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The following program is a taped presentation by Susan A. Cornell.

Susan A. Cornell is the associate director of experiential education and an associate professor in the 
department of pharmacy practice at Midwestern University Chicago College of Pharmacy in Downers 
Grove, Illinois.

Dr. Cornell is also a clinical pharmacy consultant and certified diabetes educator, specializing in 
community and ambulatory care practice. She has over 24 years of practice in community pharmacy 
where she has practiced as a clinical pharmacist, diabetes educator and preceptor, as well as, the 
ƛƴŀǳƎǳǊŀƭ ŎƻƻǊŘƛƴŀǘƻǊ ƻŦ ǘƘŜ !5! ǊŜŎƻƎƴƛȊŜŘ 5ƻƳƛƴƛŎƪΩǎ tƘŀǊƳŀŎȅ 5ƛŀōŜǘŜǎ {ŜƭŦ-Management 
Education program through 2004.

Dr. Cornell received her bachelor of pharmacy at the University of Illinois, College of Pharmacy and her 
Doctor of Pharmacy at Midwestern University.

5ǊΦ /ƻǊƴŜƭƭΩǎ ŎǳǊǊŜƴǘ ŎƭƛƴƛŎŀƭ ǇǊŀŎǘƛŎŜ ƛǎ ǿƛǘƘ ǘƘŜ !ŎŎŜǎǎ /ƻƳƳǳƴƛǘȅ IŜŀƭǘƘ bŜǘǿƻǊƪ ŀƴŘ ǘƘŜ 
Bolingbrook Christian Health Center, where she trains, educates, and supervises students from the 
colleges of medicine, pharmacy, and health sciences, as they provide diabetes education classes for 
patients in numerous underserved community clinics.

Dr. Cornell recently completed her term as President of the Illinois Pharmacists Association in October 
2011. She has received numerous awards and recognitions, including the 2010 Teacher of the Year 
Award, the 2010 American Association of Colleges of Pharmacy, Student Engaged Community Service 
Award, the 2008 American Association of Diabetes Educators Fellow Award, 2008 American 
Pharmacists Association Fellow award, the 2005 Midwestern University Golden Apple Teaching Award. 
She is an active member of the American Diabetes Association, and the American Association of 
Diabetes Educators, where she served on their board of directors from 2004 to 2007. Dr. Cornell has 
given numerous presentations to various healthcare professionals and community groups and has 
published and contributed to many peer-reviewed, professional written and online publications.
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After completing this activity, participants should be able to:

ÅDiscuss the major characteristics and functions of endogenous incretin 

hormones and the mechanism of action and main effects of the GLP-1 

agonists

ÅDifferentiate between the class effects and characteristics of the GLP-1 

agonists and the effects and characteristics of the individual members of 

this class

ÅReview key data related to the efficacy and safety of the GLP-1 agonists 

and describe the positioning of these agents in current clinical practice 

guidelines

ÅDescribe effective strategies for using the GLP-1 agonists in clinical 

practice and practical, patient-centered considerations associated with 

these agents
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Type 2 diabetes (T2DM) is a progressive metabolic disorder characterized by 

functional defects in several organs. Patients experience progressive 

pancreatic islet dysfunction, including qualitative and quantitative abnormalities 

in insulin and amylin secretion from beta cells.

Amylin, which is co-secreted with insulin from pancreatic beta cells, works with 

insulin to suppress glucagon secretion. It also promotes satiety and helps to 

regulate gastric emptying, thereby influencing the rate at which glucose enters 

the blood.

Patients also experience unrestrained glucagon secretion from alpha cells. In 

addition, they have insulin resistance in muscle and adipose tissue, as well as 

dysregulated hepatic glucose production.

T2DM is also characterized by impaired incretin hormone activity. (The word 

ñincretinò is an acronym for INtestinal seCRETion of INsulin.) The incretin 

hormones are discussed in the next slides.

Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors for type 2 

diabetes. Medscape J Med. 2008;10:171.

Meier JJ, Nauck MA. Is the diminished incretin effect in type 2 diabetes just an epi-phenomenon of 

impaired ɓ-cell function? Diabetes. 2010;59:1117ï1125.

Neumiller JJ. Differential chemistry (structure), mechanism of action, and pharmacology of the GLP-1 

receptor agonists and DPP-4 inhibitors. J Am Pharm Assoc. 2009;49(Suppl 1):S16ïS29.
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The incretin hormones glucagon-like peptide 1 (GLP-1) and glucose-dependent 

insulinotropic polypeptide (GIP) are produced by specialized endocrine cells, called 

enteroendocrine cells, in the gastrointestinal (GI) tract. Incretin hormones are 

secreted in response to the entry of nutrients into the gut. GLP-1 secretion is 

stimulated by glucose, amino acids, and fat, and GIP secretion is stimulated by fat 

and, to a lesser extent, glucose. The incretin hormones increase insulin secretion 

from pancreatic beta cells in a glucose-dependent manner. Studies conducted in 

human volunteers during the 1960s showed that oral ingestion of glucose led to a 

greater insulin response than intravenous (IV) administration of an equivalent amount 

of glucose. This phenomenon, called ñthe incretin effect,ò is discussed further on the 

next slide.

GLP-1 also has other effects. It slows gastric emptying, suppresses postprandial 

glucagon secretion from pancreatic alpha cells, and promotes satiety and reduces 

appetite, thereby lowering food intake and body weight.

Preclinical studies have shown that both GLP-1 and GIP reduce beta-cell apoptosis 

(cell death) and promote beta-cell proliferation, although these effects have not been 

demonstrated in humans.

Pratley RE. GIP: an inconsequential incretin or not? Diabetes Care. 2010;33:1691ï1692.

Elrick H, Stimmler L, Hlad CJ Jr, et al. Plasma insulin response to oral and intravenous glucose administration. J Clin 

Endocrinol Metab. 1964;24:1076ï1082.

Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors for type 2 diabetes. 

Medscape J Med. 2008;10:171.

Drucker DJ. Glucagon-like peptides: regulators of cell proliferation, differentiation, and apoptosis. Mol Endocrinol. 

2003;17:161ï171.
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As just mentioned, the incretin effect is the phenomenon by which oral ingestion of 

glucose provokes a greater insulin response than IV administration of the same 

amount of glucose. The term derives from the fact that increased insulin secretion 

following oral glucose administration is primarily due to the actions of incretin 

hormones GLP-1 and GIP.

This slide depicts the incretin effect, presenting data for human volunteers who did 

not have diabetes. In the graph on the left, the yellow line represents mean serum 

glucose levels following oral ingestion of glucose and the blue line represents mean 

glucose levels following IV infusion of an equivalent amount of glucose. The 

superimposition of the lines shows that subjects had similar serum glucose levels 

regardless of the route of administration.

The graph on the right shows mean levels of secreted insulin when subjects received 

glucose by the oral route (yellow line) or the IV route (blue line). As the graph shows, 

considerably more insulin was secreted when glucose was administered by the oral 

route. Additional research has shown that average insulin responses to IV glucose 

infusion are 30% to 70% less than average insulin responses to oral glucose 

ingestion. Studies have also shown that the insulinotropic effects of GLP-1 and GIP 

are additive to each other.

Pratley RE. GIP: an inconsequential incretin or not? Diabetes Care. 2010;33:1691ï1692.

Nauck MA. Incretin-based therapies for type 2 diabetes mellitus: properties, functions, and clinical 

implications. Am J Med. 2011;124(1 Suppl):S3ïS18.

Nauck MA, Homberger E, Siegel EG, et al. Incretin effects of increasing glucose loads in man calculated 

from venous insulin and C-peptide responses. J Clin Endocrinol Metab. 1986;63:492ï498.



The incretin effect is impaired in people with T2DM, resulting in impaired 

glucose-stimulated insulin secretion, reduced glucose clearance, increased 

glucagon levels, and quicker gastric emptying. The mechanisms underlying 

this defect are incompletely understood and have generated considerable 

controversy. The views summarized here are those of Michael Nauck, MD, 

PhD, a pioneer in the field of incretin research.

Most, but not all, studies have found that the secretion of GIP and GLP-1 is 

not reduced in people with T2DM. However, the insulinotropic activity of GIP is 

greatly compromised, even when GIP is infused at supraphysiologic levels. 

This compromise may result from a decrease in beta-cell mass and a 

reduction in the maximum insulin secretory capacity of beta cells.

GLP-1 retains its activity in people with T2DM, but cannot compensate at 

physiologic levels for the greatly reduced activity of GIP. However, as we will 

discuss, supraphysiologic levels of GLP-1 can partially compensate for 

impaired GIP activity.

Nauck MA. Incretin-based therapies for type 2 diabetes mellitus: properties, functions, and 

clinical implications. Am J Med. 2011;124(1 Suppl):S3ïS18.

Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors 

for type 2 diabetes. Medscape J Med. 2008;10:171.
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The foundation of todayôs incretin-based therapy is the finding that infusion of 

native GLP-1 to volunteers with T2DM normalized beta-cell responsiveness to 

glucose, improved the insulin response to glucose, and reduced daytime 

plasma glucose (PG) to near-normal levels.

Despite these benefits, large-scale, long-term administration of native GLP-1 is 

not feasible, because this hormone is rapidly degraded by dipeptidyl 

peptidase-4 (DPP-4), a ubiquitous enzyme.

Therefore, researchers focused on two therapeutic approaches. The first was 

the development of GLP-1 agonists, which replicate the activities of native 

GLP-1 but are less susceptible to DPP-4 degradation. The second was the 

development of DPP-4 inhibitors, which limit the degradation of endogenous 

GLP-1, thereby prolonging GLP-1 availability.

This activity focuses on the GLP-1 agonists.

Pratley RE. Overview of glucagon-like peptide-1 analogs and dipeptidyl peptidase-4 inhibitors 

for type 2 diabetes. Medscape J Med. 2008;10:171.

Cornell S. Differentiating among incretin therapies: a multiple-target approach to type 2 

diabetes. J Clin Pharm Ther. 2012;37:510ï524.
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ñThe incretin effectò refers to the fact that:

a. GLP-1 and GIP increase insulin secretion from pancreatic beta cells in a 
glucose-dependent manner

b. GLP-1 delays gastric emptying, promotes satiety, and reduces appetite

c. GLP-1 secretion is stimulated by glucose, amino acids, and fat

d. oral glucose ingestion leads to a greater insulin response than IV glucose 
administration
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The correct answer is d.

ñThe incretin effectò refers to the fact that oral glucose ingestion leads to a 

greater insulin response than IV glucose administration.
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The major class effects of the GLP-1 agonists are to:

Å Enhance glucose-dependent insulin secretion

Å Reduce hepatic glucose production

Å Improve postprandial glucose levels

Å Delay gastric emptying

Å Increase satiety and reduce food intake, and

Å Promote weight loss.

Long-acting GLP-1 agonists also improve fasting glucose levels.

All currently available GLP-1 agonists are administered by subcutaneous 

injection.

Cornell S. Differentiating among incretin therapies: a multiple-target approach to type 2 diabetes. J Clin 

Pharm Ther. 2012;37:510ï524.
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This table summarizes basic information about the five GLP-1 agonists that 

had been approved for use by the US Food and Drug Administration (FDA) as 

of August 2015. Exenatide, the first GLP-1 agent to come to market, was 

approved in April 2005 and dulaglutide, the most recently marketed agent, was 

approved in September 2014. All of the approved GLP-1 agonists are 

indicated as an adjunct to diet and exercise to improve glycemic control in 

adults with T2DM. 

Another GLP-1 agonist, lixisenatide, is approved in the European Union and 

several other countries, but not approved in the US as of November 2015. 

Additional GLP-1 agonists are at various stages of development.

This activity covers only the five FDA-approved agents listed on the slide.

US Food and Drug Administration. Drugs @ FDA: FDA approved drug products. Available at: 

http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Search_Drug_Nam

e. Accessed June 30, 2015.

Trujillo JM, Nuffer W, Ellis SL. GLP-1 receptor agonists: a review of head-to-head clinical studies. Ther 

Adv Endocrinol Metab. 2015;6:19ï28.
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