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Abstract
Incretin-based therapies have revolutionized the me
dical management of type 2 diabetes mellitus (T2DM) 
in the 21st century. Glucagon-like peptide-1 (GLP-1) 
suppresses appetite and gastric motility, and has trophic 
effects on pancreas, cardio-protective and renal effects. 
GLP-1 analogues and dipeptidyl peptidase-4 inhibitors 
form the incretin-based therapies. Significant reduction 
of hemoglobin A1c when used as monotherapy and 
in combination regimens, favorable effects on body 
weight, and low risk of hypoglycemia are their unique 
therapeutic benefits. Their safety and tolerability are 
comparable to other anti-diabetic medications. Concern 
about elevated risk of pancreatitis has been discarded 
by two recent meta-analyses. This article discusses 
the therapeutic manipulation of incretin system for the 
management of T2DM.
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Core tip: Development of multiple pharmaceutical 
agents by the manipulation of incretin hormone system 
provided the global scientific fraternity several drugs 
for the management of type 2 diabetes mellitus 
(T2DM) in recent years. These agents, the glucagon-
like peptide-1 analogues and dipeptidyl peptidase-4 
inhibitors, form the incretin-based therapies that be
nefited T2DM patients with significant reduction of 
hemoglobin A1c, low risk of hypoglycemia, favorable 
effects on management of overweight and obesity, and 
enhanced efficacy in combination regimens for glycemic 
management with other anti-diabetics. Two recent 
meta-analyses discarded the concern about elevated 
pancreatitis risk. The article discusses the incretin-
based therapies for the management of T2DM.
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INTRODUCTION
Incretins are gut hormones secreted in response 
to meals that modify the biological mechanisms of 
glucose homeostasis in the body mainly through 
their effects on the pancreatic endocrine function[1,2]. 
Glucose-dependent insulinotropic polypeptide (GIP) 
and glucagon-like peptide-1 (GLP-1) are the two major 
incretin hormones identified to have major effects on 
carbohydrate metabolism. Although the concept of 
incretin effect on glucose homeostasis was introduced 
as early as 1930s[3], the biological effects of incretins 
were well-established only in the past 3-4 decades[2]. 
Approximately 70% of β-cell insulin secretion is con
trolled by GIP and GLP-1[2]. Native GLP-1 has a very 
short biological half-life (1-2 min only) being rapidly 
degraded by the enzyme dipeptidyl peptidase-4 
(DPP-4) to an inactive molecule that terminates its 
incretin effect. Research on the biological manipulation 
of incretin system in animal models in the past few 
decades showed promising results with development 
of multiple pharmaceutical agents quite useful in the 
management of obesity, type 2 diabetes mellitus 
(T2DM) and metabolic syndrome towards the turn 
of 20th century. This paper discusses an overview of 
incretin manipulation for the management T2DM. 

BIOLOGICAL EFFECTS OF GLP-1 
GLP-1 is a peptide hormone secreted from the entero-
endocrine L cells located within the gastrointestinal 
mucosa (mainly the ileum) that act as nutrient 
sensors, which release GLP-1 in response to luminal 
nutrients such as sugars, amino acids, and fatty 
acids[4]. The secreted GLP-1 binds to the GLP-1 
receptors (GLP-1R) distributed widely in various body 
tissues such as the pancreatic islets, brain, heart, 
kidney, and the gastrointestinal tract. The binding 
of GLP-1 to islet cell GLP-1R results in amplification 
of insulin secretion by the pancreas. This property 
of augmented insulin secretion in response to gut 
hormone release related to meal intake is termed as 
“the incretin effect”[4]. However, the effects of GLP-1R 
activation in most other tissues still remain elusive.

GLP-1 also has trophic effects on the pancreatic 
β-cells[4,5]. It has been found to stimulate beta-cell 
proliferation, enhance the differentiation of progenitor 
cells in the pancreatic duct epithelium in to new β-cells, 
and inhibit apoptosis of the β-cells[4]. Fasting and meal-
related hyper-secretion of glucagon was demonstrated 
in patients with T2DM, and GLP-1 was found to be 

a strong inhibitor of glucagon secretion[4]. The exact 
mechanism of this effect is unknown. Local increase 
in insulin levels around the α-cells in response to GLP-
1R stimulation and the GLP-1-stimulated somatostatin 
secretion are thought to be responsible for the inhi
bition of glucagon secretion[4]. 

GLP-1 possesses the property of inhibition of gastric 
motility, gastrin-induced acid secretion in the stomach, 
and the pancreatic secretion[4,6]. The gastric inhibitory 
effects of GLP-1 are thought to be mediated through 
the vagus nerve. GLP-1 also possesses central effects 
in the brainstem and hypothalamus through which it 
modulates the appetite, satiety and eating behavior in 
animals and human beings[4]. GLP-1 also has cardio-
protective and renal effects. The physiological aspects 
of incretin bio-effects are depicted diagrammatically in 
the Figure 1. 

PHARMACOLOGICAL MANIPULATION 
OF INCRETIN SYSTEM 
Attempts for the pharmacological manipulation of GLP-1 
and DPP-4 molecules were areas of immense research 
interest among the scientific fraternity over the past 
few 3 to 4 decades that resulted in development of 
multiple medications, which revolutionized the modern 
management of  T2DM. Through the bio-modulation of 
GLP-1 molecules to counteract the ultra-short half-life of 
native GLP-1, a class of drugs termed GLP-1 analogues 
was invented (also termed as incretin mimetics or 
inretin analogues). Development of inhibitors of the 
DPP-4 enzyme resulted in production of multiple drugs 
that prolong the effects of endogenously synthesized 
incretin molecules termed as incretin enhancers. These 
two classes of drugs form the incretin-based therapies 
which are commonly used in the management of 
T2DM. 

With a significant effect on reduction of hemoglobin 
A1c (HbA1c), favorable effects on body weight es
pecially in obese T2 diabetic, and a relatively low risk 
of hypoglycemia[7], these drugs were well accepted by 
diabetologists and internists in the past few years[1]. 
The American Diabetes Association (ADA) and the 
European Association for the Study of Diabetes (EASD) 
recently recommended incretin-based therapies as 
important second line agents for management of 
T2DM[7,8]. Newer molecules with different therapeutic 
and pharmacodynamic profiles are being added to this 
class of drugs. 

GLP-1 ANALOGUES 
Native GLP-1 is 30 aminoacid polypeptide hormone 
that is rapidly degraded by the DPP-4 enzyme. To 
counteract the ultra-short half-life, alterations in the 
molecular structure of GLP-1 were attempted resulting 
in successful invention of a few GLP-1 analogues in 
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recent years. 

Exenatide
Exenatide is the first among these molecules that 
gained approval from the United States Food and Drug 
Administration (FDA) in 2005[9]. The drug, isolated 
from saliva of the reptile Gila monster (Heloderma 
suspectum), has 39 aminoacids with a 53% structural 
homology to natural GLP-1[9,10]. It has a plasma half-
life of 3-4 h, and is excreted by glomerular filtration 
with subsequent degradation[10]. 

Exenatide improved glycemic control in patients 
with T2DM, not responsive to lifestyle modification, 
and medications such as sulfonylureas, metformin and 
thiazolidinediones, either alone or in combinations[9,11]. 
Exenatide treatment showed improvements in both 
the fasting and post-prandial hyperglycemia in T2DM 
patients[12]. In a recent meta-analysis examining the 
efficacy of the drug compared to placebo from nine 
clinical trials, the weighted mean difference of mean 
variation of hemoglobin A1c (∆ HbA1c) for all included 
data for exenatide 5 μg twice daily or its equivalent 
long acting dosage form was -0.68% [95%CI: -0.89 
to -0.48 (P < 0.0001)] and for exenatide 10 μg twice 
daily or its equivalent long-acting dosage was -0.99% 
[95%CI: -1.18 to -0.8 (P < 0.0001)][13]. The weighted 
mean difference of mean variation of BW (∆ BW) for 

5 μg twice daily or its equivalent long acting dosage 
form in eight of the trials was -0.56 kg [95%CI: -0.07 
to -0.06 (P = 0.0002)] and for exenatide 10 μg twice 
daily or its equivalent long-acting dosage form in 
twelve trials was -1.24 kg [95%CI: -1.69 to -0.78 (P 
< 0.0001)]. Other observed benefits were reduction 
of systolic and diastolic blood pressures, and total 
cholesterol and low density lipoprotein (LDL)[13]. 

Being structurally different from native GLP-1, 
development of antibodies to exenatide on long-
term treatment is common. Low-titre anti-exenatide 
antibodies were observed in 32% of cases on twice 
daily regimen and in 45% cases on once weekly 
regimen[14]. However, a significant effect on therapeutic 
efficacy was not evident in most cases. Higher antibody 
titres were less common (5% and 12% respectively), 
and increasing titres were associated with a reduction 
in average efficacy that was statistically significant 
for exenatide once weekly preparation[14]. Apart from 
injection-site reactions, there were no observed safety 
issues with anti-exenatide antibodies.

Liraglutide
The drug is manufactured using recombinant DNA 
technology, and is with a 97% structural homology 
to human GLP-1[15]. Therefore, the molecule can be 
used effectively in patients with reduced response 
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Figure 1  Physiological aspects of incretin hormones in the body. GLP-1: Glucagon-like peptide-1; GIP: Glucose-dependent insulinotropic polypeptide.
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FDA approval for use in T2DM. The plasma half-
life of dulaglutide is approximately 4 d, with a once 
weekly dosing advantage[26]. Efficacy of once weekly 
regimen was reported to be superior to: metformin 
monotherapy, sitagliptin as add-on to metformin, and 
exenatide as add-on to metformin and pioglitazone, 
with a safety profile similar to other GLP-1 analogues[27]. 

The plasma half-lives, dosage range and common side 
effects of GLP-1 analogues are shown in Table 1.

DPP-4 INHIBITORS
DPP-4 inhibitors increase the endogenously secreted 
GLP-1 and GIP concentrations by inhibiting the 
bio-degradation of these hormones by the DPP-4 
enzyme, and thereby enhancing the incretin effect. In 
patients with T2DM these drugs are effective both as 
monotherapy and as add-on therapy to sulphonylureas, 
metformin, thiazolidinediones and insulin. In general, 
DPP-4 inhibitors are weight neutral, making them 
favorable options in the management of overweight and 
obese T2DM patients.

Sitagliptin
Sitagliptin is first among the DPP-4 inhibitors that 
received FDA approval in 2006. The drug has good 
oral bio-availability, a half-life of 10-12 h (with once 
daily dosing advantage), and is eliminated mainly 
through the kidneys necessitating dose reduction in 
renal impairment[28]. Sitagliptin improves both fasting 
and postprandial hyperglycemia in T2DM patients. 
HbA1c reduction of up to 0.94% has been reported 
when sitagliptin is used as a monotherapy and better 
reduction in combination regimens. A recent meta-
analysis concluded that sitagliptin had comparable 
efficacy to metformin in reduction of HbA1c and 
body weight, and improvement of β-cell function, al
though inferior to metformin in improvement of insulin 
sensitivity[29]. 

Vildagliptin
When used as a monotherapy, this molecule showed 
glycemic control comparable to sulfonylureas and 
thiazolidinediones, with the advantages of fewer 
hypoglycemic episodes and lesser body weight 
gain[30]. Additional favorable effects on pancreatic 
alpha- and beta-cell function compared to sulphon
ylureas were noted with the drug. The plasma half-
life of vildagliptin is 1.5-4.5 h and the elimination is 
mainly through hepatic hydrolysis[28]. HbA1c reduction 
of 0.5%-1% has been reported with the drug 
use in T2DM. Use in combination with metformin, 
further improves glycemic control when metformin 
monotherapy is insufficient, with good tolerability and 
safety[30]. Combination regimens with other oral anti-
diabetic medications and insulins are also effective 
and well tolerated. 

to exenatide therapy after prolonged use because 
of antibody production. The estimated mean differ
ences in HbA1c reduction with liraglutide 1.2 mg 
and 1.8 mg daily compared to placebo were -1.01% 
(95%CI: -1.18 to -0.85) and -1.18% (95%CI: -1.32 
to -1.04) respectively in a recent meta-analysis[16]. 
The Liraglutide Effect and Action in Diabetes (LEAD) 
program trial showed that mono-therapy with 1.2 mg 
and 1.8 mg of the drug was associated with a mean 2.1 
kg and 2.5 kg weight reduction respectively, compared 
with a mean 1.1 kg weight gain among patients on 
glimepiride (P < 0.001) treatment[17]. 

The other observed benefits were: a mean re
duction in systolic blood pressure of 2.59 mmHg (P = 
0.0008) and 2.49 mmHg (P = 0.003) from baseline 
for liraglutide 1.2 mg and 1.8 mg respectively at 26 
wk of treatment[15], improvement of β-cell function[18], 
reduction of total cholesterol and LDL, improvement 
of non-alcoholic fatty liver disease (NAFLD)[19], and 
improvement of cardiovascular risk markers[15]. 

Lixisenatide
Plasma half-life of lixisenatide is 3 h similar to that 
of exenatide[20], although it can be used as a single 
daily subcutaneous injection. Treatment with the drug 
resulted in a HbA1c reduction of 0.9%, body weight 
reduction of -3.62 kg (95%CI: -5.86 to -1.36) without 
significant risk of hypoglycemia compared to insu
lin[21]. Lixisenatide was also shown to improve NAFLD 
(number needed to treat: 14 patients, P = 0.042)[22]. 
Although slightly less effective than exenatide in 
terms of lowering HbA1c levels and weight reduction, 
lixisenatide use can be more convenient in comparison 
to exenatide as it has less hypoglycemia risk and 
gastrointestinal side effects, and the ease of once-daily 
administration[23]. 

Albiglutide
Albiglutide is a DPP4-resistant human GLP-1 manu
factured by fusion of the molecule with recombinant 
human albumin[24]. With a plasma half-life of appro
ximately 5 d, the drug has the advantage of being 
administered once weekly. The drug recently received 
FDA approval in the United States for management 
of T2DM. Albiglutide can be used as a monotherapy 
or as an add-on therapy to metformin, sulfonylureas, 
insulin glargine and thiazolidinediones. Superior clinical 
efficacy compared to sitagliptin, and glimepiride, and 
non-inferiority to insulins (glargine and lispro) with 
HbA1c reduction of 0.55% to 0.9% and weight reduction 
up to 1.21 kg were reported with the use in T2DM 
cases[25]. Although gastrointestinal side effects were less 
common, efficacy in reducing HbA1c and body weight 
were less pronounced compared to liraglutide.

Dulaglutide
This new long acting GLP-1 analogue received recent 
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Saxagliptin
The drug received FDA approval in 2009 for use in 
patients with T2DM. When used as monotherapy at a 
maximum dose of 5 mg, saxagliptin caused a mean 
HbA1c reduction of 0.8% with significant improvement 
of fasting hyperglycemia, and with other categories of 
oral anti-diabetics, an additional mean HbA1c reduction 
by 0.6%-0.7%[31]. The plasma half-life is 2.5 h and 
elimination is mainly by hepatic and renal clearance[28]. 

Linagliptin
Linagliptin is primarily excreted via bile and therefore 
safe to be used in T2DM patients with renal impairment. 
With a reasonable safety profile, low hypoglycemia risk, 
HbA1c reduction ranging from 0.6% to 0.8% and wei
ght neutrality, the drug became popular in the recent 
years[32]. Additional benefits such as improvement of 
wound healing, reduction of hepatic steatosis, decrease 
in the infarct size following myocardial infarction and 
ischemic stroke, improvement of vascular function, and 
reduction of albuminuria are claimed with linagliptin 
use in pre-clinical studies that needs further research 
in large randomized controlled trials. Linagliptin has 
relatively low oral bio-availabilty compared to other 
DPP-4 molecules (15%-50%) and the plasma half-life 
of the drug is 12 h[32]. 

Alogliptin
This new DPP-4 molecule has a plasma half-life of 
about 21 h, and can be administered once daily[33]. 
Elimination is mainly through kidneys that necessitates 
dose reduction in advanced renal disease. Alogliptin 
is safe and well tolerated. A mean HbA1c reduction of 
0.6% is reported with monotherapy[28,33], and additional 
reduction in combination regimens with other anti-

diabetics[33].

Teneligliptin
Teneligliptin is one of the latest additions to the class 
of DPP-4 inhibitors. A recent study revealed that the 
drug administration was associated with significant 
elevations of postprandial active GLP-1 and GIP levels, 
lowering of postprandial hyperglycemia, 24-h mean 
blood glucose levels, and mean amplitude of glycemic 
excursions without hypoglycemia[34]. A significant 
elevation in early-phase insulin release and a reduction 
in postprandial glucagon surge were also observed. 
Even short-term teneligliptin treatment was found to 
be beneficial in patients with T2DM. HbA1c reduction 
of about 1%, improvement of β-cell function, insulin 
sensitivity, and adverse lipid parameters are the 
benefits claimed in a clinical trial[35].

Anagliptin
The drug is still being evaluated in phase III clinical 
trials and is expected to be available for clinical use 
soon. Mean HbA1c reduction of -0.85% ± 0.70%, 
reduction in the fasting proinsulin/ insulin ratio, and 
improvement of insulin secretion were observed when 
used as an add-on therapy to metformin (all effects 
comparable with sitagliptin) in a recent multi-center 
clinical trial[36]. Safety profile and efficacy were also 
comparable with sitagliptin. 

The dosage ranges and common side effects of 
DPP-4 inhibitors are shown in Table 2.

SAFETY ISSUES/CONCERNS ABOUT 
INCRETIN-BASED THERAPIES
A lot of discussions on the safety of incretin-based 
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Table 1  Plasma half-lives, dosage range, average hemoglobin A1c and body weight reduction, and common side effects of glucagon-
like peptide-1 analogues 

Drug Plasma ½ 
-life

Dosage HbA1c 
reduction 

Weight 
reduction 

Adverse effects Other special features

Exenatide 3-4 h 5-10 mcg 
twice daily s.c, 
60 min prior 

to meal

0.68%-0.99% 0.56-1.24 kg Nausea, diarrhoea, headache, pancreatitis, injection 
site nodule/reaction, formation of anti-exenatide 

antibody 

Not recommended if 
Creatinine clearance is 

< 30 mL/min 

Exenatide ER 2 wk 2 mg s.c once 
weekly 

0.99% 1.24 kg Nausea, diarrhoea, vomiting, pancreatitis, injection 
site nodule/reaction

Injection at any time 
independent of meals

Liraglutide 13 h 0.6-1.8 mg s.c 
once daily

1.01%- 1.18% 2.1-2.5 kg Nausea, diarrhoea, headache, pancreatitis, injection 
site reaction, formation of anti-liraglutide antibody 

and naso-pharyngitis

Store in refrigerator 
(36-46 0 F)

Injection at any time 
independent of meals

Lixisenatide 3 h 20 mcg, once 
daily s.c 

0.90% 3.62 kg Nausea, diarrhoea, vomiting, pancreatitis

Albiglutide 5 d 30-50 mg s.c 
once weekly

0.55%- 0.9% 1.21 kg Upper respiratory infection, diarrhoea, injection site 
reaction, hypersensitivity, pancreatitis

Administer on the same 
day of the week

Dulaglutide 4 d 0.75-1.5 mg s.c 
once weekly

0.99%- 1.3% - Nausea, diarrhoea, vomiting, increased amylase and 
lipase levels, abdominal pain, injection site reaction, 

hyper-sensitivity and pancreatitis

HbA1c: Hemoglobin A1c.
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therapies occurred recently following multiple case 
reports and the data from the United States FDA 
adverse events reporting system about the risk for 
pancreatic damage[1]. Two recent meta-analyses 
showed reassuring results without significant risk of 
pancreatitis favoring incretin-based therapies[37,38]. 
However, the potential long-term effects of chronic 
GLP-1R stimulation and its effects on pancreatic 
enzyme synthesis and the probability of evoking 
inflammatory response in the pancreas are not clear at 
the moment. 

The other important concern is about the potential 
to induce neoplasia by these drugs. Significant β-cell 
hyperplasia, co-expression of insulin and glucagon 
from β-cells, hyperplasia of α-cells, increased pro
liferation markers, and excess prevalence of pre-
neoplastic lesions were found in pancreas specimens 
of organ donors previously treated with incretin-based 
medication for T2DM[39]. Concerns about elevated risk 
of pancreatic and thyroid cancer in animal models and 
human beings[40] need further clarification by long-
term studies and drug safety monitoring. 

CONCLUSION
Incretin-based therapies are promising tools for the 
management of T2DM, especially in overweight and 
obese individuals. Favorable effects on body weight, 
significant reduction of HbA1c levels and the relatively 
low risk of hypoglycemia make them attractive the
rapeutic options in the day to day management of 
T2DM patients. Newer GLP-1 analogues and DPP-4 
inhibitors are being added to this class of medications 
recently. Concern about elevated risk of pancreatitis is 
not obvious at the moment, based on results from two 
large meta-analyses. However, long-term effects of 

these medications on pancreatitis risk and cancer risk 
still need vigilant monitoring. 
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Dose reduction with CYP450 
3A4/5 inhibitors
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Teneligliptin 24.2 h 20-40 mg PO 

daily 
0.78% Constipation, QT interval prolongation, 

hypoglycaemia and elevation of alanine 
aminotransferase and γ-glutamyltransferas

 

Alogliptin 21 h 25 mg PO 
daily 

0.6% Hypoglycemia, nasopharyngitis, headache and 
pancreatitis

Monitor LFT and stop if 
elevated

Anagliptin 4.37 h - by terminal 
elimination

100 mg PO 
daily 

0.85% Not available 

HbA1c: Hemoglobin A1c.
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