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OUTLINE 

• Drugs available to treat DM2 

• Treatment algorithms  

• In depth look at GLP1s, DPP4s, SGLT2s 

• Medication risks/warnings  

• Cardiovascular benefit of DM drugs 

• Insulin landscape 

• Patient cases   
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The Complex Pathogenesis of T2DM 

peripheral 
glucose  
uptake  

hepatic  
glucose  
production 

pancreatic  
insulin 
secretion 

pancreatic  
glucagon 
secretion 

gut 
carbohydrate 
delivery & 
absorption  

incretin 
effect  

HYPERGLYCEMIA 

? 

Adapted from: Inzucchi SE, Sherwin RS in: Cecil Medicine 2011  



Glycemic Targets 

Diabetes Care, Vol 39, Supplement 1, Jan 2016 



Most Intensive Less Intensive Least Intensive 

Patient Age 

Disease Duration 

40 45 50 55 60 65 70 75 

5 10 15 20 

Other Comorbidities 

None Few/Mild Multiple/Severe 

Hypoglycemia Risk 

Low High Moderate 

8.0% 6.0% 7.0% 

Established Vascular Complications 
None Early Micro 

Advanced Micro 

Psychosocioeconomic Considerations 
Highly Motivated, Adherent, 
Knowledgeable,  
Excellent Self-Care Capacities,  
& Comprehensive Support Systems 

Less motivated, Non-adherent,  
Limited insight, 

Poor Self-Care Capacities,  
& Weak Support Systems 

Cardiovascular 

Ismail-Beigi F et al. Annals Intern Med 2011 



Biguanides 

• Metformin 

• Mechanism: Activates AMP-kinase 

• Primary action: Decrease hepatic 

glucose production  

• Advantages: Extensive experience, no 

HYPOs, weight loss  

• Disadvantages: GI, B12 deficiency, 

lactic acidosis (CKD/CHF/liver disease) 

• Costs: LOW  

Diabetes Care, Vol 39, Supplement 1, Jan 2016 



Sulfonylureas 

• Glyburide, Glipizide, Glimepiride 

• Mechanism: Closes K ATP channels on 

Bcell plasma membrane 

• Primary action: Increase insulin 

secretion 

• Advantages: Extensive experience  

• Disadvantages: HYPOglyemia, weight 

gain 

• Costs: LOW  

Diabetes Care, Vol 39, Supplement 1, Jan 2016   



Meglitinides 

• Repaglinide, Nateglinide  

• Mechanism: Closes K ATP channels on 

Bcell plasma membrane 

• Primary action: Increase insulin 

secretion 

• Advantages: Decrease postprandial 

excursions, flexible dosing 

• Disadvantages: HYPOglyemia, weight 

gain, frequent dosing 

• Costs: MODERATE 
Diabetes Care, Vol 39, Supplement 1, Jan 2016   



TZDs 

• Pioglitazone, Rosiglitazone 

• Mechanism: Activates PPAR-gamma 

• Primary action: Increase insulin 

sensitivity 

• Advantages: No HYPOs, durability, inc 

HDL/dec TGs, reduced CVD events? 

• Disadvantages: Weight gain, edema, 

HF, fractures, inc LDL, inc MI ? 

• Costs: LOW  

Diabetes Care, Vol 39, Supplement 1, Jan 2016   



Alpha-Glucosidase Inhibitors 

• Acarbose, Miglitol 

• Mechanism: Inhibits intestinal alpha 

glucosidase 

• Primary action: Slow intestinal CHO 

digestion/absorpion  

• Advantages: No HYPOs, dec 

postprandial excursions, non-systemic 

• Disadvantages: Modest ha1c lowering, 

GI SEs, frequent dosing 

• Costs:  LOW-MODERATE 

Diabetes Care, Vol 39, Supplement 1, Jan 2016   



DPP4 Inhibitors 

• Sitagliptin, Saxagliptin, Linagliptin, 

Alogliptin 

• Mechanism: Inhibits DPP4, increasing 

posprandial incretins (GIP/GLP1) 

• Primary action: Increase insulin 

secretion, dec glucagon secretion  

• Advantages: No HYPOs, well tolerated 

• Disadvantages: angioedema/urticaria, 

pancreatitis, inc HF hospitalizations  

• Costs:  HIGH 

Diabetes Care, Vol 39, Supplement 1, Jan 2016   



Bile Acid Sequestrants 

• Colesevelam 

• Mechanism: Intestinal BA binding, 

increase hepatic BA production  

• Primary action: Decreased hepatic 

glucose production, inc incretins  

• Advantages: No HYPOs, dec LDL  

• Disadvantages:  Modest ha1c lowering, 

constipation, inc TGs, medication 

binding 

• Costs:  HIGH 
Diabetes Care, Vol 39, Supplement 1, Jan 2016   



Dopamine 2 Agonists 
• Bromocriptine-quick release  

• Mechanism: Activates DA receptors 

• Primary action: Modulates 

hypothalamic regulation of metabolism, 

inc insulin sensitivity 

• Advantages: No HYPOs, dec CVD 

events 

• Disadvantages: Modest ha1c lowering, 

dizziness/syncope/nausea/fatigue, 

rhinitis 

• Costs: HIGH  
Diabetes Care, Vol 39, Supplement 1, Jan 2016   



SGLT2 inhibitors 

• Canagliflozin, Dapagliflozin, Empagliflozin 

• Mechanism: Inhibits SGLT2 in kidney 

• Primary action: Blocks renal glucose 

absorption, promotes glucosuria 

• Advantages: No HYPOs, weight loss, lower 

BP, effective at all DM stages, lower CVD 

event rate and mortality  

• Disadvantages: GU infections, polyuria, 

hypotension, inc LDL, inc creatinine, DKA 

• Costs:  HIGH  

Diabetes Care, Vol 39, Supplement 1, Jan 2016   



GLP1 Receptor Agonists 
• Exenatide/ER, Liraglutide, Albiglutide, 

Dulaglutide  

• Mechanism: Activates GLP1 receptors 

• Primary action: Inc insulin secretion, 

dec glucagon secretion, slowed gastric 

emptying, inc satiety  

• Advantages: No HYPOs, weight loss, 

dec PP excursion, dec CV risk 

• Disadvantages: GI SEs, inc HR, 

pancreatitis, MTC, injectable/training  

• Costs: HIGH  

Diabetes Care, Vol 39, Supplement 1, Jan 2016   



Amylin mimetics 

• Pramlintide  

• Mechanism: Activates amylin receptors 

• Primary action: Decreased glucagon 

secretion, slowed gastric emptying, inc 

satiety 

• Advantages: Dec postprandial 

excursions, dec weight  

• Disadvantages: Modest ha1c effect, GI 

SEs, HYPOs, injected/training, frequent 

dosing 

• Costs: HIGH  
Diabetes Care, Vol 39, Supplement 1, Jan 2016   



Insulins 
• MANY  

• Mechanism: Activates insulin receptors 

• Primary action: Inc glucose disposal, dec 

hepatic glucose production, suppresses 

ketogenesis 

• Advantages: Universal response, unlimited 

efficacy, dec microvascular risk 

• Disadvantages: HYPOs, weight gain, 

mitogenic?, injectable/training, patient 

resistance 

• Costs: MODERATE-HIGH  

Diabetes Care, Vol 39, Supplement 1, Jan 2016   
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“Lizard Spit” 

• Exendin-4, a protein naturally secreted in 
the saliva and concentrated in the tail of 
the Gila monster. 

- Shares homology and function with 
mammalian GLP-1 

- Resistance to degradation by DPP-IV 
(allowing for a longer pharmacological 
half life).  

- Subsequent clinical testing showed 
desirable glucagon and appetite-
suppressant effects. 



Exendin-4 
-First isolated by Dr. John Eng in 
1992 while working at the 
Veterans Administration Medical 
Center, in The Bronx, NY 
 
-Synthetic form=Exenatide 
(Byetta) approved in 2005.  
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The Incretin System:  Key Regulator of  
Post-Prandial Glucose Metabolism 

X 



 Glucagon-Like-Peptide-1 Agonists  



GLP1 agonists 

• Byetta (exenatide), 4/2005 

- Bydureon , 2/2012, pen 3/2014 

• Victoza (liraglutide), 1/2010 

• Tanzeum (albiglutide), 4/2014 

• Trulicity (dulaglutide), 9/2014 

 

• Saxenda (liraglutide 3.0mg), approved 
12/23/14 for weight loss 



GLP1 Comparisons 

• Daily injections: Victoza  

• Once weekly: Bydureon, Tanzeum, Trulicity 

• Renal safety: Tanzeum, Trulicity  

• Improved GI profile: Tanzeum, Trulicity 

- Less weight loss seen compared to Victoza  

 

• Class warnings: pancreatitis, medullary 
thyroid cancer  

• Ha1c lowering 1-1.5% on average 



Dipeptidyl Peptidase-4 inhibitors 



DPP4 inhibitors 

• Januvia (sitagliptin), 10/2006 

• Onglyza (saxagliptin), 7/2009 

• Tradjenta (linagliptin), 5/2011 

• Nesina (alogliptin), 1/2013  

SNAP SHOT:  
-Ha1c lowering 0.5-0.8% 
-Weight neutral  
-Once daily oral medication  
-Linagliptin does NOT need adjustment for renal insufficiencyih 
Metformin 



 

• Brain ~125 g/day 

• Rest of  the body ~125 g/day 
 

Glucose uptake ~250 g/day: 

− 

 

• Dietary intake ~180 g/day 

• Glucose production ~70 g/day 

• Gluconeogenesis 

• Glycogenolysis 

The Kidney’s Role in Normal Glucose Homeostasis1,2 

34 

+ 

Net balance ~0 g/day 

Glucose input ~250 g/day: 

The kidney filters  

circulating glucose 

Glucose filtered 
~180 g/day 

Glucose reabsorbed 
~180 g/day 

The kidney reabsorbs  

and recirculates glucose 

1. Wright EM. Am J Physiol Renal Physiol 2001;280:F10-F18.  

2. Gerich JE. Diabetes Obes Metab. 2000;2:345-350. 
Glucose filtered ~180g/day Glucose reabsorbed ~180g/day = 



Glucose is 

filtered in the 

glomerulus 

Loop of Henle  

Collecting 

 Duct 

Urine 

    SGLT1 

SGLTs and  

Normal Renal Handling of Glucose 

35 

Glucose reabsorbed into  
systemic circulation 

No detectable glucose in urine 

Glomerulus 
Proximal 

Convoluted Tubule 
Distal Convoluted  

Tubule 

SGLT2 

1. Wright EM et al. J Intern Med. 2007;261(1):32-43. 

2. Kanai Y et al. J Clin Invest. 1994;93(1):397-404. 

3. You G et al. J Biol Chem. 1995;270(49):29365-29371. 

4. Wright EM. Am J Physiol Renal Physiol. 2001;280(1):F10-F18.  

• 180 g/day/1.73 m2  

is filtered glucose load1 

• SGLT2 transports 90% 

of  filtered glucose out 

of  the tubular lumen1-4 

• SGLT1 transports the 

remaining 10% of  

filtered glucose1-4 

— SGLT1 is the primary 

SGLT in the small 

intestine1,2 

SGLT, sodium-glucose co-transporter 



SGLT-2 inhibitors Lower Renal Threshold  

for Glucose Excretion (RTG) 

36 

Adapted with permission from Abdul-Ghani MA, DeFronzo RA. 

1.Abdul-Ghani MA, DeFronzo RA. Endocr Pract. 2008;14(6):782-790. 

2.Nair S, Wilding JP. J Clin Endocrinol Metab. 2010;95(1):34-42. 

3.Invokana™ (canagliflozin) prescribing information.  
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SGLT-2 Inhibitors 

PRO: Low risk of HYPOglycemia 
CON: 10-15% risk of mycotic genital infections  





SLGT2 inhibitors 

• Invokana (canagliflozin), 3/2013 

• Farxiga (dapagliflozin), 1/2014 

• Jardiance (empagliflozin), 8/2014 

SNAP SHOT:  
-Ha1c lowering 0.6-1.0% 
-Weight lowering  
-Once daily oral medication  
-Do not use in GFR <45 
-Risk of UTI/yeast infections  



Anticipation of 

Drug Efficacy 

Concerns of 

Adverse 

Effects  

Desire for 

Added Benefits 

MEDICATION 

CHOICE? 

Personalizing  Type 2 Diabetes Therapy” 

 Post-prandial BGs…GLP1s 
High fasting BGs..basal insulin 

Very insulin resistant…pio 

Self-pay…NO GLP1s, SGLT2s 

GI sx…NO metformin 

HYPOs…NO SU 

”Needs weight loss…GLP1s, SGLT2
LDL/no statin…colesevelam 

 LFTs/steatosis….pio 

 





 

 

 

• Symptom onset 1 day to years after start of DPP-4 

inhibitor.  

• Symptom resolution in <1month after medication 

discontinuation.  

• Some with symptom return on same or alternate 

DPP-4 restart.  

August 28, 2015 



 

 

 

 

• Fractures occur more frequently, can occur as 

early as 12 weeks after star, with minor trauma.  

• Decreased BMD at spine and hip.  

September 10, 2015  



 

 

 

• 73 cases of ketoacidosis in patients with type 1 or 

type 2 diabetes. 

• 19 cases of urosepsis and pyelonephritis that 

started as urinary tract infections.   

 

December 4, 2015 



 

 

 

• More patients were hospitalized for heart failure 

compared to placebo.  

• Saxagliptin trial, 3.5% vs. 2.8% placebo. 

• Alogliptin trial, 3.9% vs. 3.3% placebo.  

April 5, 2016 
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• Prior:  Unsafe in creatinine>1.5mg/dL (M) or 

>1.4mg/dL (F). 

• Current: Unsafe in eGFR <30mL/min and do not 

start if eGFR 30-45mL/min. 

APRIL 8, 2016 



Could diabetes drugs have a 

cardiovascular benefit?  

• EMPA-REG: empagliflozin, Sept 2015 

• LEADER: liraglutide, March 2016 

• IRIS: pioglitazone, April 2016 

Zinman et al, NEJM Nov 2015; 373: 2117-2128 
Kernan et al, NEJM April 2016; 374: 1321-1331 



Original Article  
Empagliflozin, Cardiovascular Outcomes, and 

Mortality in Type 2 Diabetes 

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D., David 
Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D., Michaela Mattheus, Dipl. 

Biomath., Theresa Devins, Dr.P.H., Odd Erik Johansen, M.D., Ph.D., Hans J. 
Woerle, M.D., Uli C. Broedl, M.D., Silvio E. Inzucchi, M.D., for the EMPA-REG 

OUTCOME Investigators 

N Engl J Med 
Volume 373(22):2117-2128 

November 26, 2015 



 

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

Cardiovascular Outcomes and Death from Any Cause  



Primary and Secondary Cardiovascular Outcomes. 

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

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



Adverse Events. 

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

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



Original Article  
Pioglitazone after Ischemic Stroke or Transient 

Ischemic Attack 

Walter N. Kernan, M.D., Catherine M. Viscoli, Ph.D., Karen L. Furie, M.D., M.P.H., 
Lawrence H. Young, M.D., Silvio E. Inzucchi, M.D., Mark Gorman, M.D., Peter D. 

Guarino, Ph.D., Anne M. Lovejoy, P.A.-C., Peter N. Peduzzi, Ph.D., Robin 
Conwit, M.D., Lawrence M. Brass, M.D., Gregory G. Schwartz, M.D., Ph.D., Harold P. 
Adams, Jr., M.D., Leo Berger, M.D., Antonio Carolei, M.D., Wayne Clark, M.D., Bruce 

Coull, M.D., Gary A. Ford, M.B., B.Chir., Dawn Kleindorfer, M.D., John R. 
O’Leary, M.A., Mark W. Parsons, M.D., Peter Ringleb, M.D., Souvik Sen, M.D., J. 

David Spence, M.D., David Tanne, M.D., David Wang, M.D., Toni R. Winder, M.D., for 
the IRIS Trial Investigators 

N Engl J Med 
Volume 374(14):1321-1331 

April 7, 2016 



Primary Outcome. 

Kernan WN et al. N Engl J Med 2016;374:1321-1331 

Kernan WN et al. N Engl J Med 2016;374:1321-1331 



Primary and Secondary Outcomes. 

Kernan WN et al. N Engl J Med 2016;374:1321-1331 

Kernan WN et al. N Engl J Med 2016;374:1321-1331 



Adverse Events According to Severity. 

Kernan WN et al. N Engl J Med 2016;374:1321-1331 

Kernan WN et al. N Engl J Med 2016;374:1321-1331 



 



• Improved survival 

• Anti-cancer benefits 

• Cardiovascular benefit 

• Cognitive benefits 

• Reduce pre-diabetes progression 



p=0.037 

p<0.001 

Diabetes, Obesity and Metabolism 16: 1165-1173, 2014 



 

 

• 45% higher odds of dying from cancer 

if diabetic compared to non-diabetic  

• Women with cancer and DM2 on 

metformin had the same risk of dying 

as non-diabetic women  

 

 
Int. J. of Cancer: 138, 1915-1927 (2016) 





JAMA April 5, 2016 Volume 315, Number 13 



JAMA April 5, 2016 Volume 315, Number 13 

-Cost of insulin up 
$231.48>$736.09 
 
-Price of insulin per 
mL up 197%  
 
-Cost greater than 
all other DM meds 
combined ($502.57) 



http://www.fool.com/investing/general/2013/05/23/the-coming-diabetes-wars.aspx 

 

 

 

 

 

• Eli Lily, Sanofi and NovoNordisk hold 

patents to manufacture insulin  

• No generics or “biosimilars” yet  



New insulins  
• Novo-Nordisk 

- Tresiba U-100 and U-200 

- Ryzodeg 70/30 (degludec/aspart) 

- Ultra rapid/NovoRapid (phase 3) 

• Lilly 

- U-500 Humulin R pen  

- Basaglar (glargine biosimilar) 

- Ultra rapid (phase 1) 

• Sanofi 

- Toujeo U-300 

- Lispro biosimilar (phase 3) 



Are newer insulins worth the 

cost?  

PRO  

• Only 30% of DM2 on 

insulin at goal ha1c  

• Lower risk of Nocturnal 

HYPOglycemia 

• Less weight gain  

• Longer, smoother, 

more predictable 

response 

• Convenient,  more 

flexible dosing 

CON 

• Nocturnal HYPO 20x 

lower in DM2 vs. DM1 

• Prandial insulin less 

important in DM2 

• Small difference in 

Ha1c (<0.1%) 

 



  
• PROS: 

• -More rapid onset/duration 

mimics native insulin 

secretion  

• -Less weight gain, less 

HYPOs 

• -Avoid injections 

• -Approved for DM1 and 

DM2 

 

• CONS: 

• -Throat pain, irritation 

• -Do not use with 

asthma/COPD 

• -Do not use in smokers or 

recent smokers 

• -Long term pulmonary 

safety data? 

Source: Mannkind 

                     Afreeza 
                   Approved 6/2014 







Patient Cases  
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