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Objectives

Review the association between diabetes and heart failure

e Glycemic control and heart failure

* Associations of glycemic medications with risks of cardiovascular events and
heart failure hospitalization

Cardiovascular therapy for the patient with diabetes and heart failure



No limitation of physical activity. Ordinary physical activity does not cause undue

Type 2 breathlessness, fatigue, or palpitations.

D|a betes and Slight limitation of physical activity. Comfortable at rest, but ordinary physical
5 activity results in undue breathlessness, fatigue, or palpitations.
Risk of Heart

Fallure Marked limitation of physical activity. Comfortable at rest, but less than ordinary
physical activity results in undue breathlessness, fatigue, or palpitations.

Unable to carry on any physical activity without discomfort. Symptoms at rest
can be present. If any physical activity is undertaken, discomfort is increased.

Up to 50% people with T2D may develop heart failure

5-year mortality rate after hospitalization for HF id 40 %

ADA Diabetes Care 2019 . 2019;42: S1-S 193, Lohehr LR. Et al.
New York Heart Association (NYHA) Heart Failure Symptom Classification System
Am J Cardiol.2008; 101 (7): 1016-1022
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Patients with type 2 diabetes without clinical ASCVD or heart failure

¥

Clinical factors associated with increased incidence of heart failure

4 4 N

Diabetes-specific risk factors Cardiovascular risk factors Noncardiovascular risk factors

Insulin, sulfonylurea, Hypertension
DPP-4 inhibitor,* TZD use

Obesity
Long duration of diabetes, >10 years
Atrial fibrillation

Non-optimal glycemic control,
HbA1c 27%

Microvascular disease”

N

If any risk factors are present, consider measurement of NTproBNP

' | Consider an echocardiogram to
screen for underlying

‘ ‘ “ structural heart disease

NTproBNP <50 pg/mL NTproBNP 50-124 pg/mL NTproBNP 2125 pg/mL

Continue to monitor Consider initiation of SGLT-2 inhibitors based on clinical judgment

VERMA S ET AL CURR OPIN CARDIOLOGY 2019;34 (5): 578-583 PREDICTING THE RISK IN PATIENTS WITH TYPE 2 DM W/O ESTABLISHED CARDIOVASCULAR DISEASE OR HEART FAILURE




New Type of
Cardiomyopathy

Associated
With Diabetic
Glomerulosclerosis

FIGURE 6. Case 2. Microscopic section of myocardium. Note
diffuse areas of fibrosis throughout. (Masson trichrome stain
X125, reduced by 3 percent.)

FP"

FIGURE 8. Case 3. Chest roentgenocgram demonstrating left
vantricular hypertrophy and right pisural effusion.

demonstrated nodular hyalinization of the glomeruli with
thickening of Bowman’s capsule. The arterioles were hy-
alinized and showed marked thickening of the intima
(Fig. 3).

Case 2: A 49 year old Puerto Rican woman with diabe-
tes of 16 years' duration was admitted with vomiting and
recent onset of generalized edema. The blood pressure on
admission was 100/60 mm Hg. Gross edema of the face
and limbs and severe neck vein distension were present as
well as cardiomegaly and evidence of bilateral pleural

FIGURE 8. Case 3. Electrocardiogram demonstrating left ven-
tricular hypertrophy and diminutive Q wave in lead Vs,

effusion. Pertinent laboratory data are indicated in Table
I
The electrocardiogram (Fig. 4) revealed nonspecific
ST-T wave changes and the chest roentgenogram (Fig. 5)
confirmed the presence of bilateral pleural effusions and
cardiomegaly. The patient's blood urea nitrogen increased
gradually from 58 to 150 mg/100 ml, and she was treated
with repeated peritoneal dialysis; her condition continued
to deteriorate and she died.
On postmortem examination, the heart weighed 550 g.
The right ventricular wall measured 0.4 cm and the left

598 November 8, 1972 The American Journal of CARDIOLOGY Volume 30

Am J Cardiol. 1972 Nov 8;30(6):595-602.



Myocardium Glomerulus

Am J Cardiol. 1972 Nov 8;30(6):595-602.




Diabetes Increases Risk of CV Events in Stable Patients
20-year F/U in Framingham Heart Study

Kannel Mc Gee , JAMA. 1979 241: 2035 241: 20135

Relative Risk
(Adjusted for age, systolic BP, tobacco, and LVH)

cvD Coronary Intermittent Congestive
heart disease claudication heart failure
= Men = Women




TOTAL POPULATION EXCLUOING PERSONS WITH CHD (OR RHO)
RELATIVE  MEN WOUEN MEN WOMEN
RSX 2.3 14 LY 548"
L 129
Diabetes ] omee I
Increases Risk of .
CHF Framingham al "'
Heart Study % 1w
— ol
: A TEL L T

DIABETIC  NON.  DIABETIC  NON.
ousne DIABETC

Risk of congestive heart failure according to diabetic status. Men and women 46 to 74 years old.
Framingham Study: 18-year follow-up. *Significantly different, p < 0.05; * *significantly different, p < 0.01.
From Zoncraich S. Diabetes and the heart, Springfield, IIl: Charles C Thomas, Publisher, 1978




Swedish National Diabetes Registry

Unlike with MI, Residual HF Risk Remains Despite Optimal Control of Traditional CV Risk Factors

n=271.174

. A Objetivo del estudio: Analizar la relacion entre el riesgo de mortalidad, 1AM, Ict
con diabetes tipo 2

hospitalizacion por IC y la existencia de entre uno y 5 de estos factores:

n=1.355.870
Controles por edad, sexo y pais

Duracion media del seguimiento = 5,7 afios

Colesterol
Cc-LDL <2.0 mmol/L ©

»S0% de reduccién sl o indica el
D[ ; ° @ e Albuminuria

HbA1lc Presion arterial
Normalmente <7 Normalmente <130/80 mmHqg

Dejar de fumar

Rawshani A et al. N Engl J Med




Swedish National Diabetes Registry

Risk of event in patients with T2D and no risk factors
out of target range compared to patients without diabetes

HR (95% C1)
Death ¢ 1.06 (1.00, 1.12)

Mi 0.84 (0.75, 0.93)

Stroke 0.95 (0.84, 1.07)

1.45 (1.34,1.57)

On average, the patients with T2D had a 45% increase in the risk of hHF, despite
other major risk factors in guideline recommended range or absent

Rawshani A et al. N Engl J Med. 2018,379:633-644




Table 1. Incidence of HF in Individuals With and Without DM in Selected U5 Observational Studies

kMo Dk imenk 36.9%
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Sirnilar in men and
VI

Frarmimgharm®!' 45-74 y G204 Up to 20 Age-adjusted rates (person-years): RR irmen): 1.82 hen: 7.7%
Figid:;:mp*ﬂ DM {men): 7.6/1000 AR (women): 3.75 Women: 18.0%
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Heart Failure is a Common Presentation of CV disease
in Patients With Diabetes

Initial presentation
of cardiovascular discase

Stable angina

Unslable angina

Non-fatal m yocardial infarction
Unheralded coronary death

Heart lailure

.ﬂ"ﬁll |'"-,'I'|' Tia or sudcden carchac ceath

Transient ischaemic attack
Ischaemic s

Subarachnoid haemorrhage
Intracerebral h .1L=r"|.';rrh.-=_-:_|a.'
Peripheral arterial disease

Abdominal aorlic aneurysn

Number of events

Mo Type 2
diabetes diabetes

Harard ratio

Hazard ratio

1.54 (1-42-1-67)
143(123-165)

0-95 (0-76-1 19)

1-45 (1-31-1-60)



Risk of Death is
Igh In Patients
with Heart
-ailure and
Diabetes

J Am Coll Cardiol 2004; 43; 771- 7

Mortality rate

HR 1.5
95%Cl 1.3-1.6
P<0.001

Log rank, P<0.000

A/ N=5,491 Pts with HF in
DIAMOND Trial




Potential Mechanisms for Heart Failure in Patients With Diabetes

Diabetes

!

sCompliance -

Myocardium Cardiomyocytes

Diabetic

Systensc Heart Failure

Marwick, T.H.et al. ) AM Coll Cardiol.2018;71:339




Hyperglycemia, insulin resistance, hyperinsulinemia

'

Inflammation | Cardiomyocyte RAAS A calcium 1 Autonomic
Dyslipidemia | hypertrophy/LVH activation handling dysfunction
Endothelial N it Sa

dysfunction utiliza}’:iun
Formation

Fibrosis of AGEs

Ischemic Diabetic
cardiomyopathy cardiomyopathy o

 Heart failure in | ii
diabetes © 2019 by the American Heart

Association, Inc., and the Heart Failure
Society of America.




Diabetes
Substantially
Increases Risk

of Heart Failure
REACH Study

I No Diabetes

OR,, 1.35
#2& Diabetes 95% C1 1.15-1.59
14 - OR,, 1.30
95% €1 1.14-1.48 126
12 14 OR,, 1.23
1.33 : 95% C10.99-1.53

95% C11.181.50
94

96

-
o

OR,, 1.56
95% Cn.“'l”
49

Incidence of Hospitalization for Heart Failure (%)

"ony

45,227 had follow-up at 4 years
43.6% (n=19 699) had diabetes mellitus at baseline

Cavender et al. Circulation. 2015; 132:923



Phenotypes of Heart Failure
in Patients with Diabetes

Systolic Dysfunction with Preserved EF Diastolic Disfunction

\

$1.2.A08 PALS

Marwick, T.H.et al. J AM Coll Cardiol.2018;71:339



Objectives

Review the association between diabetes and heart failure

* Glycemic control and heart failure

Associations of glycemic medications with risks of cardiovascular events and
heart failure hospitalization

Cardiovascular therapy for the patient with diabetes and heart failure
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Kaiser Diabetes Register
N =48, 858

Each 1 % increase in Hgb A1C
was associated with an 8 %
increased risk of heart failure

Clinical Investigation and Reports

Glycemic Control and Heart Failure Among Adult Patients
With Diabetes

Carlos Inbarren, MD, MPH, PhD; Andrew J. Karter, PhD;
Alan 5. Go, MD: Assiamira Ferrara, MD, PhD: Jennifer Y. Liu, MPH;
Stephen Sidney, MD, MPH; Joseph V. Selby, MD, MPH

Background—Glycemic control is associated with microvascular events, but its effect on the risk of heart failure is not well
understood. We examined the association between hemoglobin (Hb) A, and the nsk of heart failure hospitalization
and/or death in a population-based sample of adult patients with diabetes and assessed whether this association differed
by patient sex, heart failure pathogenesis, and hypertension status.

Methods and Results—A cohort design was used with baseline between January 1, 1995, and June 30, 1996, and follow-up
through December 31, 1997 (median 2.2 years). Participants were 25 958 men and 22 900 women with (predominantly
type 2) diabetes, =19 years old, with no known history of heart failure. There were a total of 935 events (516 among
men; 419 among women). After adjustment for age, sex, race/ethnicity, education level, cigarette smoking, aleohol
consumption, hypertension, obesity, use of f-blockers and ACE inhibitors, type and duration of diabetes, and incidence
of interim myocardial infarction, each 1% increase in Hb A, was associated with an 8% increased risk of heart failure
(95% CI 5% to 12%). An Hb A, =10, relative to Hb A, <7, was associated with 1.56-fold (95% CI 1.26 to 1.93) greater
nsk of heart failure. Although the association was stronger in men than in women, no differences existed by heart failure
pathogenesis or hypertension status.

Conclusions—These results confirm previous evidence that poor glvcemic control may be associated with an increased nisk
of heart failure among adult patients with diabetes. (Circulation. 2001;103:2668-2673.)

Key Words: heart failure m diabetes mellitus m glycemia m hemoglobin

Circulation. 2001;103:2668-2673



Intensive
Glucose
Control and
Outcomes-
Metanalysis
n=27,049

Major Hypoglycemia

CV Death

Myocardial Infarction

ACCORD
ADVANCE
UKPDS
VADT
Pooled*

ACCORD
ADVANCE
UKPDS

VADT
Pooled*

3.07 (2.59-3.63)
1.86 (1.42-2.44)
3.01 (1.75-5.16)
2.30 (1.79-2.96)
2.48 (1.91-3.21)

1.35 (1.04-1.76)
0.88 (0.74-1.04)
1.02 (0.66-1.57)

1.32 (0.81-2.14)
1.10 (0.84.1.42)

ACCORD
ADVANCE
UKPDS

VADT
Pooled

0.77 (0.64-0.93)
0.92 (0.79-1.07)
0.81 (0.62-1.07)
0.83 (0.61-1.13)
0.85 (0.76-0.94)

Hosp for Heart Failure ACCORD

ADVANCE
UKPDS

VADT
Pooled

Turnbull et al, Diabetologia 2009

1.18 (0.93-1.49)
0.95 (0.79-1.14)
0.55 (0.19-1.60)

0.92 (0.68-1.25)
1.00 (0.86-1.16)



While Glucose Control Is Fundamental to Management of T2D,
It Does Not Reduce the Risk of HF Outcomes

Hospitalised/tatal heart falure

ACCORD 152090} 124 {0.75) 1.01 M 118 (0.93-1.49)
IntenS|Ve ADVANCE 2083} 231 (0.BS) .72 —.— 0.95 (0.79-1.14)
UKPDS A (006 6 (I -0.66 +n .55 {019 1.60)
Glucose

VADT T (1.8 B5 (1.4%d) 1.16 092 (L6E=1.25)

L
COntrO| and Crverall 454 446 0.58 qq-:_::_-::.r | ZI.I'IIaEE:-cﬁ- Hf_'l i
Outcomes 039,050, P

| |
05 1.0 20

Hexcrere] matir (255 C1

Turnbull et. Al, Diabetology 2009




MORTALITY

HbAlc

The association between HbA1c and mortality among patients with HF is
consistently U shaped, with the lowest mortality in patients with HbA,C 7% to 8%



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

« Medication side effects and costs
» Hypoglycemia risks
« Treatment burden

Glycemic
Control and 6.5% 7.0% 8.0% 8.5%
Heart Failure ————
* Long life expectancy * Intermediate life expectancy * Limited ife expectancy HbA1c =8.5%
« Stage A, Bor C « Stage C heart failure + Stage D heart failure may lead to
heart failure + Stage D heart failure with + End-stage kidney h“m'ﬂi‘-"mm'ﬁ
+ No serious comorbidities and/or considering advanced disease ypaTglycemia
* No serious diabetes therapies (LVAD, transplant) + Onygen-dependent
complication + Micro/macrovascular diabetes lung disease
+ No medication side complications + Uncontrolled cancer
effects, hypoglycemia + Severe hypoglycemia « Advanced dementia
or treatment burden . Euﬂlyrdphanm:y. high treatment
en

© 2019 by the American Heart Association, Inc., and the Hear
Failure Society of America.




More recent trials.....

* More recent RCTs have focused on the cardiovascular safety of glucose-lowering
drugs as mandated by FDA (2008) rather than the potential benefits of lower
HbA,_ targets or more intensive therapies.

* These trials focused on the conventional 3-point MACE but sometimes included
HF as a secondary end point

* HF benefits did not correlate with the degree of HbA,_ reduction between (0.3%
and 0.6%) and were thus largely independent of glycemic control



Objectives

Review the association between diabetes and heart failure

e Glycemic control and heart failure

Associations of glycemic medications with risks of cardiovascular events and
heart failure hospitalization

Cardiovascular therapy for the patient with diabetes and heart failure



DM drugs and HF clinical considerations

* Metformin

e Thiazolidinedione (TZD)
* |Insulin and sulfonylureas
* DPP-IV Inhibitors

* GLP-1 agonist

* SGLT2 Inhibitors



Metformin Use
and Mortality
iIn Ambulatory

Patients with
Diabetes and
Heart Failure

Kaplan-Meier Survival Estimates

0.85 090 0.95

0.80

0.75

N =6,185

No Metformin

Metformin

0 100

L) L

1 L) L] L

200 300 400 500 600 700
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© 2011 American Heart Association, Inc.



Metformin Use and Mortality in Ambulatory Patients With
Diabetes and Heart Failure

David Aguilar, MD
Kumudha Rar

o
Methods and Results—1
th

International

Metformin therapy and prognosis of patients with
heart failure and new-onset diabetes mellitus. A
propensity-matched study in the community

Clinical Care/Education/Nutritien

Improved Clinical Ovtcomes Associated
With Metformin in Patients With Diabetes
and Heart Failure

OBJECTIVE — Metformir wsider niraindicated in pati th heant failt

Metformin

* Multiple observational studies suggest a survival
benefit

* FDA removed HF as a contraindication to
metformin use in 2006



Metformin

* In alarge (n 30,000), propensity-matched observational study, initiation of
metformin was associated with lower risk of HF hospitalization than sulfonylurea

drugs (Roumey et al 2017)

* Itis reasonable to use metformin in patients with DM at risk of or with
established HF

 Metformin should be discontinued in patients presenting with acute conditions
associated with lactic acidosis, such as cardiogenic or distributive shock



DM drugs and HF clinical considerations

* Metformin

e Thiazolidinedione (TZD)
* |Insulin and sulfonylureas
e DPP-IV Inhibitors

* GLP-1 agonist

e SGLT2 Inhibitors



Rosiglatazone and HF

TZDs are not recommended in
patients with established HF and
may increase the risk of HF events
in individuals with DM without HF

Cumulative incidence (%)

RECORD STUDY Rosiglitazo
2 -
N= 4,447
DM type 2
1 -
Metform
0 -H:—’ T T T T
0 12 24 36 48
Months

Home PD et al. Lancet 2009; 2125-35 373



DM drugs and HF clinical considerations

* Metformin

e Thiazolidinedione (TZD)
* Insulin and sulfonylureas
* DPP-IV Inhibitors

* GLP-1 agonist

* SGLT2 Inhibitors



Insulin

The only RCT to specifically assess the cardiovascular safety of insulin was the
ORIGIN N=12 537 to insulin glargine or standard care and found no difference in
any cardiovascular outcomes, including hospitalization for HF

In contrast, observational studies suggested an increase in HF with insulin
therapy.

Insulin is sometimes required to achieve adequate glycemic control in individuals
with DM and HF. Insulin use is associated with weight gain and risk of
hypoglycemia and should be used with caution

Metformin and SGLT-2 inhibitors, are preferred if adequate glycemic control can
be achieved without insulin



Sulfonylureas

 CAROLINA trial (Cardiovascular Outcome Study of Linagliptin Versus Glimepiride
in Patients With Type 2 Diabetes) - No inferiority MACE no data for HF

* In observational studies of patients with DM and HF, sulfonylurea therapy was
associated with greater risk of death than metformin

e Use of other agents, such as metformin and SGLT-2 (sodium glucose
cotransporter type 2) inhibitors (see SGLT2 Inhibitors), is preferable to use of
sulfonylurea drugs in patients at high risk for HF and those with established HF



DM drugs and HF clinical considerations

* Metformin

e Thiazolidinedione (TZD)
* |Insulin and sulfonylureas
* DPP-IV Inhibitors

* GLP-1 agonist

* SGLT2 Inhibitors



g avé\l:) Saxagliptin Assessment of Vascular Outcomes Recorded

in Patients with DM - TIMI 53

| Documented Type 2 Diabetes

N = 16,492

Established CV Disease or Multiplg Risk Factors
RANDOMIZED 1:1 DOUBLE BLIND

SAXAGLIPTIN

All other DM Rx per treating MD PLACEBO

5 mg/d

2.5 mg/d if eGFR < 50 ml/min

Duration Follow up Visits — — - —
Event driven (n=1040) Q86 months Primary EP
Median duration 2.1y CV Death, Ml,
LTFU 0.2% .
WIC 2.4% [Final Visit] Ischemic Stroke

Major Secondary EP: CV death, M|, ischemic stroke, or hosp.
for heart failure, unstable angina, or coronary revascularization

Scirica BM et al. N Engl J Med 2013; 369:1317-1326



Time to First Hospitalization for Heart Failure*

Sitagliptin

§ 5* i
§ 4

i —~

£ "
AN Placebo
2

a 27

-

o

€

BV HR (95% CI): 1.00 (0.84-1.20)
8 P=0.95

0< L L 4 L4 LA T v L4 L4 L4 L 4
0 4 B 12 18 24 30 36 42 48
Months in the trial

Patients at nsk
Sitaglptin 7,332 7,189 7036 6917 6,780 6619 4728 3515 2175 1,324
Placebo 7339 7204 7025 6903 6.712 6,549 4599 3443 2,131 1315

TECE®

“ITT population THIAL EVALLIAT 0 CARDIOVASCULAR
POL =10 OUTCOMES WiTH SITAGLIPTIN




Linagliptin
Effects on HF

(CARMELINA)

£ 15, HR 0.90 — Placebo — Linagliptin
= (95% C10.74, 1.08)
% p=0.26"
-~ 10 4 i
— o
= — —
3 e
- — 5 p Cm— /_,4-—
<
=
S =
1 o = > ; > -
o 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
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Placed< n) 3485 > ) > 323 28 ¢ o
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14 3372 3248 2655 198¢€

3485 3349 3237 2635 1929 1288 /68 259

Darren K. McGuire. Circulation. Linagliptin Effects on Heart Failure and Related Outcomes in Individuals With Type 2 Diabetes Mellitus at

High Cardiovascular and Renal Risk in CARMELINA

2018 American Heart Association, Inc.



Major Adverse CV Events Heart Failure Hospitalization

Lixisenatide (ELLXA)
Liraglutide (LEADER)
Semaglutide (SUSTAIN-6)
Exenalide (EXSCEL)
Saxagliptin (SAVOR TIMI 53)
Alogliptin (EXAMINE)
Sitagliptin (TECOS)
Empaglifiozin (EMPA-REG) 2
Canaglifiozin (CANVAS) —_—— & —

_ﬁ
g
c
o
e
2
=

0.75 1 075 1
Hazard ratio (95% CI) Hazard ratio (95% CI)

Shannon M. Dunlay. Circulation. Type 2 Diabetes Mellitus and Heart Failure: A Scientific Statement From the American Heart Association and the Heart Failure Society of America: This
statement does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline update, Volume: 140, Issue: 7, Pages: e294-e324




FIDA Vleodamone mimnsnie = Drug Safety Communications

FDA Drug Safety Communication: FDA adds warnings about heart
failure risk to labels of type 2 diabetes medicines containing saxagliptin
and alogliptin




DM drugs and HF clinical considerations

* Metformin

e Thiazolidinedione (TZD)
* |Insulin and sulfonylureas
e DPP-IV Inhibitors

* GLP-1 agonist

e SGLT2 Inhibitors



Potential
Mechanisms
of CV Benefit

with GLP-1

Agonists

GLP-1 (7-36 AmideYIncretin mimetics

Circulation. 2017 Aug 29;136(9):849-870



Impact of GLP-1 Agonists on Cardiovascular End Points in
Cardiovascular Outcomes Trials

MedicationTrial

Median Follow-

Impact on Primary

Impact on HF

. o . .
(Year) Population \| % HF Up, y Primary Outcome Cardlovascular End Hospitalization
Point
Lixisenatide - Cardiovascular No difference in risk No difference in risk
ELIXA (2015) Recent ACS 6068 22 2.1 death, Ml, UA, (HR, 1.02 [95% (I, (HR, 0.96 [95% ClI,
stroke 0.89-1.17]) 0.75-1.23])
Liraglutide - Cardiovascular Decreased risk (HR, No difference in risk
CVD or high risk 9340 14 3.8 0.87 [95% CI, 0.78— (HR, 0.87 [95% CI
ﬂ ’ 7 ’
LEADER (2016) death, M, stroke 0.97)) 0.73-1.05])
Semaglutide - Cardiovascular Decreased risk (HR, No difference in risk
SUSTAIN-6 CVD or high risk 3297 24 2.1 death. Ml stroke 0.74 [95% Cl, 0.58— (HR, 1.11 [95% ClI,
(2017)22 ! 0.95]) 0.77-1.61])
No significant . L
No difference in risk
Exenatide - Cardiovascular difference” (HR, o
EXSCEL (2017) +/- CVD 14752 16 3.2 death, M, stroke 0.91[95% ClI, 0.83— (HR, 0.94 [35% Cl,

1.00])

0.78-1.13])

Circulation 2019 Aug 13;140(7):e294-e324
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Time to death or rehospitalization for heart failure

55 -
50 -
451 N=300, EF< 40 %
40
35 -
30
25 -
20 -
15
10-

HR, 1.30(95% Cl, 0.92-1.83); log-rank P=.14

Liraglutide

Placebo

Effects of Liraglutide
on Clinical Stability

Among Patients
With Advanced HF
and Reduced EF

Death or Rehospitalization
for Heart Failure, %

1 1 1 L L

0 15 30 45 60 75 S0 105 120 135 150 165 180
Days Postrandomization

No. at risk
Liraglutide 154 146 128 115 107 102 98 89 85 78 74 70 40
Placebo 146 135 124 117 113 106 104 94 90 87 81 78 47

JAMA. 2016;316(5):500-508




Major Adverse CV Events Heart Failure Hospitalization

Lixisenatide (ELLXA)
Liraglutide (LEADER)
Semaglutide (SUSTAIN-6)
Exenalide (EXSCEL)
Saxagliptin (SAVOR TIMI 53)
Alogliptin (EXAMINE)
Sitagliptin (TECOS)
Empaglifiozin (EMPA-REG) 2
Canaglifiozin (CANVAS) —_—— & —

_ﬁ
g
c
o
e
2
=

0.75 1 075 1
Hazard ratio (95% CI) Hazard ratio (95% CI)

Shannon M. Dunlay. Circulation. Type 2 Diabetes Mellitus and Heart Failure: A Scientific Statement From the American Heart Association and the Heart Failure Society of America: This
statement does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline update, Volume: 140, Issue: 7, Pages: e294-e324




DM drugs and HF clinical considerations

* Metformin

e Thiazolidinedione (TZD)
* |Insulin and sulfonylureas
* DPP-IV Inhibitors

* GLP-1 agonist

* SGLT2 Inhibitors



S1 segment of
proximal tubule

~10%
Reabsorption -

Distal S2/S3
segment of
proximal tubule

Collecting =+

I duct b

Wright , EM. Am J Physiol Renal Physiol. 2001;280 F 10




KIDNEY CIRCULATION

.
. &

SGLT2 inhibitor causes | Intravascular/ECF volume Reduction in preload,

afferent arteriolar leads to | hematocrit and afterload and LV wall Improvement of ,
constriction, decreasing | systolic blood pressure'? stress improve filling myocardial energetics
intraglomerular pressure’ conditions*?

Improved renal function?

Verma S et al JAMA Cardiology. 2017;2: 939-940




Left ventricle hypertrophy

3 TCytokines and
: inflammation

Impaired cardia
metabolism

SGLT2
inhibitors




Established ASCVD' HR (95% CI)

Established ASCVD' HR (95% CI)

EMPA-REG 0.86 (0.74, 0.99)
EMPA-REG 0.65 (0.50 CANVAS 0.82(0.72, 0.95)
CANVAS 0.68 (0.51 DECLARE 0.90 (0.79, 1.02)

DECLARE 0.78 (0.63 FE Model for ASCVD 0.86 (0.80, 0.93)

FE Model for ASCVD 0.71 (0.62

Multiple risk factors'’

Multiple risk factors EMPA-REG No MRF patients
EMPA-REG No MRF patients

CANVAS 0.98 (0.74, 1.30)
CANVA & 0.64 (0.35
- ( DECLARE 1.01 (0.86, 1.20)
DECLARE el 0.64 (0.46 ‘
|
1

FE Model for MRF 1.00 (0.87, 1.16)
FE Model for MRF e —— 0.64 (0.48

-

' : ' 0,5

0 0,5 1.5 1

Zelniker ET AL. Lancet.2019; 393: 31-39




Trial design

Randomised and
treated
(n=7020)

Screening
(n=11531)

* Key inclusion criteria
— Adults with type 2 diabetes
— BMI <45 kg/m?
— HbAlc 7-10%*
— Established cardiovascular disease

Placebo
(n=2333)

Empagliflozin 25 mg
(n=2342)

* Prior myocardial infarction, coronary artery disease, stroke, unstable angina or

occlusive peripheral arterial disease

* Study medication was given in addition to standard of care

* Glucose-lowering therapy was to remain unchanged for first 12 weeks

* Event driven trial

fi:*‘:r EMPA-REG
e OUTCOME"

b .‘gq‘o




Hospitalization for
Heart Failure
EMPA-REG OUTCOME
trial

v" 35% reduction in HF
hospitalizations, an effect that
was observed within weeks of
randomization

v' 10% of patients had HF at
baseline

v 14% relative decrease in the
risk of major cardiovascular
events

v 38% reduction in
cardiovascular death

Huospitalization for Heart Failure

75 Placebo
g © r
g 5 i~
o Hazard ratio, .65 [95% Cl, 0.50-0.85)
= 41 P=0.002 Empaglifiozin
s
g

1_
2

14

0+ T T T T | T T 1

Q -] 12 12 24 0 36 47 43

Mo. at Risk
Empagliflazin
Placebio

bonth

4687 4614 4523 4427 39EE 2550  MET 1634 195
213y 1171 X3 21731 1932 1424 12m2 775 168

Zinman et al, N Engl J Med 2015; 373:2117-2128




OVERALL

257,915 patients >18 years HHF 5 pegific® HALRERETIT
initiating empagliflozin or . T T T
sitagliptin between August Hazard ratia, 050 (0.28-0.91) —— Ernpagliflee
2014 - September 2016, 36,422 Excluded p o< O]
and 12 months of 0 2,676 Patients without a diagnosi of
continuous enrollment prior type 2 diabetes (T2D)
to cohort entry 0 13,067 Patients with a diagnosis of
type 1 diabetes, secondary or "
gestational diabetes ]
0 12,914 Patients with malignancy, 5
— ESRD, HIV, or transplant F 003
D 2934 patients with a nursing home E
admission L=
v O 1 Patient with missing age or gender g
information =]
221,493 T2D patiens >18 0 4,830 Patients with a prescription for ; na
years old initiating DPP-4 inhibitor other than sitagliptin E
empagliflozin or sitagliptin :
v il
220,71972D patients
initiating empagliflozin
or sitagliptin _—___,_u—'—
[}

a 3 E ] 12 15 13 i1 24

32,886 T2D patients after 1:1 Manth
PS-matching

A First Analysis From the EMPRISE Study

Elisabetta Patorno. Circulation. Empagliflozin and the Risk of Heart Failure Hospitalization in Routine Clinical Care,

Volume: 139, Issue: 25, Pages: 2822-2830, DOI: (10.1161/CIRCULATIONAHA.118.039177)

© 2019 American Heart Association, Inc.




Hospitalization for HF

Secondary Prevention Primary Prevention
8 1 Hazard ratio 0.68 (95% CI: 0.51, 0.90) 8 1 Hazard ratio 0.64 (95% CI: 0.35, 1.15)
-~ Placebo | == Placebo i San =
; 7 1 Canaglifiozin ? 7 Canaglifiozin p-interaction = 0.91
: 6 : 6
8 g
CANVAS s 2 E
§ ,r ©
4 4
§ L~ -
TRIAL 5 3 L
3 2
§ 2 § 2-
% &
o 1 a 1
0 T T T T T 1 0 T T T T T 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Years since randomization Years since randomization

Intent-to-treat analysis

al. Circulation. 2018;137:323

CANVAS Program

14 % reduction in the risk of major cardiovascular events and a
33% relative reduction in the risk of HF hospitalization




CREDENCE CLINICAL TRIAL
N =4,401

* On September 30, the FDA granted Invokana® (canagliflozin) an indication to reduce the
risk of ESKD, doubling of serum creatinine, CV death, and hospitalization for heart failure
nephropathy with albuminuria >300 mg/d adults with T2DM

* Canagliflozin 100 mg a day with placebo

* Adults 230 years of age with T2DM and chronic kidney disease—defined by an GFR of 30
to <90 mL/min/1.73 m? and urinary albumin-to-creatinine ratio <300 to 5,000 mg/g—
who were receiving a stable dose of an angiotensin-converting-enzyme inhibitor or an
angiotensin-receptor blocker

* 30% Primary Endpoint, 39% Hospitalizations for Heart Failure



D E C L A R E Dapagliflozin and Cardiovascular Outcomes

in Type 2 Diabetes

* Multiple CVRF N =10,186
e Established CV =6,974
e CD and HFH 27 % RR reduction

A Cardiovascular Death or Hospitalization for Heart Failure
6- Hazard ratio, 0.83 (95% CI, Y Hazard ratio, 0.93 (95% CI, 0.84-1.03)

P=0.005 for superiority - 17 for superi
Placebo /

Dap:

&
]
g
H
H]

T
S
2
]

2

=
]
E
S

v

Cumulative |

R TG | s rrewry e e e |
180 360 540 720 900 1080 1260 1440 0 180 360 540 60 1440

- - =
720 900 1080 1260 1440 180 360 540 720 900 1080 1 1440
Days Days

No. at Risk No. at Risk
Placebo 8578 8485 8387 8259 8127 8003 { 8578 8433 8281 8129 7969 7805 7649 7137 5158
liflozin 8582 8517 8415 832 1 ozin 8582 8466 8303 8166 8017 7873 7708 7237 5225

D Death from Any Cause
Hazard ratio, 0.76 (95% Cl, 0.67-0.87) 1 6 Hazard ratio, 0.93 (95

New England Journal of Medicine 2019
January 24; 380 (4): 347-357

Placebo

Placebo

Dapaglifl

Cumulative Incidence (%)
Cumulative Incidence (%

T T T T T T <777
0 180 360 540 720 900 1080 1260 1440 0 180 360 540 720 900 1080 1260 1440

T IR R P o —— ol £ T — T
180 360 540 720 900 1080 1260 1440 180 360 540 720 900

Days Days

No. at Risk No. at Risk
Placebo 8578 8508 8422 8326 8200 8056 7932 7409 5389 ebo 8578 8542 8484 8414 8337 8258 8184 7741 5715
Dapaglifiozin 8582 8533 8436 8347 8248 8136 8009 7534 5472 Dapaglifiozin 8582 8554 8495 8437 8369 8305 8207 7763 5715




DECLARE

e October 21, 2019 — The U.S. Food and Drug Administration (FDA) has granted
market clearance for AstraZeneca's dapagliflozin)to reduce the risk of
hospitalization for heart failure (HF) in adults with type 2 diabetes (T2D) and

established cardiovascular disease (CVD) or multiple cardiovascular (CV) risk
factors.



DAPA -HF
\

G Dapagliflocina vs placebo en paciente con ICrFEVI y TMO

4744 pacientes i
’ @ B TAs 295

@ ® NYHA IV eGFR 230 ml/min/1.73 m2
DA PA H F @ E h proBNP 2600 pg/ml (if hospitalized for HF within last 12m
\\G Muerte CV u HHF.

2400 pg/mL; if atnial fibrillation/flutter 2900 pg/mL)

Py

* Primary endpoint:
@ Worsening HF event or cardiovascular death (worsening HF event = unplanned HF

hospitalization or an urgent heart failure visit requiring intravenous therapy)

Mc Murrray Presentation ESC 2019




Enrolment
I I
I !
I I
I I
| | -
*  Informed consent | |
* Inclusion/exclusion | N=2371 Placebo >844 Primary endpoints
* Clinical assessment | | Composite of:
. ECG ' ! * CV death
DA PA H F 2 NT-proBNP : Dapaglifiozin * HF hospitalization
. Laboratory I N=2373 10 mg once daily * Urgent HF visit
: T —iy T = T r ] >
| I | I I
: I I I I
Visit 1 Visit2  Visit 3 Visit 4 Visit § Visit 6 etc.
Day —-14 Day0 Day 14 Day 60 Day 120 Every 120 days

Murrray Presentation ESC 2019.




Characteristic Dapaglifiozin (n=2373)  Placebo (n=2371)

Mean age (yr) 66 67
Male (%) 76 77
NYHA class I/III/IV (%) 68/31/1 67/32/1
Mean LVEF (%) 31 31
DAPA HF Median NT pro BNP (pg/ml) 1428 1446
Mean systolic BP (mmHg) 122 122
Ischaemic aetiology (%) 55 57
Mean eGFR (ml/min/1.73m2) 66 66
Prior diagnosis T2D (%) 42 42
45 45

Any baseline T2D (%)*

Mc Murrray Presentation ESC 2019.




Treatment (%) Dapagliflozin Placebo

(n=2373) (n=2371)

Diuretic 93 94

ACE-inhibitor/ARB/ARNI- 94 93

ACE inhibitor 56 56

DAPA HF R - =
Sacubitril/valsartan 11 11

Beta-blocker 96 96

MRA 71 71

ICD* 26 26

R 8 7

Mc Murrray Presentation ESC 2019.




DAPA HF

CV DEATH/ HF HOSPITALIZATION

Placebo
Primary Outcome URGENT HF VISIT
1004 99 Mazard ratio, 0.74 (95% CI. 0.65-0.85)
90 ~ 25+ P<0.001 / =
80 - d =
% 20 / i
! 70+ 15+ = ol
60 gt
3 104 e
£ SO+ : i 26 %
2 wd 7| 7
0 - : 3 4 4 | T L 4 L 4 1
% ey 0 3 6 9 12 15 18 21 24 N .
g 20+ SRS e
0‘:’.1. — T Y — 4 Y T 1
) 3 6 9 12 15 13 rg 4
Months since Randomization
No. at Risk
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210
Oap:gl:ﬁo:m 2373 2305 2221 2147 2002 1560 1144 612 210

Murrray Presentation ESC 2019.




DAPA HF

* NNT 21

* Worsening HF 30 %
reduction with dapagliflozin

e CD 18 % reduction with
dapagliflozin

No diabetes/diabetes subgroup:
Primary endpoint

Dapaglifiozin  Placebo HR
(n=2373) (n=2371) (95% ClI)

All patients 386/2373 502/2371 —.— 0.74 (0.65, 0.85)
Type 2 diabetes at baseline*

Yes 215/1075 271/1064 —a— 0.75 (0.63, 0.90)

No 171/1298 231/1307 —— 0.73 (0.60, 0.88)

== 0.5 08 1.0 1.25
o L

@_ Qx—’ Dapagliflozin Better Placebo Better

*Defined as history of type 2 diabetes or HbAlc 26.5% at both enrollment and randomization visits.

McMurray presentation ESC 2019

Mc Murrray Presentation ESC 2019.



Safety/adverse events

Patients exposed to at least Dapaglifiozin Placebo p-value
one dose of study drug (n=2368) (n=2368)
Adverse events (AE) of interest (%)
Volume depletion- 1.5 6.8 0.40
Renal AE; 6.5 7.2 0.36
DAPA HF Fracture 2.1 2.1 1.00
Amputation 0.5 0.5 1.00
Major hypoglycaemia 0.2 0.2 -
Diabetic ketoacidosis 0.1 0.0 -
AE leading to treatment discontinuation (%) 4.7 49 0.79

Any serious adverse event (incl. death) (%) 38 42 <0.01




Secondary Points

Time to the first occurrence of either of the components of the composite: 18 %
CV death or 30 % hospitalization for HF.

Improvement Kansas City cardiomyopathy Questionnaire — Quality of Life

Decrease time to death from any cause 17 %

End Point Renal- No difference



The DEFINE-HF Trial
September 2019

Effects on Biomarkers, Symptoms,
and Functional Status in Patients

With Heart Failure With Reduced

Ejection Fraction N = 247

12 weeks did not affect mean NT-
proBNP but increased the
proportion of patients experiencing
clinically meaningful improvements
in HF-related health status

Endpoint primario
1. Cambios en NT-proBNP
2. Incrementos en >5 puntos del cuestionario Kansas City
o descenso del 20% en NT-proBNP



\

Absolute Event Rates in Patients V &
Treated With SGLT-2i and Other GLD % CVDREAL

Established No Established
Cardiovascular Disease Cardiovascular Disease

Bl SGLT-2i Bl SGLT-2i
] Other GLD [1 Other GLD

-
o

0,9 1.1

0.5 0.6
- | o g |
— |

Death  Heart Failure Deathor = Death  Heart Failure  Death or
Heart Failure Heart Failure

Cavender MA et al. J Am Coll Cardiol. 2018 (In Press)
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Objectives

Review the association between diabetes and heart failure

e Glycemic control and heart failure

Choice of glucose-lowering pharmacotherapy in patients with DM at high risk for
HF or with established HF

Cardiovascular therapy for the patient with diabetes and heart failure



Guideline-Directed Medical Therapy

Mineralo-

Angiotensin- corticoid-

ACE receptor Beta- receptor
inhibitor blocker blocker blocker
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) e NEW ENGLAN D
J’ JOURNAL of MEDICINE

l Angiotensin—Neprilysin Inhibition versus Enalapril

in Heart Failure

'PARADIGM-HEF|

SACECROUND Fror v §roah Maat Founden o (000
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Angiotensin |

Death or Hospitalization
* Lower blood ‘

o
FS

Natriuretic ar.Id _ | pressure
Enalapril other vasoactive "% | . promote sodium Angiotensin Il

peptides excretion '
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Renin-angiotensin-aldosterone system
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Cardiovascular
therapy for the
patient with
diabetes and
heart failure

Management of HF in patients with DM is largely the same as
treatment of HF in patients without DM

HFrEF and HFpEF includes exercise training

HFrEF and HFpEF Management includes diuretic (for volume
control, with careful use to avoid volume depletion)

Secondary pharmacologic agents including mineralocorticoid
receptor antagonist, )
and are used as indicated.

’

Standard indications for implantable cardioverter defibrillator
(ICD) and cardiac resynchronization therapy (CRT) apply to

patients with DM and HF.




Glucose Control Remains the Foundation of Type 2 Diabetes Management
However, Reducing HF Risk is of Utmost Importance

“RCTs have shown a significant reduction in heart
failure with use of an SGLT-2 inhibitor... the reduction in
heart failure has been shown to extend to primary
prevention populations.”

1Arnett DK, et al, Circulation. 2019 Sep 10;140(11):e563-e595

In patients with T2D with CVD risk factors who need additional glycemic

control after metformin, consider an SGLT-2il

American
Diabetes
.Association.

“In RCTs, SGLT-2 inhibitors reduced hospitalization for
HF...Among patients with atherosclerotic
cardiovascular disease at high risk of heart failure or in
whom heart failure coexists, SGLT-2 inhibitors are
preferred.”

2 American Diabetes Association. Diabetes Care. 2019;42(suppl1):590-5102

In patients with T2D where HF predominates, SGLT-2i preferred as a second

agent after metformin?




DAPA-HF. Subgroup analysis

PARADIGM-HF. Subgroup analysis




Summary

* Diabetes is associated with an increased risk of heart failure that is present in
patients with and without established cardiovascular disease

* Subclinical volume overload is common in patients with diabetes and associated
with an increased risk of death

* Glycemic control clearly reduces microvascular events; it is likely (although not
definitely proven) that glycemic control reduces myocardial infarction with no
effect on cardiovascular death or heart failure



Primary Community
clinicians resources

Ssummary

* Primary care + Social worker
» Cardiology « Community health
» Endocrinology workers

* SGLT-2i lower glucose and
reduce CV events, particularly
HF, and are the preferred
therapy for patients with DM
at risk for heart failure

Patient with
heart failure
and diabetes Other

clinicians

Specialists
(when needed)

Collaborative care between
internal medicine/primary
care physicians,
endocrinologists,
cardiologists, and nursing is
needed to optimize the care
of patients with diabetes

 Palliative care « Pharmacist
» Nephrology « Dietician
- Hospitalists * Physical therapist

© 2019 by the American Heart Association, Inc.,
and the Heart Failure Society of America.




Summary

e SGLT-2 inhibitors have demonstrated benefit in reducing the risk of hHF among
patients with T2D and stablished cardiovascular disease or multiple
cardiovascular risk factors.

* Routine clinical factors among patients with T2D may identify individuals at
higher risk of the di novo heart failure.

* Using these clinical risk factors in combination with natriuretic peptide may
identify patients who may benefit from initiation of SGLT-2 inhibitors.



Circulation

AHA SCIENTIFIC STATEMENT

Type 2 Diabetes Mellitus and Heart Failure

A Scientific Statement From the American Heart Association and
the Heart Failure Society of America

This statement does not represent an update of the 2017 ACCIAHA/HFSA heart failure quideline update.

* New ACC/AHF Hear Failure Guidelines due on 2021 - Pending new studies
» Last AHA/ HFS statement was published before the DAPA HF Results — Summer 2019

* Use your endocrinology ART before treating patients



Meliza Martinez Rodriguez, MD

Assistant Professor

Endocrinology, Diabetes and Metabolism Division
University of Puerto Rico School of Medicine

Thank Youl!






