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Chapter  17.1    TREATMENT FOR TYPE 2 DIABETES
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Center for Metabolic Research, VA San Diego Healthcare System & University of California, San Diego, CA, USA. 

Hyperglycemia in type 2 diabetes is characterized by several pivotal abnormalities. First, resistance to insulin develops primarily in the skeletal muscle and adipose tissue leading to reduced insulin mediated glucose uptake, and in the liver to excessive glucose production. In addition, progressive impairment of insulin secretion develops in the pancreatic beta cell together with excessive secretion of glucagon from the alpha cell. Upon initial diagnosis of type 2 diabetes, all patients should undergo lifestyle modifications with changes in diet and exercise. When diet and exercise are no longer able to control hyperglycemia, pharmacological treatment should be initiated. There is a wide range of available pharmacologic therapy for treatment of type 2 diabetes. Choosing the right agent involves understanding the patient’s underlying pathophysiology. For example, in obese type 2 diabetic patients, insulin resistance and hyperinsulinemia are the classic abnormalities. Pharmacological treatment should focus on agents that decrease insulin resistance and suppress glucagon production. Oral anti-diabetic agents that stimulate insulin secretion may not be as effective when insulin deficiency is not the primary abnormality. In lean type 2 diabetic patients, impaired insulin secretion tends to be the primary defect while insulin resistance plays a more minor role. In this situation, insulin might be more effective than oral anti-diabetic agents.
SETTING GLYCEMIC TARGETS
One of the first steps in treatment of diabetic patients is to set glycemic targets. Professional societies such as the American Diabetes Association (ADA) and American Association of Clinical Endocrinologists (AACE) have guidelines on generalized targets for glycemic control (Table 1). The ADA set an A1C goal of <7% with fasting plasma glucose (FPG) goal of <130 mg/dL and peak post-prandial glucose goal (PPG) <180 mg/dL. The AACE set an A1C target of ≤6.5% with FPG goal <110 mg/dL and 2-hour PPG goal <140 mg/dL. However, glycemic targets should be set based on individual patients rather than general guidelines. When treating type 2 diabetic patients, physicians need to take into consideration a patient’s risk of hypoglycemia, risk of hyperglycemia-related complications, age, psychosocioeconomic situation, and other comorbidities when setting A1C goals (Figure 1)
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. For example, older patients with multiple comorbidities, including cardiovascular disease, who are at high risk for hypoglycemia should have an A1C goal of 8% or higher. Newly diagnosed, young patients who are highly motivated and who have not developed microvascular or macrovascular complications should have A1C goals closer to the 6-6.5% range as long as targets can be safely achieved without increased risk of hypoglycemia. 
Table 1: Targets for Glycemic Control
	Biochemical Index
	ADA Goal(2)
	AACE Goal
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	A1C
	< 7%
	≤ 6.5%

	Fasting/pre-prandial glucose
	< 130 mg/dL
	< 110 mg/dL

	Post-prandial glucose
	< 180 mg/dL (peak)
	< 140 mg/dL (2 hours)


Modified from Edelman, Steven and Henry, Robert. Diagnosis and Management of Type 2 Diabetes. 11th ed. United States: Professional Communications, Inc., 2011. 
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Figure 1: Framework to Determine Glycemic Treatment Targets for Patients with Type 2 Diabetes 
To understand how these different A1C targets were derived, we take a look at four major long-term studies below which looked at the benefits of intensive versus conventional glucose control and their effects on microvascular and macrovascular complications.  
United Kingdom Prospective Diabetes Study (UKPDS)
The UKPDS demonstrated benefits of intensive glucose control in 4209 newly diagnosed type 2 diabetic patients. Patients (median age 54) were randomized to receive intensive glucose control with sulfonylurea (SFU) or insulin (goal FPG <108 mg/dL) or conventional control with diet (goal FPG <127 mg/dL). Patients with body weight >120% of their ideal weight had the possibility of randomization to metformin (MET). After a median follow up of 10 years, A1C was 7.0% in the intensive group compared with 7.9% in the conventional group. There was a 25% risk reduction in microvascular endpoints (P = 0.0099) and a non-significant relative risk reduction of 16% in myocardial infarction (P = 0.052) in the intensive group(4). In post-trial follow-up of 3277 patients in the UKPDS, patients were monitored for an additional 5 years after completion of the initial trial. No attempts were made to maintain previously assigned therapies. Within 1 year of the original study end, between group differences in A1C levels disappeared. In the intensive control group, relative reductions in microvascular disease persisted at 10 years (24%, P = 0.007) while risk reductions of 15% for myocardial infarction (MI) (P = 0.01) and 13% for death from any cause (P = 0.007) emerged over time. These benefits were even greater in MET treated patients with risk reduction of 33% (P = 0.005) in MI and 27% (P = 0.002) in death from any cause. These results suggest aggressive glucose control early after diagnosis of diabetes may translate into long-term benefits on cardiovascular disease and mortality
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. 
Action to Control Cardiovascular Risk in Diabetes (ACCORD) and Action in Diabetes and Vascular Disease (ADVANCE)
Despite the UKPDS showing long-term benefits on cardiovascular disease and mortality with aggressive glucose control early in the course of diabetes, ACCORD and ADVANCE trials concluded otherwise. ACCORD was a randomized study of 10,251 type 2 diabetic patients (mean age 62 years) with mean A1C 8.1%. Patients were randomized to intensive therapy with A1C goal <6% or standard therapy with A1C goal 7.0-7.9%. After 3.5 years, the study was discontinued because of higher all-cause and cardiovascular mortality in the intensive therapy group. At 4 years, there was a separation of the curves for the composite end point of non-fatal MI, non-fatal stroke or death from cardiovascular causes, favoring the intensive therapy group. Although the difference was not significant, it might have become significant had the trial been completed
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. 
In the ADVANCE trial, 11,140 patients with type 2 diabetes were randomly assigned to standard glucose control or intensive glucose control with A1C goal <6.5%. After a median of 5 years, macrovascular event rate was not significantly different between the 2 groups, but microvascular complications, especially nephropathy, were significantly decreased in the intensive glucose group (9.4% vs. 10.9%; hazard ratio, 0.86; 95% CI, 0.77 to 0.97; P=0.01)
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. Difference in mortality of intensive group in the ACCORD vs ADVANACE trials are likely due to differences in population. ACCORD had more severe diabetic patients requiring insulin at baseline and insulin was initiated more aggressively. Hypoglycemia was higher in the intensive groups of ACCORD (10.5%) compared with ADVANCE (2.7%), which may have contributed to the increased total and cardiovascular deaths in the ACCORD intensive group.
Veteran Affairs Diabetes Trial (VADT)
The VADT also showed that intensive glucose control had no significant benefit in complications for cardiovascular disease in a very high risk type 2 diabetes population. 1791 veterans with type 2 diabetes were randomized to receive either intensive or standard glucose control. Goal in the intensive group was absolute reduction of 1.5% in A1C.  The average number of years since diabetes diagnosis was 11.5. 40% of patients had a prior cardiovascular event, 72% had hypertension and most patients were obese. After median follow up of 5.6 years, A1C was 8.4% in the standard group and 6.9% in the intensive group. There was no significant difference in the rates of major cardiovascular events, death, or microvascular complications, except in the progression of albuminuria, which was reduced in the intensive group (P = 0.01)
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. These results indicate that there is no benefit from intensive glucose control in a patient population with long-standing diabetes, previous cardiovascular events, and multiple cardiovascular risk factors.  
With results from above studies, the ADA and AACE A1C guidelines of <7% and ≤6.5%, respectively, are targets best used in newly diagnosed diabetic patients who can achieve tight control without hypoglycemia. Higher A1C goals are appropriate for patients with increased cardiovascular risk, increased risk of hypoglycemia and limited life expectancy. 
TREATMENT GUIDELINES
After setting glycemic targets with patients, the next step is to decide on when and what pharmacologic treatment to start the patient on. Professional societies have also published guidelines on how to best approach pharmacological management in type 2 diabetic patients.  
American Diabetes Association and the European Association for the Study of Diabetes
The American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) updated their consensus statement on management of hyperglycemia in type 2 diabetes in June 2012(9). These guidelines focus on individualized diabetes care with a patient-centered approach rather than the more rigid one goal fits all. The guidelines start with metformin (MET) as initial therapy for all patients who have no contraindications. MET is initiated at diagnosis in patients who failed to achieve, or is unlikely to achieve, glycemic target with lifestyle intervention alone. Patients with baseline A1C ≥9% are unlikely to achieve glycemic target with MET monotherapy. In such cases, it is justified to start a combination of 2 non-insulin agents or insulin. Insulin as initial therapy should be considered in patients who present with significant hyperglycemia (glucose >300-350 mg/dL or A1C ≥10-12%) and in patients with catabolic features. Once hyperglycemic symptoms are relieved and glucotoxicity resolved, insulin may be tapered and patient tried on a non-insulin agent alone or in combination with insulin. 
If MET cannot be used as first line therapy, other oral agents such as sulfonylurea (SFU)/glinide, thiazolidinedione (TZD) or DPP-4 inhibitor can be used. When weight loss is an important part of a patient’s treatment plan, GLP-1 receptor agonists might be useful as initial therapy. Less commonly used diabetic drugs such as α-glucosidase inhibitors, colesevelam and bromocriptine might also be considered as first line in certain patients. After MET, there are limited data to help guide the next line of therapy. 
If A1C goal is not reached in approximately 3 months with MET monotherapy, the next step is to add another oral agent, a GLP-1 receptor agonist or insulin (Figure 2). There is not enough data from long-term comparative-effectiveness trials to recommend one agent over another to be combined with MET. Typically, the addition of a second agent results in further A1C reduction of approximately 1%. 
Advancing to three-drug combinations should be done when A1C is still not at goal on two-drug combinations. At this point, addition of insulin would give the strongest effect. However, addition of a non-insulin agent can also be tried with close monitoring of the patient (Figure 2). Again, there is not enough data to recommend one agent over another after failing two-drug therapy. In choosing a third agent, it is important when possible to use combination of agents with complementary mechanisms of action. 
The sodium glucose transporter 2 (SGLT2) inhibitors have yet to be added into the ADA/EASD guidelines. 

American Association of Clinical Endocrinologists/American College of Endocrinology
The American Association of Clinical Endocrinologists and the American College of Endocrinology also published a consensus panel on type 2 diabetes management
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 with its most recent update in April 2013. The algorithm emphasizes safety and efficacy, and therapeutic approach is stratified based on current A1C levels. A general A1C goal of 6.5% is set for all patients with the comment that goal must be customized for individual patients. 
For patients with A1C <7.5%, a single agent may be enough to get A1C to goal. MET is listed as first line therapy followed by GLP-1 agonists, DPP-4 inhibitors, α-glucosidase inhibitors, SGLT-2 inhibitors, TZDs and SFU/glinides, in that order. GLP-1 agonists are preferred over DPP-4 inhibitors because of their greater effectiveness in reducing post-prandial glucose (PPG) and weight loss properties. If A1C is still not at goal after 3 months of treatment, dual therapy is recommended (Figure 2).  
For patients with A1C 7.6 to 9.0%, dual therapy should be initiated. Choice of the first agent  is similar to patients with A1C <7.5% as described above. A second agent should also be started as monotherapy is unlikely to achieve glycemic target in this population. Choice of second agent after MET include GLP-1 agonists, DPP-4 inhibitors, TZDs, SGLT-2 inhibitors, basal insulin, colesevelam, bromocriptine, α-glucosidase inhibitors or SFU/glinides, in that order. TZDs, SGLT-2 inhibitors and basal insulin are preferred over colesevelam, bromocriptine and α-glucosidase inhibitors because of their higher efficacy. If A1C is not at goal after 3 months, patients should proceed to triple therapy (Figure 2). 

For patients with A1C > 9.0%, treatment depends on whether or not a patient has symptoms. If a patient is asymptomatic, dual or triple therapy should be initiated. Dual therapy is described above. For triple therapy, MET or other first-line agent along with a second line agent is started. Third line agents include GLP-1 agonist, TZDs, SGLT-2 inhibitors, basal insulin, DPP4-inhibitors, colesevelam, bromocriptine, α-glucosidase inhibitors or SFU/glinides, in that order. DDP4-inhibitors are much lower on this triple therapy list because they are not as efficacious in patients with higher A1C’s. For patients who are symptomatic, insulin with or without other oral agents should be initiated. If A1C is still not at goal after 3 months, insulin should be initiated or intensified.
In summary, the AACE/ACE algorithm differs from ADA/EASD in that it strongly favors the use of GLP-1 agonists and DPP-4 inhibitors because of their effectiveness and safety profiles. The newly updated guidelines have moved SFUs and glinides to the lowest priority for oral medications because of the risk of hypoglycemia, weight gain and failure to provide glycemic control after 1-2 years of use. In addition, the new AACE/ACE guidelines now include SGLT-2 inhibitors in the list of potential therapies. 
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Figure 2: Algorithm for Glycemic Control in Type 2 Diabetes Based on ADA/EASD and AACE/ACE Guidelines
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Table 2: Efficacy, Side Effects and Costs of Drug Classes 

ORAL AGENTS USED IN THERAPY
Diabetes management has become increasingly more complex as the number of available oral agents has increased over the years. We now have 9 groups of oral anti-diabetic agents at our disposal (Table 2). It is important to understand pharmacokinetics, potency, metabolism and mechanism of action of each medication so that we can prescribe appropriate combination of drugs to achieve glycemic goals.
Table 3: Oral Anti-Diabetic Agents 
	Generic Name
	Trade Name
	Recommended Starting Dose (mg)
	Daily Max Dose (mg)
	Dose Frequency

	α-Glucosidase Inhibitors

	  Acarbose
	Precose
	25 tid w/ meals
	300
	bid-tid w/ meals

	  Miglitol
	Glyset
	25 tid w/ meals
	150
	bid-tid w/ meals

	Biguanide

	  Metformin
	Glucophage
Fortamet
Glucophage XR
Glumetza
	500 qd w/ dinner
500-1000 qd
500 qd
1000 qd
	2550
2500
2000
2000
	bid-tid
qd
qd
qd

	Bile Acid Sequestrant

	  Colesevelam
	Welchol
	3750 
	3750 
	qd-bid

	Dopamine Receptor Agonist

	  Bromocriptine mesylate
	Cycloset
	0.8
	4.8
	qd within 2 hr after awakening

	DPP-4 Inhibitor

	  Linagliptin
	Tradjenta
	5
	5
	Qd

	  Saxagliptin
	Onglyza
	2.5-5
	5
	Qd

	  Sitagliptin
	Januvia
	100
	100
	Qd

	  Alogliptin
	Nesina
	25
	25
	Qd



	DPP-4 Inhibitor/Biguanide Combination Agent

	  Saxagliptin/metformin XR
	Kombiglyze XR
	5/500 or 2.5/1000
	5/2000
	qd w/ meals

	  Sitagliptin/metformin
	Janumet
	50/500
	100/2000
	bid w/ meals

	  Linagliptin/metformin
	Jentadueto
	2.5/500 or 2.5/850 or 2.5/1000

	5/2000
	bid

	  Alogliptin/metformin 
	Kazano
	12.5/500 or 12.5/1000


	25/2000
	bid

	Glinides
	
	
	
	

	  Nateglinide
	Starlix
	120 tid w/ meals
	360
	bid-qid w/ meals

	  Repaglinide
	Prandin
	0.5 bid-qid w/ meals
	16
	bid-qid w/ meals

	Glinide/Biguanide Combination Agent

	  Repaglinide/metformin
	Prandimet
	1/500
	10/2500
	bid-qid w/ meals

	SGLT2 Inhibitors

	
	
	
	

	  Canagliflozin
	Invokana
	100 qd
	300
	qd



	  Dapagliflozin
	Forxiga
	100 qd
	100
	Qk,d



	Sulfonylureas

	First Generation
	
	
	
	

	  Acetohexamide

	Dymelor
	125 bid
	1500
	bid

	  Chlorpropamide
	Diabinese
	250 qd
	500
	qd

	  Tolazamide
	Tolinase
	100 qd
	1000
	bid

	  Tolbutamide
	Orinase
	250 bid
	3000
	tid

	Second Generation

	  Glimepiride

	Amaryl
	1-2 qd
	8
	qd

	  Glipizide
	Glucotrol
	5 qd
	40
	bid

	  Glipizide (extended release) 
	Glucotrol XL
	5 qd
	20
	Qd

	  Glyburide
	DiaBeta, Micronase Glynase PresTab
	2.5-5 qd
1.5-3 qd
	20
12
	bid
bid

	Sulfonylurea/Biguanide Combination Agents

	  Glipizide/metformin
	Metaglip
	2.5/250 qd
	20/2000
	bid w/ meals

	  Glyburide/metformin
	Glucovance
	1.25/250 qd
	10/2000
	bid w/ meals

	Thiazolidinediones

	  Pioglitazone
	Actos
	15-30 qd
	45
	qd

	  Rosiglitazone
	Avandia
	4 qd or 2 bid
	8
	bid-qd

	Thiazolidinedione/Biguanide Combination Agents

	  Pioglitazone/metformin
	Actoplus Met
	15/500 or 15/850 w/ meal
	45/2550
	bid w/ meals

	  Pioglitazone/metformin XR                 
	Actoplus Met XR
	15/1000 or 30/1000 w/ meal
	45/2000
	qd

	  Rosiglitazone*/metformin
	Avandamet
	2/500 bid w/ meals
	8/2000
	bid w/ meals

	Thiazolidinedione/Sulfonylurea Combination Agents

	  Pioglitazone/glimepiride
	Duetact
	30/2 or 30/4
	45/8
	qd

	  Rosiglitazone*/glimepiride
	Avandaryl
	4/1 or 4/2
	8/4
	qd

	Thiazolidinedione/DPP-4 Inhibitor Combination Agent

	  Pioglitazone/alogliptin
	Oseni
	15, 30 or 45/12.5 or 25
	45/25
	qd


*Rosiglitazone is no longer approved for uset in Europe.
Modified from Edelman, Steven and Henry, Robert. Diagnosis and Management of Type 2 Diabetes. 11th ed. United States: Professional Communications, Inc., 2011.
Metformin
Metformin (MET) is the first line pharmacologic therapy along with lifestyle modifications for most patients initially diagnosed with type 2 diabetes. MET is a biguanide and works primarily by suppressing hepatic glucose output, possibly through antagonism of glucagon
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. It also has some effect on increasing glucose utilization by peripheral tissues and decreasing intestinal glucose absorption. MET as monotherapy has been shown to decrease A1C by -1.4% in a 29 week treatment period
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. In addition to its glucose lowering effects, MET has beneficial effect on lipids and weight. Favorable effects on lipid profile include lowering LDL, triglyceride, and total cholesterol
 ADDIN EN.CITE 

(12)
. MET is considered weight neutral and can be associated with weight loss in some patients. 
Side effects/Contraindications
MET’s major side effects are gastrointestinal (GI), mainly loose stools/diarrhea. Anorexia, nausea, and abdominal pain may also occur. GI side effects tend to be transient and dose related. Side effects can be minimized by starting at a low dose, titrating up to maximum dose, and taking MET with food. 
A rare but life threatening complication of MET therapy is lactic acidosis. This is mainly seen in patients with renal dysfunction. Cr >1.4 in women and Cr >1.5 in men are contraindications to using MET. MET is also contraindicated in patients with significant hepatic dysfunction and alcohol abuse. 
When patients go for studies requiring contrast dye, MET should be temporarily held for 48 hours after the procedure. Cr levels should be checked prior to reinitiating MET to ensure that renal function is intact. During hospitalizations, MET should also be temporarily stopped in anticipation of studies requiring contrast dye. Insulin should be used to control hyperglycemia as needed.
Prescribing
MET is initiated at 500 mg with dinner for one week then titrated up to 500 mg twice daily with breakfast and dinner. Once patients are able to tolerate twice daily dosing, dosage should be titrated up to maximum daily dose of 2000-2550 mg. Twice daily rather than three times daily dosing improves compliance.  MET comes in combination pills with sulfonylureas, thiazolidinediones, DPP-4 inhibitors and glinides (Table 2).
Thiazolidinediones
Thiazolidinediones (TZDs) work mainly by increasing insulin sensitivity in skeletal muscle, liver and adipose tissue. They activate nuclear receptors called peroxisome proliferator-activated receptor gamma (PPARγ) which result in increased insulin sensitivity. Although many patients are still taking TZDs, this class of medication has fallen out of favor in recent years, particularly at higher doses. The two currently available TZDs in the U.S. are rosiglitazone and pioglitazone.
Rosiglitazone is now rarely used because of a 2007 meta-analysis demonstrating significantly increased risk of myocardial infarction (MI) and death from all cardiovascular disease(13). The drug now carries an FDA issued boxed warning regarding this risk.  Patients who have diabetes well controlled on rosiglitazone should be informed of these risks, and physicians should discuss other possible therapy options with these patients prior to discontinuing rosiglitazone. 
Pioglitazone is the more widely used TZD at this time and will be the focus of this section. As monotherapy, pioglitazone can reduce A1C by -1.4 to -1.6% with the maximum dose of 45 mg daily over a period of 26 weeks
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. In a head-to-head trial comparing pioglitazone and metformin (MET) in drug-naïve type 2 diabetic patients, pioglitazone was equally as effective as MET in a 32-week trial
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.  In combination therapy, pioglitazone 30 mg significantly reduced A1C by -0.8% with MET and by -1.3% with sulfonylureas (SFUs)
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.  Pioglitazone 45 mg with MET significantly reduced A1C by -1.3%
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.
Pioglitazone use also has the beneficial effect of decreasing triglycerides and increasing HDL while having no change in LDL and total cholesterol
 ADDIN EN.CITE 

(14)
. 
Effect on Cardiovascular Risk Factors
The Prospective Pioglitazone Clinical Trial in Macrovascular Events (PROactive) was designed to determine whether pioglitazone reduces macrovascular morbidity and mortality in high risk patients with type 2 diabetes. PROactive was a randomized placebo controlled trial where 5238 type 2 diabetic patients with macrovascular disease were randomized to receive pioglitazone, titrated up to maximum dose of 45 mg daily. The primary endpoint was the composite of all-cause mortality, non-fatal myocardial infarction (MI) (including silent MI), stroke, acute coronary syndrome, endovascular or surgical intervention in the coronary or leg arteries and amputation above the ankle. The main secondary endpoint was the composite of all-cause mortality, non-fatal MI (excluding silent MI) and stroke. The average time to observation was 34.5 months. 
PROactive demonstrated that pioglitazone non-significantly reduced the risk of the composite primary endpoint. The authors discussed this lack of significance in primary endpoint as a result of the initial design in protocol when it was thought that the need for amputation or coronary or leg revascularization would respond to therapy in a similar way to stroke and MI. This hypothesis did not prove correct because these endpoints were influenced by local surgical or medical practice. Thus, the study was likely underpowered to detect a significant difference in primary composite endpoint. 
For the main secondary composite endpoint of all cause mortality, non-fatal MI and stroke, significantly fewer patients in the pioglitazone group (11.6%) than in the placebo group (13.3%) experienced at least one of these events (Figure 3)
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Figure 3: Kaplan-Meier Curve of Time to Secondary Endpointa in the PROactive Study 

Further analyses were done from the PROactive study to evaluate effects of pioglitazone on pre-specified major adverse cardiovascular events (MACEs). MACEs are standard measures used to compare treatments in large cardiovascular outcome studies. The Cox proportional hazards model showed significant risk reduction of -16% with pioglitazone in the main secondary endpoint of all-cause mortality, non-fatal MI or non-fatal stroke. Significant risk reductions were also seen with pioglitazone compared to placebo for 6 of the MACE endpoints. For MACE1 composite endpoints of cardiovascular mortality, non-fatal MI, or non-fatal stroke there was a -18% risk reduction. For MACE2 composite endpoints of all-cause mortality, non-fatal MI, non-fatal stroke or acute coronary syndrome there was a -17% risk reduction
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. 
In an independent analysis of 19 trials that enrolled 16,390 patients, pioglitazone treatment ranged from 4 months to 3.5 years. Death, MI, or stroke occurred in 450 of 7836 patients (4.4%) receiving pioglitazone versus 450 of 7836 patients (5.7%) receiving control therapy (HR 0.82; 95% CI 0.72-0.94; P=0.005)(20). 
Side effects/Contraindications
Liver toxicity does not appear to be a significant clinical problem with currently available TZDs. However, prior to initiating TZD therapy, baseline liver enzymes should be checked. If abnormal, work up should be initiated to determine etiology of liver enzyme elevation. If alanine aminotransferase (ALT) is >2.5 times the upper limit of normal, TZDs should not be initiated. The exception is in nonalcoholic steatohepatitis (NASH) where TZD has been shown to improve biochemical and histological features of NASH
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. While on TZD therapy, liver enzymes should be monitored periodically. If at any time, liver enzymes become elevated, therapy should re-evaluated and continued with more frequent monitoring of liver enzymes. If ALT is >3 times the upper limit of normal, it should be repeated and if levels remain elevated, TZD therapy should be discontinued.  
In 2007, the FDA issued a boxed warning regarding TZDs and their potential to cause or exacerbate CHF. In a meta-analysis of 19 trials that enrolled 16,390 patients, pioglitazone treatment significantly increased the risk of heart failure. Serious heart failure was reported in 2.3% of the pioglitazone treated group and 1.8% of the control group (HR 1.41; 95% CI 1.14-1.76; P=0.002), without an associated increase in mortality(20). TZD use is contraindicated in patients with NYHA Class III or IV heart failure, and not recommended in patients with symptomatic heart failure. For patients who develop signs and symptoms of heart failure while on therapy, TZD should be discontinued or dose reduced. Prior to initiating TZD therapy, physical exam should be performed to document presence or absence of ankle edema. Edema itself is not an absolute contraindication to starting TZDs, but should be monitored closely during therapy, and TZDs discontinued or dose reduced if edema significantly worsens. Risks factors for heart failure in patients treated with TZDs include history of heart failure, myocardial infarction, coronary artery disease, hypertension, left ventricular hypertrophy and significant aortic or mitral valve disease. 
In 2011, the FDA updated the safety label for pioglitazone to highlight the risk of bladder cancer. The FDA recommends that pioglitazone should not be used in patients with active bladder cancer. In patients with prior history of bladder cancer, pioglitazone should be used with caution. To address concerns of long-term risk bladder cancer, the drug manufacturer (Takeda) is conducting a 10 year observational cohort study in 193,099 diabetic patients in the Kaiser Permanente Northern California (KPNC) diabetes registry--30,173 of those who are treated with pioglitazone. The primary outcome is an incident diagnosis of bladder cancer identified from the KPNC cancer registry. Treatment with pioglitazone is the primary exposure of interest. A planned five-year interim analysis was published with data collected from January 1997 to April 2008. Median duration of therapy with pioglitazone was 2 years. Results showed no significant increase in the risk of bladder cancer in patients ever exposed to pioglitazone compared to patients never exposed to pioglitazone (hazard ratio [HR] 1.2; 95% confidence interval [CI] 0.9-1.5). However, there was a significantly increased risk of bladder cancer with increasing dosage and duration of pioglitazone use (HR 1.4; 95% CI 1.03-2)
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. Patients currently taking pioglitazone should be aware of the bladder cancer risk and counseled to report any signs or symptoms of blood in the urine, urinary urgency, pain on urination, or back or abdominal pain, which may be due to bladder cancer.
Bone loss is another concern with TZD therapy. In March 2007, Takeda Pharmaceuticals reported increased fracture risk in women treated with pioglitazone based on an analysis of their clinical trial database. Fracture incidence among women was 1.9 per 100 person-years for pioglitazone and 1.1 per 100 person-years for those on placebo or another active drug. In addition, in a 4 year follow up from the Health, Aging, and Body Composition observational study, TZD use was associated with greater bone loss at the whole body of -0.67% per year (95% CI -1.03, -0.30% per year), lumbar spine of -1.23% per year (95% CI -2.06, -0.40% per year) and trochanter of -0.65% per year (95% CI -1.18, -0.12% per year) in women 70-79 years of age
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.  The increased risk of fracture is apparent 1 year after TZD use among women
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. Given that older postmenopausal women at are greatest risk for fracture, and bone loss with TZDs is most consistent in this group, postmenopausal women using or starting TZD should be screened for low bone density with appropriate treatment initiated when necessary.  
Prescribing
Pioglitazone can be started at 15 or 30 mg once daily and titrated up by 15 mg increments to maximum effective daily dose of 45 mg daily, if desired. It can be given as monotherapy or in combination with other oral diabetic medications and/or insulin. Pioglitazone’s effect can be seen as early as 2 weeks with maximum effects observed at 10-14 weeks
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. Liver enzymes should be monitored prior to initiating therapy and periodically while on therapy. Pioglitazone comes in combination pills with sulfonylureas, metformin and alogliptin (Table 2).
In a post hoc analysis of the PROactive study, insulin requirements and regimens were examined. A rapid and sustained decrease in insulin dose was observed with pioglitazone (Figure 4). Mean insulin dose by the end of the study was 42 U/d in pioglitazone group versus 55 U/d in placebo group (P=0.0001). Insulin regimen was also more simplified with greater A1C reductions in pioglitazone (-0.93%) versus placebo group (-0.45%, P<0.0001). At the end of the study, insulin had been discontinued in 9% of pioglitazone versus 2% of placebo patients (P<0.0001)
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Figure 4: Changes in A1C and Insulin Dose During the PROactive Study in Patients Receiving Insulin at Study Entry 

DPP-4 Inhibitors
The discovery of intestinal peptides has resulted in the development of diabetic medications with novel mechanisms of action. Intestinal peptides glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) have incretin effects, in which oral glucose stimulates greater insulin secretion than intravenous glucose. The incretin effect is mediated by intestinal peptides, in particular GLP-1. Incretin hormones are rapidly degraded by the enzyme DPP-4 through N-terminal cleavage. The development of DPP-4 inhibitors thus became a new strategy for diabetes management. There are three DPP-4 inhibitors available in the United States – sitagliptin, saxagliptin and linagliptin. All three are oral medications, as opposed to the incretin mimetics which are injectables. 
Sitagliptin
Sitagliptin was the first DPP-4 inhibitor approved for use in type 2 diabetes. It is approved for use as a single agent as initial treatment of type 2 diabetes, as second agent in addition to metformin (MET), thiazolidinedione (TZD) or sulfonylurea (SFU), in combination with insulin therapy or as a third agent in addition to MET and a TZD when adequate glycemic control is not achieved. 
Monotherapy Trials
The efficacy of sitagliptin as monotherapy has been demonstrated in randomized controlled clinical trials. In a Japanese study with 151 type 2 diabetic patients with average baseline A1C of 7.6%, patients underwent an 8 week diet and exercise run-in period and drug washout period for patients who had been on a single oral diabetic agent. After 8 weeks, patients were randomized to sitagliptin 100 mg daily or placebo for 12 weeks. At the end of 12 weeks, A1C decreased by -0.65% in the sitagliptin group versus increasing by 0.41% in the placebo group with between group difference of -1.05% (95% CI -1.27, -0.84; P<0.001) (Figure 5). 58.1% of patients in the sitagliptin group reached A1C target of <7% and 14.5% reached target in the placebo group (P<0.001). A meal tolerance test (MTT) performed at baseline and at 12 weeks demonstrated a 2 hour post-prandial glucose (PPG) decrease by -69.2 mg/dL in the sitagliptin group compared with an increase by 11.7 mg/dL in the placebo group (Figure 6)
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Figure 5: Change in Mean A1C Over 3 Month Treatment Period 
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Figure 6: Mean Baseline and Week 12 Glucose Profiles Following MTT 

In another randomized, double-blind, placebo controlled trial, 741 patients with baseline A1C of 8% were randomized to receive sitagliptin 100 mg or 200 mg or placebo for 24 weeks. Both sitagliptin 100 mg and 200 mg resulted in significant placebo-subtracted reductions in A1C (-0.79% and -0.94%, respectively, P<0.001). Patients with baseline A1C ≥9% had greater reductions in placebo-subtracted A1C with sitagliptin 100 mg and 200 mg (-1.52% and -1.50%, respectively) than patients with A1C <8% (-0.57% and -0.65%) or 8-8.9% (-0.80% and -1.13%, respectively). In a MTT, sitagliptin 100 mg and 200 mg significantly decreased 2 hour PPG (placebo-subtracted PPG -46.7 and -54.1 mg/dL, respectively). The two sitagliptin doses did not show any significant differences in A1C, fasting plasma glucose (FPG) or PPG. There was no significant change in body weight with sitagliptin 100 mg or 200 mg (-0.2 kg and -0.1 kg, respectively). Body weight change with placebo (-1.1 kg) was significantly greater than that with sitagliptin (P < 0.01)
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Combination or Add-On Therapy Trials
Sitagliptin with Metformin
 In a 24 week, randomized, double-blind, placebo-controlled clinical trial, the efficacy of initial combination therapy with sitagliptin and MET in type 2 diabetic patients were evaluated. A total of 1091 patients with A1C 7.5-11% were randomized to one of six daily treatments: sitagliptin 100mg/MET 1000mg (S100/M1000), sitagliptin 100mg/MET 2000mg (S100/M2000), MET 1000mg (M1000), MET 2000mg (M2000) (all MET as divided doses administered twice daily), sitagliptin 100mg daily or placebo. Mean baseline A1C was 8.8%. The placebo-subtracted A1C change from baseline was -2.07% (S100/M2000), -1.57% (S100/M1000), -1.3% (M2000), -0.99% (M1000), and -0.83% (S100) (P<0.001 for comparisons versus placebo and for combination versus monotherapies). 66% of patients achieved A1C <7% and 44% achieved A1C <6.5% in the S100/M2000 group (P<0.001 vs S100 or M2000 monotherapies)
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Sitagliptin Added to Metformin
Sitagliptin’s efficacy was also evaluated as an addition to ongoing MET therapy in patients who had inadequate glycemic control with A1C 7-10% with MET alone. 701 patients with mean A1C of 8% who had been receiving ongoing MET therapy (≥1500 mg/day) were randomized to receive the addition of either placebo or sitagliptin 100 mg daily in a 1:2 ratio for 24 weeks. After 24 weeks, the addition of sitagliptin to MET led to significantly reduced A1C (-0.65%), FPG (-25.4 mg/dL), and 2 hour PPG (-50.6 mg/dL) compared to placebo. Significantly greater proportion of patients achieved A1C <7% with sitagliptin (47.0%) than with placebo (18.3%). Sitagliptin was not associated with increased risk of hypoglycemia or GI side effects compared with placebo
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Sitagliptin Compared to Glipizide Added to Metformin
The efficacy and safety of sitagliptin or glipizide in patients inadequately controlled on MET was assessed in a 2 year study. 1172 patients who were on a stable MET dose of ≥1500 mg daily for at least 8 weeks were randomized to receive either sitagliptin 100 mg daily or glipizide 5 mg daily (titrated up to 20 mg daily). Mean baseline A1C was 7.3% for both groups. After 2 years, 504 of the 1172 patients completed the treatment and were included in the analysis. The least squares mean change in A1C from baseline was -0.54% (95% CI -0.64, -0.45) in the sitagliptin group and -0.51% (95% CI -0.60, -0.42) in the glipizide group. From week 24 to week 104, A1C rise was smaller at 0.16% per year with sitagliptin (coefficient of durability 95% CI 0.10, 0.21) compared with 0.26% per year for glipizide (95% CI 0.21, 0.31). 73% of patients in the sitagliptin group reached A1C<7% compared with 69% in the glipizide group. Rates of hypoglycemia were lower with sitagliptin (5%) compared with glipizide (34%). Sitagliptin was also associated with weight loss (-1.6 kg) compared with weight gain (+0.7 kg) with glipizide
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Sitagliptin Added to Pioglitazone

The efficacy and safety of combination therapy with sitagliptin and pioglitazone compared with pioglitazone monotherapy was assessed in a 54 week trial. 520 patients were randomized to combination sitagliptin 100mg/day and pioglitazone 30mg/day or monotherapy pioglitazone 30mg/day. After 24 weeks, mean reduction in A1C and fasting plasma glucose were -2.5% and -62.1 mg/dl with combination versus -1.9% and -48.7 mg/dl with monotherapy. 317 patients then entered into the 30-week extension study where pioglitazone dose was increased to 45mg/day in both groups. At the end of the extension, mean reduction in A1C was -2.4% with combination therapy versus -1.9% with monotherapy (95% CI -0.5% [-0.8, -0.3] and mean reduction in fasting plasma glucose was -61.3 mg/dl versus -52.8, respectively (95% CI -8.5 mg/dl [-16.3, -0.7]. Increases in body weight were seen in both treatment groups, and safety and tolerability were similar in both groups
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Sitagliptin Added to Insulin
Sitagliptin’s efficacy and tolerability when added to insulin was evaluated in a 24 week study. 641 patients inadequately controlled on long-acting, intermediate-acting or premixed insulin with or without MET were randomized to receive addition of sitagliptin 100 mg daily or placebo. Baseline A1C ranged from 7.5 to 11%. Addition of sitagliptin significantly reduced A1C by -0.6% compared to placebo (0.0%) (P<0.001). Greater proportion of patients achieved A1C <7% in the sitagliptin group compared with placebo (13 vs 5%, respectively; P<0.001). Sitagliptin also significantly reduced fasting plasma glucose by 15.0 mg/dl and 2 hour PPG by 36.1 mg/dl relative to placebo (P<0.001). There was a higher incidence of hypoglycemia in the sitagliptin group (16%) compared with placebo (8%)
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Side effects/Contraindications
Side effects of sitagliptin include upper respiratory tract infection, nasopharyngitis and headache. Sitagliptin in combination with SFU resulted in more hypoglycemic episodes than placebo. In patients taking sitagliptin, there have been post-marketing reports of acute pancreatitis, including fatal and nonfatal hemorrhagic or necrotizing pancreatitis. If pancreatitis is suspected, sitagliptin should be discontinued. It is not known whether sitagliptin use increases the risk of pancreatitis in patients with history of pancreatitis. 
Prescribing
Sitagliptin is initiated at 100 mg daily as monotherapy or combination therapy. It can be taken with or without food. Renal function should be checked prior to initiation of sitagliptin. Dose adjustment to 50 mg daily should be made for GFR 30 to 50 mL/min and to 25mg daily for GFR <30 mL/min. After starting sitagliptin, renal function should be checked periodically and dose adjustment made as needed. Sitagliptin is available in combination with MET (Table 2). 
Saxagliptin
Saxagliptin is also approved for monotherapy or combination therapy for patients with type 2 diabetes. Saxagliptin is 10 times more potent than sitagliptin, and its metabolite, M2, is 2-fold less potent than saxagliptin. After an oral glucose load or meal, saxagliptin results in 2-3 fold increases in the level of active GLP-1 and GIP, decreased glucagon concentrations and increased glucose-dependent insulin secretion. These effects result in lower fasting plasma glucose (FPG) and post-prandial glucose (PPG). 
Monotherapy Trials
In a 12 week randomized, placebo controlled clinical trial, 338 drug naïve type II diabetic patients with inadequate glycemic control (baseline A1C 6.8-9.7%) were randomized to receive saxagliptin 2.5, 5, 10, 20 or 40 mg once daily or placebo. Placebo-subtracted A1C reductions were 0.45-0.63%. Saxagliptin also had significant placebo-subtracted reductions in fasting serum glucose (14-25 mg/dl)
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In another 24 week trial, a main treatment cohort (MTC) of 401 treatment naïve patients with type 2 diabetes and inadequate glycemic control (baseline A1C 7-10%) were randomized to saxagliptin 2.5, 5, or 10 mg daily or placebo. In a separate open-label cohort (OLC), 66 patients (baseline A1C 10-12%) received saxagliptin 10 mg daily for 24 weeks. In the MTC, saxagliptin demonstrated significant decreases in adjusted mean A1C changes from baseline to week 24 for all 3 doses of saxagliptin (Figure 7). A greater proportion of patients in the saxagliptin group achieved A1C <7% (35% [P=NS], 38% [P=0.0443], 41% [P=0.0133]) for saxagliptin 2.5, 5, and 10 mg, respectively compared with placebo (24%). In the OLC, consistent with higher baseline A1C, reduction in A1C (-1.9%), FSG (-33 mg/dL), and PPG at 120 min (-66 mg/dL) were greater in magnitude compared with the MTC. By 24 weeks, A1C <7% was achieved in 14% of OLC patients
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Figure 7: Change from Baseline to Week 24 in Mean A1C with Saxagliptin Monotherapy vs Placebo 

Combination or Add-On Therapy Trials
Saxagliptin with Metformin 
The efficacy of saxagliptin with MET as initial combination therapy was evaluated in a multicenter, randomized clinical trial with 1306 treatment naïve patients with type 2 diabetes and inadequate glycemic control (A1C 8-12%). Patients were randomized to saxagliptin 5 mg with MET, saxagliptin 10 mg with MET, saxagliptin 10 mg monotherapy or MET monotherapy. After 24 weeks, saxagliptin 5 mg with MET and saxagliptin 10 mg with MET demonstrated statistically significant decreases in A1C and FPG compared with saxagliptin 10 mg and MET monotherapies (Figure 8). A1C <7% was achieved in 60.3% and 59.7% for saxagliptin 5 mg with MET and saxagliptin 10 mg with MET, respectively (P<0.001 vs monotherapy)
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Figure 8: Change in Glycemic Parameters After 24 Weeks with Saxagliptin added to Metformin vs Saxagliptin or Metformin Monotherapy
Saxagliptin Added to Metformin
A 24 week trial assessed the efficacy of saxagliptin added on to type 2 diabetic patients with inadequate control on MET monotherapy (baseline A1C 7-10%). 743 patients were randomized to receive either saxagliptin (2.5, 5, or 10 mg daily) or placebo plus stable dose of MET (1,500-2,500 mg). Saxagliptin (2.5, 5, and 10 mg) plus MET demonstrated significantly reduced A1C from baseline to week 24 (-0.59, -0.69, -0.58% vs +0.13%; all P<0.0001). FPG and PPG were also significantly reduced compared with placebo, and more than twice as many patients on saxagliptin plus MET achieved A1C <7% compared with placebo. Hypoglycemic events and weight reductions were similar in the 2 groups
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Saxagliptin Added to Glyburide
To assess efficacy and safety of saxagliptin added to glyburide vs up titration of glyburide monotherapy, 768 patients with A1C 7.5-10% were randomized to saxagliptin 2.5 or 5 mg in combination with glyburide 7.5 mg or placebo with glyburide 10 mg for 24 weeks. In the glyburide-only arm, blinded up titration of glyburide was allowed up to maximum dose of 15 mg daily. By 24 weeks, 92% of glyburide-only patients were uptitrated to 15 mg daily. Saxagliptin 2.5 and 5 mg significantly decreased A1C and FPG compared with glyburide monotherapy (Figure 9). The mean change in 2-hour PPG from baseline was -31 mg/dl for saxagliptin 2.5 mg, -34 mg/dl for saxagliptin 5 mg and +8 mg/dl for up titrated glyburide (P<0.0001). There was no significant difference in the incidence of hypoglycemia between the groups. Body weight increased in all groups and was significantly greater in the saxagliptin 2.5 and 5 mg groups versus up titrated glyburide (+0.7kg [P=0.0381] and +0.8,g [P=0.0120], respectively vs. +0.3 kg)
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Figure 9: Changes in Glycemic Parameters After 24 Weeks with Saxagliptin Added to Glyburide vs Glyburide Monotherapy 
Saxagliptin Added to Thiazolidinedione
To assess the efficacy of saxagliptin plus TZD in type 2 diabetic patients inadequately controlled on TZD monotherapy, 565 patients with A1C 7-10.5% on stable TZD monotherapy (pioglitazone 30 or 45 mg or rosiglitazone 4 or 8 mg) were randomized to saxagliptin (2.5 or 5 mg daily) or placebo plus stable TZD dose. After 24 weeks, saxagliptin 2.5 and 5 mg plus TZD significantly decreased A1C and FPG compared with placebo (Figure 10). The proportion of patients achieving A1C <7% was 42.2% (P=0.001) and 41.8% (P=0.0013) in the saxagliptin 2.5 and 5 mg groups, respectively, vs 25.6% in the placebo group. PPG area under the curve (AUC) was also significantly reduced in saxagliptin groups compared with placebo (P<0.0001). Hypoglycemic event rates were similar in all groups
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Figure 10: Changes in Glycemic Parameters After 24 Weeks with Saxagliptin Added to Thiazolidinedione
Side effects/Contraindications
Saxagliptin is well tolerated for the most part. Side effects include upper respiratory tract infection, urinary tract infection, nasopharyngitis and headache. 
Prescribing
The recommended dose of saxagliptin is 2.5 mg or 5 mg daily. Renal function should be evaluated prior to starting therapy and while on therapy. For patients with moderate or severe renal impairment (CrCl ≤50mL/min) or with end stage renal disease requiring dialysis, the recommended dose is 2.5 mg daily. For patients taking strong cytochrome P450 3A4/5 inhibitors, the recommended dose is also 2.5 mg daily. Saxagliptin comes in combination pills with MET (Table 2).
Linagliptin
Linagliptin is another DPP-4 inhibitor. It is approved for use as monotherapy, in adjunct to diet and exercise in type 2 diabetic patients or in addition to MET, SFU or TZDs. Linagliptin is the first DPP-4 inhibitor approved for use at one dosage strength. No dose adjustment is needed for renal or hepatic impairment. Linagliptin is excreted unchanged mainly in the feces. With 5 mg daily dosing, a steady-state plasma concentration is reached by the third dose.
Monotherapy Trials
The safety and efficacy of linagliptin was demonstrated in a 24 week trial with 503 type 2 diabetic patients. Patients were randomized to receive either linagliptin 5 mg daily (n = 336) or placebo (n = 167). Before randomization, patients pre-treated with one oral anti-diabetic agent underwent a 6 week washout period, including a placebo run-in period the last 2 weeks. Patients previously untreated with an oral anti-diabetic agent underwent a 2 week placebo run-in period as well. Treatment with linagliptin significantly lowered A1C from baseline by -0.69% (P<0.0001) compared with placebo (Figure 11). In patients with baseline A1C≥9%, the adjusted A1C reduction was -1.01% (P<0.0001) compared with placebo. Patient treated with linagliptin were more likely to achieve A1C reduction of ≥ 0.5% at 24 weeks compared to placebo (47.1 vs 19.0%, respectively, P<0.0001). FPG improved by -1.3 mmol/l (P<0.0001) in the linagliptin group compared with placebo. Linagliptin also significantly reduced 2 hr PPG by -3.2 mmol/l (P<0.0001) compared with placebo. There was increased risk of hypoglycemia with linagliptin treatment compared with placebo
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Figure 11: Mean A1C Over 24 Weeks During Treatment with Linagliptin versus Placebo
Combination or Add-On Therapy Trials
Linagliptin Added to Metformin
Linagliptin as add-on therapy in type 2 diabetic patients inadequately controlled on MET and maximum of one other oral anti-diabetic agent was evaluated in a 24 week trial. There were a total of 701 patients with baseline A1C 7-10%. Patients on another oral anti-diabetic agent other than MET were discontinued on the other agent and continued on MET for 6 weeks, including a 2 week placebo run-in period. Patients were then randomized to receive linagliptin 5 mg daily or placebo in addition to continuing stable dose of MET. Linagliptin showed significant A1C reduction of -0.49% compared with increase of 0.15% in the placebo group (P<0.0001). FPG and 2-hr PPG were also significantly reduced in the linagliptin group compared with placebo (-0.59 vs 0.58 mmol/l and -2.7 vs 1.0 mmol/l, respectively, P<0.0001 for both). Hypoglycemia occurred in 0.6% of patients in the linagliptin group and 2.8% in the placebo group. No significant weight changes were noted from baseline in either group
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Linagliptin Added to Metformin and a Sulfonylurea
The efficacy and safety of linagliptin was evaluated in type 2 diabetic patients inadequately controlled by MET and SFU combination treatment. 1058 patients were randomized to receive linagliptin 5 mg daily or placebo added to their MET and SFU treatment. After 24 weeks, linagliptin was superior to placebo for adjusted mean change in A1C from baseline to week 24 (-0.62%, 95% CI -0.73 to -0.50; P<0.0001). Adjusted mean change in FPG was greater with linagliptin compared with placebo (-0.7 mmol/l, 95% CI -1.0 to -0.4; P<0.0001). Hypoglycemia occurred more frequently in the linagliptin group (22.7%) compared to placebo (14.8%; odds ratio 1.64, 95% CI 1.14-2.38; P-0.0083). No significant weight changes were observed in either group
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Linagliptin and Pioglitazone as Initial Therapy
Linagliptin with pioglitazone as initial therapy was evaluated in a 24 week trial. Patient were randomized to receive combination of pioglitazone 30 mg daily plus linagliptin 5 mg daily (n=259) or pioglitazone with placebo (n=130). After 24 weeks of treatment, the adjusted mean change in A1C with linagliptin plus pioglitazone was -1.06% compared with -0.56% in the pioglitazone plus placebo group (Figure 12). Adjusted mean difference in A1C between the groups was -0.51% (95% CI -1.2, -0.4; P<0.0001). Greater proportion of patients taking linagliptin plus pioglitazone achieved A1C <7% compared with placebo (42.9 vs. 30.5%, respectively; P=0.0051) and reduction of A1C ≥ 0.5% (75 vs. 50.8%, respectively; P<0.0001)
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Figure 12: Non-adjusted A1C over 24 Weeks Following Treatment with Linagliptin 5mg Plus Pioglitazone 30mg or Placebo plus Pioglitazone 30mg
Linagliptin Compared with Glimepiride in Patients on Metformin
In a 2 year non-inferiority trial, patients with type 2 diabetes on MET alone or with one additional oral anti-diabetic agent were randomized to receive linagliptin 5 mg daily (n=777) or glimepiride 1-4 mg daily (n=775). Glimepiride was started at 1 mg daily and electively titrated up to maximum dose of 4 mg daily over 12 weeks to optimize glycemic control.  Patients on another oral anti-diabetic agent underwent a 6 week run-in period with MET and washout of the other agent. After 2 years, reduction in adjusted mean A1C (baseline 7.7% in both groups) were similar in the linagliptin (-0.16%) and glimepiride groups (-0.36%). The difference between treatment groups was 0.20% which met non-inferiority criterion (97.5% CI 0.09-0.3; P=0.0004). Fewer patients had hypoglycemia in the linagliptin compared with glimepiride group (7% vs 36%, P<0.0001)(43). 
Side effects/Contraindications
In general, linagliptin is well tolerated. Nasopharyngitis was the most common side effect reported for linagliptin in placebo-controlled trials. 
Prescribing
Linagliptin is started at the recommended dose of 5 mg daily as monotherapy or combination therapy. It can be taken with or without food. No dose adjustment is needed for renal or hepatic impairment. 
Alogliptin

Alogliptin is the newest DPP-4 inhibitor approved for use. It is approved for use as monotherapy or combination therapy with metformin (MET), sulfonylurea (SFU), thiazolidinedione (TZD) and insulin.  
Monotherapy Trials

The efficacy and safety of alogliptin was evaluated in a 26 week randomized, double-blind, placebo-controlled trial. 329 type 2 diabetic patients with mean baseline A1C 7.9% were randomized to once daily alogliptin 12.5 mg, 25 mg or placebo. At the end of the study, mean A1C change was significantly greater for the alogliptin 12.5 mg (-0.56%) and 25 mg (-0.59%) groups compared with placebo (-0.02%; P < 0.001 for both comparisons). Fasting plasma glucoses were also significantly reduced with alogliptin 12.5 mg (-10.3 mg/dl) and 25 mg (-16.4 mg/dl) compared with placebo (+11.3 mg/dl; P < 0.001 for both comparisons). Overall incidences of adverse events and hypoglycemia were similar between all three groups(44). 
Combination or Add-On Therapy Trials

Alogliptin Added to Metformin

The efficacy of alogliptin added to MET was studied in a randomized, double-blind trial in type 2 diabetic Japanese patients who were inadequately controlled on MET. 288 patients were randomized to either alogliptin 12.5 mg or 25 mg once daily plus MET or placebo plus MET. After 12 weeks, A1C reduction from baseline was significantly greater for alogliptin 12.5 mg plus MET (-0.55%) and 25 mg plus MET (-0.64%) compared with placebo plus MET (0.22%; P < 0.0001 for both comparisons). In an open-label extension trial for an additional 40 weeks, 276 patients continued on either alogliptin 12.5 mg or 25 mg plus MET. Over 52 weeks, there were no safety or tolerability concerns with alogliptin and MET combination therapy
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Alogliptin Added to Metformin and Pioglitazone
Adding on alogliptin versus uptitrating pioglitazone dose in type 2 diabetic patients who were inadequately controlled on MET and pioglitazone was compared in a double-blind, parallel group study. Patients at baseline were receiving MET (≥ 1500 mg or maximum tolerated dose) and pioglitazone 30 mg daily. They were randomized to receive alogliptin 25mg (n = 404) or additional pioglitazone 15 mg daily (for total of 45mg daily; n = 399) for 52 weeks. The alogliptin group had greater A1C change from baseline compared with pioglitazone group (-0.70 vs -0.29%; P < 0.001). A greater proportion of patients in the alogliptin group achieved A1C ≤ 7% compared with the pioglitazone group (33.2 vs 21.3%; P < 0.001). Hypoglycemia rates were 4.5% in the alogliptin group versus 1.5% in the pioglitazone group. The addition of alogliptin to MET and pioglitazone regimen resulted in superior glycemic control compared with uptitrating pioglitazone dose
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Alogliptin Added to Glyburide
The efficacy and safety of alogliptin in combination with glyburide was evaluated in type 2 diabetic patients inadequately controlled on SFU monotherapy. Patients first entered a 4 week run-in period where they were switched from their original SFU to an equivalent glyburide dose and placebo. After the run-in period, patients were randomized to alogliptin 12.5 mg (n = 203), 25 mg (n = 198) or placebo (n = 99) once daily. Mean A1C was around 8.1% in each group. By week 26, A1C reductions were -0.38% and -0.52% versus +0.01% (P < 0.001) in the alogliptin 12.5 mg and 25 mg versus placebo groups, respectively. More patients in the alogliptin 25mg group had A1C ≤ 7% by week 26 compared with placebo (34.8 vs 18.2%; P = 0.002). Hypoglycemia rates were not significantly different among the three groups. Addition of alogliptin to glyburide monotherapy resulted in significant A1C reductions 
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Alogliptin Added to Insulin
In a 26 week double-blind trial, 390 type 2 diabetes patients were randomly assigned to receive alogliptin 12.5 mg, 25 mg or placebo once daily as add-on to stable insulin therapy with or without MET. Mean baseline A1C was 9.3%. By the end of the study, A1C reduction was significantly greater for alogliptin 12.5 mg (-0.63%) and 25 mg (-0.71%) compared with placebo (-0.13%; P < 0.001) (Figure 13). Hypoglycemia rates were similar for alogliptin 12.5 mg (27%), 25 mg (27%) and placebo (24%) groups. Mean weight increase were also similar for all three groups, around 0.6-0.7 kg. Alogliptin added on to insulin therapy with or without MET improved glycemic control without causing significant weight gain or increasing incidence of hypoglycemia
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Figure 13: A1C from Baseline through Week 26 for the Placebo and Alogliptin Groups 
Side effects/Contraindications

The most frequent adverse reactions for alogliptin are nasopharyngitis, headache and upper respiratory tract infection. 

Prescribing

Alogliptin is started at a dose of 25 mg daily, taken with or without food. Dose adjustment to 12.5 mg daily is necessary for patients with moderate renal impairment (CrCl ≥ 60 mL/min) and to 6.25 mg daily for severe renal impairment (CrCl 15-30 mL/min) and end-stage renal disease (CrCl < 15mL/min). Renal function should be checked prior to initiation of alogliptin and periodically while on the medication. 
SGLT2 Inhibitors

Sodium-glucose co-transporters (SGLTs) are responsible for glucose reabsorption in the kidney. 90% of glucose reabsorption is accounted for by SGLT2 located in the S1 segment of proximal tubules, while SGLT1 located in the S2/S3 segments of the proximal tubule accounts for 10% of glucose reabsorption. The discovery of SGLT inhibitors as a novel therapeutic agent for treatment of diabetes came from experiments in the 1800s with phlorizin (isolated from root bark of apple trees), which improved blood glucose in laboratory animals. Observations of patients with familial renal glycosuria, a rare genetic abnormality in SGLT, lent further support for development of SGLT inhibitors given that chronic dysfunction of SGLT does not appear to result in significant adverse renal effects. SGLT2 inhibitors’ mechanism of action is through elimination of glucose through the kidneys. Currently, there are two SGLT2 inhibitors available, dapagliflozin in Europe and canagliflozin in the United States. 

Dapagliflozin
Dapagliflozin was the first SGLT2 inhibitor approved for use in Europe. However, the FDA did not approve the drug for use in the U.S. and instead, asked for more data regarding its benefits and risks. The FDA advisory committee recommended against approving the drug, citing concerns over potential breast and bladder cancer risks. It is approved for use in adjunct to diet and exercise and in combination with other oral anti-diabetic agents and insulin. 
Monotherapy Trials
The efficacy and safety of dapagliflozin as monotherapy for type 2 diabetes was studied in a 12 week Japanese trial. A total of 279 patients were randomized to receive various doses of dapagliflozin (1, 2.5, 5 or 10 mg/day) or placebo once daily. Significant A1C reductions were seen with all dapagliflozin doses (-0.11 to -0.44%; P <0.0001 for all) compared with placebo (+0.37%). Fasting plasma glucoses were also significantly reduced with all dapagliflozin doses (-15.6 to -31.9 mg/dl; P <0.0001 for all) compared with placebo (+11.17 mg/dl). Signs and symptoms suggestive of urinary tract infections and genital infections occurred in 0-3.8% and 0-1.8%, of patients in the dapagliflozin treated groups compared with 1.9% and 0%, in the placebo group. Dapagliflozin monotherapy for 12 weeks significantly improved glycemic control compared with placebo with low risk of adverse events(49). 
Combination or Add-On Therapy Trials

Dapagliflozin Added to Metformin
In a a phase 3 multicenter, double blind, placebo controlled trial, the effect of dapagliflozin added to metformin in patients inadequately controlled on metformin monotherapy was studied. 546 patients were randomized one of three dapagliflozin doses (2.5mg, 5mg or 10mg daily) or placebo. All patients were on metformin ≥1500mg daily with baseline A1C of around 8%. After 24 weeks, mean A1C reduction was -0.30% in the placebo group compared to -0.67% (P = 0.0002), -0.70% (P < 0.0001) and -0.84% (P < 0.0001) in the dapagliflozin 2.5, 5 and 10mg groups, respectively. Rates of hypoglycemia were similar in the dapagliflozin (2-4%) and placebo groups (3%). Rates of genital infections were higher in the dapagliflozin 2.5, 5 and 10 mg groups (8%, 13%, 9%, respectively) compared with placebo (5%). Weight reduction was significantly higher in the dapagliflozin 2.5, 5 and 10mg groups (-2.2, -3.0 and -2.9 kg, respectively, P <0.0001 for all) compared with placebo group (-0.9kg). (50). 
Dapagliflozin Added to Glimepiride
The effect of dapagliflozin in combination with glimepiride was evaluated in a 24 week trial of 597 patients inadequately controlled on glimepiride. Subjects were randomly assigned to placebo or dapagliflozin 2.5, 5 or 10mg daily added to glimepiride 4 mg daily. At the end of the trial, A1C changes in all dapagliflozin groups were significantly greater compared with placebo (all P < 0.0001) (Figure 14). Change in body weight was -0.72 kg in the placebo group versus -1.18, -1.56, -2.26 kg in the dapagliflozin 2.5, 5, and 10mg groups, respectively. Hypoglycemia occurred in 4.8% of placebo group versus 7.1-7.9% in the dapagliflozin groups. Genital infection rate was 0.7% versus 3.9-6.6% and urinary tract infection was 6.2% versus 3.9-6.9% in the placebo versus dapagliflozin groups, respectively
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Figure 14: Change in A1C with Dapagliflozin Added to Glimepiride 
Dapagliflozin Added to Pioglitazone
In a 48 week trial, efficacy of dapagliflozin in combination with pioglitazone was evaluated. Patients first entered a 10-week pioglitazone monotherapy dose-optimization period. They were then randomized to dapagliflozin 5mg (n=141), 10mg (n=140) or placebo (n=139) daily plus open-label pioglitazone. At the end of 24 weeks, mean A1C reduction from baseline was -0.42% for placebo compared with -0.82 and -0.97% for dapagliflozin 5 and 10 mg, respectively (P = 0.0007 and P < 0.001). By week 48, the pioglitazone alone group had greater weight gain (3 kg) compared with dapagliflozin plus pioglitazone (0.7-1.4 kg). Hypoglycemia was rare during the 48 weeks. Genital infections were more frequent in the dapagliflozin groups (8.6-9.2%) compared with placebo (2.9%). Rates of urinary tract infection were similar for dapagliflozin (5.0-8.5%) and placebo groups (7.9%). Edema occurred more frequently in pioglitazone alone group (6.5%) compared with dapagliflozin plus pioglitazone (2.1-4.3%)
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Dapagliflozin Added to Insulin
Long-term efficacy of dapagliflozin in type 2 diabetic patients on insulin was evaluated in a 24 week, randomized, multicenter trial, followed by a 24 week extension period. A total of 808 patients with inadequate glycemic control on at least 30 u of insulin daily with or without up to 2 oral anti-diabetic agents were randomized to dapagliflozin 2.5, 5, or 10mg or placebo daily. After 24 weeks, A1C decreased by 0.79 to 0.96% in the dapagliflozin groups compared with 0.39% in the placebo group. Daily insulin dose decreased by 0.63 to 1.95u in the dapagliflozin groups compared with an increase of 5.65 u in the placebo group. Body weight decreased by 0.92 to 1.61 kg in the dapagliflozin groups compared with weight gain of 0.43 kg in the placebo group. These effects were maintained at 48 weeks. Compared with placebo, dapagliflozin groups had higher rates of hypoglycemia (51.8 vs 56.6%), genital infections (2.5 vs 9.0%) and urinary tract infections (5.1 vs 9.7%)
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Side effects/Contraindications
The most common adverse effects associated with dapagliflozin are genital and urinary tract infections. Nasopharyngitis, headache, upper respiratory tract infections, back pain and diarrhea have also been reported. The FDA advisory committee had concerns about dapagliflozin-associated breast cancer, bladder cancer and liver dysfunction, which will require further long-term studies. Dapagliflozin alone has low risk of hypoglycemia, but used in combination with other agents such as sulfonylureas and insulin may increase the risk of hypoglycemia. 
Prescribing
Dapagliflozin should be initiated at a dose of 10mg once daily. It can be taken at any time of day, regardless of food intake. For patients at risk for volume depletion due to other medical conditions or medication usage, a starting dose of 5 mg daily is recommended. Dapagliflozin is contraindicated in patients with GFR <45 ml/min. 
Canagliflozin
Canagliflozin was the first SGLT2 inhibitor approved for use in the United States. Despite its approval, canagliflozin is still required to undergo postmarketing studies to assess cardiovascular outcomes, especially the increased risk of stroke. Unlike dapagliflozin, canagliflozin does not appear to have increased risk of malignancy. It is approved for use as an adjunct to diet and exercise and in combination with other oral agents and insulin.

 

Monotherapy trials
The efficacy and safety of canagliflozin monotherapy was evaluated in type 2 diabetic patients inadequately controlled with diet and exercise. In a 26-week randomized, placebo controlled trial, 584 subjects received canagliflozin 100mg, 300mg or placebo daily. At the end of the study, A1C reduction was significantly higher with canagliflozin 100mg and 300mg compared with placebo (-0.77 and -1.03 vs. 0.14%, respectively, p <0.001 for both). Differences in least significant mean changes in fasting plasma glucose were -2.0 and -2.4 mmol/l for canagliflozin 100 and 300mg compared with placebo, respectively (P <0.001 for both). Body weight reductions were -2.5 kg and -3.4 kg for canagliflozin 100 and 300 mg compared with -2.5 kg for  placebo (P < 0.001 for both). Hypoglycemia rates were similar with canagliflozin 100, 300 mg and placebo (3.6, 3.0 and 2.6%, respectively). There was a modest increase in rates of urinary tract infection in the canagliflozin 100 and 300 mg groups (7.2 and 5.1%, respectively) compared with placebo (4.2%). Genital infections were higher in the canagliflozin 100 and 300mg groups for both males (2.5 and 5.6%, respectively) and females (8.8 and 7.4%, respectively) compared with placebo (males 0%, females 3.8%). Overall, canagliflozin improved glycemic control, reduced body weight and was well tolerated(54). 

Combination or Add-On Therapy Trials

Canagliflozin Added to Metformin
Canagliflozin as add-on therapy to metformin was evaluated in a double-blind, placebo-controlled multicenter trial of 451 subjects inadequately controlled on metformin monotherapy. Patients were randomized to canagliflozin 50, 100, 200 or 300 mg daily or 300mg BID, sitagliptin 100mg daily or placebo for 12 weeks. A1C reductions for the canagliflozin groups were significantly higher (-0.79, -0.76, -0.70, -0.92, -0.95% for canagliflozin 50, 100, 200, 300 mg daily and 300 mg BID, respectively) compared with placebo (-0.22%) and similar compared to sitagliptin (-0.74%). In the canagliflozin groups, fasting plasma glucose was reduced by -16 to -27 mg/dL compared with +3.6 mg/dL for placebo and -12.6 mg/dL for sitagliptin. Body weight was reduced by -2.0 to -2.9 kg in the canagliflozin groups compared to -0.8 kg and -0.4 kg in the placebo and sitagliptin groups, respectively. Canagliflozin groups had higher rates of gential infections (3-8%) compared with placebo and sitagliptin (2%). Urinary tract infection rates were 3-9% of canagliflozin, 6% of placebo and 2% of sitagliptin groups. Hypoglycemia rates were low for all arms
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Canagliflozin Added to Insulin

Canagliflozin in combination wtih insulin was evaluated in a 28 week study of 29 patients inadequately controlled on insulin and up to one oral anti-diabetic agent. Subjects were randomized to canagliflozin 100 mg daily, 300 mg BID or placebo. A1C reductions were -0.73 and -0.92% with canagliflozin 100 mg daily and 300mg BID, respectively, compared with -0.19% with placebo (P < 0.05 for canagliflozin 300 mg BID). Body weight changes were -0.73kg and -1.19 kg with canagliflozin 100mg daily and 300mg BID, respectively, compared with +0.03 kg with placebo (P < 0.05 for canagliflozin 300 mg BID). Adverse events were similar across all groups
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Side effects/Contraindications
The most common side effects of canagliflozin are vaginal yeast and urinary tract infections. Hypotension can occur after starting canagliflozin as a result of intravascular volume contraction. This is especially likely in patients with impaired renal function, elderly patients and those on diuretics or medications that interfere with the renin-angiotensin-aldosterone system. Canagliflozin can increase serum creatinine and decrease GFR, especially in patients with hypovolemia. Renal function should be monitored frequently in those with GFR <60 ml/min. Risk of hypoglycemia on canagliflozin monotherapy is low, but risk is increase when used in combination with insulin or sulfonylurea/glinides. For unclear reasons, canagliflozin results in a dose-related increase in LDL.

 

Prescribing
The recommended starting dose for canagliflozin is 100mg daily to be taken before the first meal of the day. Maximum dose is 300mg daily in patients who have GFR >60 ml/min. In patients with GFR 45-60 ml/min, canagliflozin should be limited to 100mg daily, and it should not be used in patients with GFR < 45 ml/min. In patients with volume depletion, hypovolemia should be corrected prior to starting canagliflozin. For those taking UDP-glucuronosyl transferase enzyme inducers, such as rifampin, phenytoin, phenobarbital and ritonavir, consider increasing dose to 300mg daily if glycemic control is inadequate on 100mg daily.

α-Glucosidase Inhibitors
Acarbose and miglitol are the 2 α-glucosidase inhibitors available on the market. Alpha-glucosidase inhibitors are oral agents that work by slowing the digestion of complex carbohydrates into monosaccharides or glucose. This results in delayed carbohydrate absorption after meals, which decreases the post-prandial glucose (PPG). In general, α-glucosidase inhibitors are more effective the higher the carbohydrate content of the diet.
Acarbose
Acarbose can be used as monotherapy or in combination with other oral anti-diabetic drugs.  It reduces mean PPG by about 50 mg/dL and fasting glucose by 10 to 20 mg/dL. Average A1C reductions are 0.5 to 1%. 
Side effects/Contraindications
Main side effects of acarbose are GI related. The main side effect is flatulence followed by soft stools or diarrhea and abdominal pain. Side effects are dose related and tend to be worse during initial 8 weeks of therapy. Symptoms are due to the osmotic effect of undigested carbohydrate in the colon. Many patients are unable to tolerate acarbose because of GI side effects. However, because acarbose is not absorbed systemically, it may be considered safer than other oral anti-diabetic agents in the elderly and in patients with kidney disease. 
Prescribing
Due to acarbose side effects, it is recommended that the drug be started at a dose of 25 mg daily and slowly titrated up to maintenance dose of 50 to 100 mg three times daily with meals. 
Miglitol
Miglitol is the other available α-glucosidase inhibitor. It can be used as monotherapy or in combination with other oral anti-diabetic agents and insulin. Miglitol works mainly by lowering PPG. Average A1C reductions of 0.5 to 1% are seen, similar to acarbose. 
Side effects/Contraindications
Miglitol’s side effects are similar to acarbose with flatulence as the main side effect. 
Prescribing
The starting dose of miglitol is 25mg daily to be titrated up slowly to a maintenance dose of 25 to 50 mg three times daily with meals. 
Sulfonylureas
Sulfonylureas (SFUs) work by stimulating insulin secretion from the pancreas. Increased insulin secretion results in reduced hepatic glucose output and increased peripheral glucose disposal. There are two groups of SFUs – first and second generation. First generation SFUs include acetohexamide, chlorpropamide, tolazamide and tolbutamide. Second generation SFUs include glipizide, glyburide and glimepiride. Both groups have similar efficacy, but second generation SFUs are more potent per milligram basis, have fewer side effects and interact less with other drugs. Here we discuss only second generation SFUs.
Second Generation Sulfonylureas
Glimepiride
Glimepiride is the only SFU approved by the FDA to be used in combination with insulin. Therapy should be started at the 1 to 2 mg once daily before breakfast. Dosage can be progressively increased every 1 to 2 weeks until therapeutic response is achieved. Maintenance dose is 1 to 4 mg once daily. Maximum recommended dose is 8 mg daily. 
Glipizide
Glipizide is metabolized by the liver to mainly inactive products so it has a lower risk of hypoglycemia. Glipizide is often the preferred SFU if used in the elderly and those with significant renal impairment. Recommended starting dose is 5 mg once a day, which can be progressively titrated up to therapeutic dose. Maximum recommended dose is 40 mg daily. Dosing is 1 to 2 times daily for immediate-release glipizide. Glipizide also comes in extended release formulation (Glucotrol XL) which maintains therapeutic plasma levels for 24 hours and is prescribed as once a day dosing. 
Glyburide
Glyburide is metabolized by the liver to mostly inactive products, but some of the by-products have hypoglycemic activity. Patients with liver or kidney dysfunction should be careful when taking glyburide. Recommended starting dose is 2.5 to 5 mg once a day, to be progressively titrated up to maximum therapeutic dose. Maximum recommended dose is 20 mg daily. Duration of action is 16 to 24 hours and dosing is recommended 1 to 2 times daily. 
Side effects/Contraindications
SFUs tend to be well tolerated. Hypoglycemia is the most common side effect, especially with long-acting SFUs. Other side effects include weight gain, GI upset, skin reactions and abnormal liver function tests. These side effects occur less often in the second generation SFUs. Chlorpropamide, a first generation SFU, has a higher risk of severe hypoglycemia given its longer duration of action. Chlorpropamide also can result in hyponatremia, fluid retention and flushing reaction after alcohol ingestion. 
Meglitinide
The meglitinides, repaglinide and nateglinide, are non-sulfonylurea (SFU) insulin secretagogues that are structurally different from the SFUs. They act by blocking ATP-dependent potassium channels in pancreatic beta cells, which depolarizes the cell and results in insulin secretion. Meglitinides promote insulin secretion only in the presence of glucose and have a very rapid onset and short duration of action, which should improve post-prandial control of hyperglycemia and reduce the risk of hypoglycemic events compared to SFUs. 
Repaglinide
Repaglinide, a benzoic acid derivative, was first introduced in 1998. It is approved for use as monotherapy and in combination with metformin (MET) or thiazolidinediones (TZDs). Efficacy of repaglinide was evaluated in a randomized, double blind clinical trial. Type 2 diabetic patients (n=83) inadequately controlled on MET alone were randomized to one of three treatment groups: MET plus placebo, repaglinide plus placebo and MET plus repaglinide. MET dose remained unchanged while repaglinide was titrated from 0.5 mg/meal to 4 mg/meal in a 4 to 8 week period. After 3 months of maintenance therapy, A1C decreased from 8.6 to 8.3% in the MET group, 8.6 to 8.2% in the repaglinide group and 8.3 to 6.9% in the MET plus repaglinide group (P<0.001 vs baseline; P<0.05 vs each monotherapy group). By the end of the study, 59% of patients in the MET plus repaglinide groups achieved A1C ≤7% compared with 20% and 22% in the MET and repaglinide monotherapy groups, respectively. Mild hypoglycemia symptoms were seen in patients treated with repaglinide(57).
Prescribing
Starting dose for repaglinide is 0.5 mg/meal for patients who have not previously taken oral anti-diabetic agents or in patients with A1C <8%. For patients who previously have taken oral anti-diabetic agents or with A1C ≥8%, starting dose is 1 or 2 mg/meal. Repaglinide can be titrated up to 4 mg/meal for a daily maximum recommended dose of 16 mg/day. It should be taken 30 minutes to immediately before a meal. If patients skip a meal, repaglinide should not be taken for that meal. Repaglinide is available in combination tablet with MET (Table 2).
Side effects/Contraindications
Hypoglycemia is the most common side effect with repaglinide. Small weight gain is also seen when repaglinide is used as monotherapy. Repaglinide is metabolized by the liver with less than 10 percent of metabolites being renally excreted; therefore dose adjustment for renal impairment is not necessary. 
Nateglinide
Nateglinide, a D-phenylalanine derivative, is approved for type 2 diabetes as initial monotherapy and in combination with MET. Efficacy of nateglinide was evaluated in a 24-week trial with 701 type 2 diabetic patients with A1C 6.8 to 11.0%. Patients underwent a 4 week run-in trial with nateglinide 120 mg before meals, MET 500 mg three times daily, combination therapy or placebo. At the end of 24 weeks, A1C was reduced by -0.5% and -0.8% in the nateglinide and MET groups, respectively, and increased by 0.5% in the placebo group (all P≤0.0001). The combination group was additive with A1C reduction of -1.4% (P≤0.01 vs monotherapy). With Sustacal challenge, there was greater reduction in mealtime glucose in the nateglinide group compared with MET or placebo (AUC0-130min -2.1, -1.1, -0.6 mmol x h-1 x 1-1; P≤0.0001). An even greater effect was observed with combination therapy (AUC0-130min -2.5 mmol x h-1 x 1-1; P≤0.0001). 
Prescribing
Nateglinide is started at a dose of 120 mg/meal, taken before each meal, and dose titration is not required. If a patient is close to the A1C goal, nateglinide at a lowered dose of 60 mg/meal can be initiated. If a meal is skipped, patient should be instructed to not take nateglinide for that meal. No dose adjustment is required for renal or hepatic impairment. 
Side effects/Contraindications
Hypoglycemia is the most common side effect and tends to be mild. Minimal weight gain of <1kg has also been observed. Nateglinide is metabolized by the liver and excreted by the kidney. Approximately 16% of the dose is excreted unchanged in the urine
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Comparing Repaglinide and Nateglinide
 Repaglinide and nateglinide monotherapy were compared in a multicenter 16-week clinical trial in 150 type 2 diabetic patients treated with diet and exercise. Baseline A1C ranged from 7 to 12%. Patients were randomized to receive repaglinide 0.5 mg/meal (up to maximum of 4 mg/meal) or nateglinide 60 mg/meal (up to maximum of 120 mg/meal). After 16 weeks, mean A1C reduction was significantly greater in the repaglinide group compared with nateglinide group (-1.57 vs -1.04%, P=0.002). Mean FPG reduction was also significantly greater in the repaglinide vs nateglinide group (-57 vs -18 mg/dL; P<0.001) (Figure 15). There were more episodes of minor hypoglycemia (defined as blood glucose <50 mg/dl) in the repaglinide vs nateglinide group, 7% vs 0%, respectively. Mean weight gain was 1.8 kg in the repaglinide group vs 0.7 kg in the nateglinide group
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Figure 15: Reduction in A1C and Fasting Plasma Glucose After 16 Weeks of Treatment with Repaglinide or Nateglinide Monotherapy
Repaglinide and nateglinide in combination therapy with MET was compared in 192 patients with A1C 7-12% during previous treatment with a SFU, MET or low dose Glucovance (glyburide ≤2.5 mg, MET ≤500 mg). Patients underwent a 4 week run-in period with MET titrated up to 1000 mg bid then were randomized to repaglinide 1 mg/meal, maximum 4 mg/meal, or nateglinide 120 mg/meal, reduced to 60 mg/meal if needed. After 16 weeks, repaglinide with MET showed significantly greater A1C reduction and FPG compared with nateglinide with MET (-1.28 vs -0.67%; P<0.001; -39 vs -21 mg/dL; P=0.002). PPGs were not significantly different between the two groups
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In summary, comparison between repaglinide and nateglinide show that while both agents have similar effects on PPG, repaglinide, as monotherapy and in combination with MET, is significantly more effective in reducing A1C and FPG values. 
Bile Acid Sequestrant
Colesevelam is a non-absorbed polymer that binds bile acids in the intestines and prevents their reabsorption. Colesevelam is approved for use in adjunct to diet and exercise in type 2 diabetes. The mechanism by which colesevelam works to improve glycemic control is unknown but available data suggests an effect to delay glucose absorption. It was initially developed to treat primary hyperlipidemia as monotherapy or in combination with an hydroxymethyl-glutaryl-coenzyme A (HMG CoA) reductase inhibitor. 
In a 26 week randomized, double-blind, placebo controlled clinical trial, 316 subjects with inadequately controlled type 2 diabetes, A1C 7.5-9.5%, on metformin (MET) or MET with additional oral anti-diabetic drugs were randomized to colesevelam 3750 mg/day or placebo. Colesevelam significantly reduced mean placebo-corrected A1C (-0.54%; P<0.001). It also reduced LDL by 15.9% from baseline (P<0.001)
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Prescribing
The recommended dose of colesevelam is 3750 mg/day taken as 6 tablets (625 mg) once daily or 3 tablets twice a day with a meal or liquid. A sugar-free, oral suspension in a 3750 mg packet is also available to be mixed with water for patients who cannot tolerate taking 6 tablets a day. 
Side effects/Contraindications
The main side effects of colesevelam are gastrointestinal. A total of 6.7% of colesevelam-treated patients and 3.2% of placebo-treated patients were discontinued from diabetes trials due to adverse reactions. This difference was mostly due to gastrointestinal side effects such as abdominal pain and constipation. Colesevelam can also increase triglycerides with a median increase of 5% compared to placebo in trials of patients with primary hyperlipidemia. Use of colesevelam is contraindicated in patients with history of bowel obstruction, triglyceride concentration >500 mg/dL, and in those with history of hypertriglyceridemia-induced pancreatitis.
Dopamine Receptor Agonist
Bromocriptine, an ergoline derivative, is a dopamine agonist that has been approved for use in adjunct to diet and exercise to improve glycemic control in type 2 diabetes. Bromocriptine’s mechanism of action is not clearly understood. However, it has been proposed that type 2 diabetic individuals have a low early morning dopaminergic tone and administering bromocriptine in the morning restores the circadian peak in central dopaminergic tone that normally occurs at this time in lean, healthy individuals. This could potentially result in preservation/induction of normal insulin sensitivity and glucose metabolism. 

The safety and efficacy of bromocriptine was evaluated in four double-blind, placebo-controlled trials. In all trials, type 2 diabetic patients were randomized to either bromocriptine or placebo. Bromocriptine was started at an initial dose of 0.8 mg and increased by 0.8 mg weekly for 6 weeks to reach final dose of 4.8 mg/day, if tolerated. In the monotherapy trial, the bromocriptine group had a mean A1C change from baseline of -0.1% vs 0.3% in the placebo group. In one combination therapy trial with bromocriptine as add-on to sulfonylurea (SFU), mean A1C change from baseline were -0.1% and 0.4% in the bromocriptine and placebo groups, respectively. In a second combination therapy trial with add-on to SFU, mean A1C change from baseline were -0.4% and 0.3% in the bromocriptine and placebo groups, respectively. In the fourth 52-week trial, bromocriptine was added on to various oral anti-diabetic agents, mean A1C change from baseline was -0.4% in the bromocriptine group and 0% in the placebo group. 
Prescribing

Initial starting dose for bromocriptine is 0.8 mg daily, to be titrated up weekly by 0.8 mg until maximum tolerated daily dose of 1.6 to 4.8 mg is reached. Bromocriptine should be taken within 2 hours of waking up in the morning and with food to decrease risk of gastrointestinal side effects.

Side effects/Contraindications

The most common side effects with bromocriptine are nausea, fatigue, dizziness, vomiting and headache. It can also cause orthostatic hypotension and syncope, especially upon therapy initiation and during dose escalation. Bromocriptine is contraindicated in patients with syncopal migraine as it can increase the likelihood of a hypotensive episode in these patients. It is also contraindicated in nursing woman as it can inhibit lactation. 
The Cycloset (quick-release bromocriptine) safety trial was a 52-week, placebo controlled trial looking at the overall safety and cardiovascular safety of bromocriptine. A total of 3095 patients were randomized in a 2:1 ratio to bromocriptine or placebo in combination with their usual diabetes therapy. The frequency of serious adverse effects was comparable between the two groups, 8.6% in the bromocriptine group and 9.6% in the placebo group (HR 1.02 [96% one-sided CI 1.27]). Nausea was the most commonly reported adverse event in the bromocriptine group. Cardiovascular events were defined as a composite of myocardial infarction, stroke, coronary revascularization and hospitalization for angina or congestive heart failure. The bromocriptine group had fewer cardiovascular events compared to placebo (1.7% vs 3.2% respectively, HR 0.60 [95% two-sided CI 0.35-0.96]) resulting in a cardiovascular disease relative risk reduction of 40% in the bromocriptine group. 
INSULIN THERAPY
Many type 2 diabetic patients will eventually require insulin therapy when diet, exercise and oral anti-diabetic agents are no longer adequate to achieve glycemic control. The length of time between diagnosis of diabetes and starting on insulin therapy is variable among patients because it is based on many different factors. One of the most important factors is the extent of beta cell exhaustion leading to relative endogenous insulinopenia. This then leads to the loss of compensatory hyperinsulinemia, which results in progressively worsening hyperglycemia. Weight gain, pregnancy, illness and certain medications can all contribute to worsening glycemic control in a previously well controlled patient on oral agents and as a result, tip the patient over to an insulin requiring regimen.
Table 4: Insulin Therapies and Their Time Course of Action
	Insulin Preparation
	Onset
	Peak
	Duration

	Basal Insulins
	
	
	

	Intermediate-Acting
	
	
	

	   Isophane (NPH)
	2-3 hrs
	6-8 hrs
	16-20 hrs

	Long-Acting
	
	
	

	   Determir (Levemir)
	1-2 hrs
	Relatively flat
	Up to 24 hrs

	   Glargine (Lantus)
	1-2 hrs
	Peakless
	24 hrs

	
	
	
	

	Prandial Insulins 
	
	
	

	Short-Acting
	
	
	

	   Regular
	30 min
	2-3 hrs
	6-8 hrs

	Fast-Acting
	
	
	

	   Aspart (Novolog)
	Minutes
	1-3 hrs
	3-5 hrs

	   Lispro (Humalog)
	
	
	

	   Glulisine (Apidra)
	
	
	

	
	
	
	

	Premixed Insulins
	
	
	

	Humalog Mix 75/25, 50/50
   (75% [50%] lispro suspension/25% [50%] lispro injection)
	Minutes
	2 peaks: ~1hr, 6-8 hrs
	16-20 hrs

	Humulin 70/30, 50/50
   (70% [50%] human insulin suspension/30% [50%] human               insulin injection)
	30 min
	2 peaks: 2-3 hrs , 6-8 hrs
	16-20 hrs

	Novolog Mix 70/30
   (70% aspart suspension/30% aspart injection)
	10-30 min
	2 peaks: 1hr, 4 hrs
	Up to 24 hrs

	Novolin 70/30
   (70% NPH suspension/30% regular insulin injection)
	30 min
	2 peaks: 2 hrs, 12 hrs

	Up to 24 hrs


Modified from Edelman, Steven and Henry, Robert. Diagnosis and Management of Type 2 Diabetes. 11th ed. United States: Professional Communications, Inc., 2011. 
There are many different types of insulin available on the market currently, and choice of insulin should be individualized to match each patient’s lifestyle and needs. Table 4 gives a summary of the different insulin preparations and time course of action. There are no clear guidelines on how to start a patient on insulin therapy, but for most patients, basal insulin is the first form of insulin to be initiated. 
In the Treating to Target in Type 2 Diabetes (4-T) study, 708 type 2 diabetic patients with suboptimal A1C (7 to 10%) on maximally tolerated doses of metformin (MET) and sulfonylurea (SFU) were randomly assigned to biphasic insulin aspart twice daily, prandial insulin aspart three times daily or basal insulin detemir once daily (twice daily if required). SFU was replaced by a second type of insulin if hyperglycemia became unacceptable after the first year of the study or subsequently if A1C >6.5%. After 3 years of treatment, A1C levels were similar in the biphasic (7.1%), prandial (6.8%) and basal (6.9%) insulin groups (P=0.28). However, fewer patients achieved A1C of ≤6.5% in the biphasic group (31.9%) than in the prandial (44.7%, P=0.006) or basal (43.2%, P=0.03) groups. Median rates of hypoglycemia per patient per year were lowest in the basal group (1.7), higher in the biphasic group (3.0), and highest in the prandial group (5.7) (P<0.001 for overall comparison). Mean weight gain was higher in the prandial group than in the biphasic or basal groups. Based on these results, the 4-T trial supports the initiation of insulin with basal insulin, which gives better glycemic control with less adverse effects
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Combination Therapy
There are no clear guidelines on how to start a patient on insulin therapy. However, given that most patients starting insulin therapy have failed their oral anti-diabetic regimen, combination therapy is the most natural transition. Combination therapy refers to the use of oral anti-diabetic agents during the day and insulin at bedtime. Using either an intermediate or long-acting insulin at bedtime makes physiological sense because it treats fasting hyperglycemia that is seen in type 2 diabetes. Fasting blood glucose (FBG) is correlated with hepatic glucose production, which can be suppressed by bedtime insulin. The peak effect of intermediate-acting insulin at bedtime also correlates with the dawn phenomenon, usually occurring between 3 and 7 am. By bringing fasting glucoses to normal levels first, it gives oral agents a better chance of controlling postprandial hyperglycemia and maintaining euglycemia during the day. 
Initial bedtime intermediate or long-acting insulin dosing can be based on average FBG, body weight or estimated low dose insulin (Table 5). To dose based on average FBG, divide the average FBG (mg/dL) by 18. To dose based on body weight, divide weight in kilograms by 10. Both these calculations give the initial dose of NPH, glargine or detemir to start at bedtime. A starting dose of 5-10 units of intermediate or long-acting insulin in lean patients and 10-15 units in obese patients is a conservative estimate. Initial starting dose should be titrated based on FBG readings every few days. A good way to titrate is to tell patients to increase insulin dose by 2-3 units every 3 days until FBG is between 80 to 140 mg/dL. If FBG falls below 80 mg/dL, patients should decrease insulin dose by 2-3 units until FBG is between 80 to 140 mg/dL (Table 6). 
Table 5: Determining Dose of Insulin in Combination Therapy
	To calculate initial doses of NPH, determir or glargine at bedtime:
· Based on average fasting glucose: Divide average fasting glucose (mg/dL) by 18
· Based on weight: Divide body weight (kg) by 10 
· General estimate: 5-10 units for lean patients, 10-15 units in obese patients



Modified from Edelman, Steven and Henry, Robert. Diagnosis and Management of Type 2 Diabetes. 11th ed. United States: Professional Communications, Inc., 2011. 
Table 6: Patient Instructions for Self-Adjustment of Evening Insulin
	1. You are starting insulin _______________ at a dose of _____ units administered at bedtime.
2. If pre-breakfast blood sugar is >140 mg/dL for 3 days in a row, then increase evening insulin dose by 3 units.
3. If pre-breakfast blood sugar is <80 mg/dL for 3 days in a row, then decrease evening insulin dose by 3 units.
4. Remember to not increase insulin dose more frequently than every 3 days. 
5. If you have questions, please call me at ________________________________.
6. Provider’s name: ___________________________________________________.



Modified from Edelman, Steven and Henry, Robert. Diagnosis and Management of Type 2 Diabetes. 11th ed. United States: Professional Communications, Inc., 2011. 
Once FBG is in the target range, patients should then be asked to check pre-lunch, pre-dinner and bedtime glucoses to determine whether oral anti-diabetic agents are maintaining euglycemia during the day. A common situation is elevated post-dinner glucoses. If this is the case, bedtime intermediate or long-acting insulin can be switched to one of the premixed insulin therapies to cover for dinner. Premixed insulin contains rapidly acting insulin that will bring post-dinner glucoses down along with intermediate-acting insulin that will allow for overnight coverage. The problem with this regimen is that early morning hypoglycemia can occur because giving intermediate insulin at dinner results in an earlier peak of action.  
After initiation of evening insulin, patients should be kept on their maximum doses of oral anti-diabetic agents. If daytime hypoglycemia starts to occur, oral anti-diabetic agents can be titrated down, especially SFUs. Once FBG is under control, combination therapy will be successful as long as oral anti-diabetic agents are able to maintain euglycemia during the day. However, once oral anti-diabetic agents are no longer able to control daytime glucoses, patients will either need to be switched to other classes of oral anti-diabetic agents or multiple injection regimens.  
Multiple Daily Injections 
After patients fail combination therapy (oral agents during the day and one basal insulin injection at night), they are most commonly advanced to multiple daily injections. One of the more common regimens in type 2 diabetes is a split-mixed regimen consisting of an intermediate-acting (NPH) and fast-acting insulin (aspart, lispro, regular insulin) injected pre-breakfast and pre-dinner. Obese patients may need insulin doses up to 1 unit per kilogram of body weight. The total daily dose can be divided equally between pre-breakfast and pre-dinner injections with 70% of total insulin requirement given as NPH and 30% as prandial insulin. The morning fast-acting insulin provides glycemic control between breakfast and lunch while NPH peaks around lunch and provides glycemic control between lunch and dinner. Dinnertime fast-acting insulin provides coverage from dinner until bedtime, and dinnertime NPH provides overnight coverage. 
An alternative to the split-mixed regimen is the premixed insulin (Table 4). This regimen also consists of two injections per day, but with the convenience of having two types of insulin already mixed together. Patients can be started on premixed insulin at an initial total daily dose of 0.4 to 0.8 units per kilogram body weight split equally between pre-breakfast and pre-dinner injections.  Thin type 2 diabetic patients are more prone to hypoglycemia and should be started on a lower total daily dose of premixed insulin, around 0.2 to 0.5 units per kilogram body weight. Although more convenient, premixed insulin does not allow for specific titrations of each insulin component in the mixture. 
For patients who are not controlled on combination or split-mixed regimens, the next step in therapy is the more intensive insulin regimen with basal bolus insulin. Basal bolus regimen consists of a basal insulin for continuous coverage during the day and night with bolus insulin given with meals to cover for post-prandial glucose (PPG) peaks. This type of regimen more closely mimics physiological insulin delivery and is used in both type 1 and type 2 diabetic patients. Basal bolus insulin also allows for more flexibility when patients have poor appetite or erratic schedules that do not allow for regular meals.  Using fast-acting insulin in this regimen allows patients to inject insulin immediately prior to a meal, and basal insulin can be given as glargine once a day or detemir or NPH once or twice daily based on patient needs. Although more flexible and physiologic, basal bolus insulin can require up to 4 separate injections a day, which may overwhelm patients and decrease the rate of compliance. Basal bolus insulin regimens should be reserved for patients who are motivated. 
Choosing Between Different Insulin Types
There is no one regimen that fits all. Diabetes management should be an individualized decision between patient and physician depending on patient motivation, lifestyle, comorbidities, risk of hypoglycemia and treatment goals. Here we discuss three separate trials comparing glargine vs NPH, detemir vs NPH and twice daily premixed insulin vs basal insulin therapy. There are advantages and disadvantages to each type of insulin and insulin selection should reflect individual needs of the patient.
In combination therapy, initiating nighttime basal insulin can be done with NPH, lantus or detemir. In the Treat-to-Target Trial, glargine was compared to NPH. This was a 24 week trial, involving 756 type 2 diabetic patients on one or two oral anti-diabetic agents with inadequate A1C control (7.5-10%). Patients were randomized to receive either glargine or NPH, starting with 10 U at bedtime and dosage was titrated weekly according to daily self-monitored capillary fasting blood glucose measurements using meters. A forced titration schedule was used to target goal FPG ≤100 mg/dL. After 24 weeks, both glargine and NPH groups had similar mean FPG (117 vs 120 mg/dl, respectively) and A1C (6.96 vs 6.97%, respectively). However, 25% more patients in the glargine group achieved A1C ≤7% without documented nocturnal hypoglycemia (≤72 mg/dl) (33.2 vs 26.7%, P<0.05). Weight gain was similar in both groups, 3.0 ± 0.2 kg with glargine and 2.8 ± 0.2 kg with NPH
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Detemir was compared with NPH as add-on therapy to oral anti-diabetic agents. In a 24 week trial, type 2 diabetic individuals inadequately controlled on oral agents were randomized to either detemir or NPH twice daily. Insulin was started at 10 U per injection and titrated based on self-measured plasma glucose levels (average records from 3 consecutive days) to goal pre-breakfast and pre-dinner glucose of ≤ 108 mg/dL. At 24 weeks, A1C decreased similarly for both detemir and NPH groups (8.6 to 6.8% and 8.5 to 6.6%, respectively). However, the proportion of patients achieving A1C ≤7% without hypoglycemia was higher with detemir than NPH (26 vs 16%, P = 0.008). Mean weight gain was 1.2 kg with detemir and 2.8 kg with NPH (P <0.001)
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Twice daily pre-mixed lispro (75% insulin lispro protamine suspension, 25% insulin lispro) was compared with basal glargine in a 32 week crossover study of 97 type 2 diabetic patients. Patients were required to be using NPH once or twice daily, alone or in combination with an oral anti-diabetic agent, or a once-daily human insulin mixture with an oral agent for at least 1 months prior to the study. At endpoint, A1C was lower with the pre-mixed lispro plus MET compared with glargine plus MET (7.54±0.87% vs 8.14±1.03%, P<0.001). Two hour PPG was lower (P<0.001) during treatment with pre-mixed lispro plus MET, and FPG were lower with glargine plus MET (P=0.007). Patient treated with pre-mixed lispro plus MET had lower rate of nocturnal hypoglycemia (0.14±0.49 vs 0.34±0.85 episodes/patient/30 days; P=0.002), although overall hypoglycemia rate was not different between treatments (0.61±1.14 vs 0.44±1.07 episodes/patient/30 days; P=0.477). 
Side effects/Contraindications
The most common side effects of insulin use are weight gain and hypoglycemia. Hyperinsulinemia as a result of exogenous insulin can lead to significant increase in weight of 3 to 9%. This is a serious concern because obesity is an insulin-resistant state that then contributes to increasing insulin requirements and more weight gain. This cycle can be minimized by using the lowest dose of insulin possible to achieve glycemic goal. Patients should also be counseled on decreasing caloric intake and increasing exercise when starting on insulin. Studies comparing insulin detemir with NPH have reported less weight gain with detemir (up to 1.2 kg) compared with NPH (up to 2.8 kg)
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Hypoglycemia is more common with intensive insulin regimens, especially when used in thin and elderly type 2 diabetic patients. Severe hypoglycemia is rare in type 2 diabetic patients and is usually related to taking the incorrect dose or type of insulin, taking prandial insulin and forgetting to eat, unplanned physical activity, excessive alcohol intake or over-insulinization. All patients on insulin should be monitoring fingerstick glucoses regularly, especially when experiencing symptoms of hypoglycemia so that physicians have enough data to adjust insulin regimens appropriately.
Insulin Pens
Insulin pens combine an insulin vial and syringe into one portable device about the size of a thick marker. Many patients find insulin pens to be much more convenient because pens do not need to be refrigerated and they can easily be carried in shirt pockets or purses. They are also a good option for patients with poor eyesight who have trouble drawing up the correct dose of insulin using a needle and syringe. 
Insulin pens are used with pen needles that need to be ordered separately, and a new pen needle should be used with each injection. Pen needles come in different lengths (between 4 to 12 mm) and gauges. In general, heavier patients require longer needles and thin patients require shorter needles. A lower gauge (thicker) needle is more painful, but if a patient requires high doses of insulin, a thicker needle may be better. 
Table 7: Different Types of Insulin Pens
	Pen type
	Company
	Use
	Insulin used
	Delivery

	Humalog Kwikpen
	Eli Lilly
	Disposable
	Humalog
Humalog Mix 75/25
Humalog Mix 50/50
	1 unit increments, up to 60 units at once

	
	
	
	
	

	Humapen Luxura HD
	Eli Lilly
	Reusable
	Humalog
	0.5 unit increments, up to 30 units at once

	
	
	
	
	

	Original Prefilled Pen
	Eli Lilly
	Disposable
	Humulin N
Humulin 70/30
	1 unit increments, up to 60 units at once

	
	
	
	
	

	FlexPen
	Novo Nordisk
	Disposable
	Levemir
NovoLog
NovoLog Mix 70/30
	1 unit increments, up to 60 units at once

	
	
	
	
	

	NovoPen 3
	Novo Nordisk
	Reusable
	NovoLog
	1 unit increments, 2 to 70 units at a time

	
	
	
	
	

	NovoPen Junior
	Novo Nordisk
	Reusable
	NovoLog
	0.5 unit increments, up to 35 units at once

	
	
	
	
	

	Autopen Classic
	Owen Munford
	Reusable
	Humalog
	1 unit increment version dispenses up to 21 units at once; 2 unit increment version dispenses up to 42 units at once

	
	
	
	
	

	Solostar
	Sanofi-Aventis
	Disposable
	Apidra
Lantus
	1 unit increments, up to 80 units at a time


Modified from Gebel, Erika. 2012 Consumer Guide: Insulin Pens. Diabetes Forecast. January 2012. 
Table 7 shows the different types of insulin pens available and the types of insulin that are used with each pen. There are reusable and disposable pens. A reusable pen requires the patient to load a cartridge of insulin into the pen prior to use. Cartridges hold 150 to 300 units of insulin.  The cartridges are thrown away after they are empty, but the pen can be used for several years. A disposable pen is pre-filled with insulin and thrown away when empty. Disposable pens hold 300 units of insulin, and are more convenient because patients do not need to load cartridges, but they cost more than the reusable pens and cartridges. 
Patch Insulin Pumps
Patch insulin pumps are one of the newest breakthroughs in diabetes management. They are similar to traditional insulin pumps, but are disposable and no tubing is required as the patch pump is attached directly to the body. The pumps are controlled either by a wireless remote or by buttons on the pump itself. Some patch pumps deliver both basal and bolus insulin while others deliver only boluses. 
Omnipod
The Omnipod is a two-part system that allows for insulin delivery and glucose monitoring. The insulin delivery device is 1.6 x 2.4 x 0.7 inches, 1.2 ounces and is worn under clothing like an infusion set. It has a reservoir of 200 units. Basal increments go up by 0.5 u/hr and bolus increments go up by 0.05, 0.1, 0.5 and 1 unit. Delivery of insulin is controlled wirelessly by the Personal Diabetes Manager (PDM). The PDM is a wireless, handheld device that can be pre-programmed with insulin instructions and also to customize insulin delivery. The PDM also works as a glucometer using FreeStyle blood glucose test strips. 
Valeritas V-Go
The V-Go is a once daily, disposable basal-bolus insulin delivery device. It delivers a pre-set basal rate and a customizable bolus dosing. Pre-set basal rates are available as 20, 30 or 40 units in 24 hours (0.83 u/hr, 12.5 u/hr or 1.67 u/hr, respectively). Customizable bolus dosing is available in 2 unit increments, up to 36 units in a 24 hour period. The V-Go requires no batteries, infusion sets or programming. It is 2.4 x 1.3 x 0.5 inches, 1 ounce and is worn under clothing. 
Calibra Medical’s Finesse
The Finesse is a slim bolus insulin delivery device, measuring 2 x 1 x 0.25 inches. It operates by squeezing two buttons on the device to deliver insulin. Each click can deliver 1 or 2 units depending on the model. Its reservoir holds 200 units of insulin and can be worn for 2-3 days. The Finesse requires no electronics and so is simple to learn to use. Because this is a bolus only device, users will still need their usual basal injection. The Finesse is not yet available. 
SOLO Micropump
The SOLO micropump is a basal-bolus insulin delivery system that is made of two main parts (micropump and remote) that work wirelessly together. The micropump is made up of two parts that snap together, and is worn on the body to deliver insulin. It has a total size of 2.4 x 1.5 x 0.5 inches. The first part of the micropump consists of a 90-day reusable pump base that has the pump insulin settings. The base holds the electronics, pump motor, bolus buttons and a buzzer. The second part of the micropump is a disposable reservoir that holds 200 units of insulin and needs to be replaced every 2 or 3 days. It also holds a battery to power the pump base. The micropump attaches to a cradle and must be detached for showers and water activities as the micropump is not waterproof. The second part of the delivery system is the remote, which is 4.2 x 2.2 x 1.0 inches. The remote can be used to input settings to the pump and to give boluses. It also has features like the bolus calculator and has the ability to see a 90 day history of blood glucose trends, daily insulin doses and delivery details. This pump is not yet available.
GLP AGONISTS
The incretin effect, where oral glucose has greater effect on insulin secretion than intravenous glucose, is due to the insulinotropic action of gut hormones, in particular, glucose-dependent insulinotropic polypeptide (GIP) and glucagon like peptide 1 (GLP-1). These GLP agonists affect glucose by enhancing glucose-dependent insulin secretion, slowing gastric emptying, regulating postprandial glucagon secretion and suppressing appetite. GLP-1 is produced by L-cells of the small intestine. Normally, GLP-1 is released within 10-15 minutes of a meal, peaks around 2 hours and returns to baseline values after several hours. GLP-1 release is correlated with insulin and amylin secretion. However, in some patients with diabetes or impaired glucose tolerance, GLP-1 secretion after a meal may be reduced(67). In addition, there appears to be some resistance to GLP-1 at the receptor level.
Exogenous administration of GLP-1 has been shown to normalize fasting plasma glucose (FPG) and post-prandial glucose (PPG) levels in type 2 diabetic patients. The insulinotropic effects of GLP-1 are glucose dependent so that these agents do not cause hypoglycemia when administered alone. GLP-1 is rapidly degraded by the enzyme DPP-4 with elimination by the kidneys. The development of GLP-1 analogues with increased resistance to DPP-4 degradation has allowed us to use the therapeutic potential of GLP-1 for glycemic control. The GLP-1 agonist, exenatide, was the first incretin mimetic to be approved by the FDA. Liraglutide, a GLP-1 analogue was approved for use more recently.
Exenatide (Byetta)
Exendin-4 is a naturally occurring incretin mimetic found in the saliva of the Gila monster (Heloderma suspectum). It shares 53% amino acid sequence with mammalian GLP-1, but it is resistant to DPP-4 degradation, which contributes to a much longer half-life. Exenatide is synthetic exendin-4 and has all the insulinotropic effects of GLP-1. It is indicated as monotherapy or in combination therapy with metformin (MET), sulfonylureas (SFUs), thiazolidinediones (TZDs) and insulin glargine for patients with type 2 diabetes. 
Monotherapy
Exenatide as monotherapy was evaluated in 232 patients in a 24 week trial. Type 2 diabetic patients not controlled on diet and exercise were randomized to receive exenatide 5 mcg, 10 mcg or placebo administered subcutaneously twice daily. At the end of 24 weeks, the least-squares mean A1C reductions from baseline were significantly greater with exenatide 5 and 10 mcg than with placebo (Figure 16). FPG reductions (mg/dL) were significantly greater in the exenatide 5 and 10 mcg groups than with placebo (-17.5 [4.0] and -18.7 [4.0] vs -5.2 [4.0]; P = 0.029 and P = 0.016, respectively). Reductions in daily mean PPG excursions (mg/dL) from baseline to end point were significantly greater with exenatide 5 and 10 mcg than placebo (-21.3 [2.7] and -24.7 [2.7] vs -8.3 [2.5]; both, P < 0.001). Weight reductions (kg) were significantly greater with exenatide 5 and 10 mcg than with placebo (-2.8 [0.3] and -3.1 [0.3] vs -1.4 [0.3]; P = 0.004 and P < 0.001, respectively)
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Figure 16: Changes from Baseline A1C Patients Randomized to Exenatide or Placebo
Combination therapy
Exenatide as combination therapy was evaluated in three 30-week, double blind, placebo-controlled trials
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. A total of 1446 patients with type 2 diabetes uncontrolled on MET alone, SFU alone or MET and SFU combination were randomized to receive exenatide 5 mcg bid, exenatide 10 mcg bid or placebo in addition to their current oral anti-diabetic agent. All patients randomized to exenatide started with exenatide 5 mcg twice daily for 4 weeks. After 4 weeks, patients either continued on exenatide 5 mcg bid or had their dose increased to 10 mcg bid. The primary endpoint was mean change from baseline A1C at 30 weeks. Results of the 30-week trials are summarized in Table 8. 
On the highest dose of exenatide 10 mcg twice daily, A1C reductions approached 1% when used in combination with MET alone, SFU alone or MET and SFU combination. Approximately 40% of patients achieved A1C ≤ 7%. There was also significant weight loss of approximately 2 kg with exenatide 10 mcg twice daily. In general exenatide was well tolerated. The most common side effect was nausea, occurring more frequently early in the study. Exenatide in combination with SFU also had an increased risk of hypoglycemia, which was not observed with MET or the placebo group. 
Table 8: Summary of Results of 30-week Trials of Exenatide in Combination with Metformin, Sulfonylurea or Both
 ADDIN EN.CITE 

(69-71)

	
	
	
	

	
	Placebo
	Exenatide 5 mcg bid
	Exenatide 10 mcg bid

	In combination with:
	MET
	SFU
	MET+ 
SFU
	MET
	SFU
	MET + 
SFU
	MET
	SFU
	MET + 
SFU

	ITT population (n)
	113
	123
	247
	110
	125
	245
	113
	129
	241

	Mean baseline A1C  (%)
	8.2
	8.7
	8.5
	8.3
	8.5
	8.5
	8.2
	8.6
	8.5

	     Change at week 30 (%)
	+0.1
	+0.1
	+0.2
	-0.4a
	-0.5a
	-0.6b
	-0.8b
	-0.9b
	-0.8b

	Proportion achieving A1C ≤ 7% (%)
	13
	9
	9
	32a
	33a
	27b
	46a
	41b
	34b

	Mean baseline body weight (kg)
	99.9
	99.1
	99.1
	100.0
	94.9
	96.9
	100.9
	95.2
	98.4

	     Change at week 30 (kg)
	-0.3
	-0.6
	-0.9
	-1.6
	-0.9
	-1.6a
	-2.8b
	-1.6a
	-1.6a

	
	
	
	
	
	
	
	
	
	

	a P ≤ 0.05 vs placebo
b P ≤ 0.0001 vs placebo 
	
	
	
	
	
	
	
	
	



 Modified from Edelman, Steven and Henry, Robert. Diagnosis and Management of Type 2 Diabetes. 11th ed. United States: Professional Communications, Inc., 2011. 
Compared to Insulin Glargine
In a 26-week trial of 551 type 2 diabetic patients inadequately controlled on combination MET and SFU, patients were randomized to receive exenatide 10 mcg twice daily or insulin glargine nightly, titrated to goal fasting glucose of <100 mg/dL. Baseline A1C was 8.2% and 8.3% in the exenatide and glargine groups, respectively.  After 26 weeks, both exenatide and glargine groups had similarly reduced A1C of -1.11%. Exenatide reduced PPG excursions more than glargine while FPG was reduced more by glargine than exenatide. Weight change from baseline was -2.3 kg with exenatide and +1.8 kg with glargine. Hypoglycemia rates were similar in both groups, but nocturnal hypoglycemia was more common with glargine than exenatide (2.4 vs 0.9 event/patient-year, respectively). GI symptoms were more common in the exenatide group than in the glargine group, including nausea (57.1 vs 8.6%), vomiting (17.4 vs 3.7%) and diarrhea (8.5% vs 3.0%). Nausea was the most common adverse event with exenatide and resulted in a 6% discontinuation rate
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Use with Insulin Glargine
Exenatide use with basal insulin was evaluated in 261 type 2 diabetic patients uncontrolled on insulin glargine alone or in combination with MET or pioglitazone, or both. Patients were randomized to receive exenatide 10 mcg twice daily or placebo for 30 weeks. A1C decreased by 1.74% with exenatide and 1.04% with placebo (difference -0.69%; 95% CI -0.93 to -0.46%; P < 0.001). Weight decreased by 1.8 kg with exenatide and increased by 1.0 kg with placebo (difference -2.7 kg; 95% CI -3.7 to -1.7; P < 0.001). Average increase in insulin dosage with exenatide and placebo were 13 U/d and 20 U/d, respectively. Rate of minor hypoglycemia was similar between the two groups. GI side effects were significantly higher with exenatide than with placebo
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Long-term studies
Long term effects of exenatide on glycemic control and weight were studied in an interim analysis of 314 patients who received exenatide in the 30-week placebo-controlled trials and subsequently in the 52-week open-label uncontrolled extension studies for 82 weeks of exenatide in total. Patients continued their SFU and/or MET regimens throughout. Reductions in A1C from baseline to week 30 were sustained to week 82 (Figure 17). 48% of the patients achieved A1C ≤ 7% at week 82. Exenatide reduced body weight from baseline to week 30 with progressive reduction at week 82 (Figure 18) with similar results in the intent-to-treat group. The 82-week completer cohort also showed significant improvement in some cardiovascular risk factors
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Figure 17: A1C Reduction from Baseline over the Course of the Study for the 82-week Exenatide Completer Cohort and the Intent-to-Treat Population
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Figure 18: Change in Body Weight over the Course of Study for the 82-week Exenatide Completer Cohort and the Intent-to-Treat Population
In another interim 82-week analysis, 150 type 2 diabetic patients chose to continue exenatide treatment in an uncontrolled open-label extension of a 30-week double-blind, placebo-controlled trial. 92 patients completed the 82 weeks of exenatide therapy. All patients continued MET throughout the study. Exenatide resulted in A1C reduction from baseline of -1.0% with sustained reduction after 82 weeks of -1.3%. A1C ≤ 7% was achieved in 46% of patients after 30 weeks and 59% of patients after 82 weeks. Weight reduction from baseline at 30 weeks was -3 kg with a progressive reduction in weight of -5.3 kg after 82 weeks. Exenatide treatment resulted in significant improvements in cardiovascular risk factors after 82 weeks
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Exenatide Long-Acting Release (Bydureon)
Exenatide long-acting release (LAR) is a once weekly formulation of exenatide. It has 53% homology with native GLP-1. An amino acid substitution of glycine renders it resistant to DPP-4 degradation. Formulation into biodegradable polymeric microspheres entraps exenatide, leading to gradual drug delivery at controlled rates. 
In the DURATION-1 trial, exenatide once weekly was compared with exenatide twice daily in type 2 diabetic patients uncontrolled on oral anti-diabetic agents. 295 patients were randomized to exenatide 2 mg once weekly or exenatide 10 mcg twice daily. At 30 weeks of treatment, exenatide once weekly had significantly greater reduction in A1C than exenatide twice daily (-1.9 vs -1.5%, P = 0.0023). Significantly greater proportion of patients achieved A1C ≤7% in the exenatide weekly group compared with exenatide twice daily (77% vs 61%, P = 0.0039). Both groups had similar reductions in body weight (-3.7 vs -3.6 kg in exenatide weekly vs twice daily). Treatment-related nausea was reported in significantly fewer patients treated with weekly than twice a day exenatide
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. At 30 weeks, patients had the option of switching from exenatide twice daily to weekly. 87% of patients enrolled and the study was extended to 52 weeks. At the end of 52 weeks, patients continuing on exenatide once weekly maintained A1C improvements, and patients switching from twice daily to weekly exenatide achieved further A1C reduction. Both groups had the same A1C reduction of -2.0% and mean A1C 6.6% at week 52 (Figure 19)
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DURATION-2 was a 26 week randomized trial comparing exenatide once weekly with pioglitazone and sitagliptin as add-on therapy to metformin in type 2 diabetic patients. Mean A1C reductions were -1.5% vs -1.2% (P = 0.0165 compared with exenatide) vs -0.9% (P < 0.0001 compared with exenatide) for exenatide once weekly, pioglitazone and sitagliptin groups, respectively. DURATION-3 compared exenatide once weekly to insulin glargine. After 26 weeks, A1C reductions were -1.5% in the exenatide group vs -1.3% in the glargine group (P = 0.017). Mean fasting glucose was lower in the glargine group, while post-prandial glucoses were lower in the exenatide group. There was a significant difference in body weight between the two groups, -2.6kg in the exenatide group vs +1.4kg in the glargine group. DURATION-4 looked at exenatide once weekly compared with metformin, pioglitazone or sitagliptin monotherapy. Exenatide once weekly reduced A1C by -1.5%, which was found to be noninferior to metformin (-1.5%) and pioglitazone (-1.6%), and superior to sitagliptin (-1.1%). DURATION-5 re-examined exenatide once weekly compared with exenatide twice daily. After 24 weeks, A1C reduction was greater in the once weekly compared with twice daily group (-1.6 vs 0.9%, respectively, P < 0.0001). Weight loss was greater in the once weekly group (-2.3 kg) compared with twice daily group (-1.4 kg), P < 0.05. Nausea was significantly less in the exenatide once weekly (14%) vs exenatide twice daily (35%) group. 
DURATION-6 was a head-to-head comparison between exenatide once weekly and liraglutide once daily in patients with type 2 diabetes. This was a 26 week trial with 911 patients, mean A1C 8.5% on either no oral anti-diabetic drugs, monotherapy, or combination therapy at baseline. Mean A1C reduction was greater in the liraglutide group (-1.48%) compared with the exenatide group (-1.28%), treatment difference of 0.21% (95% CI 0.08-0.33), which did not meet non-inferiority criteria. The liraglutide group lost more weight (-3.57 kg) compared with the exenatide group (-2.68 kg). Nausea, diarrhea and vomiting occurred less frequently in the exenatide once weekly group. 
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Figure 19: Change in A1C in Exenatide Weekly versus Twice Daily During 52 Weeks of Treatment
Prescribing
Exenatide is available in pre-filled pens. It is initiated at 5 mcg twice daily before, or within 60 minutes of a meal. Meals should be at least 6 hours apart. After 1 month of therapy, exenatide can be titrated up to 10 mcg twice daily. It is administered subcutaneously in the thigh, abdomen or upper arm and comes in prefilled syringes that hold a month’s supply of either 5 or 10 mcg doses. Exenatide is not recommended for use in patients with CrCl <30 ml/min. 
Exenatide LAR is initiated at 2 mg once every 7 days. It is stored in powder form and needs to be reconstituted with a diluent prior to injection. This extra step may be considered cumbersome for some patients. The dose can be administered at any time of day, with or without meals. If a dose is missed and the next dose is due at least 3 days later, the missed dosed should be administered as soon as noticed. After that, patients can resume their usual dosing schedule of once weekly. If a dose is missed and the next scheduled dose is due 1 to 2 days later, patients should not administer missed dose and just resume exenatide LAR with the next regularly scheduled dose. 
Side effects/Contraindications
Side effects of exenatide are mostly gastrointestinal. Nausea is common, but can be reduced with dose titration and tends to wane with duration of therapy. Weight loss can be seen with exenatide and is not solely due to nausea. Pancreatitis has been reported with exenatide use. If a patient develops pancreatitis, exenatide should immediately be discontinued and not restarted. 
There have also been reported cases of acute renal failure or renal insufficiency in patients using exenatide. Some cases occurred in patients with pre-existing kidney disease or in patients at risk for developing kidney problems. Exenatide should not be used in patients with CrCl <30ml/min. In patients with CrCl 30 to 50 ml/min, serum creatinine should be periodically monitored after dose increase from 5 to 10 mcg. 
Liraglutide (Victoza)
Liraglutide is a GLP-1 analog that has been modified to self-associate into a heptameric structure, which delays subcutaneous absorption, allowing for prolonged half-life and once a day dosing. This modification also gives liraglutide resistance against inactivation by DPP-4. Liraglutide reduces both fasting plasma glucose (FPG) and post-prandial glucose (PPG) by increasing insulin secretion, decreasing postprandial glucagon secretion, delaying gastric emptying and improving beta-cell function. Liraglutide is indicated for use as monotherapy or in combination with oral agents such as metformin (MET), sulfonylureas (SFUs), thiazolidinediones (TZDs) and with insulins glargine and detemir. 
Safety and efficacy of liraglutide were assessed in the Liraglutide Effect and Action in Diabetes (LEAD) phase 3 program, which consists of 6 large, multicenter, randomized trials. All LEAD trials were 26 weeks in length, except for LEAD-3 which was 52 weeks. Some of the LEAD trials are discussed below. 
Monotherapy
Liraglutide as monotherapy was evaluated in a 2 year study in comparison with glimepiride monotherapy in 746 type 2 diabetic patients uncontrolled with diet and exercise (LEAD-3 trial).  Patients were randomized to receive once daily liraglutide 1.2 mg, liraglutide 1.8 mg or glimepiride 8mg. Patients who complete the 1-year randomized, double-blind period could continue open-label treatment for an additional year. In 2-year completers, A1C reductions were -0.6% with glimepiride vs -0.9% with liraglutide 1.2 mg (difference: -0.37, 95% CI: -0.71 to -0.02; P = 0.0376) and -1.1% with liraglutide 1.8 mg (difference: -0.55, 95% CI: -0.88 to -0.21; P = 0.0016). Mean body weight decreased over the first 12 weeks of therapy and decreases were maintained over 2 years in both liraglutide groups while the glimepiride group gained weight (Figure 20). Rates of hypoglycemia were significantly lower with liraglutide 1.2 and 1.8 mg compared with glimepiride (P < 0.0001)
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Figure 20: LEAD-3 Trial: Changes in Body Weight Overtime for Liraglutide vs Glimepiride Monotherapy
Combination therapy
In the LEAD-2 trial, efficacy and safety of liraglutide was compared to glimepiride and MET combination therapy and MET monotherapy over 2 years. 1091 uncontrolled type 2 diabetic patients were randomized to liraglutide (0.6, 1.2 or 1.8 mg once daily), placebo, or glimepiride for 26 weeks. All patients were on MET. After completion of the 26-week double blind phase, patients could enter into an 18-month open-label extension. A1C significantly decreased with liraglutide (0.4% with 0.6 mg, 0.6% with 1.2 and 1.8 mg) vs 0.3% increase with MET monotherapy (P < 0.0001). Liraglutide was non-inferior to glimepiride, with similar A1C reductions. All 3 liraglutide groups had significantly greater weight loss compared with glimepiride (Figure 21). Liraglutide 1.2 and 1.8 mg groups experienced significant weight loss compared to MET monotherapy (Figure 21). Minor hypoglycemia occurred significantly less in the liraglutide groups compared with the glimepiride group (<5% vs 24%; P < 0.0001). GI side effects were more common in the liraglutide groups than with glimepiride or MET monotherapy, but occurrence decreased with time
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Figure 21: LEAD-2 Trial: Changes in Body Weight at the End of 2 years for Liraglutide, Glimepiride and Placebo Groups in Combination with Metformin
Compared with Insulin
Liraglutide versus insulin glargine and placebo in combination with MET and glimepiride was evaluated in 581 patients with type 2 diabetes (LEAD-5 trial). After 26 weeks, liraglutide 1.8 mg daily significantly reduced A1C compared with glargine (-1.33 vs -1.09%, respectively, -0.24% difference, 95% CI 0.08, 0.39; P = 0.0015) and placebo (-1.09% difference, 95% CI 0.90, 1.28; P < 0.0001). Greater weight loss was seen with liraglutide vs placebo (treatment difference -1.39 kg, 95% CI 2.10, 0.69; p = 0.0001), and vs glargine (treatment difference -3.43 kg, 95% CI 4.00, 2.86; p < 0.0001). Compared to insulin, liraglutide did have slightly higher number of adverse events, mainly gastrointestinal in origin including nausea at 14%
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Compared with Exenatide
Liraglutide was compared head-to-head with exenatide in the LEAD-6 trial. Inadequately controlled type 2 diabetic patients on maximally tolerated doses of MET, SFU or both were randomized to receive liraglutide 1.8 mg daily (n=233) or exenatide 10 mcg twice daily (n=231) in addition to their oral anti-diabetic drug. Liraglutide reduced A1C significantly more than exenatide (-1.12 vs -0.79%; difference of -0.33; 95% CI -0.47 to -0.18; P < 0.0001). More patients in the liraglutide group achieved A1C <7% (54 vs 43%, respectively; odds ratio 2.02; 95% CI 1.31 to 3.11; P = 0.0015). Liraglutide and exenatide groups both had similar weight loss (-3.24 vs -2.87 kg, respectively). Nausea was less persistent and hypoglycemia less frequent with liraglutide. Compared with exenatide, liraglutide was better tolerated and provided better glycemic control
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Prescribing
Liraglutide is available in prefilled pens. It is started at an initial dose of 0.6 mg once daily for one week to reduced GI side effects. After 1 week, dose should be increased to 1.2 mg once daily. If the glycemic control is not achieved, dose can be increased to 1.8 mg once daily. Liraglutide can be injected in the abdomen, thigh or upper arm at any time of day. It does not have to be timed with meals. To reduce the risk of hypoglycemia, dose reduction should be considered with concomitant use of an insulin secretagogue, particularly SFUs or meglitinides. 
Side effects/Contraindications
The most common side effects with liraglutide are GI symptoms such as nausea, vomiting and diarrhea, which are dose related. Nausea tends to occur early in the treatment and resolves with continuation of therapy. Pancreatitis has been reported in patients receiving liraglutide in clinical trials and post approval. At this time, there is not enough evidence to know if there is a causal relationship, but for patients who have a history of severe pancreatitis, liraglutide use should be carefully considered. 
Liraglutide use has been associated with thyroid C-cell tumors in rats. This adverse effect may not be pertinent to humans. However, at this time, liraglutide use is contraindicated in patients with a personal or family history of medullary thyroid cancer or multiple endocrine neoplasia 2A or 2B. 
Pramlintide (Symlin)
Pramlintide is a synthetic amylin analogue. Amylin is a small peptide hormone that is co-secreted with insulin by beta cells of the pancreas after a meal. In patients with type 2 diabetes, amylin secretion is abnormal. Amylin works to control blood glucose by slowing gastric emptying, suppressing glucagon secretion and suppressing appetite. By using pramlintide to treat diabetic patients, it allows for glucose control in a more physiologic way. Pramlintide is approved for use in type 2 diabetic patients who are not controlled on optimal insulin therapy with or without sulfonylurea (SFU) and/or metformin (MET) use. 
Pramlintide as an adjunct to insulin therapy was evaluated in a 52-week study of 656 patients with type 2 diabetes treated with insulin (alone or in combination with SFU and/or MET). Patients were randomized to additional pre-prandial subcutaneous injections of pramlintide 60 mcg TID, 90 mcg BID or 120 mcg BID or placebo. Pramlintide 120 mcg BID resulted in sustained reduction from baseline A1C of -0.68 at week 26 and -0.62% at week 52, which was significantly greater compared with placebo (P < 0.05). The proportion of patients achieving A1C <8% was 46% with pramlintide 120 mcg BID vs 28% with placebo (P < 0.05). The pramlintide treated group also had significantly greater weight loss at week 52 compared with placebo (-1.4 vs +0.7 kg, P < 0.05) without an increase in the rate of severe hypoglycemia
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Prescribing
Pramlintide is available in pre-filled 60 mcg or 120 mcg pens. Starting dose of pramlintide is 60 mcg immediately prior to major meals. If patient tolerates the 60 mcg dose after 3 or more days without significant nausea, dose is increased to 120 mcg prior to meals. When starting pramlintide, prandial insulin dose should be decreased by 50% to decrease the risk of insulin-induced hypoglycemia. 
Side effects/Contraindications
The most common adverse events seen with pramlintide are GI, including nausea (30%) and vomiting (7%). GI symptoms, especially nausea, occurred early in the initiation of therapy, were dose dependent and resolved with time. Hypoglycemia can be seen with pramlintide, usually occurring within the first 3 hours after injection. Pramlintide use alone without insulin does not cause hypoglycemia.
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