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Let’s pay homage to the Gila Monster



1. What is the mechanism of action of these drugs?

Oral glucose dependent 
insulin release

Drucker, D. J., & Holst, J. J. (2023). The 
expanding incretin universe: from basic biology 
to clinical translation. Diabetologia, 66(10), 
1765–1779. https://doi.org/10.1007/s00125-
023-05906-7



Action on the gut and brain

Drucker and Holst (2023) Diabetologia DOI 
10.1007/s00125-023-05906-7 



2. What are the actions of GLP-1 and GIP receptor 
agonism?

Samms, R. J., Coghlan, M. P., & 
Sloop, K. W. (2020). How May GIP 
Enhance the Therapeutic Efficacy of 
GLP-1?. Trends in endocrinology and 
metabolism: TEM, 31(6), 410–421. 
https://doi.org/10.1016/j.tem.2020.
02.006



3. Which are the FDA approved incretin agonists for type 
2 diabetes in the US?

Drug name and year of 
approval

Admin Manufacturer Brand Doses

Exenatide (2005) SQ Eli Lilly Byetta 5 or 10 mcg twice daily

Exenatide (2012) SQ AstraZeneca Bydureon 2 mcg weekly

Lixisenatide (2016) SQ Sanofi Adlyxin 10→20mcg daily

Liraglutide (2010) SQ Novo Nordisk Victoza 0.6→1.2, 1.8mg daily

Dulaglutide (2014) SQ Eli Lilly Trulicity 0.75, 1.5, 3, 4.5mg weekly

Semaglutide (2017) SQ Novo Nordisk Ozempic 0.25→0.5, 1, 2mg weekly

Semaglutide (2019) Oral Novo Nordisk Rybelsus 3→7, 14mg daily

Tirzepatide (2022) SQ Eli Lily Mounjaro 2.5→5, 7.5, 10, 12.5, 15mg 
weekly



4. Which are the FDA approved incretin agonists for 
obesity in the US?

Drug name and year of 
approval

Admin Manufacturer Brand Doses

Liraglutide (2014) SQ Novo Nordisk Saxenda 0.6→1.2→1.8→3mg daily

Semaglutide (2021) SQ Novo Nordisk Wegovy 0.25→0.5→1→1.7 or 2.4mg 
weekly

Tirzepatide (2023) SQ Eli Lily Zepbound 2.5→5, 7.5, 10, 12.5, 15mg 
weekly





5. What are the FDA approved indications for incretin 
agonists beyond diabetes and obesity?

• 12/20/2024: Zepbound FDA approved for moderate-to-severe obstructive sleep 
apnea in adults with obesity (based on the results of the SURMOUNT-OSA trial).

• 3/8/2024: Wegovy FDA approved for reducing the risk of cardiovascular death, 
heart attack and stroke in adults with cardiovascular disease and either obesity or 
overweight. (based on the results of the SELECT trial)

https://www.fda.gov/news-events/press-announcements/fda-approves-first-medication-obstructive-
sleep-apnea
FDA Approves First Treatment to Reduce Risk of Serious Heart Problems Specifically in Adults with 
Obesity or Overweight | FDA

https://www.fda.gov/news-events/press-announcements/fda-approves-first-medication-obstructive-sleep-apnea
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-reduce-risk-serious-heart-problems-specifically-adults-obesity-or


6. Which are important trials for incretin agonists to 
reference and quote?

TRIALS DRUG SUMMARY

LEADER SQ Liraglutide CVD reduction; T2DM; Placebo

LEAN SQ Liraglutide Safety and efficacy; overweight + MASH; Placebo

AWARD SQ Dulaglutide Safety, efficacy and superiority; T2DM; Comparator studies

SUSTAIN 1-7 SQ Semaglutide Safety, efficacy and superiority; T2DM; Comparator studies

STEP & STEP-HFpEF SQ Semaglutide Weight (+symp) reduction; Obesity (and HFpEF); Placebo

FLOW SQ Semaglutide CVD reduction; T2DM and DKD with albuminuria; Placebo

SELECT SQ Semaglutide CVD reduction; Obesity; Placebo

PIONEER 1-6 Oral Semaglutide Safety, efficacy and superiority; T2DM; Comparator studies

SOUL Oral Semaglutide CVD reduction; T2DM + ASCVD +/- DKD; Placebo

SURMOUNT SQ Tirzepatide Weight reduction; Obesity; Placebo

SURPASS & SURPASS-SWITCH SQ Tirzepatide Safety, efficacy and superiority; T2DM; Comparator studies

SUMMIT SQ Tirzepatide CVD reduction; Obesity + HFpEF; Placebo

SYNERGY-NASH SQ Tirzepatide MASH resolution; MASH with F2/F3 fibrosis; Placebo



Example of Comparator Studies

Aroda, V. R., Ahmann, A., Cariou, B., 
Chow, F., Davies, M. J., Jódar, E., 
Mehta, R., Woo, V., & Lingvay, I. 
(2019). Comparative efficacy, safety, 
and cardiovascular outcomes with 
once-weekly subcutaneous 
semaglutide in the treatment of type 2 
diabetes: Insights from the SUSTAIN 1-
7 trials. Diabetes & metabolism, 45(5), 
409–418. 
https://doi.org/10.1016/j.diabet.2018.
12.001



7. Which incretin agonists can be used for MASLD?

• Liraglutide: LEAN trial

• Semaglutide: 

-2021 Placebo controlled trial 

-ESSENCE trial Phase 3 results announced 1/11/2024

• Tirzepatide: SYNERGY-NASH trial



8. What are the indications for incretin agonists currently 
approved or being studied?

• T2DM
• Obesity
• T1DM (off-label)
• MASLD
• Obstructive sleep Apnea
• Fertility and PCOS
• Cardiovascular risk reduction: stroke, MI, HFpEF
• Chronic Kidney Disease
• Osteoarthritis
• Post bariatric surgery hypoglycemia (paradox)
• COVID-19 and asthma
• Chemical dependency (alcohol)
• Parkinson’s and Alzheimer’s disease



9. Can incretin agonists be used in patients with T1DM 
and Obesity on MDI?



10. Can incretin agonists be used in patients with T1DM 
and Obesity on insulin pumps?

Zeb I. Saeed, Halis K. Akturk, Grazia Aleppo, Davida Kruger, Carol J. Levy, Julia K. Mader, Jennifer L. Sherr, Viral N. 
Shah; Insulin Titration Recommendations When Using Glucagon-Like Peptide 1 Receptor Agonist Therapy in Adults 
With Type 1 Diabetes. Clin Diabetes 2024; cd240067. https://doi.org/10.2337/cd24-0067



11. What are the contraindications and FDA boxed 
warnings with therapy?

CONTRAINDICATIONS
Family or personal history of medullary thyroid carcinoma, MEN2 

BOXED WARNING
Depression, suicidal ideation

Pulmonary aspiration during general anesthesia or deep sedation.



12. What are the adverse effects of therapy?

• Nausea, vomiting, bloating, GERD, 
dysgeusia

• Constipation, ileus progression, small 
bowel obstruction; rarely diarrhea

• Cholelithiasis and cholecystitis

• Pancreatitis

• Worsening depression or suicidal 
thoughts

• Delayed/decreased absorption of oral 
medications

• Hypoglycemia in patient on insulin or 
sulfonylurea

• Injection site reaction

• Increased heart rate

• AKI on CKD

• Dehydration after bariatric surgery

• Aspiration with anesthesia

• Diabetic retinopathy progression

• Muscle and bone loss

• Decreased thirst and kidney stones

• Anaphylaxis and angioedema

• Non-arteritic Anterior Ischemic Optic 
Neuropathy



13. How can we tackle the side effects of therapy? 



14. What is the effect of these drugs on muscle and bone?

Neeland et al. 
(2024) | Diabetes, 
Obesity and 
Metabolism | DOI: 
10.1111/dom.15728



The controversial effects of incretin agonists on bone health

Daniilopoulou, I., Vlachou, E., Lambrou, G. I., Ntikoudi, A., 
Dokoutsidou, E., Fasoi, G., Govina, O., Kavga, A., & Tsartsalis, A. 
N. (2022). The Impact of GLP1 Agonists on Bone Metabolism: A 
Systematic Review. Medicina (Kaunas, Lithuania), 58(2), 224. 
https://doi.org/10.3390/medicina58020224



BREAKING NEWS!!



15. Can one switch between incretin agonists?

Almandoz, J. P., Lingvay, I., Morales, J., & 
Campos, C. (2020). Switching Between 
Glucagon-Like Peptide-1 Receptor 
Agonists: Rationale and Practical 
Guidance. Clinical diabetes : a publication 
of the American Diabetes Association, 
38(4), 390–402. 
https://doi.org/10.2337/cd19-0100



Guidance on stopping/restarting therapy



16. Which are the insulin-incretin combinations available 
in the market and their advantages?

1. Xultophy (insulin degludec + liraglutide)
Doses: Naïve: 10 units + 0.36mg; On previous therapy: 16 units + 0.58mg; titrate upwards or downwards by 2 
units (insulin degludec 2 units/liraglutide 0.072 mg) once or twice weekly (every 3 to 4 days) until the desired 
fasting plasma glucose is achieved. Maximum dose: 50 units (insulin degludec 50 units/liraglutide 1.8 mg)/day.

2. Soliqua (insulin glargine + lixisenatide)
Doses: Naïve: 15 units + 5mcg; On previous therapy 30 units + 10mcg; titrate the dosage upwards or 
downwards by 2 to 4 units (insulin glargine 2 to 4 units/lixisenatide 0.66 to 1.32 mcg) every week until the 
desired fasting plasma glucose is achieved. Maximum dose 60 units (insulin glargine 60 units/lixisenatide 20 
mcg)/day.

-Improved adherence to therapy

-Older patients

-Needle phobia



17. When should the drugs be initiated per the ADA 2025 
algorithm? 



18. Can incretin agonists be dose-reduced or stopped once 
target weight is achieved?

SURMOUNT 4 trialSTEP 1 extension trial STEP 4 withdrawal trial





19. Do these drugs increase the risk of cancer?

A theoretical increased risk of:

• Medullary thyroid carcinoma

• Papillary thyroid carcinoma



20. Do we need to monitor for thyroid cancer on these 
drugs?

• Counsel patients regarding the potential risk for MTC with the use of incretin receptor 
agonists and inform them of symptoms of thyroid tumors (eg, a mass in the neck, 
dysphagia, dyspnea, persistent hoarseness). 

• Routine monitoring of serum calcitonin or using thyroid ultrasound is of uncertain value 
for early detection of MTC in patients treated with incretin receptor agonists.

• Causes of falsely elevated calcitonin: hypercalcemia, renal failure, pancreatitis, Graves’ 
disease, gastritis, pernicious anemia, GI bleed, stress, trauma, MI, ZE syndrome, smoking, 
alcohol, pancreatitis, prostate and breast CA, sepsis



21. Do these drugs decrease the risk of cancer?

Wang L, Xu R, Kaelber DC, Berger NA. Glucagon-Like Peptide 1 Receptor Agonists and 13 Obesity-
Associated Cancers in Patients With Type 2 Diabetes. JAMA Netw Open. 2024;7(7):e2421305. 
doi:10.1001/jamanetworkopen.2024.21305



22. Should the drugs be stopped prior the surgery?

• New Multi-Society guideline released 10/29/2024: Most Patients Can Continue 
Diabetes, Weight Loss GLP-1 Drugs Before Surgery, Those at Highest Risk for GI 
Problems Should Follow Liquid Diet Before Procedure.

• The team should take into account patient-specific risk factors for delayed stomach emptying and 
consider the following guidance for patients at highest risk:

1. Patients in the escalation phase of GLP-1 drugs (early in treatment) are more likely to have delayed 
stomach emptying. 

2. 2Patients who have GI symptoms, including nausea, vomiting, abdominal pain, shortness of breath 
or constipation should wait until their symptoms have dissipated before proceeding with elective 
surgery.

3. Patients on a higher dose of the GLP-1 drug typically have more GI side effects and should follow a 
liquid diet for 24 hours before the procedure.

4. Patients with other medical conditions that slow stomach emptying, such as Parkinson’s disease may 
further modify the perioperative management plan



23. Can the medications be used during pregnancy and 
lactation?

• Pregnant rats: increased incidences of external, 
visceral, and skeletal malformations, increased 
incidences of visceral and skeletal developmental 
variations, and decreased fetal weights coincided 
with pharmacologically-mediated reductions in 
maternal body

• Pregnant rabbits: maternal mortality or abortion in a 
few rabbits occurred at all dose levels.

Breastfeeding: no data
Stop 2 months prior to planned pregnancy



24. What are the potential medication adjustments that 
need to be made while using incretin agonists?

• HIV medications

• Levothyroxine

• Antiseizure medications

• Warfarin

• OCP

-Delayed absorption of drugs

-Rybelsus (empty stomach)



25. What is the advice regarding contraceptives 
measures on these medications? 

• Unreliable absorption of OCP

• Use alternate form of contraception

• OR can add a barrier method of contraception for 4 weeks after initiation of therapy and 
4 weeks after each dose escalation

• “Mounjaro/Ozempic babies”: rapid improvement in fertility and unreliable OCP



26. In the age of medical weight loss drugs, is there still a 
role of bariatric surgery?

• A more than 2-fold increase in use of GLP-1 
RAs as anti-obesity medications from 2022 
to 2023, with a 25.6% decrease in the rate 
of metabolic bariatric surgery during the 
same period

• Mortality benefit for MBS

• MBS still has more significant weight 
reduction

• Incretin agonists before enrolling in MBS

• Tackling post MBS weight gain (also 
?substance use) with GLP-1s Lin K, Mehrotra A, Tsai TC. Metabolic Bariatric Surgery in the Era of GLP-1 Receptor Agonists for Obesity 

Management. JAMA Netw Open. 2024;7(10):e2441380. doi:10.1001/jamanetworkopen.2024.41380

Dicker D, Sagy YW, Ramot N, et al. Bariatric Metabolic Surgery vs Glucagon-Like Peptide-1 Receptor 
Agonists and Mortality. JAMA Netw Open. 2024;7(6):e2415392. 
doi:10.1001/jamanetworkopen.2024.15392



27. Are there patient assistance programs for these 
drugs?

• Lilly Cares: Trulicity

• Novo Nordisk: Ozempic, Rybelsus, Victoza, Xultophy



28. What is the FDA position statement on compounded 
formulations of these drugs?

• Compounded drugs are not FDA approved

• FDA received multiple reports of adverse events, some requiring hospitalization, that 
may be related to dosing errors associated with compounded injectable semaglutide
products. These dosing errors resulted from patients measuring and self-administering 
incorrect doses of the drug, and in some cases, health care professionals miscalculating 
doses of the drug. 

• As of November 30, 2024, FDA has received: 

-more than 392 reports of adverse events with compounded semaglutide.

-more than 215 reports of adverse events with compounded tirzepatide.

https://www.fda.gov/drugs/postmarket-drug-safety-
information-patients-and-providers/fdas-concerns-unapproved-
glp-1-drugs-used-weight-loss



29. Is there coverage for patients with MediCare and 
Medicaid? Are generic versions available?

• Medicare Part D: Plans cover GLP-1 drugs that the FDA has approved for treating type 2 diabetes 
(T2DM) and cardiovascular disease (CVD). As of August 2024, these drugs include Ozempic, 
Mounjaro, Rybelsus, and Wegovy. However, Medicare is currently prohibited from covering GLP-1 
drugs for obesity.

• Medicaid: Medicaid programs are required to cover GLP-1s for type 2 diabetes, including Ozempic 
(semaglutide), Rybelsus (semaglutide), Victoza (liraglutide), and Mounjaro (tirzepatide). As of 
August 2024, 13 states cover GLP-1s for obesity, including California, Kansas, Minnesota, 
Wisconsin, Michigan, Mississippi, Pennsylvania, Virginia, North Carolina, Massachusetts, New 
Hampshire, Delaware, and Rhode Island.

• Liraglutide generic approved as of: 12/23/2024

• The politics of Obesity management



30. Which drugs are in the pipeline for the near future? 





Take Home Points

• The uses of incretin agonists are vastly expanding beyond just type 2 diabetes: One cure 
for all?

• Not a substitute for lifestyle interventions

• Risk, benefit, cost, insurance coverage, contraindications, side effects must be addressed 
prior to starting the drug.

• No significant increase in cancer risk; rather these drugs can decrease the risk of obesity 
related cancers.

• Newer incretin agonists are slowly matching MBS in terms of weight reduction.

• Strategies to address muscle and bone loss are vital. Fluid, fiber, protein, exercise is the 
mantra.

• Long term safety data, reproductive data unknown.

• Use of prescription drugs only, avoiding the use of compounded versions of the drug.


