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Overview

• Gliptins/DPP-4 inhibitors: mechanism of action

• Efficacy, tolerability and safety of Gliptins

• Role in current Guidelines

• Cardiovascular outcome trials (CVOTs)

• Special populations

• Conclusions



Incretins modulate insulin and glucagon secretion after meals

Ingestão de alimentos

Células β

Libertação de  
hormonas 
intestinais -
incretinas*

Pâncreas

 Secreção de insulina dependente 
da glicemia pelas células β,
(GLP-1 and GIP)

Absorção de 
glicose pelo 
músculo

Secreção de glucagon 
dependente da glicemia
pelas células α,

(GLP-1)

Aparelho GI

GLP-1 & GIP
activos

enzima
DPP-4

GIP
Inactivo

GLP-1
Inactivo

* As hormonas incretinas GLP-1 e GIP são libertadas pelo intestino ao longo do dia; os seus 
níveis aumentam como resposta à ingestão de uma refeição.

Produção 
de glicose 
pelo fígado

Glicemia em jejum e 
pós-prandal

Células α

GLP-1=peptídeo-1 semelhante ao glucagon; GIP=peptídeo insulinotrópico dependente da glicose.
Brubaker PL et al. Endocrinology 2004;145:2653–2659; Zander M et al. Lancet 2002;359:824–930; Ahren B. Curr Diab Rep 2003;3:365–372; Buse JB et al. In Williams 
Textbook of Endocrinology. 10th ed. Philadelphia, Saunders, 2003:1427–1483; Drucker DJ. Diabetes Care 2003;26:2929–2940. 



The primary glucose-lowering effect of metformin 
resides in the gut, not in the circulation

Nat. Med. 21, 506–511 (2015)
Nat Rev Endocrinol. 2015 Jul;11(7):390-2.

GLP-1 ↑ insulin
 glucagon

Diabetes Care. 2015 Aug 18. pii: dc150488



Sinergistic effect metformin-gliptin

GLP-1
inactive

(>80% of total)

GLP-1
active

Meal

DPP-4

GLP-1 release
In the gut GLP-1 t½=1–2 min

DPP-4=dipeptidil peptidase-4; GLP-1=glucagon-like peptide-1
Adaptado de Rothenberg P, et al. Diabetes. 2000; 49(suppl 1): A39. Abstract 160-OR.
Adaptado de Deacon CF, et al. Diabetes. 1995; 44: 1126-1131.

Metformin

Effect of vildagliptin on
GLP-1 levels

Vildagliptin Vildagliptin+ 
Metformin



Rui Duarte, Miguel Melo, José Silva Nunes. Revista Portuguesa de Diabetes. 2015; 10 (1): 40-48

Na ausência de estudos comparativos que demonstrem a superior eficácia a longo
prazo, não é possível fazer uma recomendação uniforme sobre o melhor fármaco a
associar à metformina.



Gliptins/DPP-4 inhibitors

DPP-4 inhibitor

Efficacy Intermediate

Hypoglycaemia
risk

Low risk

Weight Neutral

Side effects Rare

Costs High

Efficacy – Intermediate (?)

• Similar to other oral drugs when comparisons are made using the

same baseline A1C (↓ 0,7-0,8%)

• Lower when compared with GLP-1R agonists or insulin

Side effects - rare

• Excellent profile of tolerability and safety

• Elderly patients

May be used at any stage of Chronic Kidney Disease



Impact of intensive treatment of glycemia: 
summary of major clinical trials



Summary (UKPDS, ACCORD, VADT)

• An intensive approach to hyperglycemiais always effective in preventing microvascular

complications (retinopathy and nephropathy) or its progression.

• Intensive treatment of hyperglycemia for the prevention of macrovascular complications is

only proven to be effective in younger patients, with short duration of disease and without

established cardiovascular disease.

• Long-term follow-up was necessary to show benefit!



Antidiabetic therapies and cardiovascular risk

Studies should include older patients, with long duration of diabetes 
and established cardiovascular disease.



Timings and study details consulted at ClinicalTrials.gov.

CANVAS-R8

(n = 5700)
Albuminuria

2013 2014 2015 2016 2017 2018 2019

SAVOR-TIMI 531

(n = 16,492)
1,222 3P-MACE

EXAMINE2

(n = 5380)
621 3P-MACE

TECOS4

(n = 14,724)
≥ 1300 4P-MACE

LEADER6
(n = 9340)

≥ 611 3P-MACE

SUSTAIN-67
(n = 3297)
3P-MACE

DECLARE-TIMI 
5815

(n = 17,150)
≥ 1390 3P-MACE

EMPA-REG 
OUTCOME®5

(n = 7034)
≥ 691 3P-MACE

CANVAS10

(n = 4365)
≥ 420 3P-MACE

CREDENCE17

(n = 3700)
Renal + 5P-MACE

CAROLINA®11

(n = 6000)
≥ 631 4P-MACE

ITCA CVOT9
(n = 4000)
4P-MACE

EXSCEL14
(n = 14,000)

≥ 1591 3P-MACE

DPP4 inhibitor 
CVOTs

SGLT2 inhibitor 
CVOTs

GLP1 CVOTs
Ertugliflozin CVOT18

(n = 3900)
3P-MACE

OMNEON13

(n = 4000)
4P-MACE

CARMELINA12

(n = 8300)
4P-MACE + renal

REWIND16
(n = 9622)
≥ 1067 3P-

MACE

2021

ELIXA3
(n = 6068)

≥ 844 4P-MACE

Overview of Cardiovascular Outcomes Trials 
with antidiabetic agents



CVOTs with gliptins

1. N Engl J Med 2013 Oct 3;369(14):1317-26.

2. N Engl J Med 2015 Jul 16;373(3):232-42
3. N Engl J Med. 2013; 369:1327-35

SAVOR(1) TECOS*(2) EXAMINE(3)

Primary 
end-point

3-p MACE (cardiovascular death, nonfatal
myocardial infarction, or nonfatal ischemic stroke)

*hospitalization for unstable angina.

Design Multicenter, double blind and randomized

Treatment
Saxagliptin 
vs placebo

Sitagliptin vs 
placebo

Alogliptin vs 
placebo

Patients

16 492
Established 
CVD or high

risk

14 671
Established CVD

5380
Established CVD 

(ACS in the 
previous 15-90 

days)

Median 
follow-up

2.1 years 3 years 1.5 years

SAVOR(1) TECOS(2) EXAMINE(3)

Primary end-
points (MACE)

HR=1,00 
(0,89-1,12)

HR=0,98 
(0,88-1,09)

HR=0,96 
(≤1,16)

Heart failure HR=1,27
(1,07-1,51)

HR=1,00 
(0,83-1,20)

HR= 1,19 
(0,89-1,58)

Hypoglycemia 1,16 
(1,08-1,25)

1,12 
(0,89-1,40)

6,7% (A) 
vs 6,5% (P)



Putative explanations for the differences in HF outcomes

• Different population?

• The populations were more similar than different

• Different adjudication of Hospitalization for HF?

• all 3 studies used a similar well-defined HF end point, adjudicated by a blinded committee.

• Different pharmacological properties between gliptins?

• No reported differences regarding non-GLP-1 substrates (BNP)

Observational studies and meta-analyzes did not find any association between
gliptins and increased risk of hospitalization for HF.

JAMA Cardiol. 2016;1(2):123-125



Heart Failure (HF) events

• 0,43% (vilda) vs 0,45% (placebo)

• RR = 1,08 (95% CI 0,68-1,70)

Conclusions –Vildagliptin is not associated with an increased risk of adjudicated MACE relative to comparators.



Methods

• 254 patients with T2DM and heart failure (class I-III) 

and LVEF <0.40 

• Vildagliptin vs placebo

Results

• Mean change LVEF = 4.95±1.25% (vildagliptin) vs 

4.33±1.23% (ns)

• LVED and LVES volumes increased more in the 

vildagliptin group

Conclusions

• Vildagliptin had no major effect on LVEF

JACC Heart Fail. 2018 Jan;6(1):8-17



Design of major positive CVOTs

EMPA-REG1 (CANVAS+CANVAS-R)2 LEADER3*

n 7020 10,143 9340

Interventions EMPA/PBO (1:1:1) 

(10 mg, 25 mg, PBO)

CANA/PBO (1:1:1)

(100mg, 300mg, PBO)

LIRA/PBO (1:1) 

(1,2-1,8 mg, PBO)

Key inclusion 

criteria

•HbA1c >7% and <10%

•eGFR >30 mL/min

•Age >18 years

• Secondary prevention (99%)

○Previous CV event

•HbA1c >7% and <10.5%

• eGFR >30 ml/min

• Primary prevention: ~35%

○ ≥2 CV risk factors 

• Secondary prevention: ~65%

○ Established vascular complications 

• T2DM uncontrolled

• Primary prevention (~20%)

○ Age ≥60 + 1 or more risk factor

• Secondary prevention (-80%)

○ Established vascular complications

Primary 

endpoint

MACE (CV death, non-fatal MI, 

non-fatal stroke)

Pooled MACE (CV death, non-fatal MI, 

non-fatal stroke) from 

CANVAS & CANVAS-R

MACE (CV death, non-fatal MI,

non-fatal ischemic stroke)

1. Zinman B et al. N Engl J Med 2015;373:2117–2128; 2. https://clinicaltrials.gov/ct2/show/NCT01032629; 3 Marso SP, et al. N Engl J Med 2016;375:311-22



8.8%
of T2D
patients 
meet the 
inclusion 
criteria

39.8%
of T2D 
patients 
meet the 
inclusion 
criteria

4.1%
of T2D 
patients 
meet the 
inclusion 
criteria

The generalizability of the eligibility criteria of the 3 SGLT2 inhibitor CVOTs was assessed in 

the 2009−2010 and 2011−2012 NHANES databases

EMPA-REG OUTCOME CANVAS Program DECLARE-TIMI 58

CV, cardiovascular; CVOT, cardiovascular outcome trial; NHANES, National Health and Nutrition Examination Survey; SGLT2, 

sodium-glucose co-transporter 2; T2D, type 2 diabetes.

Wittbrodt ET et al. Am J Manag Care. 2018;24:S138-S145.

O Estudo DECLARE-TIMI 58 está a decorrer: https://clinicaltrials.gov/ct2/show/NCT01730534

Generalizability of the eligibility 
criteria for CVOTs in diabetes

https://clinicaltrials.gov/ct2/show/NCT01730534


Diabetes Care 2018;41(Suppl. 1):S73–S85



Proposed revised version of ADA/EASD Consensus for the treatment of hyperglycemia (under discussion)



Elderly patients: 
pitfalls in the treatment of hyperglycemia

Problem Drug class

Hypoglycemia risk SU, insulin

Gradual decline of GFR SU, metformin, iSGLT2*

Frailty GLP-1R agonists, iSGLT2

Therapeutic education with devices/ 
Caregivers support

GLP-1R agonists, insulin

* Loss of efficacy with reduction of GFR. Higher number of side effects related to 
volume deplection.



Therapeutic Algorithm: IAGG/European Diabetes 
Working Party for Older People1,2

1. Sinclair AJ et al. Diabetes Metab 2011;37(Suppl 3):S27-38
2. Sinclair A et al. J Am Med Dir Assoc 2012;13:497-502

Glucose targets:
• HbA1c=7.0-7.5%
• No FBG <6.0 mmol/L
• No initiation of therapy with FBG <7.0 mmol/L
• Avoid random glucose level >11.0 mmol/L

Alternative treatments:
DPP-4 inhibitors, or
Low-risk SU, or
Glinides

3-6 months
dietary and

lifestyle advice

Recommendations for Older Patients With Type 2 Diabetes (≥70 years)

Frailty criteria:
• Care home residency
• Significant cognitive decline
• Major lower limb mobility disorder
• History of disabling stroke

Lifestyle recommendations:
• Resistance training, balance, and 

cardiovascular fitness training
• Diabetes education

Not achieving
agreed glucose

targets

Metformin

Metformin + 
DPP-4

inhibitor

Metformin + 
insulin

Metformin contraindicated in
renal/hepatic dysfunction,
respiratory/heart failure,

anorexia, gastrointestinal disease

Further weight loss with a
GLP-1 agonist may have
adverse consequences

in a frail patient

Frailty associated with increased
hypoglycemia risk: caution

when using insulin or
sulfonylurea therapy

Alternative treatments:
Metformin + low-risk SU
Metformin + GLP-1 agonist
Metformin + pioglitazone

Alternative treatments:
Low-risk SU + insulin

Failure to achieve glucose targets

Failure to achieve glucose targets

Blood pressure targets:
<150/90 mmHg for patients ≥75 years and functionally 
dependent patients

Copyright © 2015 Eli Lilly and Company



Spanish Primary Care Network redGDPS

redGDPS2017



Compliance and persistence in the treatment 
of diabetes

Total
n=238.372
n=134.444

DPP-4 SU TZD GLP-RA

Farr AM, et al. Adv Ther. 2014 Dec;31(12): 1287-305 21. 
Buysman EK, et al. Adv Ther (2015) 32:341–355



Conclusions

• Gliptins are a cornerstone in the oral treatment of hyperglycemia, allowing improved 

control with low risk of hypoglycemia and weight neutrality.

• Gliptins have excellent tolerability and rare side effects.

• May be used through the whole spectrum of diabetes history:

• Elderly

• Chronic kidney Disease

• Higher compliance when compared to other options.

• Gliptins were the first class to prove cardiovascular safety in dedicated CVOTs.


