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Abstract Incretin-based therapies either increase endog-

enous levels of glucagon-like peptide-1 by prolonging its

half-life (DPP-4 inhibitors) or directly stimulate its recep-

tor (glucagon-like peptide-1 analogues; GLP-1 RA). They

are currently widely used for the treatment of patients with

type 2 diabetes mellitus owing to good antidiabetic effi-

cacy, low risk of hypoglycemia, and relatively few other

side effects. They also offer potential additional benefits

such as weight neutrality or weight loss, positive effects on

blood pressure and lipid levels, and potential cardio- and

neuroprotectivity. Some experimental and clinical studies

have raised concerns with respect to potential cardiovas-

cular and pancreatic side effects of these therapies such as

increased risk of heart failure with DPP-4 inhibitors as well

as acute pancreatitis and pancreatic cancer with both

classes. The available data are at present not robust enough

to enable firm conclusions regarding these potential asso-

ciations. Nevertheless, some recent data suggest a possi-

bility of slightly increased risk of acute pancreatitis with

GLP-1 RAs while they do not indicate increased risk of

pancreatic cancer. Ongoing cardiovascular outcome trials

will shed more light on the possible cardioprotective

effects of incretin-based therapies as well as on the possible

interconnection of DPP-4 inhibitors and heart failure.

Key Points

The prevalence of type 2 diabetes is increasing

worldwide.

Incretin-based therapies improve diabetes

compensation without risk of hypoglycemia.

Their cardiovascular and pancreatic safety still needs

to be confirmed by further studies.

1 Introduction

Increasing prevalence of type 2 diabetes (T2DM) world-

wide and its close interconnection with obesity, arterial

hypertension, dyslipidemia, and other pathologies com-

monly referred to as metabolic or insulin resistance syn-

drome [1] makes T2DM one of the most significant

therapeutic challenges of the twenty-first century [2].

Studies have shown that early diagnosis and effective

treatment of T2DM and related co-morbidities are neces-

sary to prevent chronic micro- and macrovascular com-

plications [3, 4]. Although several classes of glucose-

lowering drugs are available, more than half of T2DM

patients do not reach optimal glucose control because of

the progressive nature of T2DM, suboptimal compliance of

patients to diet and lifestyle measures, as well as side

effects of most antidiabetic drugs, in particular hypogly-

cemia and weight gain [5].

In recent years, the focus of novel antidiabetic drug

development has shifted from the traditional glucocentric

view towards a more complex approach emphasizing the

importance of their beneficial effects on related co-
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morbidities and cardiovascular risk factors [6] and fewer

side effects. Incretin-based therapies represent one of the

results of this approach having not only good antidiabetic

efficacy but also other positive non-glycemic effects [7, 8].

In this paper, we review possible cardiovascular and pan-

creatic side effects of incretin-based therapies and put them

into overall perspective with their known benefits relative

to other glucose-lowering drugs.

2 Incretin-Based Therapies

The incretins are peptide hormones released from the small

intestine upon meal ingestion that stimulate insulin secre-

tion from pancreatic b-cells and reduce excessive glucagon

secretion from pancreatic a-cells thereby alleviating two

important defects present in type 2 diabetes [9]. Of the two

currently known incretins, glucagon-like peptide-1 (GLP-

1) and glucose-dependent insulinotropic polypeptide (GIP),

only therapies based on the effects of GLP-1 are utilized in

clinical practice [10]. The mode of action of the first class

of incretin-based therapies referred to as gliptins or DPP-4

inhibitors is the inhibition of the enzyme dipeptidyl pep-

tidase-4 (DPP-4) that breaks down circulating GLP-1 [11].

The treatment with DPP-4 inhibitors thus prolongs the half-

life of endogenous GLP-1 increasing its concentrations to

the high-normal physiological range [12]. The second class

of incretin-based therapies relies on the stimulation of

GLP-1 receptor with compounds resistant to DPP-4 deg-

radation called GLP-1 receptor agonists or GLP-1 receptor

mimetics [13]. The concentrations of active compounds are

closer to the pharmacological range of GLP-1 being

approx. 3- to 5-fold higher than endogenous GLP-1 levels

[12]. Both DPP-4 inhibitors and GLP-1 RA effectively

improve glucose control with very low risk of hypoglyce-

mia, with GLP-1 RA having more gastrointestinal side

effects but additional benefits of decreasing body weight

and blood pressure [14]. Furthermore, cardioprotective,

neuroprotective, and b-cell-protective effects of incretin-

based therapies have been postulated on the basis of

experimental and some early clinical data [15].

3 Cardiovascular Effects of Glucose-Lowering

Medications

Cardiovascular morbidity and mortality represent the major

burden in T2DM patients and the ultimate goal of T2DM

treatment is to reduce the overall cardiovascular risk [16].

Studies have shown that early tight glucose control can

significantly reduce cardiovascular complications in T2DM

patients [3]. On the contrary, treatment intensification

aiming at tight glucose control in patients with long-

standing diabetes, history of poor chronic glucose control,

and the presence of cardiovascular complications did not

reduce cardiovascular complications and increased the risk

of hypoglycemia and weight gain [17, 18]. Cardiovascular

side effects have also been a major concern of several

antidiabetic and anti-obesity medications eventually lead-

ing to withdrawal of some of them from the market [19,

20]. Numerous studies have shown that both hypoglycemia

and weight gain commonly seen with various glucose-

lowering medications such as sulfonylureas, glinides, and

insulin are associated with increased risk of cardiovascular

complications [18, 21]. On the contrary, incretin-based

therapies carry very low risk of hypoglycemia and do not

increase body weight [22, 23].

4 Cardiovascular Effects of Incretin-Based Therapies

Preclinical and small clinical studies have shown that GLP-

1 has numerous beneficial effects on the cardiovascular

system including the reduction of blood pressure, the

improvement of lipid profile, the amelioration of endo-

thelial dysfunction, and the postulated direct cardiopro-

tection in experimental models of ischemia/reperfusion

[24, 25]. The first clinical study suggesting the positive

effects of the GLP-1 receptor agonist exenatide on reper-

fusion injury in patients with ST-segment elevation myo-

cardial infarction has been published [26]. Therefore it has

been generally predicted that incretin-based therapies will

have either neutral cardiovascular effects or will confer

cardioprotective effects in larger prospective cardiovascu-

lar trials. These optimistic expectations were mechanisti-

cally based on the experimental reports describing the

widespread presence of GLP-1 receptor in the heart and the

vasculature [27, 28]. Therefore the postulated cardiopro-

tective effects could arise from the combination of indirect

actions (e.g., improvement glucose control, circulating

lipids, low risk of hypoglycemia) and direct effects of

GLP-1 through GLP-1 receptors in the heart and vascula-

ture. Nevertheless, the recent paper by Pyke et al. [29]

revealed that with the use of specific antibody, GLP-1

receptor could only be detected in the sinoatrial node but

not in the rest of the myocardium with very little presence

of GLP-1 receptor in the vasculature. This sinoatrial node

localization of GLP-1 receptor appears to be in agreement

with the slight increase in heart rate generally seen with the

use of GLP-1 receptor agonists [30]. Alternatively, heart

rate increase could be partially explained as a compensa-

tory response to decreased blood pressure by the effects of

GLP-1 receptor agonists on peripheral vascular resistance,

renal sodium excretion, or other yet unknown mechanisms.

In contrast, no changes in heart rate have been noted in

most of the studies with DPP-4 inhibitors [31, 32]. Taken
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together, from the preclinical and the small clinical studies

both GLP-1 receptor agonists and DPP-4 inhibitors were

regarded as safe from a cardiovascular point of view.

Preliminary analyses of cardiovascular endpoints within

phase III trials also suggested either neutral or positive

effects on cardiovascular outcomes for both DPP-4 inhib-

itors and GLP-1 RA [33].

As a result of modified US Food and Drug Adminis-

tration (FDA) criteria for cardiovascular safety of novel

glucose-lowering therapies [34], most of the incretin-

based drugs are also being studied within prospective

trials in patients with high cardiovascular risk or already

present cardiovascular complications to corroborate their

safety in this high-risk population. Two of the studies with

DPP-4 inhibitors alogliptin (the EXAMINE trial) and

saxagliptin (the SAVOR TIMI trial) have been concluded

and the results were published in 2013 [35, 36]. In both

studies, the composite cardiovascular endpoint (composite

of cardiovascular death, nonfatal myocardial infarction, or

nonfatal ischemic stroke) in patients treated with aloglip-

tin or saxagliptin did not significantly differ from the

comparator (standard non-incretin-based treatment) group

suggesting cardiovascular neutrality. In the SAVOR TIMI

trial, slight increases in hypoglycemia rate (predominantly

in patients having saxagliptin in combination with sulfo-

nylureas) and in a number of patients hospitalized for

heart failure have been noted in the saxagliptin cohort

[36]. No significant increase in these parameters has been

seen in the EXAMINE trial with alogliptin. A recently

published meta-analysis of 84 trials concluded that the use

of DPP-4 inhibitors could be associated with a slightly

increased risk of heart failure [OR 1.19 (1.03; 1.37);

p = 0.015] [37]. Another recent meta-analysis of pooled

data from 20 clinical trials that included 9,156 patients on

saxagliptin monotherapy or in combination with metfor-

min did not find any increase in cardiovascular endpoint

including heart failure [38]. The incidence rate ratio for

heart failure in this meta-analysis was 0.55. Taken toge-

ther, it is currently unclear whether there is a causal

relationship between saxagliptin and/or other DPP-4

inhibitors treatment and heart failure. Other large trials

with DPP-4 inhibitors (sitagliptin and linagliptin) that are

currently ongoing and long-term observational studies

including the program of observational safety studies

planned for saxagliptin [39] will shed more light onto this

question. Several potential mechanisms for worsening of

heart failure by DPP-4 inhibitor treatment have been

suggested including the changes of concentrations of other

factors than GLP-1 by DPP-4 inhibition (e.g., B-type

natriuretic peptide) and the interaction between ACE

inhibitors and DPP-4 inhibitors [40]. On the contrary,

experimental and small clinical trials have described an

improvement in heart failure symptoms and left

ventricular ejection fraction after acute or chronic treat-

ment with intravenous or subcutaneous GLP-1 infusion

[41, 42].

5 Incretin-Based Therapies and Surrogate Markers

of Cardiovascular Risk

Numerous trials and meta-analyses explored the changes of

surrogate cardiovascular risk factors in patients treated

with incretin-based therapies. It has been found that GLP-1

receptor agonists consistently decrease blood pressure,

fasting and postprandial lipid levels, and body weight [30,

43]. The only cardiovascular side effect that has been noted

with GLP-1 receptor agonists is a slight increase in heart

rate [30]. This increase was about 1–1.5 beats/min with

shorter half-life GLP-1 RA such as exenatide BID and

2–3 beats/min with longer half-life GLP-1 RA such as

liraglutide or exenatide once weekly [30]. Whether this

small increase in heart rate may have any negative car-

diovascular consequences in the long term when combined

with positive effects of these drugs on the surrogate car-

diovascular risk markers needs to be further determined.

There are several ongoing long-term cardiovascular trials

with different GLP-1 RA that shall be concluded within the

next couple of years that should directly answer the ques-

tion of cardiovascular safety/potential cardioprotective

effects of GLP-1 RA.

In contrast to GLP-1 RA, DPP-4 inhibitors generally do

not affect blood pressure, heart rate, or body weight [31]. In

most of the studies they have either slight positive or

neutral effects on fasting lipid levels and positive effects on

postprandial hyperlipidemia [44, 45].

6 Pancreatic Effects of Incretin-Based Therapies

The progressive decline of b-cell number throughout the

course of T2DM represents the major reason for long-term

worsening of its control and the need for treatment inten-

sification [46]. It is estimated that over 50 % of T2DM

patients will require insulin therapy within 5 years of

diagnosis [47]. The b-cell protection or optimally b-cell

regeneration may thus markedly alter the progressive

course of type 2 diabetes and improve its long-term

outcomes.

Preclinical studies in rodent models have suggested that

GLP-1 treatment stimulates insulin secretion, replenishes

b-cell insulin stores, and prevents exhaustion of b-cell

reserves via increased insulin mRNA stability [48]. Studies

have also documented that GLP-1 stimulates b-cell pro-

liferation and neogenesis and inhibits b-cell apoptosis in

both normal and diabetic rodents of younger age [49, 50],
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while most of the studies did not support such stimulatory

effects in older rodents [51]. According to earlier studies,

GLP-1 receptor is also present in rodent pancreatic ductal

and acinar cells and its stimulation resulted in their dif-

ferentiation towards islet-like phenotypes [52, 53]. Further

experimental studies with both DPP-4 inhibitors and GLP-

1 RA have documented their protective effect on b-cells

against apoptosis and even increase in b-cell mass [54, 55].

While these potential benefits of incretin-based therapies

were intensively studied [56], the putative proliferative

effects of DPP-4 inhibitors and GLP-1 RA have also raised

concerns with respect to the potential of incretin-based

therapies to increase the risk of pancreatic cancer [57].

Another potential side effect that has emerged from some

experimental studies and case reports was an increased risk

of pancreatitis [58].

7 Incretin-Based Therapies, Pancreatitis,

and Pancreatic Cancer

Studies have shown that patients with T2DM generally

have an increased risk of both pancreatitis [59] and pan-

creatic cancer [60] compared to the non-diabetic popula-

tion owing to more frequently present risk factors such as

obesity, dyslipidemia, and also other underlying mecha-

nisms that are not well understood. Most of the preclinical

studies in rodents reported no evidence of either pancrea-

titis [61–63] or cancer lesions [64] with GLP-1 agonist or

DPP-4 inhibitor treatment. In contrast, in human islet

amyloid polypeptide transgenic rats, a model of type 2

diabetes, sitagliptin plus metformin had synergistic effects

on b-cell mass preservation, but sitagliptin treatment was

associated with increased pancreatic ductal turnover, ductal

metaplasia, and, in one rat, pancreatitis [65]. The authors

concluded that adverse actions of sitagliptin treatment on

exocrine pancreas raise concerns that require further

evaluation.

In another recent paper, high fat diet-fed mice treated

with exenatide or sitagliptin had more pronounced acinar

cell injury (hypertrophy, autophagy, apoptosis, necrosis,

and atrophy), vascular injury, interstitial edema and

inflammation, fat necrosis, and duct changes compared to

the control group [66]. Taken together, experimental data

are inconsistent although the majority of the studies did not

report either induction of pancreatitis or pro-proliferative

effects in the direction of pancreatic cancer. Nevertheless,

it is important to note that significant differences in GLP-1

receptor localization in the pancreas may exist between

rodents and primates or humans, respectively. Furthermore,

widespread GLP-1 receptor expression described in pre-

vious reports in rodent pancreas could have been due to use

of non-specific GLP-1 receptor antibodies. Indeed, Pyke

et al. [29] have shown using a new specific monoclonal

anti-GLP-1 receptor antibody that in pancreata of primates

and humans the GLP-1 receptor was only present in insu-

lin-producing cells but not in duct epithelial cells. Waser

et al. [67] recently showed high GLP-1 receptor expression

in insulin- and somastostatin-producing cells of normal

human pancreas, little GLP-1 receptor expression in acinar

cells, and no expression in ductal epithelial cells. Increased

duct epithelial cell proliferation is one of the initial events

involved in early stages of pancreatic cancer development

[60].

Pancreatitis as a potential side effect of GLP-1 RA ex-

enatide has been reported as case reports in the literature

[58] and the FDA has also reported documented cases of

pancreatitis in patients taking the DPP-4 inhibitor sitag-

liptin [68]. Elevations of lipase and amylase levels after

treatment with incretin-based therapies have been descri-

bed [69]. Nevertheless, it is also important to note that

significant number of patients with type 2 diabetes without

incretin-based therapies have higher lipase and/or amylase

levels than the upper normal limit with no signs of acute

pancreatitis [70]. Elashoff et al. [71] used the FDA adverse

event reporting system (AERS) database to explore the

rates of reported pancreatitis, pancreatic and thyroid can-

cer, and all cancers associated with sitagliptin or exenatide,

compared with other glucose-lowering therapies. In their

analysis, the use of sitagliptin or exenatide increased the

odds ratio for reported pancreatitis sixfold as compared

with other therapies and pancreatic cancer was more

commonly reported among patients who took sitagliptin or

exenatide as compared with other therapies. Elashoff’s

study has been widely criticized because of the significant

limitations or even complete impropriety of the AERS

database for this type of analysis, a clear influence of

publicity linking specific drugs to reports of adverse events

and numerous other reasons [72]. Other studies using other

sources and databases such as the Aperio Administrative

Health Claim Database and Normative Health Information

Database did not see increased rates of pancreatitis with

exenatide or sitagliptin, respectively [73, 74]. Two recently

published meta-analyses also did not suggest an increased

risk of pancreatitis with incretin-based therapies [75, 76].

Furthermore, in the two prospective cardiovascular ran-

domized trials with DPP-4 inhibitors no differences in the

rate of pancreatitis and pancreatic cancer were found

between saxagliptin and alogliptin and control groups,

respectively [35, 36, 77]. Recent pooled analysis of pan-

creatitis in phase III trials with incretin-based therapies that

have used the data provided by pharmaceutical companies

or obtained by literature search have found an OR of 1.39

(95 % CI 0.67, 2.88) for GLP-1 receptor agonists and OR

of 1.07 (95 % CI 0.72, 1.58) for DPP-4 inhibitors sug-

gesting a slight trend towards increased risk with GLP-1
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receptor agonists [78]. In a recently presented safety ana-

lysis of patients treated with liraglutide 3.0 mg/day within

the SCALE Obesity and Prediabetes randomized trial,

gallbladder-related adverse events and frequency of pan-

creatitis were higher with liraglutide vs. placebo (2.5 vs.

1.0 % and 0.3 vs. 0.1 %, of patients, respectively) [79].

Taken together, a slightly increased risk of pancreatitis

could be seen in some of the studies with GLP-1 receptor

agonists, while no such trend is apparent with DPP-4

inhibitors.

The lack of morphological data from human pancreatic

tissue and the need for long-term observational studies do

not enable one to make final conclusions regarding incre-

tin-based therapies and pancreatic cancer. Butler et al. [80]

have shown that the presence of obesity and type 2 diabetes

increases the turnover of ductal pancreatic cells which is a

known risk factor for pancreatic cancer. They have also

proposed that incretin-based therapies may induce a low

grade chronic pancreatitis and that the combination of these

risk factors may eventually in the long-term run increase

the risk of pancreatic cancer [81]. To support their

hypothesis based on the experimental rodent findings, they

examined the pancreata from organ donors with type 2

diabetes mellitus treated by incretin-based therapy or other

therapy and non-diabetic control subjects using samples

obtained from the Network for Pancreatic Organ Donation

[82]. Their study has shown an approximately 40 %

increased pancreatic mass in patients treated with incretin-

based drugs owing to both increased exocrine cell prolif-

eration and dysplasia. They also describe an a-cell hyper-

plasia and glucagon-expressing microadenomas in three of

eight patients treated with incretin-based therapy. The

study has sparked a lively discussion in the scientific and

medical community with some expressing concerns with

respect to the safety of patients treated with incretin-based

therapies [83]. Bonner-Weir et al. [84] have reexamined

Butler’s data in detail and concluded that ‘‘the original data

presented in Butler’s paper had serious methodological

deficiencies that preclude any meaningful conclusions’’.

The major concerns were mismatched age distribution

between the groups, questionable diagnosis of type 2 dia-

betes in some of the patients, extreme outlier cases

responsible for pancreatic weight differences, methodo-

logical problems with quantification of both a- and b-cells

and microscopic noninvasive epithelial neoplasm within

the pancreatic ducts (PanINs) [84]. In February 2014, the

FDA and European Medicines Agency (EMA) published a

common statement on pancreatic safety of incretin-based

drugs [85]. The statement was based on a complex

reevaluation of multiple streams of data starting from

toxicological findings in healthy and diabetic animals and

human data from both observational and outcome trials and

multiple clinical safety databases. In this statement, the two

agencies concluded that ‘‘assertions concerning a causal

association between incretin-based drugs and pancreatitis

or pancreatic cancer, as expressed recently in the scientific

literature and in the media, are inconsistent with the current

data’’. Nevertheless, according to both agencies the final

conclusion regarding a causal relationship could not be

reached and pancreatitis will continue to be considered a

risk associated with these drugs until more data are

available.

8 Conclusions and Practical Considerations

At the moment, cardiovascular safety of incretin-based

therapies still needs to be definitely confirmed by pro-

spective cardiovascular trials, most of which are still

ongoing. Overall, it can be concluded that the majority of

the current data suggest good a cardiovascular safety with

some open questions awaiting final answers. The two

concerns that have been raised in the cardiovascular side

effects area are a slight increase in heart rate with GLP-1

RA treatment and a potentially increased risk of heart

failure with saxagliptin and possibly other DPP-4 inhibi-

tors. Both of these issues certainly need further studies and

explorations, and the ongoing prospective cardiovascular

trials and long-term observational studies should provide

more definite answers. Nevertheless, at the moment no

specific limitations with regards to these potential side

effects appear to be justified by the available data and no

limitations in this regard are included in the treatment

guidelines.

The pancreatic safety of incretin-based therapies has

been extensively evaluated by both the FDA and EMA

regulatory agencies and their view was clearly described in

their statement published in the New England Journal of

Medicine in 2014. The causal interrelationship between

pancreatic cancer and DPP-4 inhibitors or GLP-1 receptor

agonists does not appear to be supported by the current

clinical data. A recent pooled analysis of phase III studies

including both published data and unpublished results

provided by pharmaceutical companies suggested a possi-

bility of a slight increase of pancreatitis risk with GLP-1

receptor agonists but not DPP-4 inhibitors treatment. At the

same time, it is necessary to bear in mind that the risk of

acute pancreatitis and pancreatic cancer is significantly

higher in patients with T2DM relative to non-diabetic

subjects regardless of the mode of treatment. Potential

pancreatic side effects still remain under the close sur-

veillance and scrutiny of both clinicians and regulatory

agencies. At the moment, neither DPP-4 inhibitors nor

GLP-1 receptor agonists are recommended for use in

patients with a history of acute pancreatitis or pancreatic

cancer. Also, the treatment with GLP-1 RA or DPP-4
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inhibitors should be withdrawn in patients with clinical or

laboratory symptoms of acute pancreatitis.

In summary, the discovery of incretin-based therapies

has undoubtedly opened new avenues in the treatment of

type 2 diabetes owing to their good efficacy and complex

positive effects beyond glucose control. Although some

safety issues with respect to both pancreatic and car-

diovascular side effects still need further exploration,

current clinical data do not raise major concerns that

would justify further prescription limitations or other

measures.
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Štěpán Svačina served as a board member/advisory panel for Eli

Lilly, BMS, Boehringer Ingelheim, Astra Zeneca, Novartis and is in

the speaker’s bureau of Eli Lilly, Boehringer Ingelheim, and Novartis.

None of the previous commitments were directly related to incretin

drug safety. No funding was received for the preparation of this

article.

References

1. Reaven G. Metabolic syndrome: pathophysiology and implica-

tions for management of cardiovascular disease. Circulation.

2002;106(3):286–8.

2. O’Rahilly S. Science, medicine, and the future. Non-insulin

dependent diabetes mellitus: the gathering storm. BMJ.

1997;314(7085):955–9.

3. Effect of intensive blood-glucose control with metformin on

complications in overweight patients with type 2 diabetes

(UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group.

Lancet. 1998;352(9131):854–65.

4. Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a

multifactorial intervention on mortality in type 2 diabetes. N Engl

J Med. 2008;358(6):580–91.

5. Grant RW, Pirraglia PA, Meigs JB, Singer DE. Trends in com-

plexity of diabetes care in the United States from 1991 to 2000.

Arch Intern Med. 2004;164(10):1134–9.

6. Skyler JS, Bergenstal R, Bonow RO, Buse J, Deedwania P, Gale

EA, et al. Intensive glycemic control and the prevention of car-

diovascular events: implications of the ACCORD, ADVANCE,

and VA Diabetes Trials: a position statement of the American

Diabetes Association and a Scientific Statement of the American

College of Cardiology Foundation and the American Heart

Association. J Am Coll Cardiol. 2009;53(3):298–304.

7. Holst JJ, Deacon CF, Vilsboll T, Krarup T, Madsbad S. Gluca-

gon-like peptide-1, glucose homeostasis and diabetes. Trends

Mol Med. 2008;14(4):161–8.

8. van Genugten RE, Moller-Goede DL, van Raalte DH, Diamant

M. Extra-pancreatic effects of incretin-based therapies: potential

benefit for cardiovascular-risk management in type 2 diabetes.

Diabetes Obes Metab. 2013;15(7):593–606.

9. Hojberg PV, Zander M, Vilsboll T, Knop FK, Krarup T, Volund

A, et al. Near normalisation of blood glucose improves the

potentiating effect of GLP-1 on glucose-induced insulin secretion

in patients with type 2 diabetes. Diabetologia. 2008;51(4):

632–40.

10. Aaboe K, Krarup T, Madsbad S, Holst JJ. GLP-1: physiological

effects and potential therapeutic applications. Diabetes Obes

Metab. 2008;10(11):994–1003.

11. Drucker DJ. The biology of incretin hormones. Cell Metab.

2006;3(3):153–65.

12. DeFronzo RA, Okerson T, Viswanathan P, Guan X, Holcombe

JH, MacConell L. Effects of exenatide versus sitagliptin on

postprandial glucose, insulin and glucagon secretion, gastric

emptying, and caloric intake: a randomized, cross-over study.

Curr Med Res Opin. 2008;24(10):2943–52.

13. Madsbad S. Exenatide and liraglutide: different approaches to

develop GLP-1 receptor agonists (incretin mimetics)–preclinical

and clinical results. Best Pract Res. 2009;23(4):463–77.

14. Drucker DJ, Sherman SI, Gorelick FS, Bergenstal RM, Sherwin

RS, Buse JB. Incretin-based therapies for the treatment of type 2

diabetes: evaluation of the risks and benefits. Diabetes Care.

2010;33(2):428–33.

15. Abu-Hamdah R, Rabiee A, Meneilly GS, Shannon RP, Andersen

DK, Elahi D. Clinical review: the extrapancreatic effects of

glucagon-like peptide-1 and related peptides. J Clin Endocrinol

Metab. 2009;94(6):1843–52.

16. Dunkley AJ, Charles K, Gray LJ, Camosso-Stefinovic J, Davies

MJ, Khunti K. Effectiveness of interventions for reducing dia-

betes and cardiovascular disease risk in people with metabolic

syndrome: systematic review and mixed treatment comparison

meta-analysis. Diabetes Obes Metab. 2012;14(7):616–25.

17. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Re-

aven PD, et al. Glucose control and vascular complications in

veterans with type 2 diabetes. N Engl J Med. 2009;360(2):

129–39.

18. Gerstein HC, Miller ME, Byington RP, Goff DC Jr, Bigger JT,

Buse JB, et al. Effects of intensive glucose lowering in type 2

diabetes. N Engl J Med. 2008;358(24):2545–59.

19. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of

myocardial infarction and death from cardiovascular causes.

N Engl J Med. 2007;356(24):2457–71.

20. James WP, Caterson ID, Coutinho W, Finer N, Van Gaal LF,

Maggioni AP, et al. Effect of sibutramine on cardiovascular

outcomes in overweight and obese subjects. N Engl J Med.

2010;363(10):905–17.

21. Johnston SS, Conner C, Aagren M, Smith DM, Bouchard J, Brett

J. Evidence linking hypoglycemic events to an increased risk of

acute cardiovascular events in patients with type 2 diabetes.

Diabetes Care. 2011;34(5):1164–70.

22. Montanya E, Sesti G. A review of efficacy and safety data

regarding the use of liraglutide, a once-daily human glucagon-

like peptide 1 analogue, in the treatment of type 2 diabetes

mellitus. Clin Ther. 2009;31(11):2472–88.

23. Ristic S, Bates PC. Vildagliptin: a novel DPP-4 inhibitor with

pancreatic islet enhancement activity for treatment of patients

with type 2 diabetes. Drugs Today (Barc). 2006;42(8):519–31.

24. Treiman M, Elvekjaer M, Engstrom T, Jensen JS. Glucagon-like

peptide 1–a cardiologic dimension. Trends Cardiovasc Med.

2010;20(1):8–12.

1008 M. Haluzı́k et al.



25. Noyan-Ashraf MH, Momen MA, Ban K, Sadi AM, Zhou YQ,

Riazi AM, et al. GLP-1R agonist liraglutide activates cytopro-

tective pathways and improves outcomes after experimental

myocardial infarction in mice. Diabetes. 2009;58(4):975–83.

26. Lonborg J, Vejlstrup N, Kelbaek H, Botker HE, Kim WY, Ma-

thiasen AB, et al. Exenatide reduces reperfusion injury in patients

with ST-segment elevation myocardial infarction. Eur Heart J.

2012;33(12):1491–9.

27. Ban K, Noyan-Ashraf MH, Hoefer J, Bolz SS, Drucker DJ,

Husain M. Cardioprotective and vasodilatory actions of gluca-

gon-like peptide 1 receptor are mediated through both glucagon-

like peptide 1 receptor-dependent and -independent pathways.

Circulation. 2008;117(18):2340–50.

28. Ossum A, van Deurs U, Engstrom T, Jensen JS, Treiman M. The

cardioprotective and inotropic components of the postcondition-

ing effects of GLP-1 and GLP-1(9-36)a in an isolated rat heart.

Pharmacol Res. 2009;60(5):411–7.

29. Pyke C, Heller RS, Kirk RK, Orskov C, Reedtz-Runge S, Ka-

astrup P, et al. GLP-1 receptor localization in monkey and human

tissue: novel distribution revealed with extensively validated

monoclonal antibody. Endocrinology. 2014;155(4):1280–90.

30. Robinson LE, Holt TA, Rees K, Randeva HS, O’Hare JP. Effects

of exenatide and liraglutide on heart rate, blood pressure and

body weight: systematic review and meta-analysis. BMJ Open.

2013;3(1).

31. Deacon CF. Dipeptidyl peptidase-4 inhibitors in the treatment of

type 2 diabetes: a comparative review. Diabetes Obes Metab.

2011;13(1):7–18.

32. Deacon CF, Mannucci E, Ahren B. Glycaemic efficacy of glu-

cagon-like peptide-1 receptor agonists and dipeptidyl peptidase-4

inhibitors as add-on therapy to metformin in subjects with type 2

diabetes-a review and meta analysis. Diabetes Obes Metab.

2012;14(8):762–7.

33. Petrie JR. The cardiovascular safety of incretin-based therapies: a

review of the evidence. Cardiovasc Diabetol. 2013;12:130.

34. Hirshberg B, Raz I. Impact of the US Food and Drug Adminis-

tration cardiovascular assessment requirements on the develop-

ment of novel antidiabetes drugs. Diabetes Care. 2011;34(Suppl

2):S101–6.

35. White WB, Cannon CP, Heller SR, Nissen SE, Bergenstal RM,

Bakris GL, et al. Alogliptin after acute coronary syndrome in

patients with type 2 diabetes. N Engl J Med. 2013;369(14):

1327–35.

36. Scirica BM, Bhatt DL, Braunwald E, Steg PG, Davidson J,

Hirshberg B, et al. Saxagliptin and cardiovascular outcomes in

patients with type 2 diabetes mellitus. N Engl J Med.

2013;369(14):1317–26.

37. Monami M, Dicembrini I, Mannucci E. Dipeptidyl peptidase-4

inhibitors and heart failure: a meta-analysis of randomized clin-

ical trials. Nutr Metab Cardiovasc Dis. 2014;24(7):689–97.

38. Iqbal N, Parker A, Frederich R, Donovan M, Hirshberg B.

Assessment of the cardiovascular safety of saxagliptin in patients

with type 2 diabetes mellitus: pooled analysis of 20 clinical trials.

Cardiovasc Diabetol. 2014;13:33.

39. Lo Re V 3rd, Haynes K, Ming EE, Wood Ives J, Horne LN,

Fortier K, et al. Safety of saxagliptin: rationale for and design of a

series of postmarketing observational studies. Pharmacoepidem-

iol Drug Saf. 2012;21(11):1202–15.

40. Standl E, Erbach M, Schnell O. Dipeptidyl-peptidase-4 inhibitors

and heart failure: class effect, substance-specific effect, or chance

effect? Curr Treat Options Cardiovasc Med. 2014;16(12):353.

41. Poornima I, Brown SB, Bhashyam S, Parikh P, Bolukoglu H,

Shannon RP. Chronic glucagon-like peptide-1 infusion sustains

left ventricular systolic function and prolongs survival in the

spontaneously hypertensive, heart failure-prone rat. Circ Heart

Fail. 2008;1(3):153–60.

42. Sokos GG, Nikolaidis LA, Mankad S, Elahi D, Shannon RP.

Glucagon-like peptide-1 infusion improves left ventricular ejec-

tion fraction and functional status in patients with chronic heart

failure. J Cardiac Fail. 2006;12(9):694–9.

43. Hermansen K, Baekdal TA, During M, Pietraszek A, Mortensen

LS, Jorgensen H, et al. Liraglutide suppresses postprandial tri-

glyceride and apolipoprotein B48 elevations after a fat-rich meal

in patients with type 2 diabetes: a randomized, double-blind,

placebo-controlled, cross-over trial. Diabetes Obes Metab.

2013;15(11):1040–8.

44. Monami M, Lamanna C, Desideri CM, Mannucci E. DPP-4

inhibitors and lipids: systematic review and meta-analysis. Adv

Ther. 2012;29(1):14–25.

45. Matikainen N, Manttari S, Schweizer A, Ulvestad A, Mills D,

Dunning BE, et al. Vildagliptin therapy reduces postprandial

intestinal triglyceride-rich lipoprotein particles in patients with

type 2 diabetes. Diabetologia. 2006;49(9):2049–57.

46. Butler AE, Janson J, Bonner-Weir S, Ritzel R, Rizza RA, Butler

PC. Beta-cell deficit and increased beta-cell apoptosis in humans

with type 2 diabetes. Diabetes. 2003;52(1):102–10.

47. Wright A, Burden AC, Paisey RB, Cull CA, Holman RR, Group

UKPDS. Sulfonylurea inadequacy: efficacy of addition of insulin

over 6 years in patients with type 2 diabetes in the UK Prospective

Diabetes Study (UKPDS 57). Diabetes Care. 2002;25(2):330–6.

48. Kim W, Egan JM. The role of incretins in glucose homeostasis

and diabetes treatment. Pharmacol Rev. 2008;60(4):470–512.

49. Farilla L, Bulotta A, Hirshberg B, Li Calzi S, Khoury N, Nous-

hmehr H, et al. Glucagon-like peptide 1 inhibits cell apoptosis

and improves glucose responsiveness of freshly isolated human

islets. Endocrinology. 2003;144(12):5149–58.

50. Farilla L, Hui H, Bertolotto C, Kang E, Bulotta A, Di Mario U,

et al. Glucagon-like peptide-1 promotes islet cell growth and

inhibits apoptosis in Zucker diabetic rats. Endocrinology.

2002;143(11):4397–408.

51. Nyborg NC, Molck AM, Madsen LW, Knudsen LB. The human

GLP-1 analog liraglutide and the pancreas: evidence for the

absence of structural pancreatic changes in three species. Dia-

betes. 2012;61(5):1243–9.

52. Perfetti R, Zhou J, Doyle ME, Egan JM. Glucagon-like peptide-1

induces cell proliferation and pancreatic-duodenum homeobox-1

expression and increases endocrine cell mass in the pancreas of

old, glucose-intolerant rats. Endocrinology. 2000;141(12):4600–5.

53. Zhou J, Wang X, Pineyro MA, Egan JM. Glucagon-like peptide 1

and exendin-4 convert pancreatic AR42J cells into glucagon- and

insulin-producing cells. Diabetes. 1999;48(12):2358–66.

54. Shimizu S, Hosooka T, Matsuda T, Asahara SI, Koyanagi-Kim-

ura M, Kanno A, et al. DPP4 inhibitor vildagliptin preserves beta

cell mass through amelioration of ER stress in C/EBPB trans-

genic mice. J Mol Endocrinol. 2012;49(2):125–35.

55. Shimoda M, Kanda Y, Hamamoto S, Tawaramoto K, Hashi-

ramoto M, Matsuki M, et al. The human glucagon-like peptide-1

analogue liraglutide preserves pancreatic beta cells via regulation

of cell kinetics and suppression of oxidative and endoplasmic

reticulum stress in a mouse model of diabetes. Diabetologia.

2011;54(5):1098–108.

56. Lamont B, Andrikopoulos S. Is there preclinical evidence that

incretin-based therapies alter pancreatic morphology? J Endocri-

nol. 2014;221(1):T43–61.

57. Butler PC, Elashoff M, Elashoff R, Gale EA. A critical analysis

of the clinical use of incretin-based therapies: are the GLP-1

therapies safe? Diabetes Care. 2013;36(7):2118–25.

58. Denker PS, Dimarco PE. Exenatide (exendin-4)-induced pan-

creatitis: a case report. Diabetes Care. 2006;29(2):471.

59. Solanki NS, Barreto SG, Saccone GT. Acute pancreatitis due to

diabetes: the role of hyperglycaemia and insulin resistance.

Pancreatology. 2012;12(3):234–9.

Balancing Benefits and Risks in Patients Receiving Incretin-Based Therapies 1009



60. Cui Y, Andersen DK. Diabetes and pancreatic cancer. Endocr

Relat Cancer. 2012;19(5):F9–26.

61. Tatarkiewicz K, Belanger P, Gu G, Parkes D, Roy D. No evi-

dence of drug-induced pancreatitis in rats treated with exenatide

for 13 weeks. Diabetes Obes Metab. 2013;15(5):417–26.

62. Tatarkiewicz K, Smith PA, Sablan EJ, Polizzi CJ, Aumann DE,

Villescaz C, et al. Exenatide does not evoke pancreatitis and

attenuates chemically induced pancreatitis in normal and diabetic

rodents. Am J Physiol. 2010;299(6):E1076–86.

63. Koehler JA, Baggio LL, Lamont BJ, Ali S, Drucker DJ. Glucagon-

like peptide-1 receptor activation modulates pancreatitis-associ-

ated gene expression but does not modify the susceptibility to

experimental pancreatitis in mice. Diabetes. 2009;58(9):2148–61.

64. Koehler JA, Drucker DJ. Activation of glucagon-like peptide-1

receptor signaling does not modify the growth or apoptosis of

human pancreatic cancer cells. Diabetes. 2006;55(5):1369–79.

65. Matveyenko AV, Dry S, Cox HI, Moshtaghian A, Gurlo T, Ga-

lasso R, et al. Beneficial endocrine but adverse exocrine effects of

sitagliptin in the human islet amyloid polypeptide transgenic rat

model of type 2 diabetes: interactions with metformin. Diabetes.

2009;58(7):1604–15.

66. Rouse R, Xu L, Stewart S, Zhang J. High fat diet and GLP-1

drugs induce pancreatic injury in mice. Toxicol Appl Pharmacol.

2014;276(2):104–14.

67. Waser B, Blank A, Karamitopoulou E, Perren A, Reubi JC.

Glucagon-like-peptide-1 receptor expression in normal and dis-

eased human thyroid and pancreas. Mod Pathol. 2014. doi:10.

1038/modpathol.2014.113.

68. European Medicines Agency. Assessment report for GLP-1

based therapies. http://www.ema.europa.eu/docs/en_GB/document_

library/Report/2013/08/WC500147026.pdf.

69. Steinberg W, Devries JH, Wadden TA, Bjorn Jensen C, Bo

Svendsen C, Rosenstock J. Longitudinal monitoring of lipase and

amylase in adults with type 2 diabetes and obesity: evidence from a

two phase 3 randomized clinical trials with the once-daily GLP-1

analog liraglutide. Gastroenterology. 2012;142(5, Suppl 1):S850–1.

70. Steinberg WM, Nauck MA, Zinman B, Daniels GH, Bergenstal

RM, Mann JF, et al. LEADER 3-lipase and amylase activity in

subjects with type 2 diabetes: baseline data from over 9000

subjects in the LEADER Trial. Pancreas. 2014;43(8):1223–31.

71. Elashoff M, Matveyenko AV, Gier B, Elashoff R, Butler PC.

Pancreatitis, pancreatic, and thyroid cancer with glucagon-like

peptide-1-based therapies. Gastroenterology. 2011;141(1):150–6.

72. Drucker DJ, Sherman SI, Bergenstal RM, Buse JB. The safety of

incretin-based therapies–review of the scientific evidence. J Clin

Endocrinol Metab. 2011;96(7):2027–31.

73. Dore DD, Seeger JD, Arnold Chan K. Use of a claims-based

active drug safety surveillance system to assess the risk of acute

pancreatitis with exenatide or sitagliptin compared to metformin

or glyburide. Curr Med Res Opin. 2009;25(4):1019–27.

74. Dore DD, Bloomgren GL, Wenten M, Hoffman C, Clifford CR,

Quinn SG, et al. A cohort study of acute pancreatitis in relation to

exenatide use. Diabetes Obes Metab. 2011;13(6):559–66.

75. Monami M, Dicembrini I, Nardini C, Fiordelli I, Mannucci E.

Glucagon-like peptide-1 receptor agonists and pancreatitis: a

meta-analysis of randomized clinical trials. Diabetes Res Clin

Pract. 2014;103(2):269–75.

76. Monami M, Dicembrini I, Mannucci E. Dipeptidyl peptidase-4

inhibitors and pancreatitis risk: a meta-analysis of randomized

clinical trials. Diabetes Obes Metab. 2014;16(1):48–56.

77. Raz I, Bhatt DL, Hirshberg B, Mosenzon O, Scirica BM, Umez-

Eronini A, et al. Incidence of pancreatitis and pancreatic cancer in

a randomized controlled multicenter trial (SAVOR-TIMI 53) of

the dipeptidyl peptidase-4 inhibitor saxagliptin. Diabetes Care.

2014;37(9):2435–41.

78. Meier JJ, Nauck MA. Risk of pancreatitis in patients treated with

incretin-based therapies. Diabetologia. 2014;57(7):1320–4.

79. LeRoux CW, Lau D, Astrup A, Fujioka K, Greenway F, Halpern

A, et al. Safety and tolerability of liraglutide 3.0 mg in over-

weight and obese adults: the SCALE Obesity and Prediabetes

randomised trial. EASD meeting 2014, ePoster No 903. 2014.

80. Butler AE, Galasso R, Matveyenko A, Rizza RA, Dry S, Butler

PC. Pancreatic duct replication is increased with obesity and type

2 diabetes in humans. Diabetologia. 2010;53(1):21–6.

81. Butler PC, Dry S, Elashoff R. GLP-1-based therapy for diabetes:

what you do not know can hurt you. Diabetes Care. 2010;33(2):

453–5.

82. Butler AE, Campbell-Thompson M, Gurlo T, Dawson DW,

Atkinson M, Butler PC. Marked expansion of exocrine and

endocrine pancreas with incretin therapy in humans with

increased exocrine pancreas dysplasia and the potential for glu-

cagon-producing neuroendocrine tumors. Diabetes. 2013;62(7):

2595–604.

83. Cohen D. Has pancreatic damage from glucagon suppressing

diabetes drugs been underplayed? BMJ. 2013;346:f3680.

84. Bonner-Weir S, In’t Veld PA, Weir Gc. Reanalysis of study of

pancreatic effects of incretin therapy: methodological deficien-

cies. Diabetes Obes Metab. 2014;16(7):661–6.

85. Egan AG, Blind E, Dunder K, de Graeff PA, Hummer BT,

Bourcier T, et al. Pancreatic safety of incretin-based drugs–FDA

and EMA assessment. N Engl J Med. 2014;370(9):794–7.

1010 M. Haluzı́k et al.

http://dx.doi.org/10.1038/modpathol.2014.113
http://dx.doi.org/10.1038/modpathol.2014.113
http://www.ema.europa.eu/docs/en_GB/document_library/Report/2013/08/WC500147026.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Report/2013/08/WC500147026.pdf

	Balancing Benefits and Risks in Patients Receiving Incretin-Based Therapies: Focus on Cardiovascular and Pancreatic Side Effects
	Abstract
	Introduction
	Incretin-Based Therapies
	Cardiovascular Effects of Glucose-Lowering Medications
	Cardiovascular Effects of Incretin-Based Therapies
	Incretin-Based Therapies and Surrogate Markers of Cardiovascular Risk
	Pancreatic Effects of Incretin-Based Therapies
	Incretin-Based Therapies, Pancreatitis, and Pancreatic Cancer
	Conclusions and Practical Considerations
	Acknowledgments
	References


