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Balancing risks and benefits

Benefits
Risks

Convenience
Cost

Benefits
Risks
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Evaluating the benefits…

• Mortality benefit
• Morbidity benefit

Hard 
outcomes

• HbA1c
• Body weight
• Lipid profile
• Cardiovascular risk factors

Surrogate 
outcomes
(clinically rilevant?)
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DPP-4 inhibitors and MACE

EXAMINE SAVOR/TIMI TECOS CARMELINA

Drug Alogliptin Saxagliptin Sitagliptin Linagliptin

Completion 2013 2013 2015 2018

Subjects, n 5,380 16,492 14,671 6,980

Study, years 1.5 2.1 3.0 2.2

DD, years 7.3 10.3 11.6 14.7

HbA1c, % 8.0 8.0 7.2 7.9

CVD, % 100 79 74 90

MACE drug vs 
placebo 
HR (95%CI)

11.3% vs 11.8% 
0.95

(0.81-1.13) 

7.4% vs 7.4% 
1.00 

(0.90-1.12) 

11.4% vs 11.6% 
0.99

(0.89-1.09) 

12.4% vs 12.1%
1.04

(0.90-1.19)

Meta-analysis 10.0% vs 10.1%; 0.99 (0.93-1.06)

Alfayez OM et al., Canadian Journal of  Diabetes, 43: 538-545, 2019
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EXAMINE SAVOR/TIMI TECOS CARMELINA

Drug Alogliptin Saxagliptin Sitagliptin Linagliptin

Completion 2013 2013 2015 2018

Subjects, n 5,380 16,492 14,671 6,980

Study, years 1.5 2.1 3.0 2.2

DD, years 7.3 10.3 11.6 14.7

HbA1c, % 8.0 8.0 7.2 7.9

HF, % 28 13 18 27

hHF drug vs 
placebo 
HR (95%CI)

3.1% vs 2.9% 
1.19

(0.90-1.58) 

3.5% vs 2.8% 
1.27 

(1.06-1.51) 

3.1% vs 3.1% 
1.00

(0.83-1.20) 

6.0% vs 6.5%
0.92

(0.76-1.11)

Meta-analysis* 3.8% vs 3.6%; 1.05 (0.87-1.28)

Alfayez OM et al., Canadian Journal of  Diabetes, 43: 538-545, 2019

DPP-4 inhibitors and HF
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Summary of  CVOTs with DPP4 inhibitors

*Ongoing.
1. Scirica et al. N Engl J Med 2013;369:1317–26. 2. White et al. N Engl J Med 2013;369:1327–35. 3. Green et al. N Engl J Med 2015; 
DOI: 10.1056/NEJMoa1501352.  4. Marx et al. Diabetes Vasc Dis Res 2015;12:164–74.  5. NCT01897532.  6. Scirica et al. Am Heart J 2011;162:818–25.e6.  7. Data on 
file (BI trial no. 1218.22 trial protocol). 8. NCT01243424.

SAVOR-TIMI 531 EXAMINE2 TECOS3 CARMELINA®5 CAROLINA®4

Intervention Saxagliptin/ placebo Alogliptin/
placebo Sitagliptin/ placebo Linagliptin/ placebo Linagliptin/ 

glimepiride

Main inclusion 
criteria

History of  or 
multiple risk factors 

for CVD

ACS within 15–90 
days before 

randomisation
CVD

High risk of                     
CV events                             

(e.g. albuminuria,
prior CVD)

≥ 2 specified 
traditional CV risk 
factors or manifest 

CVD

No. of  patients 16,492 5380 14,671 8300 6042

Primary outcome 3P-MACE 3P-MACE 4P-MACE 4P-MACE 4P-MACE

Median follow-up 2.1 years 1.5 years 3.0 years 2.2 years 6.3 years

Mean age 65 years 61 years 65 years 66 years 64 years

Diabetes duration 10.3 years 7.2 years 11.6 years 15 years 6.3 years

HbA1c 8.0% 8.0% 7.2% 8.0% 7.2%

Main Results HR 1.00                        
(95% CI 0.89–1.12)

HR 0.96                
(upper boundary of  

the one-sided 
repeated CI, 1.16)

HR 0.98                 
(95% CI, 0.89–1.08)

HR 1.02                      
(95% CI 0.89-1.17)

HR 0.98            
(95% CI 0.84-1.14)Diapositiva preparata da CRISTINA BIANCHI e ceduta alla Società Italiana di Diabetologia. 
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Sulphonylurea compared to DPP-4 inhibitors:
mortality and cardiovascular morbidity

Wang F. Medicine 2017; 96:36

Non-fatal CV events

Fatal CV events

CV  mortality

All-cause mortality

DPP-IV inhibitor DPP-IV inhibitorSulfonylurea Sulfonylurea

DPP-IV inhibitor DPP-IV inhibitorSulfonylurea Sulfonylurea

Diapositiva preparata da CRISTINA BIANCHI e ceduta alla Società Italiana di Diabetologia. 

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



Sulphonylurea compared to DPP-4 inhibitors:
mortality and cardiovascular morbidity

Eriksson JW. Diabetes Res Clin Pract 2016;117:39-47

52,760 patients; 77% started metformin + SU and 23% metformin + DPP-4i
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Mortality Risk among Sulfonylureas

Simpson SH et al Lancet Diabetes Endocrinol 2015;3:43–51

Data are pooled relative risks and 95% credible intervals calculated by network meta-analysis of direct and indirect evidence from 18 studies.
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* Non-fatal stroke, Non-fatal IM, CV mortality

0.5 1.0 2.0

Gliclazide better Standard better Relative risk p

Micro and Macrovascular events
(Primary end-point)

Macrovascular events*

Cardiovascular mortality

-10%

-6%

0.013

0.32

-12% 0.12

The ADVANCE Collaborative Group. N Engl J Med 2008; 358: 2560-2572

Intensive blood glucose control with gliclazide
and vascular outcomes

The ADVANCE study
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Pioglitazone and secondary prevention of  CV 
events in patients with type 2 diabetes 

- The PROactive Study -

Dormandy JA. Lancet 2005; 366: 1279–89

Primary endpoint*

*Death from any cause, non-fatal myocardial infarction (including 
silent myocardial infarction), stroke, acute coronary syndrome, leg 
amputation, coronary revascularisation, or revascularisation of  the 
leg.

Secondary endpoint**

**Death from any cause, non-fatal myocardial infarction (excluding 
silent myocardial infarction), or stroke.

Diapositiva preparata da CRISTINA BIANCHI e ceduta alla Società Italiana di Diabetologia. 

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



GLP-1 Ras and MACE
ELIXA LEADER SUSTAIN-6 EXSCEL HARMONY REWIND PIONER-6

Drug tested Lixisentide Liraglutide Semaglutide Exenatide
OW Albiglutide Dulaglutide Semaglutide

Dose 20 µg/day 1.8 mg/day 0.5-1 mg/wk 2 mg/wk 30-50mg/wk 1.5 mg/wk 14 mg/day
(oral)

N 6068 9340 3297 14752 9463 9901 3183

Women 31% 36% 39% 38% 31% 46% 32%

Age 60 years 64 years 65 years 62 years 64 years 66 years 66 years

BMI 30 Kg/m2 33 Kg/m2 31 Kg/m2 32 Kg/m2 32 Kg/m2 32 Kg/m2 32 Kg/m2

HbA1c 7.7% 8.7% 8.7% 8.0% 8.7% 7.3% 8.2%

Prior CVD 100% 81% 59% 73% 100% 31% 85%

Follow-up 2.1 years 3.8 years 2.1 years 3.2 years 1.6 years 5.4 years 1.3 years

MACE drug
vs placebo 
HR (95%CI) 

1.02         
(0.89-1.17)

0.87
(0.78-0.97)

0.74  
(0.58-0.95) 0.91           

(0.83-1.00)

0.78 
(0.68-0.90) 0·88

(0·79–0·99)
0.79

(0.57-1.11)

Meta-
analysis 0.88 (0.82-0.94)

Kristensen SL. Lancet Diabetes Endocrinol 2019
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© AstraZeneca 2018

SGLT-2 inhibitors and MACE

EMPA-REG CANVAS DECLARE CREDENCE

Drug Empagliflozin Canagliflozin Dapagliflozin Canagliflozin

Completion 2015 2017 2018 2019

Subjects, n 7,020 10,142 17,160 4,401

Study, years 3.1 2.4 4.2 2.6

DD, years -- 13.5 11.0 15.8

HbA1c, % 8.1 8.2 8.3 8.3

CVD, % 100 65.6 40.6 50.5

MACE drug vs 
placebo 
HR (95%CI) 

37.4% vs 43.9% 
0.86

(0.74-0.99) 

26.9% vs 31.5% 
0.86 

(0.75-0.97) 

22.6% vs 24.2% 
0.93 

(0.84-1.03) 

38.7% vs 48.7%
0.80

(0.67-0.95)

Meta-analysis* 0.89 (0.83-0.96)

Bell D et al. Diabetes Obes Metab, 21: 1277-1290, 2019, updated
* Excluding CREDENCE
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EMPA-REG CANVAS DECLARE CREDENCE

Drug Empagliflozin Canagliflozin Dapagliflozin Canagliflozin

Completion 2015 2017 2018 2019

Subjects, n 7,020 10,142 17,160 4,401

Study, years 3.1 2.4 4.2 2.6

DD, years -- 13.5 11.0 15.8

HbA1c, % 8.1 8.2 8.3 8.3

HF, % 10.1 14.4 10 14.8

hHF drug vs 
placebo 
HR (95%CI) 

9.4% vs 14.5% 
0.65 

(0.50-0.85) 

5.5% vs 8.7% 
0.67 

(0.52-0.87) 

6.2% vs 8.5% 
0.73 

(0.61-0.88) 

15.7% vs 25.3%
0.61

(0.47-0.80)

Meta-analysis* 0.69 (0.61-0.79)

Bell D et al. Diabetes Obes Metab, 21: 1277-1290, 2019, updated
* Excluding CREDENCE

SGLT-2 inhibitors and Heart failure
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236 trials randomizing 176,310 participants: CV mortality, 56 trials

Use of SGLT2-i, GLP1-RA, and DPP4-i and                       
all cause mortality in patients with type 2 diabetes

Zheng SL. JAMA 2018, 319: 1580-1591
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236 trials randomizing 176,310 participants: all myocardial infarction, 97 trials

Use of SGLT2-i, GLP1-RA, and DPP4-i and                       
myocardial infarction in patients with type 2 diabetes

Zheng SL. JAMA 2018, 319: 1580-1591
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236 trials randomizing 176,310 participants: heart failure, 58 trials

Use of SGLT2-i, GLP1-RA, and DPP4-i and                       
heart failure in patients with type 2 diabetes

Zheng SL. JAMA 2018, 319: 1580-1591
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The ORIGIN Trial Investigators. N Engl J Med 2012;367(4):319-28; Marso SP. N Engl J Med 2017;377(8):723-732

Basal Insulin and Cardiovascular outcomes

ORIGIN Trial DEVOTE Study
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Insulin compared to DPP-4 inhibitors:
mortality and cardiovascular morbidity

Nyström T. Diabetes Res Clin Pract 2017;123:199-208

27,767 metformin-treated patients, 55.7% started insulin and 44.3% a DPP-4i
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Cardiovascular safety of  glucose-lowering 
agents as add-on to Metformin

Ekström N. Diabetes Obes Metab 2016;18(10):990-8

20 422 patients included in the study, 43% started on second-line treatment with sulphonylurea (SU), 
21% basal insulin, 12% thiazolidinedione (TZD), 11% meglitinide, 10% dipeptidyl peptidase-4 (DPP-4) 

inhibitor, 1% glucagon-like peptide-1 (GLP-1) receptor agonist and 1% acarbose

All-cause mortality Cardiovascular disease
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Association of  second-line antidiabetic drugs
with Cardiovascular events

JAMA Netw Open. 2018;1(8):e186125

Retrospective cohort study among 132 737 insured adults with type 2 diabetes who started 
therapy with a second-line antidiabetic drugs after taking either metformin
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SGLT-2 inhibitors and composite renal outcomes

EMPA-REG CANVAS DECLARE CREDENCE

Drug Empagliflozin Canagliflozin Dapagliflozin Canagliflozin

Completion 2015 2017 2018 2019

Subjects, n 7,020 10,142 17,160 4,401

Study, years 3.1 2.4 4.2 2.6

DD, years -- 13.5 11.0 15.8

HbA1c, % 8.1 8.2 8.3 8.3

eGFR <60, % 25.5 20.1 7.4 58.9

m/M, % 28.7/11.0 22.6/7.6 23.9/6.9 --/100

CRO drug vs 
placebo 
HR (95%CI) 

1.7% vs 3.1% 
0.54 

(0.40-0.75) 

---% vs ---% 
0.60 

(0.47-0.77) 

4.3% vs 5.6% 
0.76

(0.67-0.87) 

43.2% vs 61.2%
0.60

(0.47-0.77)
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GLP-1 Ras and composite kidney outcome 
(including macroalbuminuria)

ELIXA LEADER SUSTAIN-6 EXSCEL HARMONY REWIND PIONER-6

Drug tested Lixisentide Liraglutide Semaglutide Exenatide
OW Albiglutide Dulaglutide Semaglutide

Dose 20 µg/day 1.8 mg/day 0.5-1 mg/wk 2 mg/wk 30-50mg/wk 1.5 mg/wk 14 mg/day
(oral)

N 6068 9340 3297 14752 9463 9901 3183

Women 31% 36% 39% 38% 31% 46% 32%

Age 60 years 64 years 65 years 62 years 64 years 66 years 66 years

BMI 30 Kg/m2 33 Kg/m2 31 Kg/m2 32 Kg/m2 32 Kg/m2 32 Kg/m2 32 Kg/m2

HbA1c 7.7% 8.7% 8.7% 8.0% 8.7% 7.3% 8.2%

eGFR 78 80 80 77 79 75 74

Follow-up 2.1 years 3.8 years 2.1 years 3.2 years 1.6 years 5.4 years 1.3 years

Meta-
analysis 0·83 (0·78–0·89)

Kristensen SL. Lancet Diabetes Endocrinol 2019
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Effects of  DPP-4 Inhibitors                              
on Renal Outcomes 

Bae JH.  Endocrinol Metab 2019;34:80-92

Microalbuminuria Macroalbuminuria

Regression of albuminuria End stage renal disease
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Evaluating the benefits…

• Mortality benefit
• Morbidity benefit

Hard 
outcomes

• HbA1c
• Body weight
• Lipid profile
• Cardiovascular risk factors

Surrogate 
outcomes
(clinically rilevant?)
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Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810–820
Fujita Y et al. J Diabetes Investing 2014; 5: 265-275
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Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810–820
Fujita Y et al. J Diabetes Investing 2014; 5: 265-275
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Diabetes drugs and surrogate endpoints

Drug Body Weight Hypertension Dyslipidemia

α-glucosidase inhibitors Neutral Improved Neutral

DPP-4 inhibitors Neutral Neutral Improved

GLP-1 agonists Loss Improved Improved

Insulin Gain Neutral Improved

Meglitinides Gain Neutral Neutral

SGLT2 inhibitors Loss Improved Neutral

Sulfonylureas Gain Neutral Neutral 

TZD Gain Improved Improved

Basile JN. J Diabetes Complications 2013;27(3):280-286
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Evaluating the risks…

Rare

Serious
side effects

Common

Bothersome 
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Common and rare side effects of  diabetes drugs
• Hypoglicemia
• Weight gainSU/Meglitinides

Edema/HF/Macular edema
Weight gain
Bone fractures

TZD

• Bloating and flatulence
• DiarrheaAcarbose

• Urticaria/angioedema
• Pancreatites?DPP-4 i

• Nausea/Vomiting/Diarrhea
• Pancreatites?GLP-1 RA

• Genitourinary infections
• Normoglycemic DKASGLT-2 I

• Hypoglycemia
• Weight gainInsulin
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Risk of  hypoglycemia                                  
with antidiabetic agents in monotherapy

Adattato da Palmer C. JAMA 2016 ;316(3):313-24
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Pratley RE. Lancet 2010; 375: 1447–56 

GLP-1 RA compared to DPP-4 inhibitors: 
nausea
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Zheng SL. JAMA 2018; 319: 1580-1591

Use of SGLT2-i, GLP1-RA, and DPP4-i and                       
adverse events leading to withdrawal
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Ho PM. Arch Intern Med 2006;166(17):1836-41

Medication nonadherence and risk of  hospitalization or 
mortality among patients with diabetes mellitus
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Long-Term Adherence

Far AM. Adv Ther 2014; 31:1287–1305

238372 patients (61399 DPP-4i, 134961 SU, 42012 TZD)

Adherence
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Long-Term Persistence

Far AM. Adv Ther 2014; 31:1287–1305

238372 patients (61399 DPP-4i, 134961 SU, 42012 TZD)

Persistence
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Persistence to treatment                                
with novel antidiabetic drugs

Jermendy G. Diabetes Ther 2018; 9:2133–2141
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Evaluating the risks…

Rare

Serious
side effects

Common

Bothersome 

Risks related to agenig and comorbidity
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Anti-Diabetes Medications in CKD

Adapted from: Hahr and Molitch. Clin Diabetes Endocrinol 2015;1:2 

CKD stage                     
eGFR (ml/min)

1-2                                    
>60

3a                             
60-45

3b                               
45-30

4                                    
30-15

5                    
Hemodialysis

Insulin

Glibenclamide

Glimepiride

Gliclazide

Repaglinide

Metformin

Pioglitazone

Acarbose

Sitagliptin

Vildagliptin

Saxagliptin

Alogliptin

Linagliptin

Canagliflozin

Dapagliflozin

Empagliflozin

Exenatide BID/OW

Liraglutide/Semaglutide

Dulaglutide

Caution Dose adjustment
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DPP4-inhibitors vs. conventional oral antidiabetics
as add-on to metformin in elderly patients 

The HYPOCRAS study

Penfornis A. Diabetes Metab 2012;38(6):550-7

1188 type 2 diabetes patients; mean age 71 years; baseline mean HbA1c 7.9%
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DPP4-inhibitors vs. conventional oral antidiabetics
as add-on to metformin in elderly patients 

The HYPOCRAS study

Penfornis A. Diabetes Metab 2012;38(6):550-7
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Convenience of  administration

PO

SC

QD 
to

QW

BID 
to

QID

Route of administration Frequency of administration

Diapositiva preparata da CRISTINA BIANCHI e ceduta alla Società Italiana di Diabetologia. 

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



Inhibitors Inducers

Sulfonylureas CYP29C9 inhibtor
• Clartromicin) ↑Glibenclamide +35%
• Fluconazole↑ Glimepiride 138%

CYP2C9 inducer
• Rifampin ↓gliclazide 70%
• Rifampin ↓ glimepiride 34%
• Rifampin ↓ glibenclamide 39%

Repaglinide CYP inhibitor
• Claritromicin +40%
• Cyclosporin +144%
• Gemfibrozil +712% (Avoid)
• Itraconazole +41%
• Itraconazole+gemfibrozil +1839 (Avoid)
• Trimetohprim +61%

CYP inducer
• Rifampin -32-85%

Pioglitazone CYP2C8 inhibitor
• Gemfibrozil +230%
• Trimethoprim +42%

CYP2C8 inducer
• Rifampin -54%

Relevant interactions with antidiabetic
medication in clinical routine (1)

Adapted from: https://hivclinic.ca/main/drugs_extra_files/Antihyperglycemic%20Agents%20Comparison%20Chart.pdf
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DPP-4 Inhibitors GLP-1 R. Agonists SGLT2is

Saxagliptin
CYP3A4 inhibitor::
• Diltiazem 109% 
• Ketoconazole 145%; 
consider reducing dose of  saxagliptin
by 50% (to 2.5 mg daily) 
CYP3A4 inducer: :
• Rifampin 76% 

Linagliptin
No significant metabolic drug
interactions
Sitagliptin
No significant metabolic interactions
Alogliptin
No metabolic drug interactions
Vildagliptin
No metabolic drug interactions

No known pharmacokinetic drug
interactions

Metabolized in the liver by 
glucuronidation without involvement
of  CYP enzymes. With the exception
of  canagliflozin, which should be 
given in a higher daily dose when co-
administered with UGT inducers such
as rifampicin, phenytoin or ritonavir, 
and which might increase digoxin
plasma levels

Relevant interactions with antidiabetic
medication in clinical routine (2)

Adapted from: https://hivclinic.ca/main/drugs_extra_files/Antihyperglycemic%20Agents%20Comparison%20Chart.pdf
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Cons

• Not shown to reduce mortality 
and/or cardiovascular 
complications

• Less effective than GLP-1RA at 
lowering HbA1c

• ± expensive

Pro

Reduce development or 
progression of  albuminuria

Durable lowering effect on HbA1c
Low risk of  hypoglycemia
Weight neutral
Well-tolerated
Ease of  use (no titration, low risk 

of  interaction with other drugs)
Safe in elderly
Safe in CKD

DPP-4 Inhibitors added to metformin
Summary
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Balancing risks and benefits

Benefits
Risks

Type of risk

Quantity of risk

Quality of evidence

Time to risk

Type of benefit

Quantity of benefit

Quality of evidence

Time to benefit

Cost & Convenience
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Nel momento della decisione, 
la cosa migliore che puoi fare è la cosa giusta, 
la seconda cosa migliore che puoi fare è la cosa sbagliata, 
mentre la cosa peggiore che puoi fare è non fare nulla. 

Theodore Roosevelt
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Grazie per l’attenzione!
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