di SGLT-2i come farmaci di prima scelta per il trattamento a

lungo termine di pazienti con diabete di tipo 2 con scompenso cardiaco.

I GLP-1 RA e metformina dovrebbero essere considerati come farmaci di seconda

scelta, mentre DPP-4i, acarbosio ed insulina come farmaci di terza scelta.

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

Inibitori SGLT2

Agonisti recettore GLP-1

Inibitori DPP4**

Le associazioni tra piu farmaci devono essere prescritte secondo le indicazioni delle
rispettive schede tecniche.



THANK YOU !

Now it’s time for discussion.

Sesti lecture
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