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Agenda

 Proposed mechanisms for cardiorenal protection by DPP-4 inhibitors

 Cardiovascular outcomes with DPP-4 inhibitors

 Renal outcomes with DPP-4 inhibitors

 Treatment with DPP-4 inhibitors in patients with impaired renal function
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Mechanisms of cardiorenal protection by incretins

Muskiet MHA et al. Nat Rev Nephrol. 2014;10:88–103

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Mechanisms of cardiorenal protection by incretins

Muskiet MHA et al. Nat Rev Nephrol. 2017; 13:605–628
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Mechanisms of cardiorenal protection by DPP-4 inhibitors

Muskiet MHA et al. Nat Rev Nephrol. 2014;10:88–103
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*
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Mechanisms of cardiorenal protection by DPP-4 inhibitors

Ussher JR, Drucker DJ. Endocr Rev. 2012;33:187–215
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Cardiovascular outcome trials (CVOTs) with DPP-4 inhibitors

SAVOR-TIMI1 EXAMINE2 TECOS3 CARMELINA4

N 16,492 5,380 14,671 6,979

Inclusion criteria High CV risk or
prior CV event

ACS within 15-90 days
before recruitment

High CV risk or
prior CV event High CV and renal risk

Intervention saxagliptin vs. placebo alogliptin vs. placebo sitagliptin vs. placebo linagliptin vs. placebo

Age (years) 65 61 65 66

Diabetes durat (yearbs) 10 7 12 15

History of CVD (%) 78 100 74 90

HbA1c (%) 8.0 8.0 7.2 8.0

BMI (kg/m2) 31.0 28.7 30.2 31.3

History of HF (%) 12.8 28.0 18.0 26.4

Follow-up (years) 2.1 1.8 3.0 2.2

Primary endpoint 3-point MACE 3-point MACE 4-point MACE 3-point MACE

1. Scirica BM et al. N Engl J Med. 2013;369:1317–1326
2. White WB et al. N Engl J Med. 2013;369:1327–1335

3. Green JB et al. N Engl J Med. 2015;373:232–242
4. Rosenstock J et al. JAMA. 2019;321:69–79
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Cardiovascular outcome trials (CVOTs) with DPP-4 inhibitors

3P-MACE HHF
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Cardiovascular outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR) 
– Thrombolysis in Myocardial Infarction (TIMI) 53 study

Scirica BM et al. N Engl J Med. 2013;369:1317–1326

Primary end point: composite of CV death, non-fatal 
myocardial infarction and non-fatal (ischemic) stroke

Secondary end point: composite of CV, non-fatal myocardial 
infarction non-fatal (ischemic) stroke, hospitalization for 

unstable angina, coronary revascularization, or heart failure
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Cardiovascular outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR) 
– Thrombolysis in Myocardial Infarction (TIMI) 53 study

Scirica BM et al. N Engl J Med. 2013;369:1317–1326
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Cardiovascular outcomes with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINE) study

White WB et al. N Engl J Med. 2013;369:1327–1335

Primary end point* Cardiovascular mortality All-cause mortality

* composite of CV death, non-fatal myocardial infarction and non-fatal (ischemic) stroke
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Cardiovascular outcomes with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINE) study

White WB et al. N Engl J Med. 2013;369:1327–1335

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Cardiovascular outcomes with sitagliptin

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Green JB et al. N Engl J Med. 2015;373:232–242

composite of:
• CV death
• non-fatal myocardial 

infarction
• non-fatal stroke
• hospitalization for 

unstable angina

composite of:
• CV death
• non-fatal myocardial 

infarction
• non-fatal stroke
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Cardiovascular outcomes with sitagliptin

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Green JB et al. N Engl J Med. 2015;373:232–242
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Cardiovascular outcomes with sitagliptin

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Green JB et al. N Engl J Med. 2015;373:232–242
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Cardiovascular outcomes with linagliptin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA) study

Rosenstock J et al. JAMA. 2019;321:69–79
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Cardiovascular outcomes with linagliptin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA) study

Rosenstock J et al. JAMA. 2019;321:69–79
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Cardiovascular outcomes with DPP-4 inhibitors

Alfayez OM et al. Can J Diabetes. 2019;43;538–545

Meta-analysis of CVOTs with DPP-4 inhibitors
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Cardiovascular outcomes with DPP-4 inhibitors

Meta-analysis of CVOTs with DPP-4 inhibitors

Alfayez OM et al. Can J Diabetes. 2019;43;538–545
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Cardiovascular outcomes with DPP-4 inhibitors

Meta-analysis of CVOTs with DPP-4 inhibitors

Alfayez OM et al. Can J Diabetes. 2019;43;538–545
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Risk of heart failure with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR) 
– Thrombolysis in Myocardial Infarction (TIMI) 53 study

Scirica BM et al. Circulation. 2014;130:1579–1588
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Risk of heart failure with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR) 
– Thrombolysis in Myocardial Infarction (TIMI) 53 study

Scirica BM et al. Circulation. 2014;130:1579–1588

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Risk of heart failure with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINE) study

Zannad F et al. Lancet 2015;385:2067–2076
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Risk of heart failure with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINE) study

Zannad F et al. Lancet 2015;385:2067–2076
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Risk of heart failure with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINE) study

Zannad F et al. Lancet 2015;385:2067–2076
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Risk of heart failure with sitagliptin

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

McGuire DK et al. JAMA Cardiol. 2016;1:126–135
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Risk of heart failure with sitagliptin

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

McGuire DK et al. JAMA Cardiol. 2016;1:126–135

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Risk of heart failure with DPP-4 inhibitors

McGuire DK et al. JAMA Cardiol. 2016;1:126–135Scirica BM et al. Circulation. 2014;130:1579–1588
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Risk of heart failure with DPP-4 inhibitors vs comparators

Meta-analysis of Randomized Clinical Trials with DPP-4 inhibitors

Wu S et al. Cardiovasc Ther. 2014;32:147–158

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Risk of heart failure with DPP-4 inhibitors vs sulphonyureas (+ metformin)

Kim KJ et al. Cardiovasc Diabetol. 2019;18:28

Retrospective study from the Korean National Health Insurance Service-Health Screening Cohort (NHIS-HEALS)

23,674 patients  with 
type 2 diabetes
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Risk of heart failure with DPP-4 inhibitors vs sulphonyureas or thiazolidinediones

Fadini GP et al. Eur Heart J. 2015;36:2454–2462

Retrospective study from the Nationwide OsMed Health-DB Database

127,555 patients  
with type 2 diabetes
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Risk of heart failure with DPP-4 inhibitors vs GLP-1 receptor agonists

Dawwas GK et al. Cardiovasc Diabetol. 2018;17:102

Retrospective cohort study of patients with type 2 diabetes newly initiated on DPP-4 inhibitors or GLP-1 agonists

321,606 patients  
with type 2 diabetes
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Serious hypoglycemic events and cardiovascular risk

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Standl E et al. Diabetes Care. 2018;41:596–603

Previous SHEs increase the subsequent risk of CV events Previous CV events increase the subsequent risk of SHEs

Standl E, Diabetes Care 2018
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Renal outcomes with sitagliptin

Cornel JH et al. Diabetes Care. 2016;39:2304–2310

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Estimated overall 
mean difference: -1.34 
ml/min/1.73m2 (95%CI 
-1.76, -0.91), p<0.001
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Renal outcomes with sitagliptin

Cornel JH et al. Diabetes Care. 2016;39:2304–2310

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Estimated overall 
mean difference:

-0.18 mg/g (95%CI -
0.35, -0.02), p<0.031
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Renal outcomes with saxagliptin

Scirica BM et al. N Engl J Med. 2013;369:1317–1326

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR)
– Thrombolysis in Myocardial Infarction (TIMI) 53 study

Worsening microalbuminuria Improving microalbuminuria
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Worsening, or improvement are defined as a shift from baseline ACR category 
(<3.4, ≥3.4 to ≤33.9, or >33.9 mg/mmol). †P<0.001 vs placebo; ‡P = 0.0058 vs placebo.

†
††

†
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‡
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Renal outcomes with saxagliptin

Scirica BM et al. N Engl J Med. 2013;369:1317–1326

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR)
– Thrombolysis in Myocardial Infarction (TIMI) 53 study

Treatment difference in the number and proportion of patients with albumin/creatinine ratios  that worsened, did 
not change, or improved is defined as a shift from baseline category (<3.4, ≥3.4 to ≤33.9, or >33.9 mg/mmol).   
†P<0.001 vs placebo; ‡P = 0.0058 vs placebo.

∆% HbA1c 0.30%
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Renal outcomes with saxagliptin

Mosenzon O et al. Diabetes Care. 2017;40:69–76

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR)
– Thrombolysis in Myocardial Infarction (TIMI) 53 study
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Renal outcomes with saxagliptin

Mosenzon O et al. Diabetes Care. 2017;40:69–76

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR)
– Thrombolysis in Myocardial Infarction (TIMI) 53 study
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Renal outcomes with linagliptin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA) study

Rosenstock J et al. JAMA. 2019;321:69–79

* Composite of:
• sustained ESRD
• renal death
• sustained eGFR decline

from baseline >40%

*
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Renal outcomes with linagliptin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA) study

Rosenstock J et al. JAMA. 2019;321:69–79

*
Microvascular end point: composite of:
• ESRD
• renal death
• sustained eGFR decline from 

baseline >50%
• albuminuria progression
• retinal photocoagulation
• anti–vascular endothelial growth

factor injection therapy
• vitreous hemorrhage
• diabetes-related blindness

Ocular end point: composite of:
• retinal photocoagulation
• anti–vascular endothelial growth

factor injection therapy
• vitreous hemorrhage
• diabetes-related blindness
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Renal outcomes with DPP-4 inhibitors

Meta-analysis of Randomized Clinical Trials with DPP-4 inhibitors

Bae JH et al. Endocrinol Metab. 2019;34:80–92

Changes in eGFR from baseline (mL/min/1.73 m2)
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Renal outcomes with DPP-4 inhibitors

Meta-analysis of Randomized Clinical Trials with DPP-4 inhibitors

Bae JH et al. Endocrinol Metab. 2019;34:80–92

Microalbuminuria Macroalbuminuria

Albuminuria regression ESRD

0.89 (0.80. 0.98) 100.00 0.77 (0.61. 0.97) 100.00

1.22 (1.10. 1.35) 100.00
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Treatment with DPP-4 inhibitors in CKD

Singh-Franco D et al. SAGE Open Med. 2016;4:2050312116659090

Meta-analysis of studies with DPP-4 inhibitors in patients with type 2 diabetes with moderate to severe CKD

Change in HbA1c Adverse events
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Treatment with DPP-4 inhibitors in ESRD

Park SH et al. Medicine. 2016;95:32(e4543)

Retrospective study reviewed in patients with type 2 diabetes on renal replacement therapy

Hemodialysis

Peritoneal dialysis
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Treatment with DPP-4 inhibitors in ESRD

Chan SY et al. Int J Cardiol. 2016;218:170–175

Nationwide observational study in patients with type 2 diabetes on renal replacement therapy
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Therapeutic algorithm for adults with type 2 diabetes and impaired GFR

Pugliese G et al. Nutr Metab Cardiovasc Dis. 2019; 29:1127–1150

Joint position statement of the Italian Diabetes Society and the Italian Society of Nephrology

eGFR
(ml/min/1.73m2)

DPP4 inhibitors

Sitagliptin ↓ dose
(50 mg/day)

↓ dose
(25 mg/day)

Vildagliptin ↓ dose
(50 mg/day)

Saxagliptin ↓ dose
(2.5 mg/day)

Linagliptin

Alogliptin ↓ dose
(12.5 mg/day)

↓ dose
(6.25 mg/day)

90  85  80  75  70  65  60  55  50  45  40  35  30  25  20  15  10   5
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Therapeutic algorithm for adults with type 2 diabetes

Davies MJ et al. Diabetologia. 2018;61:2461–2498

American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) Consensus Report 
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Conclusions

Cardiovascular safety
(↑ risk for heart failure

with saxagliptin)

Renal safety
(↓ albuminuria,

whole eGFR range)

No hypoglycemia
Weight neutral
Safe risk profile

DPP-4 
inhibitors
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