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THE ROLE OF INCRETIN-BASED THERAPIES IN THE MANAGEMENT OF TYPE 2
DIABETES MELLITUS: PERSPECTIVES ON THE PAST, PRESENT AND FUTURE
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The ever-increasing burden of type 2 diabetes mellitus (T2DM) worldwide, has led to the emergence of several antidiabetes
drugs with different modes of action. Incretin hormones and their effect on glucose metabolism and pathogenesis of T2DM
has been a landmark discovery in the management of this increasingly prevalent metabolic disorder. Glucagon like
peptide-1 (GLP-1) receptor agonists and dipeptidyl peptidase-4 (DPP-4) inhibitors are the two major classes of incretin-
based therapies that regulate glucose mechanism through multiple pathways, demonstrate weight loss (GLP-1 receptor
agonists) or a weight-neutral effect (DPP-4 inhibitors), and are associated with a low risk of hypoglycaemia and other
adverse events. In addition, evidence reflects their possible therapeutic potential in the treatment of other clinical conditions
such as obesity, cardiovascular disease and liver disorders. This review explores the availability and the impact of GLP-1
receptor agonists and DPP-4 inhibitors as potential therapeutic strategies for T”2DM along with their future in the landscape
of diabetes management and other clinical conditions.
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POJIb TEPANMN HA OCHOBE MHKPETUHOB B JIEHEHUN CAXAPHOIO AUABETA 2 TUNA:
MPOLNOE, HACTOALUEE N BYAYLUEE

© Juris J. Meier

OunabeTtnyeckuin ueHTp boxym-XaTTuHreH, 6onbHuua Ceatoro Nocnda, Pypckuin yHusepcutet, boxym, lfepmaHua

MocToAHHO yBenMuMBalLanca pacnpoCcTpaHeHHOCTb caxapHoro Anabeta 2 Trna (C12) Bo Bcem mMupe npriBena K nosene-
HUIO HECKOJTbKUX MPOTUBOANABETUYECKUX NTEKAPCTBEHHbIX MPEMnapaToB C Pas/IMYHbIMU MeXaHU3Mamn gencTens. MHkpetun-
HOBbIE FTOPMOHbI 1 VX BISIHWE Ha MeTaboNn3M roKo3bl 1 natoreHes CL12 cTanu 3HaKOBbIM OTKPbITUEM B JIeYEHNN 3TOMO BCE
6onee pacnpoCcTpaHEHHOro HapylueHMA obMeHa BelecTB. ArOHMCTbI peLenTopa rokaroHonogobHoro nentuga-1 (MMN-1)
W MHrMbuTOopbl annentuaunnentugasol-4 (AMNM-4) npeactaBnAlT cO60M ABa OCHOBHbIX Kacca rnpenapaToB AnAa jleueHus
Ha OCHOBE MHKPETUHOB, KOTOPbIe Pa3fiyHbIMK CNOCOBaMmn PerynnpyoT MexaHn3m YCBOEHMSA MIOKO3bl, MPY 3TOM CHUMXatoT
maccy Tena (aroHucTbl peuentopa [MIM-1) nnu He BAnAOT Ha Maccy Tena (MHrmbutopbl AMNM-4) 1 cBA3aHbI C HU3KMM PUCKOM
TUMNOFNKEMUN 1 [PYTUX HeXXenaTenbHbIX ABNeHUN. Kpome Toro, flaHHble YKa3blBaloT Ha MX BO3MOXHbIV TepaneBTUYeCcKuin
noTeHUMan Npu neyeHnm Apyrux KNMHUUYECKUX COCTOAHNI, TaKUX KaK OXMpPeHne, cepaeyHo-cocyamcTble 3aboneBaHms 1 3a-
6oneBaHNA neyeHn. B 3Tom 0630pe paccMaTpMBaOTCA MMEIOLMECS Ha CErOAHAWHUIA AeHb aroHUCTbl peuenTtopa MM-1
1 nHrnéutopsbl AMNM-4 1 nx ncnonb3oBaHme B BOIMOXHbIX cTpaTerusax neyeHna C12, a Takxe nx byaylyee B KOHTEKCTe fleve-
HuA auabeta n gpyrux 3abonesaHui.

KJTKOYEBBIE CJIOBA: cepOeyHO-cocyoucmas cucmema; uHeubumopel 0unenmuousinenmuodssl-4; 2/10K0303a8UCUMbIU UHCYIUHOMPONHbIU
nosnunenmuo; 2moka2o0Hono006HbIl nenmud-1; aeoHucmel peuenmopa [Til1-1; mepanus Ha 0CHO8e UHKPEMUHO8; caxapHeiti duabem 2 muna

The ever-increasing prevalence of type 2 diabetes mel-
litus (T2DM), which currently affects 425 million individuals
worldwide, is associated with deleterious long-term com-
plications [1]. This necessitates focussed efforts to address
the pathogenesis of this disease along with its outcomes.
One of the hallmarks of the pathophysiology of T2DM is
the progressive deterioration of pancreatic B-cells that
leads to decreased insulin secretion and increased gluca-
gon production by the a-cells of the pancreas [2, 3]. Thus,
therapies aimed to increase insulin secretion and decrease
glucagon secretion along with minimal adverse effects are
desirable and have the potential to alter the natural progres-
sion of T2DM and eventually help achieve good glycaemic
control.
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INCRETIN HORMONES AND MANAGEMENT OF T2DM

Incretin hormones are gastrointestinal (Gl) peptides
secreted after nutrient exposure that stimulate insulin se-
cretion. The improved understanding of the incretin effect
and its impact on the pathophysiology of T2DM has been
instrumental in the development of incretin-based ther-
apies. ‘Incretin effect’ is defined as the increase in plasma
insulin levels induced by oral glucose intake as compared
to intravenous infusion of glucose [4]. The two major human
incretin hormones that contribute equally to the incretin
effect are the glucose-dependent insulinotropic polypep-
tide (GIP) and glucagon-like peptide-1 (GLP-1) [5]. While GIP,
a 42 amino acid hormone is secreted by duodenal and prox-
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imal jejunal K-cells, GLP-1 is a 36 amino acid peptide prod-
uct of the proglucagon gene synthesised in L-cells primarily
found in the distal small bowel and colon [5-71.

GIP plays a key role in maintaining glucose homeostasis
by mediating incretin effect in healthy individuals; howev-
er, this effect is diminished in patients with T2DM. Contrast-
ingly, the insulinotropic properties of GLP-1 are preserved
in patients with T2DM, which makes it a potential therapeu-
tic option for management of this metabolic disorder [8-10].
In addition to its insulinotropic effect, GLP-1 reduces gluca-
gon secretion, decreases Gl motility, delays gastric empty-
ing, promotes satiety, helps in $-cell neogenesis and pres-
ervation, improves insulin sensitivity and increases glucose
disposal [11]. GLP-1 has several pleiotropic effects that can
be helpful for the treatment of patients with T2DM and asso-
ciated comorbidities (Figure 1). Several studies have shown
beneficial effects of GLP-1 on cardiovascular (CV) function,
endothelial dysfunction and neurodegenerative disorders,
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however, long-term clinical studies are warranted to support
the existing data [10].

INCRETIN-BASED THERAPIES FOR THE TREATMENT
OF T2DM

In healthy individuals, the incretin effect can account for
50%-70% [12] of the insulin response after administering
oral glucose, whereas this comes down to 20%-35% [13,
14] in patients with T2DM. This diminished incretin effect
contributes to hyperglycaemia in T2DM. The incretin-based
therapies therefore act by either mirroring or enhancing
the GLP-1 activity in patients with T2DM [15].

Broadly, the incretin-based therapies currently avail-
able are GLP-1 receptor agonists and dipeptidyl pepti-
dase-4 (DPP-4 inhibitors). GLP-1 receptor agonists are
incretin mimetics, whereas the DPP-4 inhibitors enhance
incretin levels by inhibiting their clearance. These incre-
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Figure 1. Effect of GLP-1 on different tissues and organs, and the therapeutic potential of incretin-based therapies: GLP-1, glucagon-like peptide-1; NAFLD,
nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; T1D, type 1 diabetes; T2DM, type 2 diabetes mellitus
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tin-based therapies also help overcome the short half-life
(1-2 minutes) of native GLP-1 by preventing its inactivation
by DPP-4 enzymes [15].

GLP-1 receptor agonists are peptide-based therapies ad-
ministered subcutaneously to prevent degradation by Gl en-
zymes. They are resistant to inactivation by DPP-4 enzymes
and have a high affinity towards the GLP-1 receptors, which
leads to long-standing receptor activation. Primarily, they
are categorised as short- and long-acting compounds based
on their pharmacokinetic profile providing intermittent or
continuous exposure, respectively. The GLP-1 receptor ago-
nists based on the structure of native GLP-1 are termed as
GLP-1 analogues [15].

Short-acting GLP-1 receptor agonists such as exenatide
and lixisenatide are resistant to inactivation by the DPP-4
enzyme, however have a plasma half-life of 2-3 hours,
because they are eliminated via renal route. Long-acting
GLP-1 receptor agonists such as exenatide LAR (long acting
release), liraglutide, semaglutide, albiglutide, dulaglutide,
efpeglenatide and ITCA 650 (subdermal release of exenati-
de) have been modified technically to avoid renal elimina-
tion and maintain continuous activation of GLP-1 recep-
tors [10, 16] (Table 1).

Short-acting GLP-1 receptor agonists display inter-
mittent stimulation of the GLP-1 receptor, with slow-
ing of gastric emptying being one of the main effects
by which they reduce postprandial glucose excursions.
Long-acting GLP-1 receptor agonists mediate their glu-
cose-lowering effect mainly through their constant gluca-
gonostatic and insulinotropic properties, with substantial
reductions in fasting plasma glucose and glycated hae-
moglobin (HbA ). Both short- and long-acting GLP-1 re-
ceptor agonists demonstrate a reduction in appetite and
body weight [10, 16].

An alternative approach to overcome the short half-life
of the native GLP-1 is the inhibition of the DPP-4 enzyme
that results in enhancing and prolonging the action
of GLP-1. The DPP-4 inhibitors are orally active small mol-
ecules that inhibit the catalytic site of the DPP-4 enzyme
and increase GLP-1 and GIP levels. They are also known
to increase insulin secretion, reduce glucagon secretion
and improve glycaemic control. Sitagliptin, vildagliptin,
saxagliptin, linagliptin and alogliptin are the commonly
used DPP-4 inhibitors that have been effective in lowering
HbA, levels both as monotherapy and in combination with
other classes of antidiabetic drugs such as metformin, sul-
phonylureas, thiazolidinediones and insulin. In studies up
to 52 weeks, DPP-4 inhibitors demonstrated a reduction
of HbA]c by 6-11 mmol/mol (0.6%-1.1%) from the baseline
with no weight gain and fewer hypoglycaemic events and/
or adverse events [17].

While both GLP-1 receptor agonists and DPP-4 inhib-
itors do not vary in their potential to lower HbA1C levels,
the former therapy results in weight loss whereas the latter
has a weight-neutral effect. One of the common adverse
effects associated with GLP-1 receptor agonists is nausea,
which is not experienced in patients receiving DPP-4 inhib-
itors [18].
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THE FUTURE OF INCRETIN-BASED THERAPIES

In addition to the existing incretin-based therapies, there
has been focused research on developing potential avenues
for future development of this class of therapy to overcome
the existing challenges such as prolonged GLP-1 receptor
activation, reducing associated adverse events and for op-
timising treatment.

The first oral GLP-1 analogue under clinical devel-
opment is a combination of semaglutide with sodium
N-[8-(2-hydroxybenzoyl) aminocaprylate] (SNAC), an ab-
sorption enhancer absorbed via the transcellular route.
Semaglutide tablets are absorbed in the stomach, where
SNAC causes a localised increase in pH, this in turn leads
to higher solubility and prevents proteolytic degradation.
This new oral formulation may lead to patient acceptance
and adherence versus the injectable forms [19].

Other developments include osmotic minipumps that
release exenatide for a long duration (~6 months), and
fixed-ratio combinations of GLP-1 analogues and basal in-
sulin that are effective and have reduced Gl side effects [20].

Another approach to enhance the metabolic effects
of GLP-1 receptor agonist is its combination with GIP.
A 26-week study of a dual GIP and GLP-1 receptor agonist,
LY3298176, showed significantly better efficacy in terms
of glucose control and weight loss versus dulaglutide, with
an acceptable safety and tolerability profile [21]. Similar-
ly, a balanced dual GLP-1 and glucagon-receptor agonist,
MEDI0382, has demonstrated clinically meaningful reduc-
tions in blood glucose levels and body weight in obese or
overweight individuals with T2DM. Adverse events such
as Gl disorders, nausea and vomiting were associated with
MEDI0382, which may be due to the use of glucagon [22].
The currently available and emerging incretin-based thera-
pies are listed in Table 1.

THERAPEUTIC BENEFITS OF INCRETIN-BASED
THERAPIES BEYOND GLYCAEMIC CONTROL

CV risk is higher among patients with T2DM and serious
concerns around CV safety prompted the US Food and Drug
Agency to mandate CV outcome trials for new T2DM treat-
ments [23] including incretin-based therapies.

GLP-1 receptor agonists such as liraglutide [24], sema-
glutide [25] and albiglutide [26] reduce the risk of major ad-
verse cardiac events (MACE). In the LEADER (liraglutide) trial,
the CV benefit was driven by a significant reduction in death
from CV causes (hazard ratio [HR] 0.78; 95% confidence in-
terval [Cl]: 0.66-0.93; P=0.007) whereas in SUSTAIN-6 (sema-
glutide), there was a significant reduction in nonfatal stroke
(HR 0.61; 95% Cl: 0.38-0.99; P=0.04) [24, 25]]. The recently
reported HARMONY trial (albiglutide) demonstrated su-
periority to placebo with respect to MACE (HR 0-78; 95%
Cl: 0-68-0-90; P=0.0006) [26].

On the other hand, lixisenatide [27] and extended-re-
lease exenatide [28] had a neutral effect (lixisenatide: HR
1.02; 95% Cl: 0.89-1.17; P<0.001, and exenatide: HR 0.91,
95% Cl: 0.83-1.00; P<0.001) on the CV outcomes. These
findings have translated into the updated T2DM guidelines
where emphasis is on the presence of CV disease as a key
element to guide the selection of a GLP-1 receptor agonist
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Table 1. Current and emerging incretin-based therapies

Drug class

Drug name

Current therapies

Short-acting

GLP-1RA:
compounds

Exenatide and lixisenatide

Long-acting
compounds

Liraglutide, exenatide LAR, albiglutide, dulaglutide, and semaglutide

DPP-4 inhibitors

Sitagliptin, vildagliptin, alogliptin, saxagliptin, and linagliptin

Emerging or future therapies

GLP-1 RA: Long-acting compounds

ITCA 650 (subdermal exenatide release) and efpeglenatide

GLP-1 analogue/basal insulin

Insulin degludec/liraglutide and insulin glargine/lixisenatide

Triple peptide agonists or antagonists

HM15211 and NN9423 (GLP-1/glucagon/GIP)

GLP-1/other gut hormones
(glucagon, GIP, PYY, gastrin, etc.)

MEDI0382 (GLP-1/glucagon) and LY3298176 (GLP-1/GIP)

Oral enhancers of GLP-1

SNAC, G-protein-coupled receptors, nuclear farnesoid-receptor X,

and the G-protein coupled bile acid-activated receptor (TGR5)

Sources: Andersen et al. 2018; Meier and Nauck 2015. DPP-4, dipeptidyl peptidase-4; GIP, glucose-dependent insulinotropic polypeptide; GLP-1, gluca-
gon-like peptide-1; LAR, long acting release; PYY, Peptide YY; RA, receptor agonist; SNAC, sodium N-[8-(2-hydroxybenzoyl) aminocaprylate]

as the second glucose-lowering agent to be added to met-
formin. The addition of a GLP-1 receptor agonist is recom-
mended in patients with atherosclerotic CV disease if HbA,_
is above the target level [29].

DPP-4 inhibitors such as sitagliptin (HR 0.98; 95%
Cl: 0.88-1.09; P<0.001) [30], saxagliptin (HR 1.00; 95%
Cl: 0.89-1.12; P<0.001) [31] and alogliptin (HR 0.96 [95%
upper limit <1.16]; P<0.001) [32], and the recently reported
trial with linagliptin (HR 1.02;95% Cl:0.89-1.17; P<0.001) [33],
have demonstrated neither a decrease nor increase of CV
events. Although not associated with any increase in mor-
tality, saxagliptin demonstrated an increased risk of hospi-
talisation for heart failure. While no CV outcome trials were
planned for vildagliptin, a meta-analysis of MACE (consisting
of adjudicated nonfatal myocardial infarction, nonfatal stroke
and CV death) that included data from all of the randomised
Phase llI-IV trials reaffirmed the CV safety of vildagliptin ver-
sus comparators (risk ratio [RR] 0.82; 95% Cl: 0.61-1.11) [34].

Overall, the underlying mechanisms for the CV ben-
efit are not well elucidated; the potential factors may in-
clude changes in insulin resistance, weight loss, reduction
in blood pressure, improved lipid profile and direct effects
on the heart and vascular endothelium [35], which require
further in-depth studies for conclusive evidence.

A meta-analysis including patients with nonalcoholic fat-
ty liver disease (NAFLD) and T2DM treated with either a GLP-
1 receptor agonist or DPP-4 inhibitors, demonstrated reduc-
tions in biochemical markers of NAFLD and decreased signs
of inflammation, steatosis and fibrosis in biopsy samples and
imaging [36]. Liraglutide resulted in biopsy-confirmed reso-
lution of nonalcoholic steatohepatitis (NASH) in 39% of pa-
tients, compared with 9% in the placebo group in a 48-week
Phase Il study of 52 patients [37].
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Neurodegenerative diseases such as Parkinson’s disease
(PD) have been linked to impaired insulin signalling, which
resulted in an interest in utilising GLP-1 receptor agonists as
a potential therapeutic intervention for PD. Exenatide once
weekly has been shown to halt disease progression after
48 weeks of treatment and a 12-week washout period [38].

There have also been ongoing studies to utilise incre-
tin-based therapies to treat type 1 diabetes mellitus, pre-
diabetes, obesity and psoriasis (Meier and Nauck 2015;
Andersen et al. 2018). Although the preliminary results are
promising, further long-term clinical trials are warranted
to support the use of incretin-based therapies in these clini-
cal conditions (Figure 1).

CONCLUSION

In summary, incretin hormones play a crucial role
in the pathophysiology of glucose regulationin T2DM.Thein-
cretin-based therapies are effective in treatment of the key
underlying islet dysfunction of T2DM accompanied by a low
risk of adverse events and hypoglycaemia along with no
weight gain. The recently completed and ongoing studies
have also revealed a strong potential of this class of drugs
to broaden the therapeutic indications beyond glycaemic
control. Although there exists a wealth of evidence of incre-
tin-based therapies, it will be rather interesting to witness
a promising future with regard to further development
of this class of antidiabetes drugs.

ADDITIONAL INFORMATION
Acknowledgements. The article is based on the presentation by the au-
thor at Diabetes Scientific School “T2D patients’ journey: holistic approach

and quality of life” held at Moscow (11-12 April 2019). The author meets
the International Committee of Medical Journal Editors (ICMJE) criteria for

Diabetes Mellitus. 2019;22(5):461-466



465 | CaxapHbii gnabet / Diabetes Mellitus

OB30P

authorship for this manuscript, takes responsibility for the integrity of the

work as a whole, and has given final approval to the version to be pub-
lished. The author acknowledges Ishita Guha Thakurta PhD, CMPP of No-
vartis Healthcare Private Limited, India for medical writing support, which

was funded by Novartis Pharma AG, Basel, Switzerland, in accordance with

good publication practice (GPP3) guidelines (http://www.ismpp.org/gpp3).

Disclosures. JJM has received consulting and speaker honoraria from

Astra Zeneca, Eli Lilly, Merck, Sharp & Dohme, Novo Nordisk and Sanofi; and

has received research support from Eli Lilly, Boehringer Ingelheim, Merck,

Sharp & Dohme, Novo Nordisk, Novartis, and Sanofi.

CMNCOK IUTEPATYPbI | REFERENCES

International Diabetes Federation. IDF diabetes atlas. 8th ed. Brussels:
International Diabetes Federation; 2017 [cited 22 August 2019].
Available from: http://www.diabetesatlas.org

Muller WA, Faloona GR, Aguilar-Parada E, Unger RH. Abnormal
alpha-cell function in diabetes. Response to carbohydrate

and protein ingestion. N Engl J Med. 1970;283(3):109—115.

doi: https://doi.org/10.1056/NEJM197007162830301

Freeman JS. The pathophysiologic role of incretins. / Am Osteopath
Assoc. 2007;107(Suppl 3):56-S9.

Deacon CF, Ahrén B. Physiology of incretins in health

and disease. Rev Diabet Stud. 2011;8(3):293—306.

doi: https://doi.org/10.1900/RDS.2011.8.293

Drucker DJ, Nauck MA. The incretin system: glucagon-like
peptide-1 receptor agonists and dipeptidyl peptidase-4

inhibitors in type 2 diabetes. Lancet. 2006;368(9548):1696—1705.
doi: https://doi.org/10.1016/50140-6736(06)69705-5

Takeda J, Seino Y, Tanaka K, et al. Sequence of an intestinal

¢DNA encoding human gastric inhibitory polypeptide

precursor. Proc Natl Acad Sci U S A. 1987;84(20):7005—7008.

doi: https://doi.org/10.1073/pnas.84.20.7005

Kreymann B, Williams G, Ghatei MA, Bloom SR.

Glucagonlike peptide-1 7-36: a physiological

incretin in man. Lancet. 1987;2(8571):1300—1304.

doi: https://doi.org/10.1016/50140-6736(87)91194-9

Nauck, MA, Heimesaat MA, @rskov C, et al. Preserved incretin
activity of glucagon-like peptide 1 [7-36 amide] but not

of synthetic human gastric inhibitory polypeptide in patients

with type-2 diabetes mellitus. J Clin Invest. 1993;91(1):301-307.

doi: https://doi.org/10.1172/jci116186

Nauck MA, Kleine N, @rskov C, et al. Normalization of fasting
hyperglycaemia by exogenous glucagon-like peptide 1 (7-36 amide)
in Type 2 (non-insulin-dependent) diabetic patients. Diabetologia.
1993;36(8):741-744. doi: https://doi.org/10.1007/bf00401145
Meier JJ. GLP-1 receptor agonists for individualized treatment

of type 2 diabetes mellitus. Nat Rev Endocrinol. 2012;8(12):728—742.
doi: https://doi.org/10.1038/nrendo.2012.140

Drucker DJ. Enhancing incretin action for the treatment

of type 2 diabetes. Diabetes Care. 2003;26(10):2929-2940.

doi: https://doi.org/10.2337/diacare.26.10.2929

Nauck MA, Homberger E, Siegel EG, et al. Incretin effects of
increasing glucose loads in man calculated from venous insulin and
C-peptide responses. J Clin Endocrinol Metab. 1986;63(2):492—498.
doi: https://doi.org/10.1210/jcem-63-2-492

Knop FK, Vilsball T, Hgjberg PV, et al. Reduced incretin effect in type
2 diabetes: cause or consequence of the diabetic state? Diabetes.
2007;56(8):1951-1959. doi: https://doi.org/10.2337/db07-0100
Vardarli |, Nauck MA, Kéthe LD, et al. Inhibition of DPP-4 with
vildagliptin improved insulin secretion in response to oral as well as
“isoglycemic”intravenous glucose without numerically changing
the incretin effect in patients with type 2 diabetes. J Clin Endocrinol
Metab. 2011;96(4):945-954. doi: https://doi.org/10.1210/jc.2010-2178
Ahrén B. The future of incretin-based therapy: novel avenues —
novel targets. Diabetes Obes Metab. 2011;13(Suppl 1):158-166.

doi: https://doi.org/10.1111/j.1463-1326.2011.01457 x

Andersen A, Lund A, Knop FK, Vilsbgll T. Glucagon-like peptide

1 in health and disease. Nat Rev Endocrinol. 2018;14(7):390—403.
doi: https://doi.org/10.1038/541574-018-0016-2

Ahrén B. Clinical results of treating type 2 diabetic patients with
sitagliptin, vildagliptin or saxagliptin — diabetes control and
potential adverse events. Best Pract Res Clin Endocrinol Metab.
2009;23(4):487—-498. doi: https://doi.org/10.1016/j.beem.2009.03.003
Freeman JS. Role of the incretin pathway in the pathogenesis

of type 2 diabetes mellitus. Cleve Clin J Med. 2009;76 Suppl 5:512—19.
doi: https://doi.org/10.3949/ccjm.76.55.03

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Davies M, Pieber TR, Hartoft-Nielsen M-L, et al. Effect of oral
semaglutide compared with placebo and subcutaneous
semaglutide on glycemic control in patients with type 2 diabetes:
a randomized clinical trial. JAMA. 2017;318(15):1460-1470.

doi: https://doi.org/10.1001/jama.2017.14752

Meier JJ, Nauck MA. Incretin-based therapies: where will we

be 50 years from now? Diabetologia. 2015;58(8):1745—1750.

doi: https://doi.org/10.1007/500125-015-3608-6

Frias JP, Nauck MA, Van J, et al. Efficacy and safety of LY3298176, a
novel dual GIP and GLP-1 receptor agonist, in patients with type 2
diabetes: a randomised, placebo-controlled and active comparator-
controlled phase 2 trial. Lancet. 2018;392(10160):2180-2193.

doi: https://doi.org/10.1016/50140-6736(18)32260-8

Ambery P, Parker VE, Stumvoll M, et al. MEDIO382, a GLP-1 and
glucagon receptor dual agonist, in obese or overweight patients with
type 2 diabetes: a randomised, controlled, double-blind, ascending
dose and phase 2a study. Lancet. 2018;391(10140):2607-2618.

doi: https://doi.org/10.1016/50140-6736(18)30726-8

Guidance document: Diabetes mellitus-evaluating cardiovascular risk
in new antidiabetic therapies to treat type 2 diabetes. Silver Spring,
MD, U.S. Food and Drug Administration; 2008 [content current as of
2018 September 19]. Available from: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/diabetes-mellitus-
evaluating-cardiovascular-risk-new-antidiabetic-therapies-treat-type-
2-diabetes

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and
cardiovascular outcomes in type 2 diabetes. N Engl J Med.
2016;375(4):311-322. doi: https://doi.org/10.1056/NEJMoa1603827
Marso SP, Bain SC, Consoli A, et al. Semaglutide and

cardiovascular outcomes in patients with type 2

diabetes. N Engl J Med. 2016;375(19):1834—1844.

doi: https://doi.org/10.1056/NEJMoa1607141

Hernandez AF, Green JB, Janmohamed S, et al. Albiglutide

and cardiovascular outcomes in patients with type

2 diabetes and cardiovascular disease (Harmony

Outcomes): a double-blind, randomised placebo-

controlled trial. Lancet. 2018;392(10157):1519—1529.

doi: https://doi.org/10.1016/50140-6736(18)32261-X

Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in

patients with type 2 diabetes and acute coronary

syndrome. N Engl J Med. 2015;373(23):2247—-2257.

doi: https://doi.org/10.1056/NEJMoa1509225

Holman RR, Bethel MA, Mentz R, et al. Effects of once-

weekly exenatide on Cardiovascular Outcomes in Type

2 Diabetes. N Engl J Med. 2017;377(13):1228—1239.

doi: https://doi.org/10.1056/NEJM0a1612917

Davies MJ, D'Alessio DA, Fradkin J, et al. Management of
hyperglycaemia in type 2 diabetes, 2018. A consensus report by the
American Diabetes Association (ADA) and the European association
for the study of diabetes (EASD). Diabetologia. 2018;61(12):2461—-2498.
doi: https://doi.org/10.1007/s00125-018-4729-5

Green JB, Bethel MA, Armstrong PW, et al; TECOS Study

Group. Effect of sitagliptin on cardiovascular outcomes

in type 2 diabetes. N Engl J Med. 2015;373(3):232—242.

doi: https://doi.org/10.1056/NEJMoa1501352

Scirica BM, Bhatt DL, Braunwald E, et al; SAVOR-TIMI

53 Steering Committee and Investigators. Saxagliptin

and cardiovascular outcomes in patients with type 2

diabetes mellitus. N Engl J Med. 2013;369(14):1317—1326.

doi: https://doi.org/10.1056/NEJMoa1307684

White WB, Cannon CP, Heller SR, et al; EXAMINE Investigators.
Alogliptin after acute coronary syndrome in patients with

type 2 diabetes. N Engl J Med. 2013;369(14):1327—1335.

doi: https://doi.org/10.1056/NEJMoa1305889

CaxapHbIi Arabert. 2019;22(5):461-466

doi: 10.14341/DM10493

Diabetes Mellitus. 2019;22(5):461-466


http://www.ismpp.org/gpp3
http://www.diabetesatlas.org
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/diabetes-mellitus-evaluatin
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/diabetes-mellitus-evaluatin
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/diabetes-mellitus-evaluatin
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/diabetes-mellitus-evaluatin

REVIEW

33.  Rosenstock J, Perkovic V, Johansen OE, et al. Effect of linagliptin
vs placebo on major cardiovascular events in adults with
type 2 diabetes and high cardiovascular and renal risk: the

CARMELINA randomized clinical trial. JAMA. 2019;321(1):69—79.

doi: https://doi.org/10.1001/jama.2018.18269

34.  Mclnnes G, Evans M, Del Prato S, et al. Cardiovascular and
heart failure safety profile of vildagliptin: a meta-analysis of
17 000 patients. Diabetes Obes Metab. 2015;17(11):1085—-1092.
doi: https://doi.org/10.1111/dom.12548

35.  Ussher JR, Drucker DJ. Cardiovascular actions of incretin-
based therapies. Circ Res. 2014;114(11):1788—1803.
doi: https://doi.org/10.1161/CIRCRESAHA.114.301958

AUTHORS INFO

36.

37.

38.

CaxapHbin guabet / Diabetes Mellitus | 466

Carbone LJ, Angus PW, Yeomans ND. Incretin-based therapies for
the treatment of non-alcoholic fatty liver disease: a systematic
review and meta-analysis. J Gastroenterol Hepatol. 2016;31(1):23—31.
doi: https://doi.org/10.1111/jgh.13026

Armstrong MJ, Gaunt P, Aithal GP, et al. Liraglutide safety

and efficacy in patients with non-alcoholic steatohepatitis

(LEAN): a multicentre, double-blind, randomised, placebo-
controlled phase 2 study. Lancet. 2016;387(10019):679—690.

doi: https://doi.org/10.1016/50140-6736(15)00803-X

Athauda D, Maclagan K, Skene SS, et al. Exenatide once weekly
versus placebo in Parkinson’s disease: a randomised, double-blind,
placebo-controlled trial. Lancet. 2017;390(10103):1664—1675.

doi: https://doi.org/10.1016/S0140-6736(17)31585-4

Juris J. Meier, MD, PhD, Professor; address: Diabetes Center Bochum-Hattingen, St. Josef-Hospital, Ruhr-University
Bochum, D-44791 Bochum, Germany; ORCID: https://orcid.org/0000-0002-5835-8019

e-mail: juris.meier@rub.de

TO CITE THIS ARTICLE:

Meier JJ. The role of incretin-based therapies in the management of type 2 diabetes mellitus: perspectives on the past,
present and future. Diabetes Mellitus. 2019;22(5):461-466. doi: 10.14341/DM10493

LUUTUPOBATb:

Meier JJ. Ponb Tepanun Ha OCHOBE MHKPETMHOB B JIEUEHUW CaxapHOro AnabeTa 2 Tvna: NpoLuioe, HacTosLwee u 6yayulee //
Caxaptbili ouabem. — 2019. — T. 22. — N25. — C. 461-466. doi: 10.14341/DM10493

CaxapHbIi Arabert. 2019;22(5):461-466

doi: 10.14341/DM10493

Diabetes Mellitus. 2019;22(5):461-466


mailto:juris.meier@rub.de

