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 Ringrazio caldamente la SID per lo straordinario contributo alla mia 

formazione culturale, scientifica e clinica.  

 Senza il fondamentale sostegno della SID non sarei oggi qui a 

presentare questa mia relazione. 
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Incident ESRD patients; rates adjusted for age, gender, & race. Data on the prevalence of diabetes in the general population obtained 
from the CDC’s Behavioral Risk Factor Surveillance System, at www.cdc.gov/brfss.  

Adjusted ESRD incident rates, by primary diagnosis, & diabetes  in the 
general population 
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Pugliese G et at. Nutr Metab Cardiovasc Dis 24: 815-822, 2014 

Prevalence of albuminuria and eGFR categoried and CKD stages (with stratification 
of subjects with Stages 3-5 CKD by albuminuria) in the RIACE cohort 
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Publiese G et at. Nutr Metab Cardiovasc Dis 24: 815-822, 2014 

Prevalence of major acute CVD events by CKD phenotype in the RIACE cohort 
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Landmark CV outcomes studies in type 2 diabetes   

 1. Intensive glucose control vs. standard-therapy on CV outcome: 

 UKPDS 

 ACCORD 

 ADVANCE 

 VADT 

 2. Glucose-lowering drugs vs. placebo on CV outcome: 

 HOME (metformin add on to insulin) 

 Origin (insulin glargine) 

 3. New glucose-lowering drugs vs. placebo on CV outcome after 2008 FDA guidance: 

 SAVOR-TIMI 53 (saxagliptin) 

 EXAMINE (alogliptin) 

 TECOS (sitagliptin) 

 ELIXA (lixisenatide) 

 EMPA-REG OUTCOME (empagliflozin) 

 LEADER (liraglutide) 

 SUSTAIN-6 (semaglutide) Diapositiva preparata da Giorgio Sesti e
 ceduta alla Società Ita
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Microvascular Endpoints 
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UKPDS 35. BMJ 2000; 321: 405-12 
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UKPDS 33 UKPDS 34 ACCORD ADVANCE VADT 

Protocol 
Characteristics 

A1C goals, %  
(I vs S)a 

FPG <108 
mg/dL vs. best 
achievable FPG 
with diet alone 

FPG <108 
mg/dL vs. 

best 
achievable 

FPG with diet 
alone 

<6.0 vs 7.0-
7.9 

6.5 vs based 
on local 

guidelines 

<6.0 (action if 
>6.5) vs planned 
separation of 1.5 

Protocol for 
glycemic 
control  

(I vs. S)a 

Sulfonylurea or 
insulin vs. diet 

alone 

Metformin, vs. 
diet alone 

 

Multiple 
drugs in 

both arms 

Multiple drugs 
added to 

gliclazide vs 
multiple drugs 

with no 
gliclazide 

Multiple drugs in 
both arms 

Management 
of other risk 

factors 

Embedded 
blood pressure 

trial 

Embedded 
blood 

pressure trial 

Embedded 
blood 

pressure 
and lipid 

trials 

Embedded 
blood pressure 

trial 

Protocol for 
intensive 

treatment in 
both arms 

aMedication rates for ACCORD are for any use during the study. 

I = intensive glycemic control; S = standard glycemic control. 

UKPDS, ACCORD, ADVANCE, and VADT 
Study Characteristics  

Turnbull FR, et al. Diabetologia 52:2288–2298, 2009 
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UKPDS 33 UKPDS 34 ACCORD ADVANCE VADT 

Outcomes 

HbA1c  
(Intensive vs. 

Standard) 

7.0 vs. 7.9%  
 

7.4 vs. 8.0 6.5 vs. 7.3%  6.4 vs. 7.5%  6.9 vs. 8.4%  

Definition 
of outcome 

21 clinical 
endpoints 

21 clinical 
endpoints 

 

Nonfatal MI, 
nonfatal 

stroke, CVD 
death 

Microvascular 
plus 

macrovascular 
(nonfatal MI, 

nonfatal stroke, 
CVD death) 
outcomes 

Nonfatal MI, 
nonfatal 

stroke, CVD 
death, 

hospitalizatio
n for heart 

failure, 
revascularizati

on 

RR for 
microalbu- 

minuria 

0.88 
(0.75-1.04) 

1.00 
(0.77-1.30) 

0.88 
(0.80-0.96) 

 

0.92 
(0.86-0.98) 

0.74 
(0.51-1.07) 

RR for End 
Stage Renal 

Disease 

0.74 
(0.33-1.67) 

 

1.20 
(0.17-8.49) 

0.91 
(0.73-1.15) 

0.35 
(0.18-0.70)  

0.64 
(0.25-1.64) 

 

UKPDS, ACCORD, ADVANCE, and VADT 
 Results 

Coca SG et al. Arch Intern Med 172(10):761-769, 2012 
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renal failure or death, vitreous haemorrhage or photocoagulation 346 of 
3867 patients (9%)  

Lancet 352:837-853, 1998 

  

P=0.0099 
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Years from randomisation 

Intensive 

Conventional 

UKPDS - Microvascular Endpoints (cumulative) 

Risk reduction 25% 

(95% CI: 7 % to 40%) 
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UKPDS 33: Microvascular events (Retinopathy and nephropathy) 

UKPDS 33 Lancet 352:837-853, 1998 

favours  
intensive 

favours 
conventional   RR     

      

    0.1 1 10 

      
  

Chlorpropamide (n=619)  

Glibenclamide (n=615) 

Insulin (n= 911) 

  
  

    
  
  

  
0.86 (0.63-1.17) 

0.66 (0.47-0.93) 

0.70 (0.52-0.93) 

  
  

P = 0.33 

P = 0.017 

P = 0.015 
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UKPDS 80: Extended effects of improved glycemic control in patients with 
newly diagnosed type 2 diabetes- Microvascular disease Hazard Ratio 

Intensive (SU/Ins) vs. Conventional glucose control 

(photocoagulation, vitreous haemorrhage, renal failure) 

HR (95%CI) 

Holman R.R. et al. N Engl J Med 359:1577-1589, 2008 
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UKPDS 34 Metformin substudy: Microvascular endpoints 
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Years from randomisation 

Conventional (411) 

Intensive (951) 

Metformin (342) 

UKPDS 34. Lancet 352:854-865, 1998 
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Intensive (metformin) vs. Conventional glucose control 

HR (95%CI) 

(Photocoagulation, vitreous haemorrhage, renal failure) 

Holman R.R. et al. N Engl J Med 359:1577-1589, 2008 

UKPDS 80: Extended effects of improved glycemic control in patients with 
newly diagnosed type 2 diabetes- Microvascular disease Hazard Ratio 
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Ismail-Beigi F  et al. Lancet 76:419-430, 2010 
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1st Composite Outcome:   

Development of renal failure or diabetic eye complications 

 Renal failure: initiation of dialysis or ESRD, renal transplantation, 

or irreversible rise of serum creatinine above 3.3 mg/dL 

 Eye complications: retinal photocoagulation or vitrectomy to 

treat diabetic retinopathy  

 

Essentially replicates UKPDS composite micro-vascular outcome 

Ismail-Beigi F  et al. Lancet 76:419-430, 2010 

Composite Microvascular Outcomes 
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Kaplan-Meier plots of the micro-vascular primary composite outcome 
 Data until transition of intensive glycemia group to standard therapy 

HR : 1.00  
(95% CI 0.88, 1.14) 

P = 0.99 

Ismail-Beigi F  et al. Lancet 76:419-430, 2010 
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1. Development of microalbuminuria  

 (albumin:creatinine ratio ≥30 and <300 mg/g) 

2. Development of macroalbuminuria  

 (albumin:creatinine ratio ≥ 300 mg/g)  

3. Development of renal failure  

 (initiation of dialysis or ESRD, or renal transplantation, or 

irreversible rise of serum creatinine above 3.3 mg/dL) 

4. Development of any of outcomes 1 to 3, above 

5. Doubling of baseline serum creatinine or more than 20 

 mL/min/1.73 m2 decrease in estimated GFR 

 

Nephropathy Outcomes 

Ismail-Beigi F  et al. Lancet 76:419-430, 2010 

Diapositiva preparata da Giorgio Sesti e
 ceduta alla Società Ita

liana di Diabetologia. 

Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Ismail-Beigi F  et al. Lancet 76:419-430, 2010 

Comparison of intensive and standard glycaemic therapy for development of 
microalbuminuria, until transition 
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Comparison of intensive and standard glycemic therapy for development of 
macroalbuminuria, until transition 

HR (95% CI):  
0.68 (0.54, 0.86)  

P = 0.0013 
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Ismail-Beigi F  et al. Lancet 76:419-430, 2010 
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N Engl J Med 358:2560-2572, 2008 
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Follow-up (months) 

25 

20 

15 

10 

5 

0 

Standard 

Intensive 

0 6 12 18 24 30 36 42 48 54 60 66 

Relative risk reduction 
14%: 95% CI: 3 to 23% 

P=0.015 

Major microvascular events 

N Engl J Med 358:2560-2572, 2008 
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Microvascular 526 605  14% (3 to 23) 

   New or worsening nephropathy 230 292  21% (7 to 34) 

   New or worsening retinopathy 332 349  5% (-10 to 18) 

Number of patients with event 

Intensive Standard 
(n=5,571) (n=5,569) 

Relative risk 
reduction (95% CI) 

Favors 
Intensive 

Favors 
Standard 

Hazard ratio 
0.5 1.0 2.0 

†P=0.01 

‡P=0.006 

† 

‡ 

N Engl J Med 358:2560-2572, 2008 

ADANCE: Major microvascular events 
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VADT = Veterans Affairs Diabetes Trial 

Duckworth, W et al. N Engl J Med 360:129-139, 2009 
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VADT: Microvascular Outcomes 

Outcome, n/N (%) 
Standard 
(n=899) 

Intensive 
(n=892) P 

Retinopathy 

Progression to proliferative disease    16/399 (4.0%)    23/406 (5.7%) 0.27 

Progression to macular edema 17/361 (4.7) 12/371 (3.2) 0.31 

Increase of 2 steps in disease severity  88/399 (22.1)  69/406 (17.0) 0.07 

New onset  66/135 (48.9)  54/128 (42.2) 0.27 

Nephropathy 

Serum creatinine >3 mg/dL 16/884 (1.8) 18/882 (2.0) 0.72 

Glomerular filtration rate <15 mL/min 11/884 (1.2)   7/882 (0.8) 0.35 

Any increase in albuminuria 48/731 (6.6) 30/728 (4.1) 0.05 

New Neuropathy 

Any 218/498 (43.8) 202/464 (43.5) 0.94 

Mononeuropathy 20/498 (4.0) 22/464 (4.7) 0.58 

Peripheral 199/498 (40.0) 178/464 (38.4) 0.61 

Autonomic 26/498 (5.2) 38/464 (8.2) 0.07 

Duckworth W et al; the VADT Study Investigators. N Engl J Med 360(2):129-139, 2009 
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Role of intensive glucose control in development of renal 
endpoints in type 2 diabetes mellitus: Microalbuminuria 

Coca SG et al. Arch Intern Med 172(10):761-769, 2012 
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Role of intensive glucose control in development of renal 
endpoints in type 2 diabetes mellitus: Macroalbuminuria 

Coca SG et al. Arch Intern Med 172(10):761-769, 2012 
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Role of intensive glucose control in development of renal 
endpoints in type 2 diabetes mellitus: end-stage renal disease 

Coca SG et al. Arch Intern Med 172(10):761-769, 2012 

Diapositiva preparata da Giorgio Sesti e
 ceduta alla Società Ita

liana di Diabetologia. 

Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Landmark CV outcomes studies in type 2 diabetes   

 1. Intensive glucose control vs. standard-therapy on CV outcome: 

 UKPDS 

 ACCORD 

 ADVANCE 

 VADT 

 2. Glucose-lowering drugs vs. placebo on CV outcome: 

 HOME (metformin add on to insulin) 

 Origin (insulin glargine) 

 3. New glucose-lowering drugs vs. placebo on CV outcome after 2008 FDA guidance: 

 SAVOR-TIMI 53 (saxagliptin) 

 EXAMINE (alogliptin) 

 TECOS (sitagliptin) 

 ELIXA (lixisenatide) 

 EMPA-REG OUTCOME (empagliflozin) 

 LEADER (liraglutide) 

 SUSTAIN-6 (semaglutide) 
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 The  HR for the primary end point, an aggregate of 

microvascular and macrovascular morbidity and mortality, 

was 0.92 (95% CI, 0.72-1.18; P=0.33).  

 The HR for the secondary, microvascular endpoint was 

1.04 (95% CI, 0.75-1.44; P=0.43). 

Kooy A et al. Arch Intern Med 169:616-625, 2009 

Hyperinsulinemia: the Outcome of its Metabolic Effects (HOME) 

Diapositiva preparata da Giorgio Sesti e
 ceduta alla Società Ita

liana di Diabetologia. 

Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



The ORIGIN trial investigators. Diabetologia  57:1325–1331, 2014 
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The ORIGIN trial investigators. Diabetologia  57:1325–1331, 2014 

Incidence of the primary micro-vascular composite outcome in participants to 
ORIGIN trial 

 

*Doubling of serum creatinine, worsening of albuminuria, renal replacement therapy or death due to renal failure, or diabetic 
retinopathy requiring retinal photocoagulation or vitrectomy. 

Median follow-up of 6.2 years. 

Time-to-event curves for the composite microvascular outcome* 

HR 0.97 [95% CI 0.90-1.05]; P=0.43 
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Patients with baseline HbA1c<6.4% Patients with baseline HbA1c ≥6.4% 

The ORIGIN trial investigators. Diabetologia  57:1325–1331, 2014 

Insulin glargine reduced the incidence of the primary micro-vascular 
composite outcome in participants whose baseline HbA1c was ≥6.4%: ORIGIN 

Time-to-event curves for the composite micro-vascular outcome* 

HR 0.90 [95% CI 0.81-0.99] HR 1.07 [95% CI 0.95-1.20] 

*Doubling of serum creatinine, worsening of albuminuria, renal replacement therapy or death due to renal failure, or diabetic 
retinopathy requiring retinal photocoagulation or vitrectomy. 

Median follow-up of 6.2 years. 

Diapositiva preparata da Giorgio Sesti e
 ceduta alla Società Ita

liana di Diabetologia. 

Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Landmark CV outcomes studies in type 2 diabetes   

 1. Intensive glucose control vs. standard-therapy on CV outcome: 

 UKPDS 

 ACCORD 

 ADVANCE 

 VADT 

 2. Glucose-lowering drugs vs. placebo on CV outcome: 

 HOME (metformin add on to insulin) 

 Origin (insulin glargine) 

 3. New glucose-lowering drugs vs. placebo on CV outcome after 2008 FDA guidance: 

 SAVOR-TIMI 53 (saxagliptin) 

 EXAMINE (alogliptin) 

 TECOS (sitagliptin) 

 ELIXA (lixisenatide) 

 EMPA-REG OUTCOME (empagliflozin) 

 LEADER (liraglutide) 

 SUSTAIN-6 (semaglutide) Diapositiva preparata da Giorgio Sesti e
 ceduta alla Società Ita

liana di Diabetologia. 
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Scirica BM et al. N Engl J Med 2013  
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Scirica BM et al. N Engl J Med 2013  

Saxagliptin Assessment of Vascular Outcomes Recorded in Patients 
with DM - TIMI 53-  Changes in Microalbuminuria 
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9% 

0

5

10

15

20

Worsened Improved
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Estimated Glomerular Filtration Rate (eGFR) 

*Mixed model with random intercept & slope, adjusted for baseline value and region 

Estimated overall mean difference*:  
-1.34 ml/min/1.73m2 (95%CI -1.76, -0.91), P<0.0001 

Gren JB et al. N Engl J Med 373:232-42, 2015 
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N Engl J Med  373:2117-2128, 2015 
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Kaplan–Meier analysis of incident or worsening nephropathy, defined as progression to 
macroalbuminuria (urinary albumin to-creatinine ratio, >300 mg/g); a doubling of the 
serum creatinine level, accompanied by an eGFR of ≤45 ml per minute per 1.73 m2, the 

initiation of renal-replacement therapy; or death from renal disease 

Wanner C et al. N Engl J Med 375(4):323-34, 2016  
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Renal Outcome 
Measure 

Patients (%) HR (95% CI) 

Empagliflozin  Placebo  

Incident or worsening 
nephropathy or CV 

death 

16.2 23.6 0.61 (0.55 to 0.69) 

Incident or worsening 
nephropathy 

12.7 18.8 0.61 (0.53 to 0.70) 

Progression to 
macroalbuminuria 

11.2 16.2 0.62 (0.54 to 0.72) 

Doubling of serum 
creatinine level 

accompanied by eGFR 
of ≤45 mL/min/1.73 m2  

1.5 2.6 0.56 (0.39 to 0.79) 

Initiation of renal 
replacement therapy 

0.3 0.6 0.45 (0.21 to 0.97) 

Incident albuminuria in 
patients with a normal 

albumin level at 
baseline 

51.5 51.2 0.95 (0.87 to 1.04) 

Risk Comparison for Renal Outcomes in the EMPA-REG OUTCOME Trial  

Wanner C et al. N Engl J Med 375(4):323-34, 2016  
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LEADER - Time to first renal event 
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death 

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression 
model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; 
ESRD: end-stage renal disease; HR: hazard ratio. 
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SUSTAIN-6 Study: Time to first renal event 
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death 
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