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Goals of presentation

• 1) SGLT-2 inhibitors and cardiorenal disease

• 2) GLP analogues  

• 3) Heterogeneity of diabetes  

• 4) Practical considerations in diabetes management





Cardiac and renal 

disease in diabetes 













Diabetes Is the Leading Cause of Kidney Failure: US Data

United States Renal Data System (USRDS). USRDS Annual Report, Chapter 1. https://www.usrds.org/2012/pdf/v2_ch1_12.pdf. 
Accessed March 15, 2019.
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Africa
(0.08→0.24)

Asia
(0.97→2.16)

Europe
(0.53→0.83)

Latin America
(0.37→0.90) 

North America
(0.64→1.26)

Oceania
(0.03→0.05)
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Liyanage T, et al. Lancet. 
2015;385(9981):1975-1982.

Number of People Receiving Renal Replacement Therapy Is 
Projected to Double



Increasing Incidence and Prevalence of ESKD: US Data

Kirchhoff S. Medicare coverage of end-stage renal disease (ESRD). https://fas.org/sgp/crs/misc/R45290.pdf. Accessed 
February 13, 2019.



Diabetic Kidney Disease Shortens Life Span by 16 Years

Wen CP, et al. Kidney Int. 2017;92(2):388-396.

Life span loss with: 
• Early CKD: 6 

years
• Diabetes: 10 

years
• Early DKD: 16 

years
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SGLT 2 inhibitors
Canagliflozin - Invokana 

Empagliflozin - Jardiance 

Dapagliflozin -Forxiga 
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SGLT2 inhibitors and 

cardiac disease 
Canagliflozin - Invokana 

Empagliflozin - Jardiance 

Dapagliflozin -Forxiga 
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SGLT2i CVOT summary
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 CV death 
(p<0.001)

 All-cause 
death
(p<0.001)



Hospitalization
s for HF 
(p=0.002)

 Genital 
infections

 Lower limb 
amputations
(p=<0.001)

 HF
(HR=0.67 [0.52–
0.87])

 Genital 
infections and 
fractures 

Hazard ratio 
 (95% CI)

p
value

Empagliflozin (EMP
A-REG, 3P)

0.86 (0.74; 0.99) 0.04

Canagliflozin (CAN
VAS, 3P)

0.86 (0.75; 0.97) 0.02

C
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N
V

A
S

Significant secondary 
outcomes



PERSONAL USE ONLY

Empagliflozin reduced doubling of serum 
creatinine*, initiation of renal replacement therapy, 
or death due to renal disease

Hazard ratios are based on Cox regression analyses.  *Accompanied by eGFR [MDRD] ≤45 ml/min/1.73m2.
HR, hazard ratio; CI, confidence interval. Post-hoc analyses.

Wanner et al. N Engl J Med 2016; 75:323-334

2018 Diabetes Canada CPG – Chapter 29.  Chronic Kidney Disease in Diabetes



SGLT2 inhibitors and 

diabetic renal  disease 
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CREDENCE

Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation 



34 Countries, 690 Sites, 4401 Participants

Europe (n = 1368)

• Bulgaria

• Czech Republic

• France

• Germany

• Hungary 

• Italy

• Lithuania

• Poland

Asia Pacific* (n = 848)

• Australia 

• China 

• India

• Japan 

• Korea

• Malaysia

(38)

(129)

(144)

(110)

(122)

(135)

• New Zealand

• Philippines

• Taiwan

• United Arab Emirates

*Analyzed as part of rest of world (n = 1414) in prespecified subgroup analyses.

Central/South America  (n = 941)

• Argentina

• Brazil

• Chile

• Colombia

• Guatemala



Study Design

Participants continued treatment if eGFR was <30 mL/min/1.73 m2 until 
chronic dialysis was initiated or kidney transplant occurred. 

Key inclusion criteria
• ≥30 years of age 
• T2DM and HbA1c 6.5% to 12.0%
• eGFR 30 to 90 mL/min/1.73 m2

• UACR 300 to 5000 mg/g
• Stable max tolerated labelled dose 

of
ACEi or ARB for ≥4 weeks

Key exclusion criteria
• Other kidney diseases, dialysis, or kidney 

transplant
• Dual ACEi and ARB; direct renin inhibitor; MRA
• Serum K+ >5.5 mmol/L
• CV events within 12 weeks of screening 
• NYHA class IV heart failure
• Diabetic ketoacidosis or T1DM

2-week placebo 
run-in

Placebo

Canagliflozin 100 mg 

R
Double-

blind 
randomizati

on
(1:1)

Follow-up at Weeks 3, 13, and 26 (F2F) 
then every 13 weeks (alternating phone/F2F)

Jardine MJ, et al. Am J Nephrol. 2017;46(6):462-472.



Primary Endpoint Definitions

• ESKD

– Chronic dialysis for ≥30 days

– Kidney transplantation

– eGFR <15 mL/min/1.73 m2 sustained for ≥30 days by central laboratory assessment

• Doubling of serum creatinine

– Doubling from the baseline average sustained for ≥30 days by central laboratory assessment

• Renal death

– Deaths in patients who have reached ESKD who die prior to initiating renal replacement therapy and no 
other cause of death is adjudicated

• CV death

– Death due to MI, stroke, heart failure, sudden death, death during a CV procedure or as a result of 
procedure-related complications, presumed sudden CV death, death of unknown cause, or death resulting 
from a documented CV cause other than those listed



Hazard ratio  
(95% CI) P value

Primary composite outcome 0.70 (0.59–0.82) 0.00001

Doubling of serum creatinine 0.60 (0.48–0.76) <0.001

ESKD 0.68 (0.54–0.86) 0.002

eGFR <15 mL/min/1.73 m2 0.60 (0.45–0.80) –

Dialysis initiated or kidney transplantation 0.74 (0.55–1.00) –

Renal death 0.39 (0.08–2.03) –

CV death 0.78 (0.61–1.00) 0.0502

ESKD, doubling of serum creatinine, or renal death 0.66 (0.53–0.81) <0.001

Dialysis, kidney transplantation, or renal death* 0.72 (0.54–0.97) –

Summary Forest Plot

Favors 

Canagliflozin

Favors 

Placebo

0.2
5

0.5 1.
0

2.
0

4.0

*Post hoc analysis.



Primary Outcome by Screening eGFR and Albuminuria

Hazard ratio   (95% CI)

Screening eGFR

30 to <45 mL/min/1.73 m2 0.75 (0.59–0.95)

45 to <60 mL/min/1.73 m2 0.52 (0.38–0.72)

60 to <90 mL/min/1.73 m2 0.82 (0.60–1.12)

Baseline UACR

≤1000 mg/g 0.76 (0.55–1.04)

>1000 mg/g 0.67 (0.55–0.81)
Favors 

Canagliflozin

Favors 

Placebo

0.2
5

0.5 1.
0

2.
0

4.0



Effects on Albuminuria and Estimated GFR.

Perkovic V et al. N Engl J Med 2019;380:2295-2306



Summary

• Canagliflozin reduced the risk of the primary outcome of ESKD, doubling of serum 
creatinine, or renal or CV death by 30% (P = 0.00001)

– The results were consistent across a broad range of prespecified subgroups

• Canagliflozin also reduced the risk of the secondary outcome of ESKD, 
doubling of serum creatinine, or renal death by 34% (P <0.001)

• Similar risk reductions were seen for exploratory outcomes assessing components of 
the primary outcome

– ESKD: 32% lower (95% CI, 14–46)

– Dialysis, transplantation, or renal death: 28% lower (95% CI, 3–46)

• Canagliflozin attenuated the slope of chronic eGFR decline 
by 2.7 mL/min/1.73 m2/year (1.9 vs 4.6)



Summary

Primary Hazard ratio (95% CI)

1. ESKD, doubling of serum creatinine, or renal or CV death 0.70 (0.59–0.82)

Secondary

2. CV death or hospitalization for heart failure 0.69 (0.57–0.83)

3. CV death, MI, or stroke 0.80 (0.67–0.95)

4. Hospitalization for heart failure 0.61 (0.47–0.80)

5. ESKD, doubling of serum creatinine, or renal death 0.66 (0.53–0.81)

6. CV death 0.78 (0.61–1.00)

7. All-cause mortality 0.83 (0.68–1.02)

8. CV death, MI, stroke, hospitalization for heart failure, or hospitalization for 

unstable angina
0.74 (0.63–0.86)

Not formally 
tested

Not formally 
tested

✔

✔
✔
✔
✔

Not significant



NNT for Renal and CV Outcomes Over 2.5 Years

46

CV death, MI, or 
stroke

Hospitalization for heart 
failure

40

28

ESKD, doubling of 
serum creatinine, or 
renal death

ESKD

43

Primary composite 
outcome

22



Dialysis Survival Compared to Common Cancers

Unadjusted 10-year survival for all-cause mortality in Canada
N = 33,500 incident maintenance dialysis patients; 532,452 incident 

cancer patients Naylor KL, et al. Am J Kidney Dis. 2019. Epub ahead of print. doi:10.1053/j.ajkd.2018.12.011.
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Glucagon like peptides  

and DPP IV inhibitors



The Incretin Effect 

Is Reduced in Patients With Type 2 Diabetes
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*P ≤.05 compared with respective value after oral load. 
Nauck MA, et al. Diabetologia. 1986;29:46-52.
Reprinted with permission from Springer-Verlag © 1986.

Patients With Type 2 DiabetesControl Subjects

Intravenous Glucose

Oral Glucose



GLP-1 Effects in Humans: Understanding 

the Glucoregulatory Role of Incretins

Promotes satiety and 
reduces appetite

Beta cells:
Enhances glucose-
dependent insulin 

secretion

Adapted from Flint A, et al. J Clin Invest. 1998;101:515-520.; Adapted from Larsson H, et al. Acta Physiol Scand. 
1997;160:413-422.; Adapted from Nauck MA, et al. Diabetologia. 1996;39:1546-1553.; Adapted from Drucker DJ. 
Diabetes. 1998;47:159-169.

Liver:
↓ Glucagon reduces 

hepatic glucose output

Alpha cells:
↓ Postprandial

glucagon secretion

Stomach:
Helps regulate 

gastric emptying

D:%5CExenatide%20MASTER%5CReferences%5Cflint_sllide%207.pdf
D:%5CExenatide%20MASTER%5CReferences%5Clarsson_slide%207.pdf
D:%5CExenatide%20MASTER%5CReferences%5Cnauck_1996%20slide%207.pdf
D:%5CExenatide%20MASTER%5CReferences%5Cdrucker_1998%20slide%207.pdf


Heart
• Increases glucose uptake

(non-insulin mechanisms)6

• nitric oxide synthesis
• p38 MAP kinase activity
• GLUT-1 translocation

• Activates anti-apoptotic 
kinases7

Vascular system
• Nitric oxide-dependent vasorelaxation3

• Reduces TNFa-mediated secretion of 
PAI-1 by cultured endothelial cells4,5

Kidney
Increases diuresis and 
sodium excretion in 
response to sodium 
overload and volume 
expansion1,2 GLP-

1

1. Gutzwiller et al. Endocrinol Metab 2004;89:3055–61; 2. Gutzwiller et al. Digestion 2006;73:142–50; 3. Golpon et al. Regul Pept
2001;102:81–6; 
4. Liu et al. J Endocrinol 2008;196:57–65; 5. Liu et al. J Endocrinol 2009;201:59–66; 6. Zhao et al. J Pharmacol Exp Ther 2006;317:1106–13; 
7. Bose et al. Diabetes 2005;54:146–51

Postulated effects of GLP-1 in the cardiovascular system

http://images.google.com/imgres?imgurl=http://www.aic.cuhk.edu.hk/web8/Hi%20res/Heart.jpg&imgrefurl=http://www.aic.cuhk.edu.hk/web8/Heart%20diagrams.htm&h=1418&w=1464&sz=682&hl=en&start=6&tbnid=ZerKP5i_iC28RM:&tbnh=145&tbnw=150&prev=/images?q=heart&svnum=10&hl=en&lr=&sa=G
http://images.google.com/imgres?imgurl=http://www.aic.cuhk.edu.hk/web8/Hi%20res/Kidney%20cross%20section.jpg&imgrefurl=http://www.aic.cuhk.edu.hk/web8/toc.htm&h=1072&w=698&sz=111&hl=en&start=29&tbnid=26ebwCGtoUHDiM:&tbnh=150&tbnw=98&prev=/images?q=kidney&start=20&ndsp=20&svnum=10&hl=en&lr=&sa=N




His Aib Thr

Ala Ala

Ala Arg

AspGlu

Glu
Glu

Gly

Gly

GlyGly

ThrPhe

Phe

Ser

Ser

Ser

Val

Val Arg

Lys Gln Leu Tyr

LeuIle Trp

Aib

Amino acid substitution at position 
8
(Alanine to alpha-aminoisobutyric acid) 
protects against DPP-4 degradation1

8

Arg

Amino acid substitution at position 
34
(lysine to arginine) prevents C-18 fatty 
acid binding at wrong site1

34

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; t½, half-life. 
1. Lau J et al. J Med Chem 2015;58:7370-80; 2. Kapitza C et al. J Clin Pharmacol 2015;55:497-504; 
3. Marbury TC et al. Diabetologia 2014;57:S358; 
4. Connor et al. Poster 1195–P. ADA 77th Scientific Sessions. June 9–13, 2017.

Semaglutide: a human GLP-1 analog

26

Spacer

C
O

O
H

Spacer and C-18 fatty di-
acid chain 
attached to lysine in 
position 26 provide strong 
binding to albumin1

Lys

94% homology to human 
GLP-11

t½ of approximately 1 
week2–4

GLP-1RAs molecular size and structure









odium N-(8-(2-hydroxybenzoyl) Amino) Caprylate (SNAC)
• Co-formulation of semaglutide with an 

absorption 
enhancer is necessary to achieve adequate 
bioavailability 
of oral administration

• The absorption enhancer, SNAC, is a 
small fatty acid derivative that promotes 
absorption across the 
gastric epithelium

• Oral semaglutide is co-formulated with 300 
mg SNAC

SNAC, Sodium N-(8-(2-hydroxybenzoyl) amino) caprylate. 
Buckley ST, et al. Sci Transl Med. 2018;10.

Oral semaglutide | Tablet co-formulation with SNAC



SNAC: Sodium N-(8-(2-hydroxybenzoyl) amino) caprylate.
Buckley ST, et al. Sci Transl Med. 2018;10.

Absorption of oral semaglutide occurs in 
the stomach

Absorption of semaglutide 
requires 

co-formulation with SNAC

SNAC causes a local increase 
of pH leading to higher 

solubility and protection from 
proteolytic degradation
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Line graph: values are observed means ± standard error of the mean.  Bar graphs: estimated mean changes from baseline to week 26 and 52.
*Statistically significant in favour of oral semaglutide compared with empagliflozin at a 5% significance level.
Montanya E, et al. Oral presentation 54-OR. ADA 79th Annual Scientific Sessions. June 08, 2019.

PIONEER 2: HbA1c
CHANGE FROM BASELINE TO WEEKS 26 AND 52

Trial product estimandTreatment policy estimand
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Empagliflozin 25 mg

Oral semaglutide 14 
mg

Time since randomisation (weeks)



Oral sema 1591 1590 1586 1585 1582 1578

Placebo 1592 1586 1580 1572 1568 1561
All events confirmed by EAC. Cumulative incidence estimate plot for EAC-confirmed all-cause death using ‘in-trial’ data from subjects in the full analysis set. Time from randomization to 
EAC-confirmed all-cause death was analyzed using a Cox proportional hazards model with treatment as categorical fixed factor and stratified by evidence of CV disease at screening. 
Subjects were censored at the end of their in-trial observation period. 
CV, cardiovascular; EAC, event adjudication committee; HR, hazard ratio. Husain M, et al. N Engl J Med 2019. doi: 10.1056/NEJMoa1901118.

PIONEER 6: All-cause death

Oral semaglutide
Placebo

HR: 0.51 [0.31; 
0.84]
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SIDE EFFECTS SGLT-2 INHIBITORS

• GENITAL MYCOTIC INFECTIONS 

• HYPOVOLEMIA

• FREQUENCY MICTUIRITION

• ? BONE FRACTURES

• ? EXACERBATION OF PERIPHERAL VASCULAR DISEASE

• DIABETIC KETOACIDOSIS



DKA AND SGLT-2 INHIBITORS

• COMMONER IN INSULINOPENIC STATES  

• KETO DIETS 

• STARVATION 

• SEVERE EXCERCISE 

• ALCOHOLIC EXCESS 

• EUGLYCEMIC KETOACIDOSIS



SIDE EFFECTS GLP-1 ANALOGUES

• NAUSEA AND VOMITING 

• HEART FAILURE EXACERBATION 

• WORSENING OF RETINOPATHY 



SOME PRACTICAL CONSIDERATIONS

CHOICES , TIME, BEHAVIOURS, CONTROL ETC 



Initial treatment- type 2 diabetes 

• Metformin plus ???

• Sulphonylurea

• DPP-IV inhibitor

• SGLT-2

• Insulin (intensive therapy?)

• GLP analogue



RE- EVALUATION OF TREATMENT 

• 1)HISTORY AND SPP LIFESTYLE EVALUATION 

• 2)ARE THEY PRODUCING INSULIN?- CLINICAL FEATURES 
AND C-PEPTIDE EVALUATION 

• 3)BASAL INSULIN PLUS GLP 

• 4) NO KNOWN ALGORITHM



FACTORS TO CONSIDER

• CLASSIFICATION - TYPE ? 

• SOCIOECONOMIC FACTORS 

• COMORBIDITIES  ( heart disease, renal failure, obesity

• AGE 

• OTHER



case 1

• 68 year old woman BMI 23 

• diagnosed with type 2 diabetes August 2017 ( 
hyperglycaemia on routine blood work)

• treated with 4 oral hypoglycemics and basal insulin to try 
and control BG 

• assessed in CCDC April 2018

• What’s unusual ??



Tests 

• C- PEPTIDE            - (N 370 -1470)

• ANTI GAD TITRES - >250 (N<5)

• DIAGNOSIS 

• -

• LATENT AUTOIMMUNE DIABETES OF ADULTS



case 2

• 44 year old MAN BMI 28 

• diagnosed with type 2 diabetes AGE 22 

• treated with insulin within a year of diagnosis 

• assessed in CCDC May 2016

• A1c 9, BMI 44

• Meds: lever 70u bedtime, 25 U homolog c meals , trajenta

• Whats unusual ??

• Management ?



Tests 

• C- PEPTIDE            <5 (N 370 -1470)

• ANTI GAD TITRES - >100  (N<5)

• DIAGNOSIS ?

• type 1 diabetes ( hence not candidate for SGLT2 inhibitors 
etc)



Clinical and laboratory features of latent autoimmune diabetes of adulthood6,30,33. 

Devin W. Steenkamp et al. CMAJ 2014;186:678-
684

©2014 by Canadian Medical Association





NOT FOR COMMERCIAL USE

ABCDES3 of Diabetes Care
✓A • A1C – optimal glycemic control (usually ≤7%)

✓B • BP – optimal blood pressure control (<130/80)

✓C • Cholesterol – LDL <2.0 mmol/L or >50% reduction 

✓D • Drugs to protect the heart

A – ACEi or ARB │ S – Statin │ A – ASA if indicated │SGLT2i/GLP-1 RA with demonstrated CV benefit if type 2 DM with CVD 

and A1C not at target

✓E • Exercise / Healthy Eating 

✓S • Screening for complications

✓S • Smoking cessation

✓S • Self-management, stress and other barriers

2018 Diabetes Canada CPG – The Essentials
2018
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Guideline Targets Achieved   

50%

57%

36%

13%

0%

15%

30%

45%

60%

A1c (≤7%) (n=5103) LDL (≤2.0 mmol/L) (n=5069) SBP/DBP (<130/80 mm HG)
(n=5099)

All 3 Endpoints
(A1c, LDL, BP) (n=5104)
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Leiter LA et al. Can J Diabetes 2013;37:82-89.







DIABETIC DISTRESS



HEALTH CARE SYTEM 

RIGIDITY 



PERSONAL USE ONLY

The Diabetes Control and Complications Trial Research Group. N Engl J Med 1993;329:977-986.

Reduction in Neuropathy with Intensive Glycemic 
Control
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2018 Diabetes Canada CPG – Chapter 31.  Neuropathy  
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The Diabetes Control and Complications Trial Research Group. N Engl J Med 1993;329:977-986.

Primary Prevention Secondary Intervention 

76% RRR
54% RRR

DCCT: Reduction in Retinopathy with 
Intensive Glycemic Control

2018 Diabetes Canada CPG – Chapter 30.  Retinopathy 





Type to enter a caption.
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2018 Diabetes Canada CPG – Chapter 8.  Targets for Glycemic Control 

A1C Targets

≤6.5
Adults with type 2 diabetes to reduce the risk of CKD and 

retinopathy if at low risk of hypoglycemia

Avoid higher A1C to minimize risk of symptomatic hyperglycemia and acute and 

chronic complications

≤7.0 MOST ADULTS WITH TYPE 1 OR TYPE 2 DIABETES

7.1

8.5

7.1-8.0%: Functionally dependent*

7.1-8.5%:

• Recurrent severe hypoglycemia and/or hypoglycemia 

unawareness

• Limited life expectancy

• Frail elderly and/or with dementia**

* Based on class of antihyperglycemic medication(s) utilized and person’s characteristics

** see Diabetes in Older People chapter

A1C measurement not recommended. Avoid symptomatic 

hyperglycemia and any hypoglycemiaEnd of life

2018



TEAMWORK AND 

FLEXIBILITY  



What’s urgent what’s important-
An open letter to diabetes educators

Virginia Peragallo-Dittko

◆ Appreciate the art and science of 
diabetes education

◆ Be as student and teacher- use 
beginners eyes

◆ If you cannot lift someones burden try 
and lighten the load

◆ Be inventive and creative- use humour 
and have fun
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“Neither evidence nor clinical judgment alone is 
sufficient. 

Evidence without judgment can be applied by a 
technician.

Judgment without evidence can be applied by a friend. 

But the integration of evidence and judgment is what the 
healthcare provider does in order to dispense the best 
clinical care.”

(Hertzel Gerstein, 2012)



consequences


