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Please see Important Safety Information, including Boxed Warning about possible thyroid 
tumors, including thyroid cancer, throughout this deck, the Full Prescribing Information, and 
Medication Guide in the participant guide.
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GLP-1 and GIP are signals from the gut that reflect the 
fed state.

*P<0.05 vs oral glucose.1 

IV=intravenous. 
1. Nauck MA, et al. Diabetes Obes Metab. 2018;20(suppl 1):5-21. 2. Nauck MA, et al. Diabetes. 2019;68(5):897-900.
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Please see Important Safety Information, including Boxed Warning about possible thyroid 
tumors, including thyroid cancer, throughout this deck, the Full Prescribing Information, and 
Medication Guide in the participant guide.
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Relative contributions of GLP-1 and GIP to the Incretin 
Effect.1,2

*P<0.05 vs oral glucose.1 

IV=intravenous. 
1. Nauck MA, et al. Diabetes Obes Metab. 2018;20(suppl 1):5-21. 2. Nauck MA, et al. Diabetes. 2019;68(5):897-900.

GIP is responsible for nearly two-thirds 
of the incretin effect in people without 

T2D, contributing more to insulin 
secretion than GLP-1.2

Incretin 
contributions 

to 
postprandial 

insulin release 
from the 

pancreas2

GLP-1 
~33%

GIP 
~67%
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Please see Important Safety Information, including Boxed Warning about possible thyroid 
tumors, including thyroid cancer, throughout this deck, the Full Prescribing Information, and 
Medication Guide in the participant guide.
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T2D IS A PROGRESSIVE INSULIN SECRETORY DEFECT                  
AGAINST THE BACKGROUND OF INSULIN RESISTANCE1-3,*
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*Representative depiction of the natural history of T2D highlighting the role of insulin resistance, insulin deficiency, and impaired incretin effect. Both the time course and relative 
function are descriptive. 
T2D=type 2 diabetes. 
1. Kendall DM, et al. Am J Med. 2009;122(suppl 6A):S37-S50.  
2. Esser N, et al. Diabetologia. 2020;63(10):2007-2021.  
3. Skyler JS, et al. Diabetes. 2017;66(2):241-255.

Beta Cell Function
Incretin Effect
Insulin Level

Insulin Resistance

Postmeal Glucose

Fasting Glucose
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Department of Cellular and Physiological Sciences  
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GIP

Isolated around 1970 
“Gastric Inhibitory Polypetide” 
Decrease in stomach acid production 

Later re-named, keeping GIP acronym 

Glucose-dependent Insulinotropic 
Polypeptide



Holst and Habener 

Jans Juus Holst, MD, DMSc

University of Copenhagen
Biomedical Sciences 

Joel Francis Habener, MD

Professor of Medicine
Harvard Medical School

Director of Molecular Endocrinology 
Massachusetts General Hospital



GLP-1
Simultaneously isolated in 1986 

“Glucagon-like Peptide 1” 

Accentuation of beta cell production of insulin 

Delay in gastric emptying 

Satiety effect realized around 1996



John Eng, MD  
Department of Endocrinology Veteran’s Affairs 

Mount Sinai Hospital 
Bronx, NY 

 



Exendin-4
Isolated in 1990 

Similar in structure and function to GLP-1 

Present in venom of various reptiles 

Isolated from saliva of Heloderma suspectum



Exendin-4

Gila monster



Exendin-4
H. suspectum - normal glucose’s while fasting 

Exposure to animals increased beta cell mass 

1999 - daily injection normalized glucose in diabetic mice 

Increased insulin production in humans 

Longer-acting than endogenous GLP-1 

2005 - FDA approval of Exenatide



Exenatide

 - Treatment of T2DM
 - BID dosing
 - Very rapid-acting



GLP-1



GLP-1



Liraglutide
Analog of endogenous GLP-1 

Modified to resist degradation by DPP-4 

Daily dosing (half-life 13hrs) 

1996 - Invented (NovoNordisk) 

2010 - Approval for adult use (T2DM) 

2019 - Approval for pediatric use (T2DM)



Liraglutide

 - Treatment of T2DM
 - Daily dosing
 - Longer-acting



Exenatide
Exenatide bound to subcutaneous microspheres 

First agent for weekly dosing 

Steady-state reached in 6-10 weeks 

2014 - FDA approval of Bydureon (adults with T2DM)



Exenatide



Exenatide



Exenatide



Exenatide



Dulaglutide
GLP-1 analogue resistant to DPP-4 degradation 

Bound to FC portion of IgG4 molecule 

Does not cross blood-brain barrier 

Weekly dosing (half-life 5 days) 

2014 - FDA approval of Trulicity (adults with T2DM) 

Eli Lilly



Dulaglutide



Semaglutide
GLP-1 analogue resistant to DPP-4 degradation 

Bound to albumin 

Can cross blood-brain barrier 

Weekly dosing (half-life 7 days) 

2017 - FDA approval of Ozempic (adults with T2DM) 

NovoNordisk



Semaglutide



Tirzepatide
GIP analoge that agonizes both GLP-1-R and GIP-R 

Bound to albumin 

Can cross blood-brain barrier 

Weekly dosing (half-life 5 days) 

2022 - FDA approval of Mounjaro (adults with T2DM) 

Eli Lilly



Terzepatide



Treatment of Diabetes Mellitus
GOALS OF TREATMENT: 
– Diabetic Goals: ADA  ACE 

A1c:            < 7%             < 6.5%  
Preprandial:         70-130           < 110 
Postprandial:        < 180             < 140 

How aggressive should we be? 
– Age 
– Risk of hypoglycemia 
– Pre-existing cardiovascular disease burden 
– Does the drug impact CV risk ?



Diabetes Mellitus and CVD

 XXX







Incretin Receptor Agonists



Safety Considerations with GLP-1 RA’s
GI adverse 
events

• Common  
• Usually dose dependent and transient 
• Usually reduced with dose titration

Pancreatitis

• Pancreatitis has been reported with postmarketing use of some of incretin agents, although no causal 
relationship has been established 

• Extensive review by FDA of studies involving >80,000 patients has not uncovered reliable evidence of 
increased pancreatic risk with incretins vs other agents 

• Labeling for all incretins states these agents should be immediately discontinued if pancreatitis is suspected 
• Labeling for GLP-1 receptor agonists suggests consideration of other therapies for patients with a history of 

pancreatitis

Pancreatic 
cancer

• Extensive review by FDA of studies involving >80,000 patients has not uncovered reliable evidence of 
increased pancreatic risk with incretins vs other agents 

• Further assessments required from long duration-controlled studies or epidemiological databases 

Medullary 
thyroid cancer

• Animal data showed an increased incidence of C-cell tumors with liraglutide and exenatide ER treatment, but 
confirmatory population studies are lacking 

• Labeling for liraglutide and exenatide ER: 
• Patients should be counseled regarding medullary thyroid carcinoma and the signs/symptoms of thyroid 

tumors 
• Contraindicated in patients with personal/family history of MTC or multiple endocrine neoplasia syndrome 

type 2

Renal 
impairment

• Renal Impairment has been reported postmarketing, usually in association with nausea, vomiting, diarrhea, or 
dehydration. Use caution when initiating or escalating doses in patients with renal impairment. Exenatide is 
contraindicated in patients with severe renal insufficiency or ESRD



DPP-4 Inhibitors GLP-1 Receptor Agonists SGLT2 Inhibitors
Alo1 Lin2 Sax3 Sit4 Alb5 Dul6 Exe7 Exe 

ER8
Lir9 Can1

0
Dap1

1
Emp
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Baseline 
A1C (%)

7.9 8.1 8.1 8.0 8.1 8.1 8.2 8.6 8.4 7.8 7.9 7.9

Glucose Reduction

1. Nauck MA, et al. Int J Clin Pract. 2009;63:46-55. 2. Taskinen MR, et al. Diabetes Obes Metab. 
2011;13:65-74. 3. DeFronzo RA, et al. Diabetes Care. 2009;32:1649-1655. 4. Charbonnel B, et al. Diabetes 
Care. 2006;29:2638-2643. 5. Ahrén B, et al. Diabetes Care. 2014;37:2141-2148. 
6. Dungan KM, et al. Lancet. 2014;384:1349-1357. 7. DeFronzo RA et al. Diabetes Care. 2005;28:1092-1100. 
8. Bergenstal RM, et al. Lancet. 2010;376:431-439. 9. Pratley RE, et al. Lancet. 2010;375:1447-1456.  10. 
Cefalu WT, et al. Lancet. 2013;382:941-950. 11. Nauck MA, et al. Diabetes Care. 2011;34:2015-2022. 12. 
Haring HU, et al. Diabetes Care. 2014;37:1650-1659.
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EMPA-REG



EMPA-REG





LEADER Trial



LEADER Trial





SUSTAIN-6



SUSTAIN-6





REWIND



REWIND





Incretins for Weight Loss ?



How did we get here?



How did we get here?



How did we get here?



How did we get here?



How did we get here?



How did we get here?



Incretins for Weight Loss
Saxenda  (liraglutide) 

Wegovy  (semaglutide) 

Zepbound  (tirzepatide)



Saxenda (liragulitide)



Wegovy (semaglutide)



Zepbound (terzepatide)







But there is more !





FDA approves Wegovy for CVD 
reduction in non-diabetic patients

March, 2024

No change to thyroid dose.





No change to thyroid dose.





FDA approves Zepbound for 
treatment of OSA

December, 2024

No change to thyroid dose.



In summary…. 
Incretin-based therapy has evidence to improve:

Diabetic control 
Weight / obesity 
CVD risk 
Risk of renal events / progression of CKD 
Obstructive Sleep Apnea



Additionally …. 
Incretin-based therapy has evidence to improve:

A-fib burden 
Cancer risk 
NASH / NAFDL 
CHF 
Pre-diabetes 
PCOS 
Addiction  

Alcohol use disorder 
Opiate addiction 
Smoking 
Binge-eating



Ongoing incretin-based research:

Alzheimer’s Dimentia 
Parkinson’s Disease



DBRPCT, Phase 2 
Diagnosis of Parkinson’s Disease (<3 years) 
Stable med regimen, NO motor complications 
Lixisenatide vs. placebo 
Primary outcome:  Progression of MC @ 12 mo…. 

Movement Disorder Society–Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS) part III (range, 0 to 132, with higher scores indicating greater 
motor disability)

Placebo:  3.04  (progression)
Lixisenatide:  -0.04  (improvement)



QUESTIONS



benseale@yahoo.com


