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A 50-year old with Diabetes dies ~6 years earlier 

than an individual without Diabetes.

Emerging Risk Factors Collaboration NEJM 2011. 364: 829-841.

Wang et al. Circulation 2016. 133: 2459-2502.
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Diabetes increases the risk of CHD and Stroke.

Emerging Risk Factors Collaboration Lancet 2010;375:2215-2222
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Diabetes increases the risk of Heart Failure.

Kannel et al. Am J Cardiol 1974. 34: 29-34.
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Initial presentations of cardiovascular disease 

in patients with Diabetes.

Shah et al. Lancet Diabetes Endocrinol 2015. 3: 105-13.



Competing risks of CHD, Stroke, and Heart 

Failure Deaths in Diabetes

Baena-Diez et al. Diabetes Care 2016. 39: 1987-1995.

Cardiovascular Cause of Death HR (95% CI) (Ref: Non-diabetes)

Coronary Heart Disease 3.02 (2.38, 3.85)

Stroke 2.30 (1.63, 3.24)

Heart Failure 1.72 (1.05, 2.82)



Predictors of CHD, Stroke, and Heart Failure 

in Diabetes



Risks of CHD and Stroke vary by age and sex in 

Diabetes.

Emerging Risk Factors Collaboration. Lancet 2010;375:2215-2222.

Women and younger adults (40-59yo) have the highest risk of 
CHD and Stroke.



Risk of Heart Failure varies by age and sex in 

Diabetes.

Rosengren et al. Diabetologia 2018. 61: 2300-2309.

Young women 

have the highest 

risk of Heart 

Failure.



We need effective treatments to address all 

CV risks in Diabetes.
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Controlling traditional risk factors reduces CV 

risk.
Heart Failure

HR 0.30 (0.14, 0.64)

Gaede et al. Diabetologia 2016. 59: 2298-2307.

Oellgaard et al. Diabetologia 2018. 61: 1724-33.

CVD

HR 0.55 (0.39, 0.77)



Large CV Outcomes Trials in Diabetes

Study LEADER ELIXA SUSTAIN 6 EXSCEL REWIND

GLP-1 RA liraglutide lixisenatide semaglutide exenatide LR dulaglutide

Comparator placebo placebo placebo placebo placebo

n 16,500 14,000 6,000 5,400 8,300

Results 2015 2015 2016 2017 2019

Study EMPA-REG CANVAS DECLARE VERTIS CV Study

SGLT-2

inhibitor

empagliflozin canagliflozin dapagliflozin ertugliflozin

Comparator placebo placebo placebo placebo

n 7300 4,300 22,200 8,000

Results 2015 2017 2019 2019

Study SAVOR EXAMINE TECOS CARMELINA CAROLINA

DPP-4-

inhibitor

saxagliptin alogliptin sitagliptin linagliptin linagliptin

Comparator placebo placebo placebo placebo sulfonylurea

n 16,500 5,400 14,000 6,900 6,000

Results 2013 2013 2015 2017 2019



SGLT2 Inhibitors

Most glucose reabsorbed 
by SGLT2 (90%)

Proximal tubule

Glucose
Filtration

~180g/day

Minimal-no 
glucose 

excretion

Lee YJ, et al. Kidney Int Suppl 2007;106:S27–35; 

Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14–21 

Canagliflozin (Invokana)
Dapagliflozin (Farxiga)
Empafligozin (Jardiance)

Glucose excretion

Lower A1C

Energy loss,
Decr weight

Volume loss,
Decr BP



Renal effects of SGLT2 inhibition (1)
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Zelniker TA, Braunwald E.

JACC 2018;72:1845



7
MD senses ↑[Na+] in tubular 

fluid →↑ TG feedback → 

8 Constriction of afferent arteriole

9 MD ↓ renin release from JG cells →

10 Dilation of efferent arterioles 
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7

Zelniker TA, Braunwald E.

JACC 2018;72:1845

Renal effects of SGLT2 inhibition (2)

10 →↓ intraglomerular press. → renal protection



Early Proximal
Tubule

Early Proximal
Tubule

Most of
sodium

reabsorption
and renal

autoregulation
occurs here

What Are We Missing in the
Proximal Renal Tubule?



Kim Y et al. Diabetes Metab Syndr Obes. 2012;5:313-327.

• Insulin-independent 

action

• Calorie loss – possible 

weight loss

• Low hypoglycemia

• Complement action of 

other 

anti-diabetic agents

• Can be used regardless 

of diabetes duration

• Recurrent UTI

• Genital fungal infection 

• Decreased blood 

pressure

• Worsening of renal 

function#

• Increased hematocrit*

• Increased LDL-C*

# Specific considerations for individuals with existing renal insufficiency, the elderly, and those 

receiving loop diuretics 

* Significance on patient outcomes is unclear at this time

SGLT-2 Inhibitors for Treatment of T2DM

SGLT-2 inhibitors

block reabsorption of filtered glucose in kidneys

leads to glycosuria, improved glycemic control

Benefits Side effects



The SGLT-2 Inhibitor Studies

• The EMPA-REG and CANVAS trials showed 
that the SGLT-2 inhibitors empagliflozin and 
canagliflozin reduced the risk of death from 
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke.1,2

• Empagliflozin also was associated with slower progression of kidney disease and lower rates 
of clinically relevant renal events.3 In patients receiving canagliflozin, the composite outcome 
of sustained 40% reduction in eGFR, need for renal-replacement therapy, or death from renal 
causes occurred less frequently compared with placebo (CANVAS-R trial).2

1. Zinman B, et al. N Engl J Med. 2015;373:2117–2128 

2. Neal B, et al. N Engl J Med. 2017;377:644-657.

3. Wanner C, et al. N Engl J Med. 2016;375:323-334.



HbA1c in EMPA-REG OUTCOME Trial

6.0

6.5

7.0

7.5

8.0

8.5

9.0

A
d

ju
st

e
d

 m
e

a
n

 (
S
E
) 

H
b

A
1

c
 (

%
)

Week

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

2294

2296

2296

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

2272

2272

2280

2188

2218

2212

2133

2150

2152

2113

2155

2150

2063

2108

2115

2008

2072

2080

1967

2058

2044

1741

1805

1842

1456

1520

1540

1241

1297

1327

1109

1164

1190

962

1006

1043

705

749

795

420

488

498

151

170

195

12 28 52 94 10880 12266 1360 150 164 178 192 20640

20

All patients (including those who discontinued study drug or initiated new therapies) were included in this 
mixed model repeated measures analysis (intent-to-treat)X-axis: timepoints with reasonable amount of data 
available for pre-scheduled measurements

Zinman B et al. N Engl J Med 2015;373:2117



EMPA-REG OUTCOME Primary outcome:

3-point MACE

21

HR 0.86
(95.02% CI 0.74, 0.99)

p=0.0382*

Zinman B et al. N Engl J Med 2015; 373: 2117-28

772 Events

Patients with event/analysed
Empagliflozin Placebo HR (95% CI) p-value

3-point MACE 490/4687 282/2333 0.86 (0.74, 0.99)* 0.0382

CV death 172/4687 137/2333 0.62 (0.49, 0.77) <0.0001

Non-fatal MI 213/4687 121/2333 0.87 (0.70, 1.09) 0.2189

Non-fatal stroke 150/4687 60/2333 1.24 (0.92, 1.67) 0.1638

0.25 0.50 1.00 2.00

Favours empagliflozin Favours placebo



EMPA-REG OUTCOMES
Empagliflozin and CV Outcomes
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Zinman B, et al. N Engl J Med. 2015;373:2217-2128.



CANVAS: MACE with Canagliflozin
CV Death, Nonfatal Myocardial Infarction, or Nonfatal Stroke

Neal B, et al. N Engl J Med. 2017;377:644-657.



CANVAS and EMPA-REG Outcomes

• CANVAS and CANVAS-R trial data showed increased risk of leg and foot amputations 
with canagliflozin vs placebo; higher fracture rate also observed with canagliflogizin1

1. Neal B, et al. N Engl J Med 2017;377:644-657. 

2. Wanner C, et al. N Engl J Med. 2016;375:323-334.



EMPA-REG OUTCOME and CANVAS: 

Renal Outcomes

25

Zinman B et al. N Engl J Med 2016; DOI: 10.1056/NEJMoa1515920

40%↓ eGFR, RRT, Renal DeathDoubling SCre, RRT, Renal Death

Months Weeks

Neal B et al. N Engl J Med 2017. DOI: 10.1056/NEJMoa1611925

RECENT RESULTS OF 

CREDENCE STUDY 

PROVIDES UNEQUIVOCAL 
EVIDENCE OF 

RENOPROTECTIVE EFFECTS 

OF CANAGLIFLOZINE



CVD-REAL
How Do Data from Randomized Clinical Trials Compare with 
Real-world Clinical Practice?

• Investigational multi-country observational study using real-world clinical 
practice records from six countries

– United States, United Kingdom, Germany, Sweden, Norway, and Denmark

• Patients were followed from the index date until end of the index treatment 
(for the on-treatment analysis), migration/leaving the practice/database, last 
date of data collection, outcome date, or censoring date (range from 
September 2015 in the US to November 2016 in Sweden)

• The outcome of hospitalization for heart failure was evaluated for all six 
countries

• The outcome of all-cause death was evaluated for the US, Denmark, 
Norway, Sweden, and the UK



CVD-REAL: Contribution of SGLT-2 Inhibitors
All Countries Combined

Canagliflozi

n

Dapagliflozi

n

Empagliflozi

n

Kosiborod M, et al. Circulation. 2017;136:249-259.



CVD-REAL: Hospitalization for Heart Failure 
Primary Analysis

P-value for SGLT-2 inhibitor vs other glucose-lowering drug: <0.001 

Data are on treatment, unadjusted. 

Heterogeneity P-value=0.169

Kosiborod M, et al. Circulation. 2017;136:249-259.



CVD-REAL: All-cause Death 
Primary Analysis 

P-value for SGLT-2 inhibitor vs other glucose-lowering drug: <0.001

Data are on treatment, unadjusted. 

Heterogeneity P-value=0.089

Kosiborod M, et al. Circulation. 2017;136:249-259.



SLGT2 Inhibitors in DM & CV Disease
• Mechanism for striking decrease in CV mortality?

– Not anti-atherosclerotic effect?

– Hemodynamic effects likely : Diuresis

– Lowers BP

– CHF effect (including subclinical)? Diureisis plus?

– ? Direct Myocardial Effects (Remodelling/Energetics)

– Weight loss?

– Arrhythmia/sudden death effect?

– Other action? Decreased uric acid

• Therapeutic role in treating CVD in diabetes?

– CHF (HF-pEF or rEF?) EMPEROR Trials 

– Suboptimal BP control

• Therapeutic role in treating CVD w/o diabetes?

– No hypoglycemia 

• Class effect? Very likely at least for DM and CHF



AACE

Garber AJ, et al. Endocr Pract. 2017;23:207-238. Used for educational purposes only.



Take Away Points

• Risks of CHD, Stroke, and Heart Failure are very high in 

patients with diabetes, especially in younger women

• Newer drugs such as SGLT2i are safe and highly effective 

in reducing most CV complications, specially HFH and 

Renal failure which are increasing in DM pts.

• Comprehensive risk factor control & use of these newer 

drugs should improve the CV outcomes in DM.



THANK YOU!


