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• 38-year-old black male 

• Diagnosis of type 2 diabetes 3 years ago

• Obese 
– Weight = 223 lb

– BMI = 32.0 kg/m2

• Glycemic control
– A1C = 7.6%

– FPG < 110 mg/dL

– PPG values not captured

• 38-year-old black male 

• Diagnosis of type 2 diabetes 3 years ago

• Obese 
– Weight = 223 lb

– BMI = 32.0 kg/m2

• Glycemic control
– A1C = 7.6%

– FPG < 110 mg/dL

– PPG values not captured

Case Study: Overcoming Clinical Inertia with 
Harold LeGrange
Case Study: Overcoming Clinical Inertia with 
Harold LeGrange

• Medication
– Metformin: 1000 mg, by mouth, twice daily
– Has been taking for 2 years
– At current dose for last 6 months

• Other considerations
– Takes medication as prescribed
– Not interested in diabetes education
– Interested in losing weight
– Exercise limited by knee pain due to osteoarthritis
– Has heard from a family member about weight loss 

associated with exenatide and has asked whether this 
would be a good option for him
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1. Add sulfonylurea

2. Add thiazolidinedione

3. Add basal insulin

4. Add DPP-4 inhibitor

5. Add GLP-1 agonist
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incretin-based therapies that would allow you to 
confidently use them in your practice?
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1. Anticipated level of glycemic control

2. Drug-drug interactions

3. Adverse effects

4. How my peers are using these medications
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Incretin HormonesIncretin Hormones

• Gut-derived hormones, secreted in response to 
nutrient ingestion, that potentiate insulin 
secretion from islet �� -cells in a glucose-
dependent fashion, and lower glucagon 
secretion from islet �.-cells

• Two predominant incretins
– Glucagon-like peptide 1 (GLP-1)

– Glucose-dependent insulinotropic peptide (GIP)*

• Incretin effect impaired in type 2 diabetes
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• Two predominant incretins
– Glucagon-like peptide 1 (GLP-1)

– Glucose-dependent insulinotropic peptide (GIP)*

• Incretin effect impaired in type 2 diabetes

* Also known as gastric inhibitory peptide.
Holst JJ, et al. Trends Mol Med. 2008;14:161-168.

CNS:
Promotes satiety and 

reduces appetite

�� -cells:
Enhances glucose-
dependent insulin 

secretion

Liver:
�; Glucagon reduces 

hepatic glucose output

�. -cells:
�; Postprandial

glucagon secretion

Stomach:
Helps regulate 

gastric emptying

GLP-1 secreted upon 
the ingestion of food

Aronoff SL, et al. Diabetes Spectrum. 2004;17:183-190.
Drucker DJ, Nauck MA. Lancet. 2006;368:1696-1705.

Dunning BE, Gerich JE. Endocrine Rev.2007;28:253-283.

Multiple Actions of GLP-1 
Improve Glycemic Control
Multiple Actions of GLP-1 
Improve Glycemic Control

Capillary

Active Hormones
GLP-1 [7-36NH2]
GIP [1-42]

Inactive Metabolites
GLP-1 [9-36NH2]
GIP [3-42] 

DPP-4

Incretin Hormone MetabolismIncretin Hormone Metabolism

• Dipeptidyl peptidase-4 (DPP-4)
– Ubiquitous, specific protease
– Cleaves N-terminal dipeptide

– Inactivates   > 50% of GLP-1 �| 1 min 
> 50% of GIP in �| 7 min

• Dipeptidyl peptidase-4 (DPP-4)
– Ubiquitous, specific protease
– Cleaves N-terminal dipeptide

– Inactivates   > 50% of GLP-1 �| 1 min 
> 50% of GIP in �| 7 min

Baggio L, Drucker D. Gastroenterology. 2007;132:2131-2157. 

Nauck M, et al. Diabetologia. 1986;29:46-52.
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Intravenous Glucose

Reduced Incretin Effect in 
Patients With Type 2 Diabetes
Reduced Incretin Effect in 
Patients With Type 2 Diabetes

Oral Glucose

* P �” .05 compared with value after oral load.
Vilsböll T, et al. Diabetologia. 2002;45(8):1111-1119. Copyright © 2002 Springer. 

GLP-1 Is Associated With Greater �� -cell 
Response Than GIP in Type 2 Diabetes
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Leveraging the Beneficial Effects 
of GLP-1 to Treat Type 2 Diabetes
Leveraging the Beneficial Effects 
of GLP-1 to Treat Type 2 Diabetes

GLP-1 agonists (longer half-life)
• Injected therapies

• Exendin-4 based

– Exenatide

– Exenatide LAR*

– AVE 0010*

• Modified human GLP-1

– Liraglutide*

– Albiglutide*

– Taspoglutide*
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DPP-4 inhibitors

• Oral agents

• Class 
members
– Sitagliptin

– Vildagliptin*

– Alogliptin*

– Saxagliptin*

Baggio L, Drucker DJ. Gastroenterology. 2007;132:2131-2157.
Drucker DJ, et al. ADA 2008:Incretin-based therapeutics. Available at: 

http://www.medscape.com/viewprogram/15786.  Accessed April 12, 2009.
US Food and Drug Administration. FDA approved drug products. Available 

at: http://www.accessdata.fda.gov/scripts/cder/drugsatfda/.

*Agent currently not FDA approved. 

Two Approaches to Increasing GLP-1 Activity…Two Approaches to Increasing GLP-1 Activity…

GLP-1 AgonistsGLP-1 Agonists

Submission anticipated 
(2009)

1.7–1.9cInjection
1 × per week

Exenatide 
LAR

Submitted; FDA Advisory 
Committee review completed

1.0–1.5bInjection
1 × per dayLiraglutide

Adjunct therapy: approved
Monotherapy: submitted

0.8–0.9aInjection
2 × per dayExenatide*

FDA Approval Status
Expected A1C 
Decrease (%)

Administration 
and Dosage

a10 mcg 2 × daily; b1.8 mg 1 �· per day; c2.0 mg 1 �· per week.
*Exenatide is currently the only agent approved in this class.

GLP-1 Agonists - OverviewGLP-1 Agonists - Overview

Moretto TJ, et al. Clin Ther. 2008;30:1448-1460.

* P < .05 vs PBO; †least squares mean; ‡no 
major hypoglycemic events.
Exenatide not yet FDA approved as monotherapy.

* P < .05 vs PBO; †least squares mean; ‡no 
major hypoglycemic events.
Exenatide not yet FDA approved as monotherapy.

Exenatide Monotherapy vs PlaceboExenatide Monotherapy vs Placebo
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0.030.53*0.21*Hypoglycemia‡

(events/patient/year)

08*Nausea (%)

121314Withdrawal rate (%)

PBOEXN 10 
mcg

EXN 5 
mcg

24-week randomized controlled trial.
N = 232 drug-naïve patients with T2DM.
Baseline A1C = 7.8%

24-week randomized controlled trial.
N = 232 drug-naïve patients with T2DM.
Baseline A1C = 7.8%

EXN 5 mcg bid EXN 10 mcg bid PBO

*

*

Exenatide Plus Oral Agents Reduces A1CExenatide Plus Oral Agents Reduces A1C
EXN 5 mcg bid EXN 10 mcg bid PBO
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N = 336, 30 weeks
Baseline A1C = 8.2%
N = 336, 30 weeks
Baseline A1C = 8.2%

METMET

* P < .05 vs PBO; 
†79% of patients on both. 
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N = 233, 16 weeks
Baseline A1C = 7.9%
N = 233, 16 weeks
Baseline A1C = 7.9%

TZD ± MET†TZD ± MET†

DeFronzo RA, et al. Diabetes Care.2005;28:1092-1100; Buse JB, et al. 
Diabetes Care.2004;27:2628-2635; Kendall DM, et al. Diabetes Care.

2005;28:1083-1091; Zinman B, et al. Ann Intern Med. 2007;30:477-485.

* P < .05 vs GLIM; †P < .05, 1.8 mg vs 
1.2 mg; ‡no major hypoglycemic events.
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LIRA 1.2 mg once daily (n = 251)
LIRA  1.8 mg once daily (n = 247)
GLIM 8 mg once daily (n = 248)

Mean baseline A1C = 8.2%Mean baseline A1C = 8.2%

**

* ,†* ,†

Garber A, et al. Lancet.. 2009;373:473-481.
Garber A, et al. ADA 68th Scientific Sessions. Late 

Breaking Abstract Handout. 2008;7-LB:LB3.

52-week randomized controlled trial52-week randomized controlled trial

8.529.3*27.5*Nausea (%)

1.960.25*0.30*Hypoglycemia‡
(events/patient/year)

393035Withdrawal rate (%)

GLIM 8 mgLIRA 1.8 
mg

LIRA 1.2 
mg

Liraglutide Monotherapy vs Glimepiride (LEAD 3)Liraglutide Monotherapy vs Glimepiride (LEAD 3)
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Liraglutide Plus Oral Agents Reduces A1C vs
Comparators (LEAD 1, LEAD 2, LEAD 4, LEAD 5)
Liraglutide Plus Oral Agents Reduces A1C vs
Comparators (LEAD 1, LEAD 2, LEAD 4, LEAD 5)
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N = 533, 26 weeks
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MET + RSG
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N = 581, 26 weeks
Baseline A1C = 8.2%
N = 581, 26 weeks
Baseline A1C = 8.2%

MET + SU

Marre M, et al. Diabet Med. 2009;26:268-278; Nauck MA, et al. Diabetes 
Care. 2009;32:84-90; Zinman B, et al. Diabetes Care. 2009 March 16 [Epub

ahead of print]; Russell-Jones D, et al. Diabetes. 2008;57(suppl 1):536-P.

* P < .05 vs PBO; 
†P < .05 vs active comparator.

LIRA 0.6 mg LIRA 1.2 mg LIRA 1.8 mg RSG 4 mg GLIM 4 mg GLAR PBO

GLP-1 Agonists: Head-to-Head StudiesGLP-1 Agonists: Head-to-Head Studies

Comparison of Liraglutide* and Exenatide* 
Twice Daily (LEAD 6)
Comparison of Liraglutide* and Exenatide* 
Twice Daily (LEAD 6)

*With MET and/or SU; †P < .05 vs exenatide. Blonde L, et al. Canadian Diabetes Association/Canadian Society of 
Endocrinology and Metabolism Annual Meeting. 2008; Poster 107.
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Baseline A1C: 8.2% 8.1%

LEAD 6 is currently the only study to provide data directly comparing liraglutide and another incretin mimetic.
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Similar rates of nausea
LIRA, 25.5% of patients; EXN, 28.0% of patients

Similar weight loss
LIRA, 3.2 kg; EXN, 2.9 kg

Significantly less minor hypoglycemia for LIRA
LIRA, 1.9 events/subject/y†; EXN, 2.6 events/subject/y

LIRA 1.8 mg daily (n = 233) EXN 10 mcg 2 × daily (n = 231)

Drucker DJ, et al. Lancet. 2008;372:1240-1250.

EXN 10 mcg twice daily (n = 147)               EXN LAR 2.0 mg once weekly (n = 148)

Approximately 90% of patients completed 30 weeks of treatment.

P < .0001

P = .002

P = .004
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Similar cumulative incidences of nausea
EXN, 35% of patients; EXN LAR, 26% of patients

Similar weight loss
Approximately 4 kg in both groups

Similar rates of minor hypoglycemia
EXN, 6.1% of patients; EXN LAR, 5.4% of patients

Baseline A1C: 8.3% 8.3%

Effects of Once-Weekly Exenatide (LAR) vs
Twice-Daily Exenatide
Effects of Once-Weekly Exenatide (LAR) vs
Twice-Daily Exenatide

Exenatide and Risk of PancreatitisExenatide and Risk of Pancreatitis

• Postmarketing cases of acute pancreatitis have been 
reported in patients treated with exenatide

• Update 8/18/2008: Since issuing Information for 
Healthcare Professionals in October 2007, the FDA has 
received reports of 6 cases of hemorrhagic or 
necrotizing pancreatitis in patients taking exenatide

• Exenatide and other potentially suspect drugs should 
be promptly discontinued if pancreatitis is suspected  

• Exenatide should not be restarted. Consider 
antidiabetic therapies other than exenatide in patients 
with a history of pancreatitis 

• Postmarketing cases of acute pancreatitis have been 
reported in patients treated with exenatide

• Update 8/18/2008: Since issuing Information for 
Healthcare Professionals in October 2007, the FDA has 
received reports of 6 cases of hemorrhagic or 
necrotizing pancreatitis in patients taking exenatide

• Exenatide and other potentially suspect drugs should 
be promptly discontinued if pancreatitis is suspected  

• Exenatide should not be restarted. Consider 
antidiabetic therapies other than exenatide in patients 
with a history of pancreatitis 

Available at: http://www.byettahcp.com/index.jsp. Accessed January 15, 2009.
Available at: http://www.fda.gov/cder/drug/infopage/exenatide/default.htm. Accessed  January 15, 2009.

Which characteristics of GLP-1 agonists would 
lead you to consider prescribing an agent from 
this class for Harold?

Which characteristics of GLP-1 agonists would 
lead you to consider prescribing an agent from 
this class for Harold?

1. Anticipated A1C decrease (0.5-1.0%)

2. Low risk of hypoglycemia

3. Associated weight loss

4. Single agent addresses several aspects of 

diabetes pathophysiology

5. Other

1. Anticipated A1C decrease (0.5-1.0%)

2. Low risk of hypoglycemia

3. Associated weight loss

4. Single agent addresses several aspects of 

diabetes pathophysiology

5. Other
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Which of the following characteristics of GLP-1 
agonists would lead you to consider prescribing an 
agent from ANOTHER class for Harold?

Which of the following characteristics of GLP-1 
agonists would lead you to consider prescribing an 
agent from ANOTHER class for Harold?

1. Injectable

2. Nausea

3. Risk of pancreatitis

4. Other

1. Injectable

2. Nausea

3. Risk of pancreatitis

4. Other

DPP-4 InhibitorsDPP-4 Inhibitors

DPP-4 Inhibitors – Overview*DPP-4 Inhibitors – Overview*

• Oral agents

• A1C improvement of �| 0.5% to 1.0% for 
combination therapy and monotherapy based 
on clinical trial results

• Address proven pathophysiologic aspects of 
type 2 diabetes

• Adverse-effect profile similar to or better than 
other oral agents

• Low risk of hypoglycemia

• Weight neutral

• Oral agents

• A1C improvement of �| 0.5% to 1.0% for 
combination therapy and monotherapy based 
on clinical trial results

• Address proven pathophysiologic aspects of 
type 2 diabetes

• Adverse-effect profile similar to or better than 
other oral agents

• Low risk of hypoglycemia

• Weight neutral
*Sitagliptin is currently the only approved agent in this class. 
It is approved for monotherapy and combination therapy.

Sitagliptin – Comparison With Rosiglitazone
as Add-On to Metformin*
Sitagliptin – Comparison With Rosiglitazone
as Add-On to Metformin*

-0.41.5-0.8�ûWeight (kg)

556338
Achieved A1C 

< 7% (%)

-0.73†-0.79-0.22�ûA1C (%)

SITA
100 mg/d

(n = 91)

ROSI
8 mg/d
(n = 91)

PBO
(n = 91)

*18-week study with PBO, SITA, or ROSI added 
to �• 1500 mg/d MET; †P < .001 vs PBO.

Scott R, et al. Diabetes Obes Metab. 2008;10:959-969.

Baseline A1C: 7.7%.
No difference between ROSI and SITA groups for change in A1C.
No increased risk of hypoglycemia or gastrointestinal AEs for ROSI or SITA vs PBO.

Baseline A1C: 7.7%.
No difference between ROSI and SITA groups for change in A1C.
No increased risk of hypoglycemia or gastrointestinal AEs for ROSI or SITA vs PBO.

Saxagliptin and Alogliptin Monotherapy 
Improve Glycemic Control
Saxagliptin and Alogliptin Monotherapy 
Improve Glycemic Control

*Placebo-subtracted difference; †P < .0001 
from baseline;‡P < .0001 vs placebo. Rosenstock J, et al. Diabetes. 2008;57(suppl 1):517-P.

DeFronzo R, et al. Diabetes Care. 2008;31:2315-2317. 

2.5 mg once daily     
5.0 mg once daily      
10.0 mg once daily

††††

††

Placebo     
12.5 mg once daily      
25.0 mg once daily

Placebo     
12.5 mg once daily      
25.0 mg once daily

Saxagliptin (24 weeks, N = 401)Saxagliptin (24 weeks, N = 401) Alogliptin (26 weeks, N = 329)Alogliptin (26 weeks, N = 329)

‡‡ ‡‡
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Baseline A1C: 7-10%Baseline A1C: 7-10% Baseline A1C: 7.9%Baseline A1C: 7.9%

Adverse Events: Meta-Analyses of 
Incretin-Based Therapies vs Comparators
Adverse Events: Meta-Analyses of 
Incretin-Based Therapies vs Comparators

†1.38 (1.10-1.72)Headache

†1.52 (1.04-2.21)UTI

†1.17 (0.98-1.40)Nasopharyngitis

2.23 (1.72-2.89)0.80 (0.42-1.54)Diarrhea

3.32 (2.51-4.41)0.69 (0.41-1.15)Vomiting

2.92 (2.02-4.24)0.89 (0.58-1.36)Nausea

1.02 (0.46-2.26)*0.97 (0.50-1.86)Hypoglycemia

GLP-1 Receptor 
Agonists

DPP-4 

Inhibitors
Adverse Event

Risk ratio (95% confidence interval) vs all comparators 
(placebo and active) unless otherwise indicated.
*Exenatide vs insulin; analysis not performed for liraglutide
†Analysis not performed for GLP-1 receptor agonists Amori R, et al. JAMA. 2007;298:194-206.
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Which characteristic of DPP-4 inhibitors would lead 
you to consider prescribing an agent from this class 
for Harold?

Which characteristic of DPP-4 inhibitors would lead 
you to consider prescribing an agent from this class 
for Harold?

1. Oral administration

2. Anticipated A1C decrease of 0.5% to 1.0%

3. Benefit for postprandial glucose control

4. Low risk of hypoglycemia

5. Weight neutral

6. Single agent addresses several aspects of 
diabetes pathophysiology

1. Oral administration

2. Anticipated A1C decrease of 0.5% to 1.0%

3. Benefit for postprandial glucose control

4. Low risk of hypoglycemia

5. Weight neutral

6. Single agent addresses several aspects of 
diabetes pathophysiology

Which characteristics of DPP-4 inhibitors would lead 
you to consider prescribing an agent from ANOTHER 
class for Harold?

Which characteristics of DPP-4 inhibitors would lead 
you to consider prescribing an agent from ANOTHER 
class for Harold?

1. Better A1C decrease with another class

2. Weight neutral

3. Lack of insurance coverage

4. Lack of knowledge regarding long-term 
effects

5. Other

1. Better A1C decrease with another class

2. Weight neutral

3. Lack of insurance coverage

4. Lack of knowledge regarding long-term 
effects

5. Other

Case Study: Overcoming Clinical Inertia with 
Harold LeGrange (Follow-up)
Case Study: Overcoming Clinical Inertia with 
Harold LeGrange (Follow-up)

• Actions following previous office visit
– Harold was referred to and met with diabetes educator 

and dietician for effective lifestyle changes

– Harold was referred to physical therapist to identify ways 
to minimize pain and damage during exercise

– A GLP-1 agonist was added to current MET therapy

• 1-month follow-up
– He is happy with the weight loss (3 lb) 

– Experienced significant nausea 

• 3 months after previous visit 
– A1C = 6.9%
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• 3 months after previous visit 
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