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Diabetes Atlas Committee. Diabetes Atlas 2nd Edition: IDF 2003. 
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Global Projections for the Diabetes Epidemic: 2003-2025 



In a Single Year in the United Statesé 

 

¶86,000 amputations are performed because 
of diabetes 

¶12,000-24,000 people lose their eyesight from 
diabetes 

¶41,000 people begin treatment for end-stage 
kidney disease  

¶213,000 people die from diabetes and its 
complications 

American Diabetes Association.  National Diabetes Fact Sheet.  Available at http://www.diabetes.org/diabetes-statistics.  
Accessed April 29, 2005. 
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More recent studies suggest that this is perhaps only true for those with 
fairly long - standing diabetes ï duration over ten years.   
 

Diabetes = CVD Risk 

Haffner SM et al. N Engl J Med. 1998;339:229; Arch Intern Med . 2011;171:404.  



Benefit of Comprehensive, Intensive Management: 
STENO 2 Study 

Treatment Goals: 
¶Intensive TLC 

¶HgbA1c <6.5% 

¶Cholesterol <175 

¶Triglycerides <150 

¶BP <130/80 
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12 24 36 48 60 72 84 96 

n =80 
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Gaede, P. et al, NEJM 2003;348:390-393 



Risk ratio (95% CI) p value Complication 

INTENSIVE better 

STATIN worse 

1Á Endpoint 

0.39 (0.17 ï 0.87) 0.003 Nephropathy     

Retinopathy 

Autonomic 

neuropathy 

Peripheral  

neuropathy 

CONVENTIONAL better 

0.2 0.4 0.6 1.0 1.2 1.4 0.8 1.6 1.8 

0.47 (0.24 ï 0.73) 

61% risk reduction 

53% risk reduction 0.008 

0.42 (0.21 ï 0.86) 0.02 

0.37 (0.18 ï 0.79) 0.002 

1.09 (0.54 ï 2.22 0.66 

58% risk reduction 

63% risk reduction 

1Á endpoint: CVD death, non-fatal MI, CABG, PTCA, non-fatal stroke, amputation, any bypass 

Main Results Steno ð 2 Study 

Gaede P et al. NEJM 348:5, 2003. Leiter LA. Diabetes Res. Clin Practice.  

The role for lipid lowering for microvascular complications. 



Reaching Goal of CV Risk Factor Levels Among Adults 
With Diagnosed Diabetes 
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NHANES III (n = 1204)

NHANES 1999-2000 (n = 370)

  HbA1c Level 

< 7% 

Blood Pressure  

<130/80 mm Hg 

  Total Cholesterol 

 < 200 mg/dL 

  Achieved all 3 

treatment goals 

Vascular Disease Risk Factors 

Saydah et al. JAMA. 2004;291:335-342. 

Fewer than half of the adults with diabetes achieve treatment goals for 
CV risk factors 



Natural Progression of Type 2 Diabetes 
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Adapted from Type 2 Diabetes BASICS . Minneapolis, Minn: International Diabetes Center; 2000.  



Mermaid  in Copenhagen where NPH Insulin was invented 
by Hans Christian Hagedorn 

ñNeutral Protamine Hagedornò 



*Dashed line shows extrapolation backward from year 0 and forward from year 6 from diagnosis based on Homeostasis Model 

Assessment (HOMA) data from UKPDS. ÀIGT = impaired glucose tolerance. ÿThe data points for the time of diagnosis (0) and the 

subsequent 6 years are taken from the obese subset of the UKPDS population and were determined by the HOMA model. 

 Adapted  from Lebovitz HE. Diabetes Rev. 1999;7:139-153. ©1999 American Diabetes Association.   

b-Cell Function Declines Over Time 

Patients Treated with 

Metformin and/or 

Sulfonylureasÿ 
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HbA1c in the UKPDS 

Adapted from UK Prospective Diabetes Study (UKPDS) Group. Lancet. 1998;352:837-853. 
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United Kingdom Prospective Diabetes Study. Stratton IM et al. BMJ. 2000;321:405-412.  

The Need for Tight Glycemic Control 

According to the United Kingdom Prospective Diabetes 
Study (UKPDS) 35, Every 1% Decrease in A1C Resulted in: 

Decrease  
in risk of  

microvascular 
complications 

(P<.0001)  

Decrease  
in risk of any 

diabetes-related 
end point 
(P<.0001) 

Decrease 
in risk of MI 
(P<.0001) 

Decrease  
in risk of 
stroke 
(P=.04) 

21% 
14% 12% 

37% 
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Intensive/Conventional  

Treatment 

Metabolic Memory Counts 

Leroith, Fonseca, AI Vinik JDiabetes, Metab Res Rev, 2005: 21, 85-90, 



Main Pathophysiological Defects in T2DM  
òThe Ominous Octetó 

Islet b-cell 

Impaired 

Insulin Secretion 

Neurotransmitter 

Dysfunction 

Decreased Glucose 

Uptake 

Islet a-cell 

Increased 

Glucagon Secretion 

Increased 
Lipolysis 

Increased Glucose 

Reabsorption 

Increased 

HGP 

Decreased 
Incretin Effect 

Defronzo RA. Diabetes. 2009 Apr;58(4):773-95.  



(180 L/day) (1000 mg/L) = 180 g/day 

SGLT 2 

10% 

90% 

NO 
GLUCOSE 

S3 

S1 

 
SGLT1 

Renal Handling of Glucose 

Adapted from slide by Ralph A. Defronzo, MD.  



ÅSimilar to other oral antihyperglycemic agents in A1C reduction 

Å Reduces both FPG and PPG 

Å Certainly equivalent efficacy to metformin, sulfonylurea and DPP-4 inhibitors 

ÅModest weight loss  

Å ~3 kg at 26 weeks vs placebo; slightly greater weight loss at 52 weeks 

ÅModest blood pressure reduction  

Å 2-7 mm Hg vs placebo 

ÅNo intrinsic increased risk of hypoglycemia 

 

Summary of Observed Efficacy of  
SGLT2 Inhibitors 

 

 

Hasan FM, Alsahli M, Gerich JE. Diabetes Res Clin Pract. 2014 Jun;104(3):297-322.  Tahrani AA, Barnett AH, Bailey CJ. 

Lancet Diabetes Endocrinol. 2013 Oct;1(2):140-51. 



Safety Concerns Raised with SGLT2 inhibitors 

Package inserts; *http://www.fda.gov/Drugs/DrugSafety/ucm500965.htm;  

Hypotension   C D E 

Ketoacidosis   C D E 

Acute kidney injury   C D - 

Impairment of renal function  - - E 

Hyperkalemia   C - - 

Urosepsis    C D E 

Hypoglycemia   C D E 

Genital mycotic infection  C D E 

Bone fractures   C ? - 

Increased LDL   C D E 

Amputations*   ? - -  

Bladder cancer   - D - 

Macrovascular outcomes  - ? ? 

Cana- 

gliflozin 

Dapa- 

gliflozin 

Empa- 

gliflozin 



 

 

 

 

 

Timeline of Major SGLT2 Inhibitor Trials 

2014 

2015 2016 2017 2018 2019 

CREDENCE  

enrollment 

CREDENCE  

ended 

DECLARE 
EMPA-REG 

OUTCOME 

CANVAS  

Program 



Zinman B, et al. N Engl J Med. 2015. 373(22):2117-28. 

EMPA-REG (empagliflozin) 
 

  Primary outcome: 3-point MACE = Nonfatal stroke, Nonfatal myocardial 

infarction, and Cardiovascular death 



EMPA-REG (empagliflozin) 
Randomization 

Study medication was given in addition to standard of care 

¶Glucose-lowering therapy was to remain unchanged for first 12 

weeks 

Treatment assignment double masked 

The trial was to continue until at least 691 patients experienced an 

adjudicated primary outcome event 

 

Randomised and 

treated 

(n=7020) 

Empagliflozin 10 mg 

 (n=2345)  

Empagliflozin 25 mg  

(n=2342)  

Placebo  

(n=2333) 

Screening 

(n=11531) 

Zinman B, et al. N Engl J Med. 2015. 373(22):2117-28. 



EMPA-REG Baseline Demographics 

Zinman B, et al. N Engl J Med. 2015. 373(22):2117-28. 



EMPA-REG (empagliflozin) 
Primary outcome: 3-point MACE 

HR 0.86 

(95.02% CI 0.74, 0.99) 

p=0.0191 

p=0.0382 

Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio.  

*Two-sided tests for superiority were conducted (statistical significance was indicated if pÒ0.0498) 

Zinman B, et al. N Engl J Med. 2015. 373(22):2117-28. 



 

Patients with event (%)  

Empagliflozin 

(N=4687) 

Placebo 

(N=2333) 
HR (95% CI) 

CV death 172 (3.7%) 137 (5.9%) 0.62 (0.49, 0.77) 

Sudden death 53 (1.1%) 38 (1.6%) 0.69 (0.45, 1.04) 

Worsening of heart 

failure or 

cardiogenic shock 

14 (0.3%) 22 (0.9%) 0.32 (0.16, 0.62) 

Acute MI 15 (0.3%) 11 (0.5%) 0.68 (0.31, 1.48) 

Stroke 16 (0.3%) 11 (0.5%) 0.72 (0.33, 1.55) 

Other* 74 (1.6%) 55 (2.4%) 0.66 (0.47, 0.94) 

EMPA-REG (empagliflozin)  
Categories of CV death 

Cox regression analysis.  

*1.5% on empagliflozin and 2.3% on placebo were presumed CV death (insufficient data for 

the adjudication committee to categorize cause of death). 

Fitchett D et al. J Am Coll Cardiol 2016;67:1869.  

Favors 

placebo 

Hazard ratio 

 (95% CI) 

Favors 

empagliflozin 



EMPA-REG (empagliflozin) 
Hospitalization for heart failure 

HR 0.65 

(95% CI 0.50, 0.85) 

p=0.0017 

Cumulative incidence function. HR, hazard ratio  

Zinman B, et al. N Engl J Med. 2015. 373(22):2117-28. 



EMPA-REG (empagliflozin)  
Incident or Worsening Nephropathy 

Kaplan-Meier estimate. Hazard ratios based on pre-specified Cox regression analyses.  

Wanner C, et al. NEJM 2016 



Canagliflozin for Primary and Secondary Prevention 
of Cardiovascular Events in Type 2 Diabetes: 
Results From the CANVAS Program 

Kenneth W. Mahaffey, Bruce Neal, Vlado Perkovic, Dick de Zeeuw,  

Greg Fulcher, Ngozi Erondu, Wayne Shaw, Tao Sun, Mehul Desai,  

David R. Matthews, on behalf of the CANVAS Program collaborative 

group 

November 13, 2017  

DOI: 10.1161/CIRCULATIONAHA.117.032038 



CANVAS Program 

CANVAS n = 4330  

CANVAS - R (Renal)  

n = 5812  

CANVAS Program  

N = 10,142 

2010  2011  2012  2013  2014  2015  2016  2017  2009  

2 - week  
placebo run - in  

Canagliflozin 300 mg  

+  

Canagliflozin 100 mg  

Placebo  

R 

Neal B. NEJM. 2017. 



CANVAS Participants 

Patients with type 2 diabetes 

¶ HbA1c Ó7.0% to Ò10.5% 

¶ eGFR Ó30 mL/min/1.73 m2 

¶ Secondary prevention: Age Ó30 years and history of prior CV event    

        OR  

  Primary prevention: Age Ó50 years with Ó2 CV risk factors*  

Of 10,142 patients enrolled 

¶ 6656 (66%) secondary prevention 

¶ 3486 (34%) primary prevention 

Neal B. NEJM. 2017. 

*Diabetes duration Ó10 years, SBP >140 mmHg on Ó1 medication, current smoker, micro- or macroalbuminuria, or HDL-C <39 mg/dL 



Baseline Characteristics 

  
Secondary prevention 

(n = 6656) 

Primary prevention 

(n = 3486) 

Mean age, y 64 63 

Female, % 31 45 

Mean duration of diabetes, y 13 14 

Mean HbA1c, % 8.2 8.3 

Hypertension, % 89 91 

Antihyperglycemic agents, % 98 99 

Cardioprotective agents, % 

  RAAS inhibitor 80 81 

  Statin  81 63 

  Antithrombotic 87 49 

  Beta blocker 64 33 

  Diuretic 44 44 



Baseline CV Disease History 

  
Secondary prevention 

(n = 6656) 

Primary prevention 

(n = 3486) 

Myocardial infarction 44 0.5 

Hospitalization for USA 11 0 

Coronary revascularization 54 0.1 

PCI 38 0.1 

CABG 21 <0.1 

Stroke 19 0.4 

Carotid revascularization 1 0 

Peripheral revascularization  

(surgical or percutaneous) 
8 0.1 

Amputation 3 0.6 

Data are percentage of participants. 



CV Death, Nonfatal MI, or Nonfatal Stroke 

Primary Prevention Secondary 

Prevention 
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Hospitalization for HF 
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Prevention 
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Renal Composite Outcome 

Renal composite outcome includes 40% reduction in eGFR, renal replacement therapy, or renal death. 

Primary Prevention Secondary 

Prevention 
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CV and Renal Outcomes 

Neal B. NEJM. 2017. 

Hazard ratio (95% CI)  

Favors Placebo  Favors Canagliflozin  

1.0  0.5  2.0  

Hospitalization for heart failure  0.67 (0.52, 0.87)  

CV death or hospitalization for heart failure  0.78 (0.67, 0.91)  

All -cause mortality  0.87 (0.74, 1.01)  

CV death, nonfatal MI, or nonfatal stroke  0.86 (0.75, 0.97)  
p = 0.02  

Progression of albuminuria  0.73 (0.67, 0.79)  

Renal composite  0.60 (0.47, 0.77)  



Patients per  

1000 patient-years 

Canagliflozin Placebo 

Hazard ratio  

(95% CI) p-interaction 

Male genital infections 
37 11 3.7 (2.7, 5.0) 0.83 

41 11 4.0 (2.6, 6.1) 

38 11 3.8 (3.0, 4.8) 

Female genital infections* 
82 20 4.0 (2.1, 7.5) 0.69 

77 16 4.8 (2.5, 9.2) 

79 18 4.4 (2.8, 6.9) 

Low-trauma fracture 
12 9 1.2 (0.9, 1.6) 0.85 

11 9 1.2 (0.9, 1.8) 

12 9 1.2 (1.0, 1.5) 

Volume depletion events* 
31 23 1.4 (1.0, 1.9) 0.65 

22 14 1.6 (1.0, 2.6) 

27 19 1.4 (1.1, 1.9) 

Hypoglycemia* 
60 52 1.2 (0.9, 1.5) 0.52 

51 50 1.0 (0.8, 1.4) 

56 51 1.1 (0.9, 1.4) 

Lower-extremity amputation 
9 4 2.1 (1.4, 3.0) 0.63 

3 2 1.5 (0.7, 3.3) 

6 3 2.0 (1.4, 2.7) 

Safety Events 

Secondary prevention Primary prevention Overall population 

Favors Canagliflozin Favors Placebo 

0.25 1 8 32 0.5 2 4 16 

*Serious and nonserious adverse events of interest collected in CANVAS only. 



Number 

of patients (95% CI) 

CV death, nonfatal MI, or  

nonfatal stroke 

796 36 (9, 63) 

215 ð2 (ï23, 20) 

1011 23 (4, 42) 

Hospitalization for heart failure 

198 20 (7, 33) 

45 8 (ï2, 18) 

243 16 (7, 25) 

40% reduction in eGFR,  

renal replacement therapy,  

or renal death 

179 21 (8, 33) 

70 13 (ï0.5, 25) 

249 18 (8, 27) 

Lower extremity amputation 

154 ð21 (ï31, ï11) 

33 ð5 (ï13, 3) 

187 ð15 (ï22, ï8) 

Benefit Risk: Risk Differences 

Harm Benefit 

80 20 0 ï40 40 60 ï20 

Number of events 

prevented in 1000  

patients over 5 years 

Secondary prevention 

Primary prevention 

Overall population 



CREDENCE: Canagliflozin and Renal Events in Diabetes 

with Established Nephropathy Clinical Evaluation  


