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OBJECTIVES
•Recognize complex nature of developing management

strategy for Type 2 Diabetes Mellitus

•Be able to set target goals of blood glucose in persons with
Type 2 Diabetes Mellitus.

• Identify different properties, mechanism of action and side
effects of the newer anti-hyperglycemic drugs impacting their
selection as therapy

•Brief mention of non-glycemic properties of the newer anti-
hyperglycemic drugs

•Be able to select the appropriate therapy for persons with
Diabetes Mellitus according to current guidelines



NOTHING TO DISCLOSE



Standards of Medical 
Care in Diabetes - 2019







Diabetes Education

■ Improved self-care behaviors

■ Lower A1c

■ Improved quality of life

■ Lower self-reported weight

■ Reduced all cause mortality risk

■ Reduced health care costs



Meal Nutrition and Physical Activity



Hemoglobin A1c







Microvascular Complications of Diabetes
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Nephropathy Retinopathy Neuropathy



Microvascular Complications Increase 
With Increasing A1C
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Skyler JS. Endocrinol Metab Clin North Am. 1996;25:243-254.







Retinopathy





Intensive Glycemic Control Reduces 
Long-term Macrovascular Risk
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DCCT

T1D, 5-6 years duration 

(N=1441)

UKPDS

T2D, newly diagnosed 

(N=4209)

CV, cardiovascular; DCCT, Diabetes Control and Complications Trial; MI, myocardial infarction;

T1D, type 1 diabetes; T2D, type 2 diabetes; UKPDS, United Kingdom Prospective Diabetes Study. 

Nathan DM, et al. N Engl J Med. 2005;353:2643-2653. Holman RR, et al. N Engl J Med. 2008;359:1577-1589.
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UKPDS 34 provides some evidence for beneficial CV effects of 
metformin in overweight patients

1. UKPDS 34. Lancet 1998;352:854–65.  2. http://www.medicines.org.uk/emc/medicine/23244/SPC.
3. Holman et al. N Engl J Med 2008;359:1577–89.
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Significant reduction in MI maintained over 

10 years’ follow-up3

1997 1999 2001 2003 2005 2007

No. of events:

Conventional therapy 73 83 92 106 118 126

Metformin 39 45 55 64 68 81

Myocardial infarction

Metformin vs 

conventional

p = 0.01

Time from randomisation (years)
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Intensive (n = 951; events = 139)

Conventional (n = 411; events = 73)

Metformin (n = 342; events = 89)

Risk of MI is 39% lower with metformin vs 

conventional therapy in obese patients1,2
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p = 0.005

Overall values at study end in 1997

Annual values during 10-year post-trial monitoring period
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SULFONYLUREAS

META-ANALYSIS OF SU CV SAFETY TRIALS (≥ 6 MONTHS) FOUND NO

CONSISTENT ASSOCIATION WITH MACE RISK

 *SU + comparator groups combined.

 Monami et al. Diabetes Obes Metab 2013;15:938–53.
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First author (year)

Birkeland 1996
Chou 2008
Perriello 2006
Gerstein 2010
UKPDS 33 1998
Hanefeld 2007
Seino 2010
Charbonnel 2005 
Matthews 2005
Rubin 2008
Home 2009
Arechavaleta 2011
va der Laar 2004
Mazzone 2006
Riddle 1998
Giles 2010
Tolman 2009
Kahn 2006
Goke 2010
Garber 2009
Nissen 2008
Ristic 2007
Ferrannini 2009
Bakris 2006 
Gallwitz 2012 
Jain 2006 
Johnston 1998
Nauck 2011 
Seck 2010 
Overall

Total # patients* Total #
events*

36 1
452 3
283 9
672 55

3041 610
587 4
400 4
630 14

1250 15
1805 46
2222 312
1035 4
96 2
458 4
145 2
300 26

2097 61
4351 72
858 13
495 13
543 24
262 5

2789 34
374 11

1551 38
502 11
272 4
801 3

1172 4
29,783 1495

0.01 0.1 1 10 100

Favours SUs Favours comparators

MH-OR (95% CI)

Overall MACE risk estimate for SU vs comparators was not 

increased: MH-OR 1.08 (95% CI: 0.86–1.36); p = 0.52







CV safety trials are being conducted for each 
compound within the newer classes
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Timings represent estimated completion dates as per ClinicalTrials.gov.

Adapted from Johansen. World J Diabetes 2015;6:1092–96. (references 1–19 expanded in slide notes)

CANVAS-R8

(n = 5700)
Albuminuria

2013 2014 2015 2016 2017 2018 2019

SAVOR-TIMI 531

(n = 16,492)
1,222 3P-MACE

EXAMINE2

(n = 5380)
621 3P-MACE

TECOS4

(n = 14,724)
≥ 1300 4P-MACE

LEADER6

(n = 9340)
≥ 611 3P-MACE

SUSTAIN-67

(n = 3297)
3P-MACE

DECLARE-TIMI 5815

(n = 17,150)
≥ 1390 3P-MACE

EMPA-REG 
OUTCOME®5

(n = 7034)
≥ 691 3P-MACE

CANVAS10

(n = 4365)
≥ 420 3P-MACE

CREDENCE17

(n = 3700)
Renal + 5P-MACE

CAROLINA®11

(n = 6000)
≥ 631 4P-MACE

ITCA CVOT9

(n = 4000)
4P-MACE

EXSCEL14

(n = 14,000)
≥ 1591 3P-MACE

DPP4 inhibitor 
CVOTs

SGLT2 inhibitor 
CVOTs

GLP1 CVOTs
Ertugliflozin CVOT18

(n = 3900)
3P-MACE

OMNEON13

(n = 4000)
4P-MACE

CARMELINA12

(n = 8300)
4P-MACE + renal

REWIND16

(n = 9622)
≥ 1067 3P-MACE

2021

ELIXA3

(n = 6068)
≥ 844 4P-MACE

HARMONY 
Outcomes19

(n = 9400) 3P-MACE





For the primary outcome, all completed CVOTs fall 
within the FDA mandated upper 95% CI limit of 1.3
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*Upper boundary of 1-sided repeated CI.

†Total event rate, %.

1. Scirica et al. N Engl J Med 2013;369:1317–26.  2. White et al. N Engl J Med 2013;369:1327–35.  
3. Green et al. N Engl J Med 2015; DOI: 10.1056/NEJMoa1501352.  4. Pfeffer et al. ADA, 8 Jun 2015, Boston, USA (oral presentation).

1.0 2.00.80.6

HR (95% CI)

1.3

FDA mandated upper 

95% CI for CV safety

Number of events

(event rate, % per 100 person-years)

Placebo

+ usual care 

Comparator 

+ usual care 

DPP4 inhibitor trials

SAVOR-TIMI 531 609 (3.7%) 613 (3.7%)

GLP1 agonist trials

ELIXA4 406 (13.4†%) 399 (13.2†%)

EXAMINE2 316 (11.8%†) 305 (11.3%†)

TECOS3 851 (4.17%) 839 (4.06%)

Favours 

comparator

Favours placebo

*



Summary of CV outcomes trials with GLP1 receptor agonists
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*Once weekly.

1. NCT01147250.  2. Bentley-Lewis et al. Am Heart J 2015;0:1-8.e7. 3. Marso et al. Am Heart J 2013;166:823–30.e5.  4. NCT01720446. 

5.  NCT01144338.  6. NCT01394952.  7. NCT02465515

Intervention
Main inclusion 

criteria
No. of patients

Primary 

outcome

Key 2°

outcome

Target no.

of events

Estimated 

follow-up

Estimated 

completion

ELIXA1,2 Lixisenatide/ 

placebo
History of ACS 6068 4P-MACE

Expanded 

MACE
844

2.1 years 

median
Completed

LEADER®3 Liraglutide/ 

placebo

Vascular 

disease, or 

risk factors, or 

CRF, or CHF

9340 3P-MACE
Expanded 

MACE
> 611 Up to ~5 years Nov-15

SUSTAIN-6™4 Semaglutide/ 

placebo

Evidence of 

CV disease
3297 3P-MACE

Expanded 

MACE
Not specified Up to ~3 years Jan-16

EXSCEL5 Exenatide 

ER*/ placebo

No CV criteria 

specified
14,000 3P-MACE

All-cause 

mortality; HHF
Not specified

Up to ~7.5 

years
Apr-18

REWIND6 Dulaglutide/ 

placebo

Pre-existing 

vascular 

disease or 

≥2 CV risk 

factors

9622 3P-MACE
Microvascular 

composite
Not specified

Up to ~6.5 

years
Apr-19

HARMONY 

OUTCOMES7

Albiglutide/ 

placebo

Established 

CVD
9400 3P-MACE

Expanded 

MACE
Not specified 3–5 years May-19

Link to study + 

baseline data

Link to study 

design + data





Cardiovascular Outcomes Studies of GLP 1’s





EMPA-REG 

OUTCOME™1
CANVAS2 CANVAS-R3 CREDENCE4

DECLARE-

TIMI 585

Ertugliflozin 

CVOT6

Interventions Empagliflozin/ 

placebo

Canagliflozin/

placebo

Canagliflozin/

placebo

Canagliflozin/

placebo

Dapagliflozin/ 

placebo

Ertugliflozin/

placebo

Main inclusion 

criteria

Est. vascular 

complications 

Est. vascular 

complications or 

≥ 2 CV risk 

factors

Est. vascular 

complications or 

≥ 2 CV risk 

factors

Stage 2 or 3 CKD 

+ 

macroalbuminuria

High risk for CV 

events

Est. vascular 

complications

No. of patients 7034 4339 5700 3627 17,150 3900

Primary 

outcome

3P-MACE 3P-MACE Progression of 

albuminuria

ESKD, 

S-creatinine 

doubling, 

renal/CV death

3P-MACE 3P-MACE 

Key secondary 

outcome

4P-MACE Fasting insulin 
secretion, 
progression of 
albuminuria

Regression of 
albuminuria, 
change in eGFR

4P-MACE + HHF 4P-MACE +  HHF 
+ 
revascularisation 

4P-MACE

Target no. 

of events

691 ≥ 420 TBD TBD 1390 TBD

Estimated 

median FU

~3 years 6–7 years 3 years ~4 years 4–5 years 5–7 years

Estimated 

completion

2015 Apr 2017 2017 2019 2019 2021

CV outcome trials with SGLT2 inhibitors

Adapted from Inzucchi et al. Diabetes Vasc Dis Res 2015;12:90‒100. 30



Hospitalisation for heart failure (HHF) data for all 
completed CVOTs

31

Analysis 1 = as component of expanded MACE.

Analysis 2 = as component of post-hoc composite of CV death and HHF.

1. Scirica et al. N Engl J Med 2013;369:1317–26.  2. White et al. N Engl J Med 2013;369:1327–35.  
3. Green et al. N Engl J Med 2015; DOI: 10.1056/NEJMoa1501352.  4. Pfeffer et al. ADA, 8 Jun 2015, Boston, USA (oral presentation).

1.0 2.00.80.6

HR (95% CI)

Number of events (%)

Placebo

+ usual care 

Comparator 

+ usual care 

Favours 

comparator

Favours placebo

SAVOR-TIMI 53 (HHF)
1

EXAMINE (HHF analysis 1)
2

EXAMINE (HHF analysis 2)2

TECOS (HHF)
3

TECOS (HHF + CV death)
3

ELIXA (HHF)
4

ELIXA (HHF + CV death)
4

228 (2.8)

79 (2.9)

89 (3.3)

229 (3.1)

525 (7.2)

127 (4.2)

253 (8.3)

289 (3.5)

85 (3.1)

106 (3.9)

228 (3.1)

538 (7.3)

122 (4.0)

248 (8.2)













JARDIANCE is a prescription medicine used along with diet and exercise to lower 
blood sugar in adults with type 2 diabetes, and also to reduce the risk of 
cardiovascular death in adults with type 2 diabetes who have known 
cardiovascular disease.



Canvas Program













Among adults with type 2 diabetes and high CV and renal risk, 
linagliptin added to usual care compared with placebo added 
to usual care resulted in a noninferior risk of a composite CV 
outcome over a median 2.2 years.





Metformin

46

eGFR = estimated glomerular filtration rate.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

Hypoglycemia Neutral

Weight Slight loss

Renal / Genitourinary Contraindicated if eGFR <30 mL/min/1.73 m2

Gastrointestinal adverse effects Moderate

Cardiac Neutral

Bone Neutral

Ketoacidosis Neutral

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?

Recommended for All Patients, Unless Contraindicated or Not Tolerated







Sodium Glucose Cotransporter 2 Inhibitors (SGLT2is)
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ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure; DKA = diabetic ketoacidosis; eGFR = estimated glomerular 

filtration rate; T2D = type 2 diabetes.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

Hypoglycemia Neutral

Weight Loss

Renal / Genitourinary

Not indicated for eGFR <45 mL/min/1.73 m2

Genital mycotic infections

Benefit of empagliflozin; canagliflozin

Gastrointestinal adverse effects Neutral

Cardiac—CHF
Benefit of empagliflozin, canagliflozin, 
dapagliflozin

Cardiac--ASCVD
Cardiovascular benefit of empagliflozin, 
canagliflozin

Bone Canagliflozin warning

Ketoacidosis DKA occurring in T2D in various stress settings

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?











DPP4 inhibitor CVOTs: baseline characteristics
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Data are provided for the DPP4 inhibitor treatment arm. Mean values show unless otherwise indicated.

– indicates that the data are not reported.

*Median.

1. Scirica et al. N Engl J Med 2013;369:1317–26.  2. White et al. N Engl J Med 2013;369:1327–35.  3. Green et al. N Engl J Med 2015; 
DOI: 10.1056/NEJMoa1501352. 4. Marx et al. Diabetes Vasc Dis Res 2015;12:164–74.  5. NCT01897532.

SAVOR-TIMI 531 EXAMINE2 TECOS3 CAROLINA®4 CARMELINA®5

Mean age, years 65.1 61.0* 65.4 64.0 66.1

% with prior MI 38.0 87.5 42.7 13.8 58.1

% with prior HF 12.8 27.8 17.8 – 27

% with prior CVD 78.4 – 73.6 34.5

Diabetes duration, y 10.3* 7.3* 11.6 6.2* 15

HbA1c,% 8.0 8.0 7.2 7.2 7.9

Statin use, % 78.3 90.6 79.8 64.1 71.4

T2D therapy, %

Naive 
Metformin
SU
TZD
Insulin

4.1
69.9
40.5
6.2
41.6

Naive
Metformin
SU
TZD
Insulin

1.1
65.0
46.9
2.5
29.4

Naive
Mono
Dual
TZD
Insulin

–
47.7
51.4
–
23.5

Naive
Mono
Dual
TZD
Insulin

9.2
66.0
23.8
–
Ex.

Metformin 54.8
Sulfonylureas 34.9

Insulin 54.9





Secretagogues
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ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure; GLN = glinide; SU = sulfonylurea.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

SU GLN

Hypoglycemia Moderate / severe Mild

Weight Gain

Renal / Genitourinary More hypoglycemia risk

Gastrointestinal adverse effects Neutral

Cardiac—CHF More CHF risk

Cardiac--ASCVD No increased risk

Bone Neutral

Ketoacidosis Neutral

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?



UPDATE IN MANAGEMENT 
DIABETES MELLITUS

SUMMARY



SUMMARY

•Target goals of blood glucose in persons with Type 2 Diabetes
Mellitus should be individualized.

•Different properties, mechanism of action and side effects of
the anti-hyperglycemic drugs impact their selection as
therapy

•Selecting the appropriate therapy for persons with Diabetes
Mellitus varies according to changing guidelines based on
scientific evidence.




