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In this issue, Javier Morales, MD interprets the key findings from 
this journal article and provides helpful recommendations on how 
the learnings may be applied in the busy Family Medicine office.



Article Insights™ CME Series are educational activities that provide practical pearls to the primary care physician 
(PCP) on various therapeutic areas treated and managed by PCPs. Each activity includes a reprint of an article 
that has recently been published in a specialty journal as well as a Question and Answer interview between two 
PCPs on the important “take-away” points of the article reprint. 

In this edition of Article Insights™ CME Series, Dr. Brunton will interview Dr. Morales on how PCPs may apply the 
fi ndings in the journal article, “Overview of Glucagon-like Peptide-1 Analogs and Dipeptidyl Peptidase-4 Inhibitors 
for Type 2 Diabetes” by Richard E. Pratley, MD, to better manage diabetes in their patients.  
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learning objectives
After reviewing this activity, the reader will be better able to: 

 •  Compare the effi cacy and safety among the glucagon-like peptide-1 analogs and dipeptidyl 
  peptidase-4 inhibitors

 •  Identify patients with type 2 diabetes mellitus for whom a glucagon-like peptide-1 analog or 

dipeptidyl peptidase-4 inhibitor would be an appropriate treatment option

target audience
Primary care physicians and clinicians who have an interest in treating patients with diabetes. 
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Question 15

Dr. Brunton: If we limit the drug treatment options to drugs that promote weight loss because of 
his obesity, only pramlintide or a GLP-1 receptor agonist are options. Pramlintide must be used in 
combination with insulin. Would you please compare the combination of pramlintide and insulin 
versus a GLP-1 receptor agonist?

Dr. Morales:   The combination of pramlintide plus insulin would be expected to lower A1C, as well as both the fast-

ing and postprandial glucose levels, from its current level to the target level of less than 7%. Exenatide alone prob-

ably wouldn’t achieve an A1C less than 7% since it generally lowers A1C 0.5-1.0%. Liraglutide monotherapy might 

achieve the target level since it generally lowers A1C 0.5-1.5%. Preliminary evidence indicates that the addition of 

exenatide to insulin further lowers A1C, with a small percentage of patients achieving glycemic control while dis-

continuing insulin. (30,31) Insulin causes weight gain, although pramlintide alone promotes weight loss. The combina-

tion generally causes little or no weight gain. A GLP-1 receptor agonist promotes 1-4 kg weight loss. Both pramlintide 

and GLP-1 receptor agonist promote early satiety. Pramlintide, insulin, and GLP-1 receptor agonist all require injection, 

which emphasizes the importance of patient education regarding the injection devices and ultra-fi ne needles. 

While liraglutide is administered once daily, the others require multiple daily injections. Symptomatic hypoglycemia is 

more likely with insulin, while gastrointestinal side effects are common with pramlintide and GLP-1 receptor agonists. 

Taking all of these factors into account for this patient, a GLP-1 receptor agonist would be my initial choice.

Question 16 
Dr. Brunton: Would you favor one GLP-1 receptor agonist over the other?

Dr. Morales:   I think there are some important differences, although while exenatide is commercially available,

liraglutide is under review by the US Food and Drug Administration. First, exenatide requires twice daily adminis-

tration, liraglutide once daily, and exenatide LAR once weekly. Second, acute pancreatitis has been reported, 

although rarely, with exenatide but not liraglutide. Third, our clinical impression has been that liraglutide provided 

greater reduction in the blood glucose than exenatide. This has now been shown in an as yet unpublished 

head-to-head trial involving 464 patients with T2DM inadequately controlled with metformin, sulfonylurea, or both. 

Patients were randomized to either exenatide or liraglutide. Exenatide 5 mcg twice daily was administered for 4 

weeks followed by 10 mcg twice daily for the duration. Liraglutide was administered once daily, 0.6 mg for 1 week 

followed by 1.2 mg for 1 week, then 1.8 mg for the duration. At the end of 26 weeks, the addition of liraglutide 

caused a signifi cantly greater reduction in the A1C than exenatide (1.1% vs 0.8%, respectively; P<0.0001) from a 

baseline of 8.2% and 8.1%, respectively. More liraglutide patients achieved an A1C less than 7% compared with 

exenatide (54% vs 43%, respectively; P=0.0015). Also, the fasting plasma glucose level was reduced 29 mg/dL in the 

liraglutide group and 11 mg/dL in the exenatide group (P<0.0001).

Question 17 
Dr. Brunton:  If you were to also consider his hypertension and hyperlipidemia, would your treatment 
approach change?

Dr. Morales:  No, I would still favor a GLP-1 receptor agonist since it improves blood pressure (independent of 

weight loss) and lipid profi le, although not to goal. The systolic and diastolic blood pressures are reduced up to

5 mm Hg and 2 mm Hg, respectively, with exenatide (32), and the systolic blood pressure up to 8 mm Hg with 

liraglutide. (3,33) Both exenatide and liraglutide also reduce total and LDL-cholesterol and triglycerides, and raise 

HDL-cholesterol. (3,34,35) Although a GLP-1 receptor agonist should not be used with the intent to control blood 

pressure or lipid reduction, these benefi ts may be advantageous in this patient in addition to primary therapy for 

these disorders, such as a statin, aspirin, angiotensin converting enzyme inhibitor, or angiotensin receptor blocker.

Question 18 
Dr. Brunton:  Do you have any fi nal comments regarding the role of the GLP-1 receptor agonists and 
DPP-4 inhibitors in the management of T2DM?
Dr. Morales:   Both the GLP-1 receptor agonists and DPP-4 inhibitors exert their glycemic lowering effects by multiple, 

mostly unique mechanisms; consequently, they work well as monotherapy or in combination with other agents. The 
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CME Series: volume 4
Integrating Incretin Therapies into Clinical Practice

In this fourth issue of Article Insights, Javier Morales, MD, expands on the article by R.E. Pratley, MD, using 
case studies to identify patients who are candidates for a glucagon-like peptide-1 analog or dipeptidyl 
peptidase-4 inhibitor and clinical pearls regarding their use. 

Question 1
Dr. Brunton: Among the treatments that have recently become available for type 2 diabetes mellitus 
(T2DM), the incretin hormones offer some unique advantages.

Dr. Morales:   The incretin hormones, ie., glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl 

peptidase-4 (DPP-4) inhibitors, act upon the incretin system, which is impaired in patients with T2DM. The GLP-1 

receptor agonists act directly on the GLP-1 receptor and are able to achieve supraphysiologic levels, whereas the 

DPP-4 inhibitors act indirectly by inhibiting the degradation of endogenous GLP-1, thereby raising GLP-1 to physi-

ologic levels. The incretin hormones regulate glucose homeostasis through several mechanisms, including stimulat-

ing insulin production in response to elevated levels of blood glucose and inhibiting the release of glucagon during 

meals. The GLP-1 receptor agonists also slow the rate at which nutrients are absorbed and increase satiety. (1) Both 

as monotherapy and when added to other agents, the glucagon-like peptide-1 receptor agonists generally lower 

A1C by 0.5-1.5% and dipeptidyl peptidase-4 inhibitors by 0.5-0.8%. However, comparing the effects of agents 

within or between the GLP-1 receptor agonists and DPP-4 inhibitors is diffi cult because of a lack of published 

head-to-head trials and differences in study populations and methodologies. GLP-1 receptor agonists promote 

weight loss; DPP-4 inhibitors are weight neutral. The incretin hormones also lower blood pressure and produce 

benefi cial effects on the lipid profi le. (2,3) Preliminary data suggest that they also improve ß-cell function. (4-6) 

The effects of the GLP-1 receptor agonists and DPP-4 inhibitors on morbidity and mortality await investigation.

Question 2
Dr. Brunton: What generally have we seen with respect to safety and tolerability?

Dr. Morales:   The GLP-1 receptor agonists and DPP-4 inhibitors have generally demonstrated good safety and 

tolerability profi les over the course of several months of therapy. For example, the incidence of symptomatic 

hypoglycemia has been less than 5% in most clinical trials. The GLP-1 receptor agonists exenatide and liraglutide 

(investigational) cause nausea and/or vomiting in about half of patients, with improvement generally after 6 to 8 

weeks. Initiating exenatide, for example, with a dose of 5 mcg for a month helps mitigate the nausea. There have 

been more than 30 post-marketing reports of acute pancreatitis thought to be caused by exenatide. (7) With 

respect to the DPP-4 inhibitors, there have been very rare post-marketing reports of sitagliptin causing serious 

hypersensitivity and allergic reactions. (8) Vildagliptin (investigational) has been observed to cause skin reactions 

and elevated liver enzymes. (9)

Question 3
Dr. Brunton: Because the GLP-1 receptor agonists and DPP-4 inhibitors are unique among the 
available treatments for T2DM, it might be helpful to our colleagues to learn more about them in 
the context of some case vignettes.

Dr. Morales:   Our fi rst case is RB, an overweight (BMI 28 kg/m2) 46-year-old female with a normal lipid profi le but 

impaired fasting glucose (fasting plasma glucose 118 mg/dL). Physical exam reveals blood pressure 124/78 mm Hg 

(118/72 mm Hg 1 year ago) and a normal eye exam. RB’s 72-year-old mother was diagnosed with T2DM 14 years 
ago and has suffered a minor stroke. Initial treatment for RB was lifestyle modifi cation, which reduced her BMI 
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Question 11

Dr. Brunton: Gastrointestinal side effects due to a GLP-1 receptor agonist are not uncommon. How 
should they be managed?

Dr. Morales:   Nausea is the most likely, occurring in about half of patients.  First, I would start with a low dose, 

eg. exenatide 5 mcg twice daily, for the fi rst month and educate the patient that the frequency and severity 

generally peak by 8 weeks after starting therapy, decreasing thereafter. (28) Second, if the nausea persists and is 

troublesome and I have determined that the GLP-1 receptor agonist is the cause, I instruct the patient to take the 

dose of the GLP-1 receptor agonist just prior to or at the end of the meal. This may, however, reduce the magnitude 

of the glycemic reduction, especially the postprandial glucose. Alternatively, the total daily dose can be cut in half 

for two weeks or so. For example, if the dose of exenatide is 5 mcg twice daily, 5 mcg once daily can be given. If 

the dose is 10 mcg twice daily, 5 mcg twice daily can be given. However, the patient should be instructed to seek 

immediate medical attention should severe abdominal pain persist since acute pancreatitis has been reported, 

although it is rare. (7,29)

Question 12

Dr. Brunton: Would you have considered a DPP-4 inhibitor for this patient if the A1C had been lower?

Dr. Morales:   The fact that the DPP-4 inhibitors are administered orally is an advantage, so I would have consid-

ered them if the A1C had been 7.5-7.8% or less since they generally lower the A1C 0.5% to 0.8%, although a larger 

decrease may be seen when the A1C is high. Although there have been no published head-to-head trials, the A1C 

lowering effect of the DPP-4 inhibitors appears to be less than the GLP-1 receptor agonists, which is probably due 

to the fact that the DPP-4 inhibitors work indirectly via endogenous GLP-1 and glucose-dependent insulinotropic 

polypeptide (GIP), whereas the GLP-1 receptor agonists act directly on the GLP receptor. This also may explain why 

the GLP-1 receptor agonists promote early satiety and reduce caloric intake, but the DPP-4 inhibitors don’t. (26,27) 

Question 13

Dr. Brunton: Cardiovascular risk reduction is an important treatment objective in patients with T2DM. 
Most glucose-lowering agents lower cardiovascular risk primarily by improving glycemic control. How 
does this infl uence treatment decisions?

Dr. Morales:   Cardiovascular risk is a critical factor to consider, and must be factored into the overall management 

plan. Our third case is a 37 year-old obese male diagnosed with T2DM 2 years ago based upon a FPG of 185 mg/dL. 

Lifestyle modifi cation lowered his A1C from 9.1% to 8.7% and his BMI from 41 to 39 kg/m2 after 1 year. Metformin was 

added and titrated to 2000 mg in divided doses daily. Seven months after initiating metformin, his A1C was 8.4%, 

while his fasting plasma and postprandial glucose levels ranged from 158-183 mg/dL and 196-229 mg/dL, respec-

tively. Now 3 months later, his A1C is 8.3%. His physical examination revealed grade I retinopathy and blood pressure 

134/84 mm Hg. His lipid profi le was elevated (total cholesterol 218 mg/dL, LDL-cholesterol 136 mg/dL, HDL-cholesterol 

47 mg/dL, and triglyceride 176 mg/dL). 

Question 14

Dr. Brunton: Among his several problems, which would you address next? 

Dr. Morales:   Obesity is the central problem and must be addressed aggressively, although it may take some 

time before an acceptable weight can be achieved. There is evidence of retinopathy and his blood pressure is 

elevated, and his lipid profi le is not at goal. However, because both his fasting and postprandial glucose levels are 

signifi cantly elevated, I would address his glucose control and obesity initially. Because postprandial glucose con-

tributes more to the A1C level as the A1C level declines, especially below 8.4%, simultaneously addressing fasting 

and postprandial glucose hyperglycemia may be prudent because therapies that target postprandial glucose will 

become more effective as the A1C level is reduced.
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Question 7
Dr. Brunton: Would metformin have been your choice if RB was obese, with a BMI of 34 kg/m2?

Dr. Morales:   In that case, I would prefer a drug that promotes weight loss instead of being weight neutral. This 

leaves only 2 options, an amylin analog (pramlintide), which must be used in combination with insulin, or a GLP-1 

receptor agonist, which is not indicated as initial therapy. Although a GLP-1 receptor agonist is administered 

subcutaneously, weight loss is a signifi cant benefi t that reduces both the physician and patient’s barriers to the use 

of an injectable. As we learned from the Diabetes Attitudes, Wishes, and Needs (DAWN) study (24), these barriers 

to injectable agents are important to address beginning at the time of diagnosis. The transition to injection therapy 

for diabetes management has been made easier as a consequence of the introduction of the GLP-1 receptor 

agonists, especially since there is a weight benefi t and a low risk of symptomatic hypoglycemia.

Question 8 
Dr. Brunton: Given the progressive loss of ß-cell function in T2DM, most patients require combination 
drug therapy within a few years of diagnosis. What role do the GLP-1 receptor agonists and DPP-4 
inhibitors play in these patients?

Dr. Morales:   In addition to being effective as monotherapy, both the GLP-1 receptor agonists and DPP-4 

inhibitors have been shown to further lower blood glucose when added to existing therapy. Our second patient is 

a 58-year-old male diagnosed with T2DM 6 years ago. Since his initial A1C was 8.9%, glimepiride was initiated along 

with lifestyle management. His A1C decreased to 7.8% over the next 15 months. Because his A1C rose to 8.4% over 

the next year, pioglitazone was added and titrated to 45 mg once daily. His A1C decreased about 1%, but again 

began to rise so that now 3 years later (6 years after diagnosis), his A1C is 8.1%. During this time, his BMI has remained 

relatively stable at about 30 kg/m2. It’s unfortunate that during this entire 6 years following diagnosis of T2DM, he has 

never been at goal. This might be due to concerns about hypoglycemia or weight gain, as well as injections, which 

can serve as barriers to intensifying therapy both on the physician’s and patient’s parts. 

Question 9
Dr. Brunton: This patient presents a common dilemma because of the progressive ß-cell loss and 
weight issue.

Dr. Morales:   Yes, so our choices are very limited because we want to avoid a secretagogue because of the 

loss of ß-cell function. The 5-year incidence of monotherapy failure has been shown to be 34% with a sulfonylurea 

compared to 21% for metformin and 15% for a thiazolidinedione. (25) At the same time, a drug is needed that can 

lower the A1C by more than 1%. This leaves us with metformin, a GLP-1 receptor agonist, or insulin. Since insulin 

promotes weight gain, it would not be an ideal choice. Metformin would be a somewhat better choice since it is 

weight neutral. The best choice would be a GLP-1 receptor agonist since it promotes weight loss in most patients. 

It should be emphasized that the dose of a sulfonylurea should be reduced by 50% to 75% when a GLP-1 receptor 

agonist is added to avoid hypoglycemia from the sulfonylurea. In this patient’s case, I would probably discontinue 

the glimepiride within a few weeks of initiating the GLP-1 receptor agonist since it is my impression that the 

contribution of the glimepiride to lowering the blood glucose is negligible. 

Question 10

Dr. Brunton: Although it is good that the patient has not gained weight while on sulfonylurea therapy, 
I am surprised that there was no change in his weight since he was diagnosed.

Dr. Morales:   I agree, although it’s important to remember that patients respond differently. This is a good time 

to talk with the patient about further lifestyle modifi cation with referral to a diabetes educator or nutritionist. I would 

particularly focus on his eating at mealtime. How long does it take for him to feel full? Does he continue to eat

after beginning to feel full? How many calories does he consume at mealtime? If any of these is an issue, a GLP-1 

receptor agonist would again be a good choice since it promotes early satiety and reduces caloric intake in 

healthy subjects and patients with T2DM. (26,27)
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to 25 kg/m2 over 16 months. Laboratory tests from a few days ago show her fasting plasma glucose (FPG) to be 

139 mg/dL and 2-hour postprandial glucose (PPG) 203 mg/dL. Her A1C is 7.8%.

Question 4
Dr. Brunton: Given RB’s fasting and postprandial glucose levels, she clearly meets the criteria for 
T2DM. In addition to intensifying lifestyle modifi cation, how else should she be managed?

Dr. Morales:   Drug therapy is needed, especially given her family history. The A1C target is as close to normal as 

possible, and certainly under 7%. For most patients including RB, the glycemic goals have not changed in light of 

the ACCORD, ADVANCE, and VADT trials. On the other hand, for a patient with established cardiovascular disease 

or additional cardiovascular risk factors, there may be no benefi t by reducing the A1C to less than 7%, at least in 

terms of cardiovascular risk. We’ll know more when the full results of these trials are released. In the meantime, I think 

we should follow the lead of the American Diabetes Association (10,11) and the American Association of Clinical 

Endocrinologists (12), which separately recommended not modifying the glycemic goals outlined in their respective 

guidelines pending the results of the analyses.

Since the ADA recommends starting with metformin at the time of diagnosis, this is the preferred treatment. In 

addition to its ability to lower the blood glucose levels to the target range, metformin is attractive because it is

available orally, is inexpensive, and is weight neutral, which is especially important in the case of RB. Alternatives 

such as the alpha-glucosidase inhibitors and DPP-4 inhibitors are unlikely to achieve this A1C target. A glinide, 

sulfonylurea, thiazolidinedione, or GLP-1 receptor agonist should provide the needed glucose control as monother-

apy. Of these, a GLP-1 receptor agonist would be preferred because of its ability to promote weight loss. However, 

exenatide, the only commercially available GLP-1 receptor agonist, is not currently indicated as initial therapy.

Question 5
Dr. Brunton: Does ß-cell preservation play a role in selecting a treatment?

Dr. Morales:   Yes, we’d like to avoid further loss of pancreatic ß-cells. As we learned from the United Kingdom 

Prospective Diabetes Study (UKPDS), patients with T2DM have only about half of their ß-cell function remaining 

at the time of diagnosis. Recent evidence suggests that only 20% of ß-cell function may remain at the time of 

diagnosis. (13) The UKPDS also demonstrated that durable glycemic control is not achieved with metformin for more 

than 3 years in more than half of the patients, which suggests that it has no signifi cant effect on preserving ß-cell 

function. (14) On the other hand, thiazolidinediones have been shown to preserve ß-cell function (15), and emerging 

evidence in rodent and in vitro models indicates that a GLP-1 receptor agonist or a DPP-4 inhibitor enhance ß-cell 

function. Clinical studies in humans of the GLP-1 receptor agonists and DPP-4 inhibitors show improvement in the 

fi rst- and second-phase insulin response (16), an increase in the fasting insulin level (3,17-19), improvement in the 

homeostasis model of assessment (4,20), among other measures. Since we are limited to these indirect measures 

of ß-cell function and the trials have involved patients treated for only up to 2 years, with a return to baseline after 

discontinuation, we must view the data as preliminary. However, this preliminary evidence suggesting improvement 

of ß-cell function would make GLP-1 receptor agonist or DPP-4 inhibitor even better choices.

Question 6
Dr. Brunton: How soon would you modify therapy for RB if she is not at goal?

Dr. Morales:   First, the dose of metformin should be titrated every 1 to 2 weeks based on tolerability and self moni-

toring of blood glucose (SMBG) to the maximum effective dose of 2000 mg per day. According to the American 

Diabetes Association, the timing and frequency of SMBG in patients with T2DM treated only with oral agents is not 

known. (21) However, one multi-disciplinary panel of diabetes experts concluded that SMBG should probably be 

done at least once a day (22) until glycemic control is achieved. It’s important to remember that the American 

College of Endocrinology/American Association of Clinical Endocrinologists recommends individualized treatment 

regimens based on the presenting A1C in treatment-naïve patients or the current A1C in treated patients, and they 

stress the need to advance therapy if the A1C goal is not met within 3 months. (23) If the patient is not at goal after 

another 3 months, therapy should be intensifi ed by adding another agent.
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Question 7
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CME Series: volume 4
Integrating Incretin Therapies into Clinical Practice

In this fourth issue of Article Insights, Javier Morales, MD, expands on the article by R.E. Pratley, MD, using 
case studies to identify patients who are candidates for a glucagon-like peptide-1 analog or dipeptidyl 
peptidase-4 inhibitor and clinical pearls regarding their use. 

Question 1
Dr. Brunton: Among the treatments that have recently become available for type 2 diabetes mellitus 
(T2DM), the incretin hormones offer some unique advantages.

Dr. Morales:   The incretin hormones, ie., glucagon-like peptide-1 (GLP-1) receptor agonists and dipeptidyl 

peptidase-4 (DPP-4) inhibitors, act upon the incretin system, which is impaired in patients with T2DM. The GLP-1 

receptor agonists act directly on the GLP-1 receptor and are able to achieve supraphysiologic levels, whereas the 

DPP-4 inhibitors act indirectly by inhibiting the degradation of endogenous GLP-1, thereby raising GLP-1 to physi-

ologic levels. The incretin hormones regulate glucose homeostasis through several mechanisms, including stimulat-

ing insulin production in response to elevated levels of blood glucose and inhibiting the release of glucagon during 

meals. The GLP-1 receptor agonists also slow the rate at which nutrients are absorbed and increase satiety. (1) Both 

as monotherapy and when added to other agents, the glucagon-like peptide-1 receptor agonists generally lower 

A1C by 0.5-1.5% and dipeptidyl peptidase-4 inhibitors by 0.5-0.8%. However, comparing the effects of agents 

within or between the GLP-1 receptor agonists and DPP-4 inhibitors is diffi cult because of a lack of published 

head-to-head trials and differences in study populations and methodologies. GLP-1 receptor agonists promote 

weight loss; DPP-4 inhibitors are weight neutral. The incretin hormones also lower blood pressure and produce 

benefi cial effects on the lipid profi le. (2,3) Preliminary data suggest that they also improve ß-cell function. (4-6) 

The effects of the GLP-1 receptor agonists and DPP-4 inhibitors on morbidity and mortality await investigation.

Question 2
Dr. Brunton: What generally have we seen with respect to safety and tolerability?

Dr. Morales:   The GLP-1 receptor agonists and DPP-4 inhibitors have generally demonstrated good safety and 

tolerability profi les over the course of several months of therapy. For example, the incidence of symptomatic 

hypoglycemia has been less than 5% in most clinical trials. The GLP-1 receptor agonists exenatide and liraglutide 

(investigational) cause nausea and/or vomiting in about half of patients, with improvement generally after 6 to 8 

weeks. Initiating exenatide, for example, with a dose of 5 mcg for a month helps mitigate the nausea. There have 

been more than 30 post-marketing reports of acute pancreatitis thought to be caused by exenatide. (7) With 

respect to the DPP-4 inhibitors, there have been very rare post-marketing reports of sitagliptin causing serious 

hypersensitivity and allergic reactions. (8) Vildagliptin (investigational) has been observed to cause skin reactions 

and elevated liver enzymes. (9)

Question 3
Dr. Brunton: Because the GLP-1 receptor agonists and DPP-4 inhibitors are unique among the 
available treatments for T2DM, it might be helpful to our colleagues to learn more about them in 
the context of some case vignettes.

Dr. Morales:   Our fi rst case is RB, an overweight (BMI 28 kg/m2) 46-year-old female with a normal lipid profi le but 

impaired fasting glucose (fasting plasma glucose 118 mg/dL). Physical exam reveals blood pressure 124/78 mm Hg 

(118/72 mm Hg 1 year ago) and a normal eye exam. RB’s 72-year-old mother was diagnosed with T2DM 14 years 
ago and has suffered a minor stroke. Initial treatment for RB was lifestyle modifi cation, which reduced her BMI 
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Question 11

Dr. Brunton: Gastrointestinal side effects due to a GLP-1 receptor agonist are not uncommon. How 
should they be managed?

Dr. Morales:   Nausea is the most likely, occurring in about half of patients.  First, I would start with a low dose, 

eg. exenatide 5 mcg twice daily, for the fi rst month and educate the patient that the frequency and severity 

generally peak by 8 weeks after starting therapy, decreasing thereafter. (28) Second, if the nausea persists and is 

troublesome and I have determined that the GLP-1 receptor agonist is the cause, I instruct the patient to take the 

dose of the GLP-1 receptor agonist just prior to or at the end of the meal. This may, however, reduce the magnitude 

of the glycemic reduction, especially the postprandial glucose. Alternatively, the total daily dose can be cut in half 

for two weeks or so. For example, if the dose of exenatide is 5 mcg twice daily, 5 mcg once daily can be given. If 

the dose is 10 mcg twice daily, 5 mcg twice daily can be given. However, the patient should be instructed to seek 

immediate medical attention should severe abdominal pain persist since acute pancreatitis has been reported, 

although it is rare. (7,29)

Question 12

Dr. Brunton: Would you have considered a DPP-4 inhibitor for this patient if the A1C had been lower?

Dr. Morales:   The fact that the DPP-4 inhibitors are administered orally is an advantage, so I would have consid-

ered them if the A1C had been 7.5-7.8% or less since they generally lower the A1C 0.5% to 0.8%, although a larger 

decrease may be seen when the A1C is high. Although there have been no published head-to-head trials, the A1C 

lowering effect of the DPP-4 inhibitors appears to be less than the GLP-1 receptor agonists, which is probably due 

to the fact that the DPP-4 inhibitors work indirectly via endogenous GLP-1 and glucose-dependent insulinotropic 

polypeptide (GIP), whereas the GLP-1 receptor agonists act directly on the GLP receptor. This also may explain why 

the GLP-1 receptor agonists promote early satiety and reduce caloric intake, but the DPP-4 inhibitors don’t. (26,27) 

Question 13

Dr. Brunton: Cardiovascular risk reduction is an important treatment objective in patients with T2DM. 
Most glucose-lowering agents lower cardiovascular risk primarily by improving glycemic control. How 
does this infl uence treatment decisions?

Dr. Morales:   Cardiovascular risk is a critical factor to consider, and must be factored into the overall management 

plan. Our third case is a 37 year-old obese male diagnosed with T2DM 2 years ago based upon a FPG of 185 mg/dL. 

Lifestyle modifi cation lowered his A1C from 9.1% to 8.7% and his BMI from 41 to 39 kg/m2 after 1 year. Metformin was 

added and titrated to 2000 mg in divided doses daily. Seven months after initiating metformin, his A1C was 8.4%, 

while his fasting plasma and postprandial glucose levels ranged from 158-183 mg/dL and 196-229 mg/dL, respec-

tively. Now 3 months later, his A1C is 8.3%. His physical examination revealed grade I retinopathy and blood pressure 

134/84 mm Hg. His lipid profi le was elevated (total cholesterol 218 mg/dL, LDL-cholesterol 136 mg/dL, HDL-cholesterol 

47 mg/dL, and triglyceride 176 mg/dL). 

Question 14

Dr. Brunton: Among his several problems, which would you address next? 

Dr. Morales:   Obesity is the central problem and must be addressed aggressively, although it may take some 

time before an acceptable weight can be achieved. There is evidence of retinopathy and his blood pressure is 

elevated, and his lipid profi le is not at goal. However, because both his fasting and postprandial glucose levels are 

signifi cantly elevated, I would address his glucose control and obesity initially. Because postprandial glucose con-

tributes more to the A1C level as the A1C level declines, especially below 8.4%, simultaneously addressing fasting 

and postprandial glucose hyperglycemia may be prudent because therapies that target postprandial glucose will 

become more effective as the A1C level is reduced.
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Question 15

Dr. Brunton: If we limit the drug treatment options to drugs that promote weight loss because of 
his obesity, only pramlintide or a GLP-1 receptor agonist are options. Pramlintide must be used in 
combination with insulin. Would you please compare the combination of pramlintide and insulin 
versus a GLP-1 receptor agonist?

Dr. Morales:   The combination of pramlintide plus insulin would be expected to lower A1C, as well as both the fast-

ing and postprandial glucose levels, from its current level to the target level of less than 7%. Exenatide alone prob-

ably wouldn’t achieve an A1C less than 7% since it generally lowers A1C 0.5-1.0%. Liraglutide monotherapy might 

achieve the target level since it generally lowers A1C 0.5-1.5%. Preliminary evidence indicates that the addition of 

exenatide to insulin further lowers A1C, with a small percentage of patients achieving glycemic control while dis-

continuing insulin. (30,31) Insulin causes weight gain, although pramlintide alone promotes weight loss. The combina-

tion generally causes little or no weight gain. A GLP-1 receptor agonist promotes 1-4 kg weight loss. Both pramlintide 

and GLP-1 receptor agonist promote early satiety. Pramlintide, insulin, and GLP-1 receptor agonist all require injection, 

which emphasizes the importance of patient education regarding the injection devices and ultra-fi ne needles. 

While liraglutide is administered once daily, the others require multiple daily injections. Symptomatic hypoglycemia is 

more likely with insulin, while gastrointestinal side effects are common with pramlintide and GLP-1 receptor agonists. 

Taking all of these factors into account for this patient, a GLP-1 receptor agonist would be my initial choice.

Question 16 
Dr. Brunton: Would you favor one GLP-1 receptor agonist over the other?

Dr. Morales:   I think there are some important differences, although while exenatide is commercially available,

liraglutide is under review by the US Food and Drug Administration. First, exenatide requires twice daily adminis-

tration, liraglutide once daily, and exenatide LAR once weekly. Second, acute pancreatitis has been reported, 

although rarely, with exenatide but not liraglutide. Third, our clinical impression has been that liraglutide provided 

greater reduction in the blood glucose than exenatide. This has now been shown in an as yet unpublished 

head-to-head trial involving 464 patients with T2DM inadequately controlled with metformin, sulfonylurea, or both. 

Patients were randomized to either exenatide or liraglutide. Exenatide 5 mcg twice daily was administered for 4 

weeks followed by 10 mcg twice daily for the duration. Liraglutide was administered once daily, 0.6 mg for 1 week 

followed by 1.2 mg for 1 week, then 1.8 mg for the duration. At the end of 26 weeks, the addition of liraglutide 

caused a signifi cantly greater reduction in the A1C than exenatide (1.1% vs 0.8%, respectively; P<0.0001) from a 

baseline of 8.2% and 8.1%, respectively. More liraglutide patients achieved an A1C less than 7% compared with 

exenatide (54% vs 43%, respectively; P=0.0015). Also, the fasting plasma glucose level was reduced 29 mg/dL in the 

liraglutide group and 11 mg/dL in the exenatide group (P<0.0001).

Question 17 
Dr. Brunton:  If you were to also consider his hypertension and hyperlipidemia, would your treatment 
approach change?

Dr. Morales:  No, I would still favor a GLP-1 receptor agonist since it improves blood pressure (independent of 

weight loss) and lipid profi le, although not to goal. The systolic and diastolic blood pressures are reduced up to

5 mm Hg and 2 mm Hg, respectively, with exenatide (32), and the systolic blood pressure up to 8 mm Hg with 

liraglutide. (3,33) Both exenatide and liraglutide also reduce total and LDL-cholesterol and triglycerides, and raise 

HDL-cholesterol. (3,34,35) Although a GLP-1 receptor agonist should not be used with the intent to control blood 

pressure or lipid reduction, these benefi ts may be advantageous in this patient in addition to primary therapy for 

these disorders, such as a statin, aspirin, angiotensin converting enzyme inhibitor, or angiotensin receptor blocker.

Question 18 
Dr. Brunton:  Do you have any fi nal comments regarding the role of the GLP-1 receptor agonists and 
DPP-4 inhibitors in the management of T2DM?
Dr. Morales:   Both the GLP-1 receptor agonists and DPP-4 inhibitors exert their glycemic lowering effects by multiple, 

mostly unique mechanisms; consequently, they work well as monotherapy or in combination with other agents. The 
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