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Conflits	
  d’intérêt	
  

•  Amgen	
  
•  Astra-­‐Zeneca	
  
•  Bayer	
  
•  Daichi	
  
•  Lilly	
  
•  MSD	
  
•  Novo	
  











Freestyle	
  Libre	
  sera	
  réservé	
  «	
  
aux	
  pa'ents	
  a,eints	
  d’un	
  
diabète	
  de	
  type	
  1	
  ou	
  de	
  type	
  2	
  
(adultes	
  et	
  enfants	
  âgés	
  d’au	
  
moins	
  4	
  ans)	
  traités	
  par	
  
insulinothérapie	
  intensifiée	
  
(par	
  pompe	
  externe	
  ou	
  ≥	
  3	
  
injec'ons	
  par	
  jour)	
  et	
  
pra'quant	
  une	
  
autosurveillance	
  glycémique	
  
pluriquo'dienne	
  (≥	
  3/j).	
  »	
  





Conflits	
  d’intérêt	
  

•  Astra-­‐Zeneca	
  
•  Bayer	
  
•  Boehringer	
  
•  Daichi	
  Sankyo	
  
•  Lilly	
  
•  NovarNs	
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Haffner, 1998 

CV	
  risk	
  in	
  diabetes	
  mellitus	
  vs	
  CAD	
  



Gregg	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2014;370:1514-­‐23	
  	
  









Cardiovascular	
  mortality	
  in	
  the	
  Danish	
  registry:	
  role	
  
of	
  diabetes	
  and	
  CAD	
  

Schramm et al. Circulation 2008 

Danish population 
≥30 years of age 
 
-  71 801 with DM 
-  79 575 with prior MI 

Five-year F/U 



Piccolo	
  et	
  al,	
  Am	
  J	
  Cardiol	
  2016;118:345-­‐52	
  



Piccolo	
  et	
  al,	
  Am	
  J	
  Cardiol	
  2016;118:345-­‐52	
  



Piccolo	
  et	
  al,	
  Am	
  J	
  Cardiol	
  2016;118:345-­‐52	
  



Risque	
  CV	
  du	
  diabéNque	
  

•  Quel	
  ouNl	
  pour	
  évaluer	
  le	
  risque	
  cardio-­‐
vasculaire	
  de	
  vos	
  diabéNques	
  

1.  EquaNons	
  de	
  risque	
  
2.  Recherche	
  ischémie	
  à	
  l’effort	
  
3.  Score	
  calcique	
  
4.  Impuissance	
  
5.  Protéinurie	
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EASD	
  /	
  ESC	
  2013	
  



Dépister	
  /	
  visualiser	
  la	
  maladie	
  coronaire	
  

23

Fonctionnelle
• Ischémie lors d’une augmentation des besoins en oxygène
• La lésion doit être suffisamment sténosante pour induire une ischémie
• Ne prédit pas le risque de survenue d’un thrombus (infarctus)

Anatomique
• Visualise l’athérome
• Ne prédit pas le risque de survenue d’un thrombus (infarctus)

Epreuve d’effort
Peu couteux

Niveau d’effort souvent 
insuffisant

Peu spécifique (hypertrophie) 

Scintigraphie
Sensible - quantification
Disponibilité moyenne

Echographie de stress
Sensible quantification

Echogenicité
Opérateur dépendant

IRM de stress
Sensible quantification 
Disponibilité très faible

Score calcification
Peu couteux

Pas de contraste
Définit un risque statistique

Scanner coronaire
Visualise athérome non sténosant

Contraste
Opérateur dépendant 

Disponibilité faible

Coronarographie
Examen de référence

Invasif
Contraste

FFR
Sensible et spécifique

Prix élevé

Biologique

CRPus
Prédiction d’évènements

Définit un risque statistique 
très peu précis
Peu spécifique

Patient capable de faire 
un effort suffisant 

Patient ne pouvant pas 
faire d’effort ou ne 

pouvant faire qu’un effort 
limité

Patient ne pouvant pas 
faire d’effort ou ne 

pouvant faire qu’un effort 
limité– seconde intention

Evaluation fonctionnelle 
d’une lésion coronaire 

lors d’une 
coronarographie

Patient pouvant faire un 
effort limité

Recherche d’une 
inflammation circulante 

corrélé avec la survenue 
d‘évènements aigus  

Première approche 
globale 

Patient ayant un test 
fonctionnel litigieux  

ou bas risque

Patient ayant une preuve 
d’ischémie

•  Peu spécifique
•  Pourrait prédire le risque d’infarctus … sans date

90 

480 

170 

70 

25 
Tout le monde ECG

Peu couteux
Très peu sensible 

13 



Comparaison	
  EE	
  Effort	
  /	
  ScinN	
  

	
   	
   	
   	
   	
   	
   	
   	
  CoroTDM	
  + 	
  CoroTDM	
  NS 	
  CoroTDM-­‐	
  
__________________________________________________________________
_________	
  
Epreuve	
  d’effort	
  + 	
   	
   	
   	
   	
  0 	
   	
   	
  1 	
   	
   	
  1	
  
Epreuve	
  d’effort	
  liNgieuse 	
   	
   	
  3 	
   	
   	
  5 	
   	
   	
  2	
  
Epreuve	
  d’effort	
  -­‐ 	
   	
   	
   	
   	
  4 	
   	
   	
  16 	
   	
   	
  16	
  
	
  	
  
ScinNgraphie	
  +	
   	
   	
   	
   	
   	
  2 	
   	
   	
  3 	
   	
   	
  0	
  
ScinNgraphie	
  -­‐	
   	
   	
   	
   	
   	
  5 	
   	
   	
  19 	
   	
   	
  19	
  
	
  	
  
Epreuve	
  d’effort	
  ou	
  scinNgraphie	
  + 	
   	
  2 	
   	
   	
  4 	
   	
   	
  1	
  
Epreuve	
  d’effort	
  et	
  scinNgraphie	
  -­‐	
  	
   	
  5 	
   	
   	
  18 	
   	
   	
  18	
  
	
  	
  
TOTAL 	
   	
   	
   	
   	
   	
   	
  7 	
   	
   	
  22 	
   	
   	
  19	
  

Henry	
  et	
  al,	
  Données	
  personnelles	
  



Greenwood	
  et	
  al,	
  CirculaNon	
  2014	
  



Greenwood	
  et	
  al,	
  CirculaNon	
  2014	
  



Score	
  Calcique	
  





Score	
  calcique	
  

	
  
Score	
  d’agatston	
  
<	
  10	
  
<	
  100	
  
100	
  –	
  400	
  
>	
  400	
  
>	
  1000	
  
	
  



Score	
  calcique	
  

Kramer	
  et	
  al,	
  BMJ	
  2013	
  



Score	
  calcique	
  >=	
  10	
  

Kramer	
  et	
  al,	
  BMJ	
  2013	
  

5,47	
  

9,22	
  



Score	
  calcique	
  

Est-­‐ce	
  qu’il	
  n’y	
  a	
  pas	
  d’athérome	
  ?	
  
	
  
Est-­‐ce	
  qu’il	
  existe	
  des	
  plaques	
  non	
  serrées	
  ?	
  
	
  
Est-­‐ce	
  qu’il	
  existe	
  des	
  plaques	
  serrées	
  ?	
  
	
  
Est-­‐ce	
  qu’il	
  existe	
  des	
  plaques	
  instables	
  ?	
  	
  



ESC prevention guidelines 2016 



36%	
  

22%	
  

18%	
  

13%	
  

11%	
  

321	
  SCORES	
  CALCIQUES	
  REALISES	
  A	
  
LARIBOISIERE	
  CHEZ	
  DES	
  DIABÉTIQUES	
  

<10	
  
10-­‐100	
  
100-­‐400	
  
400-­‐1000	
  
>1000	
  



Scanner	
  coronaire	
  

InjecNon	
  iode	
  



Scanner	
  coronaire	
  



Protocole	
  
•  3	
  /	
  4	
  Critères	
  

–  Diabete	
  type	
  2	
  	
  >	
  10	
  ans	
  	
  	
  
–  Diabète	
  de	
  type	
  1	
  de	
  plus	
  de	
  20	
  ancienneté	
  
–  Age	
  Femme	
  >	
  60	
  –	
  Homme	
  >	
  55	
  ans	
  
–  Microalbuminurie	
  
–  Tabac	
  
–  Tour	
  de	
  taille	
  >	
  102	
  cm	
  chez	
  l’homme	
  –	
  88	
  cm	
  

chez	
  la	
  femme	
  
–  HTA	
  (PA	
  140	
  ou	
  90)	
  ou	
  HTA	
  traitée	
  
–  LDL	
  >	
  1.30	
  g/l	
  ou	
  p	
  par	
  staNne	
  
–  HDL	
  <	
  0.30	
  g/l	
  
–  TG	
  >	
  2.00	
  g/l	
  
–  SAS	
  documenté	
  
–  Accident	
  présumé	
  coronaire	
  chez	
  un	
  apparenté	
  

du	
  premier	
  degré	
  chez	
  quelqu’un	
  de	
  moins	
  de	
  55	
  
ans	
  	
  

–  VIH	
  
–  Absence	
  totale	
  d	
  érecNons	
  maNnales	
  
–  ACFA	
  

	
  
>	
  Score	
  de	
  calcificaNon	
  

–  Macroproteinurie	
  
–  Clairance	
  creat	
  <	
  45	
  ml/min	
  
–  Doute	
  sur	
  angor	
  
–  Modifs	
  ECG	
  –	
  onde	
  Q	
  –	
  Troubles	
  repolarisaNon	
  

lateral	
  
–  Evènement	
  clinique	
  AVC	
  AIT	
  ClaudicaNon	
  clinique	
  	
  
–  Toute	
  sténose	
  >	
  50%	
  	
  
–  Anévrysme	
  aorte	
  documenté	
  
–  Score	
  de	
  calcificaNon	
  >	
  100	
  

>	
  ScinN	
  /	
  IRM	
  /	
  ETT	
  Stress	
  



Quel	
  est	
  l’élément	
  dont	
  la	
  correcNon	
  est	
  
probablement	
  la	
  plus	
  uNle	
  pour	
  améliorer	
  le	
  

pronosNc	
  CV	
  du	
  diabète	
  

1.  Glycemie	
  instantanée	
  
2.  HbA1C	
  
3.  LDLc	
  
4.  PAS	
  
5.  PAD	
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HPS:	
  major	
  events	
  in	
  diabeNc	
  paNents	
  

Lancet 2003 ; 361 : 2005 

RRR : 22 % Mortalité coronaire : 
 

6.5% vs 8.0% 
 

p=0,02 



CARDS	
  trial:	
  primary	
  end-­‐point	
  
CAD	
  death,	
  AMI,	
  stroke,	
  RCA,	
  revascularisa'on,	
  admission	
  for	
  unstable	
  

angina	
  
Relative risk reduction 37%  (IC 95% : 17-52)  

 

Ans 

328 
305 

694 
651 

1074 
1022 

1361 
1306 

1392 
1351 

Atorva 
Placebo 

1428 
1410 

Placebo 
127 events 

Atorvastatin 
83 events 

0 

5 

10 

15 

0 1 2 3 4 4.75 

P=0.001 
 

Lancet 2004 
HR overall mortality: 0.73; 95%CI: 0.52-1.01  



Collins et al, Lancet 2016; 2332-61 



JUPITER	
  :	
  Pre	
  diabe'c	
  pa'ents	
  

Elevated glucose Normal Glucose 

0 1 2 3 4 

0.
00

 
0.

02
 

0.
04

 
0.

06
 

0.
08

 
0.

10
 

C
um

ul
at

iv
e 

In
ci

de
nc

e 

Placebo 

Rosuvastatin 

# Risk 
R 2706 2561 1989 1207 627 441 319 188 55 
P 2760 2591 2038 1267 635 418 301 166 56 

2637 
2674 

0 1 2 3 4 

0.
00

 
0.
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0.
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0.

06
 

0.
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0.
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C
um

ul
at

iv
e 

In
ci

de
nc

e 

Placebo 

Rosuvastatin 

# Risk 
R 6116 5919 5777 4495 2654 1311 899 658 345 100 
P 6054 5870 5690 4419 2570 1310 905 649 362 118 

Follow-Up (years) Follow-Up (years) 

HR 0.51 (0.40-0.67), p<0.0001 HR 0.68 (0.48-0.96), p<0.028 

Pradhan A et al. Circulation 2009; 120 (Suppl): S500; Abs 1425 

CV Events 



StaNnes	
  et	
  risque	
  de	
  diabète	
  

Lancet 2010 



JAMA 2011 

StaNnes	
  et	
  diabète	
  –	
  intensif	
  vs.	
  convenNonnel	
  



AHA	
  /	
  ACC	
  







Kresge N et al. J. Biol. Chem. 2006;281:e25 

©2006 by American Society for Biochemistry and Molecular Biology 



FIELD	
  	
  
(Fenofibrate	
  IntervenNon	
  and	
  	
  
Event	
  Lowering	
  in	
  Diabetes)	
  

0 

2 

4 

6 

8 

10 

CV Globale 

2,9 

7,3 

2,6 

6,6 

Fenofibrate 
PCB 

Mortalité 

HR mortalité globale : 1.10  [0.95-1.29] 
 

9 795 diabétiques type 2  
50 à 75 ans en prévention Iaire et IIaire  
cholestérol entre 1,16 et 2,51 g/L,  
TG <4,43 g/L 

Randomisation fenofibrate 200 mg vs PCB 
 



The ACCORD Study Group. N Engl J Med 2010;10.1056/NEJMoa1001282 

ACCORD Fenofibrate 



EzeNmibe	
  

47	
  Euros	
  /	
  mois	
  



Fourier	
  -­‐	
  diabéNques	
  

•  11031	
  paNents	
  avec	
  diabète	
  (40%)	
  

	
  

-­‐25	
  

-­‐20	
  

-­‐15	
  

-­‐10	
  

-­‐5	
  

0	
  
Crit	
  I	
   Crit	
  II	
  majeur	
  

Non	
  
diabéNque	
  

DiabéNque	
  

AugmentaNon	
  du	
  nombre	
  	
  
de	
  diabètes	
  
	
  
1,05	
  (0,94	
  –	
  1,17)	
  

Saba'ne	
  et	
  al	
  Lancet	
  Diabetes	
  Endocrinol.	
  2017;	
  (17)30313-­‐3	
  

InteracNon	
  NS	
  

500	
  -­‐	
  700	
  Euros	
  /	
  mois	
  



Quelle	
  est	
  l’HbA1C	
  opNmale	
  chez	
  
vos	
  coronariens	
  diabéNques	
  ?	
  

1.  9	
  –	
  10	
  
2.  8	
  –	
  9	
  
3.  7	
  –	
  8	
  
4.  6,5	
  –	
  7	
  
5.  6	
  –	
  6.5	
  



Quelle	
  est	
  l’HbA1C	
  opNmale	
  chez	
  
vos	
  coronariens	
  diabéNques	
  ?	
  

1.  9	
  –	
  10	
  
2.  8	
  –	
  9	
  
3.   7	
  –	
  8	
  
4.  6,5	
  –	
  7	
  
5.  6	
  –	
  6.5	
  



Intensive 
Glycemia 
(A1C<6%) 5128* 

Standard 
Glycemia 
(A1C 7-7.9%) 5123* 

Lipid 
Statin + 
Masked 
Study Drug 

Statin + 
Masked 
Study Drug 

BP 
Intensive 
(SBP<120) 

Standard 
(SBP<140) 

2765* 2753* 2362* 2371* 

1178 1193 

1178 1184 

1374 

1391 1370 

1383 

10,251 
*Primary analyses compare the marginals for main effects 

Double 2 X 2 Factorial Design  

Buse, JB, et al, AmJCard 2007 99:21i-33i. 



Intensive 
N (%) 

Standard 
N (%) HR (95% CI) P 

Primary 352 (6.86) 371 (7.23) 0.90 (0.78-1.04) 0.16 

Secondary 

Mortality 257 (5.01) 203 (3.96) 1.22 (1.01-1.46) 0.04 

Nonfatal MI 186 (3.63) 235 (4.59) 0.76 (0.62-0.92) 0.004 

Nonfatal Stroke 67 (1.31) 61 (1.19) 1.06 (0.75-1.50) 0.74 

CVD Death 135 (2.63) 94 (1.83) 1.35 (1.04-1.76) 0.02 

CHF 152 (2.96) 124 (2.42) 1.18 (0.93-1.49) 0.17 

Primary & Secondary Outcomes  

ACCORD Study Group, NEJM 2008 358:2545-2549. 



Mortalité	
  en	
  foncNon	
  de	
  HbA1c	
  après	
  
intensificaNon	
  du	
  traitement	
  hypoglycémiant	
  

Currie et al. Lancet 2010 

- 47970 patients avec intensification 
  du traitement hypoglycémiant 
- Base de données des généralistes UK 

Traitement oral Insuline 





Traitement	
  anNdiabéNque	
  

•  Quel	
  traitement	
  hypoglycémiant	
  a	
  montré	
  
une	
  diminuNon	
  des	
  complicaNons	
  CV	
  comparé	
  
à	
  Placebo	
  
1.  Meuormine	
  
2.  Sulfamides	
  
3.  Glitazones	
  
4.  DPP4	
  
5.  GLP	
  1	
  



Traitement	
  anNdiabéNque	
  

•  Quel	
  traitement	
  hypoglycémiant	
  a	
  montré	
  
une	
  diminuNon	
  des	
  complicaNons	
  CV	
  comparé	
  
à	
  Placebo	
  
1.  Meuormine	
  
2.  Sulfamides	
  
3.  Glitazones	
  
4.  DPP4	
  
5.   GLP	
  1	
  



Meuormine	
  

Fisman,	
  1999	
  –	
  Schramm,	
  2011	
  –	
  Pantalone,	
  2012	
  –	
  Inzucchi,	
  2005	
  –	
  Horsdal,	
  2008	
  –	
  Jorgensen,	
  2010	
  –	
  Melbin,	
  2011	
  –	
  
	
  Masoudi,	
  2005	
  –	
  Eurich,	
  2005	
  –	
  Andersson	
  2010	
  –	
  MacDonald,	
  2010	
  –	
  Agular,	
  2011	
  –	
  Roussel,	
  2010	
  

Scheen	
  &	
  Paquot;	
  Diab	
  Metab	
  2013	
  

Stable	
  CAD	
  

Post	
  ACS	
  	
  
or	
  MI	
  

HF	
  

All	
  causes	
  mortality	
  meuormine	
  



LEADER Trial – Study Design 

aConcomitant CVD, cerebrovascular disease, peripheral vascular disease, chronic renal failure, or chronic heart failure; bMicroalbuminuria or proteinuria, 
hypertension, and left ventricular hypertrophy by ECG or imaging, left ventricular systolic or diastolic dysfunction by imaging; ankle–brachial index <0.9 
CV, cardiovascular; CVD, cardiovascular disease; ECG, electrocardiogram; MI, myocardial infarction; SD, standard deviation; T2DM, Type 2 diabetes 
mellitus 
Marso SP, et al. Am Heart J 2013;166:823–830 

•  LEADER– Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular 
outcome Results 

Patients n=9,340 
with T2DM and high 

risk  
of CV disease 

1. Patients with prior 
CVD, aged ≥50 years, 
≥1 CV morbiditiesa 

2. Patients without prior 
CVD, aged ≥60 years, 
with ≥1 CV risk factorsb 

Liraglutide 
0.6–1.8 mg 

+ usual 
care 

Placebo 
+ usual 

care 

Primary outcome – time to 
first MACE composed of: 
• CV death 
• Nonfatal MI 
• Nonfatal stroke 
 

Other endpoints included: 
• Composite primary outcome  
+ 
• Revascularization 
• Hospitalization for unstable 
angina or chronic heart failure 

Follow-up 3.5–5 
years 

1:
1 



LEADER – Reduction of the Risk for 3-
point MACE with Liraglutide Versus 

Placebo 

CI, confidence interval; CV, cardiovascular; LEADER, Liraglutide Effect and Action in Diabetes: Evaluation of cardiovascular outcome Results; MACE, major 
cardiovascular event; MI, myocardial infarction 
Marso S. Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.  

Hazard ratios for the primary endpoint, its components, and other 
endpoints 

Outcome HR (95% CI) 

Primary outcome (3-point MACE) 

Time to CV death 

Time to nonfatal stroke 

All-cause death 

Time to nonfatal MI 

0.87 (0.78, 0.98) 

0.78 (0.66, 0.93) 

0.88 (0.75, 1.03) 

0.89 (0.72, 1.11) 

0.85 (0.74, 0.97) 

Hospitalization for heart failure 0.87 (0.73, 1.05) 



Inhibiteur	
  SGLT2	
  



	
  
PaUents	
  with	
  event/analysed	
  
Empagliflozin	
   Placebo	
   HR	
   (95%	
  CI)	
   p-­‐value	
  

	
  	
  	
  3-­‐point	
  MACE	
   490/4687	
   282/2333	
   0.86	
   (0.74,	
  0.99)*	
   0.0382	
  

CV	
  death	
   172/4687	
   137/2333	
   0.62	
   (0.49,	
  0.77)	
   <0.0001	
  

Non-­‐fatal	
  MI	
   213/4687	
   121/2333	
   0.87	
   (0.70,	
  1.09)	
   0.2189	
  

Non-­‐fatal	
  stroke	
   150/4687	
   60/2333	
   1.24	
   (0.92,	
  1.67)	
   0.1638	
  

Empareg	
  outcome	
  
CV	
  death,	
  MI	
  and	
  stroke	
  

66	
  

Favours	
  empagliflozin	
   Favours	
  placebo	
  
Cox	
  regression	
  analysis.	
  MACE,	
  Major	
  

Adverse	
  Cardiovascular	
  Event;	
  	
  
HR,	
  hazard	
  raNo;	
  CV,	
  cardiovascular;	
  MI,	
  

myocardial	
  infarcNon	
  
*95.02%	
  CI	
  



Empareg	
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Facteur	
  de	
  risque	
  de	
  resténose	
  

•  PeNt	
  diamètre	
  artériel	
  
•  Lésions	
  longues	
  
•  Diabète	
  





Risque	
  de	
  thrombose	
  de	
  stent	
  chez	
  les	
  
diabéNques	
  

HR or OR 
Diabetics 
Multivariate 



EHJ 2010 



AngioplasNe	
  ou	
  Pontage	
  ?	
  



MV-Stenting 
With Drug-eluting 

Eligibility: DM patients with MV-CAD eligible for stent or surgery 
Exclude:   Patients with acute STEMI  

 
CABG 

With or Without 
CPB 

  

Randomized 1:1  

All concomitant Meds shown to be beneficial were encouraged,  
including: clopidogrel, ACE inhib., ARBs, b-blockers, statins  

FREEDOM  Design (1) 



16 withdrew post-procedure 
43 were lost to follow-up 

947 Randomized to CABG 
18 underwent PCI/DES 

26 withdrew prior to procedure 
3 died prior to procedure 

7 underwent neither PCI/DES or 
CABG 

953 Randomized to PCI/DES* 
5 underwent CABG 

3 withdrew prior to procedure 
3 died prior to procedure 

3 underwent neither PCI/DES or 
CABG 

TRIAL SCREENING  &  ENROLLMENT 

32,966 Patients were screened for eligibility 

3,309 were eligible (10%) 

1,409 did not consent 1,900 consented (57%) 

36 withdrew post-procedure 
51 were lost to follow-up 

*953 and 947 included ITT analysis using all available follow-up time post-randomization 
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Severely Disabling 
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Dangas, JACC 2014 
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AnNplatelet	
  and	
  anNcoagulant	
  
treatment	
  





Diabetes	
  Increases	
  Risk	
  of	
  Coronary	
  Plaque	
  
DisrupNon	
  and	
  Thrombosis	
  	
  

Cause	
  of	
  Myocardial	
  Infarc'on	
  

Plaque 
Formation 

F VII 

F VIII 

Coronary Artery 

Sympathetic Tone 

PAI-1 

TPA 

PGI2
 

Platelet Aggregation 

Fibrinogen 

vWF 

Thrombus 

Plaque 
Disruption 



Aspirin	
  and	
  diabetes	
  in	
  secondary	
  
prevenNon	
  

Antiplatelet Trialists’ Collaboration  BMJ 2002;324:71-86 



Aspirin dose 
 
500–1500 mg daily 
 

160–325 mg daily 
 

75–150 mg daily 
 

<75 mg daily 
 

Any aspirin dose 

0.0 0.5 1.0 1.5 

Aspirin better Control better 

% odds reduction* 

23%±2 
(p<0.0001) 

*Vascular events: MI, stroke or vascular death 

ProporNonal	
  effects	
  of	
  aspirin	
  on	
  
vascular	
  events	
  in	
  high-­‐risk	
  paNents	
  

Antithrombotic Trialists’ Collaboration. BMJ 2002;324:71 



Accelerated	
  turn-­‐over	
  

	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Henry	
  et	
  al.	
  Thromb	
  Haemost	
  2011;105:	
  336–44	
  	
  



Time	
  dependance	
  of	
  aspirin	
  

Henry et al, Thrombosis hemostasis, 2011 



24 h 0 
ASA 

No aggregation 

Normal turn over 

Accelerated turn over 

ASA 

24 h 0 
ASA 

Aggregation 

ASA 

12-15% 

>20% 

Plaquepes	
  inhibées	
  
	
  

Plaquepes	
  acNves	
  



Increasing	
  aspirin	
  intake	
  

24 h 0 
ASA ASA 

Plaquepes	
  acétylées	
  
	
  

Plaquepes	
  non	
  acétylées	
  

24 h 0 
ASA 

Agrégation 

ASA 

>20% 

12 h 
ASA 



Could	
  increased	
  dosing	
  frequency	
  in	
  diabetes	
  
overcome	
  these	
  issues?	
  

HS, healthy subjects. 
Rocca B et al. J Thromb Haem 2012;10:1220-30. 



Diabétiques de type 2 
avec SCA 

Prévention secondaire 

Aspirine 
 

100mg une fois par jour 
Stratégie conventionnelle 

 

Aspirine 
 

100mg le matin 
100mg le soir 

Stratégie innovante 
 

Randomisation 
N=2574 

Critère primaire d’efficacité 
Décès toute cause, infarctus non fatal, thrombose de stent,  

accident vasculaire cérébral, accident artériel aigu 

Critère primaire de sécurité 
Saignement majeur (définition BARC) 

Suivi minimum 18 mois 

Andaman	
  Study	
  



*	
  Plus	
  ASA	
  and	
  other	
  standard	
  therapies	
  

0.6	
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   1.0	
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IV	
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   RRR	
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  to	
  -­‐52.6)	
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  -­‐4.6)	
  
(58.9	
  to	
  -­‐12.1)	
  

	
  
(44.3	
  to	
  3.9)	
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  CI	
  

Steinhubl	
  S,	
  Berger	
  P,	
  Tih	
  Mann	
  
III	
  J	
  et	
  al.	
  JAMA.	
  2002;Vol	
  288,No	
  

19:2411-­‐2420.	
  

Subgroup	
  

CREDO	
  :	
  	
  Long-­‐Term	
  Benefit	
  of	
  Clopidogrel:	
  MI,	
  
Stroke,	
  or	
  Death	
  at	
  1	
  Year	
  



TRITON: Diabetes Subgroup - Prasugrel 

TRITON Diabetes – Circulation 2010 



TRITON Diabetes – Circulation 2010 

TRITON: Diabetes Subgroup - Prasugrel 
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[James 2010:F,H] 

PLATO diabetes:  
Primary composite endpoint 

CI, confidence interval; CV, cardiovascular; HR, hazard ratio; MI, myocardial infarction. 
James S, et al. Eur Heart J 2010;31:3006–3016. 

Diabetes 
Ticagrelor (n=2326) 
Clopidogrel (n=2336) 
HR (95% CI) = 0.88(0.76–1.03) 

No diabetes 
Ticagrelor (n=6999) 
Clopidogrel (n=6952) 
HR (95% CI) = 0.83(0.74–0.93) 
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Primary endpoint benefit with ticagrelor was consistent with the  
overall PLATO trial results[Wallentin 2009:J] 

No interaction between diabetes status and treatment was observed (p=0.49)[James 2010:G,H] 

p for interaction = 0.49 



PLATO diabetes:  
All-cause mortality 

CI, confidence interval; HR, hazard ratio. 
James S, et al. Eur Heart J 2010;31:3006–3016. 

Diabetes 
Ticagrelor (n=2326) 
Clopidogrel (n=2336) 
HR (95% CI) = 0.82(0.66–1.01) 

No diabetes 
Ticagrelor (n=6999) 
Clopidogrel (n=6952) 
HR (95% CI) = 0.77(0.65–0.91) 
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All-cause mortality benefit with ticagrelor was consistent with the  
overall PLATO trial results[Wallentin 2009:J] 

No interaction between diabetes status and treatment was observed (p=0.66)[James 2010:G,H] 

p for interaction = 0.66 



Increased risk of bleeding events in  
diabetic patients 

HR (95% CI) 

102 

1.0 

Increased risk 
for diabetics 

Major bleeding 

Non-CABG-related  
major bleeding 

CABG-related bleeding 

Decreased risk 
for diabetics 

[James 2010:J] 

CABG, coronary artery bypass graft.; CI, confidence interval; HR, hazard ratio. 
James S, et al. Eur Heart J 2010;31:3006–3016. 
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•  Mr	
  Z,	
  diabéNque	
  de	
  type	
  2	
  a	
  été	
  hospitalisé	
  pour	
  récidive	
  de	
  syndrome	
  
coronaire	
  aigu	
  avec	
  sus	
  decalage	
  du	
  segment	
  ST.	
  

•  Traitement	
  à	
  l’entrée	
  :	
  Kardegic	
  75	
  mg,	
  atorvastaNne	
  10	
  mg,	
  meuormine	
  
3000	
  mg/j	
  

•  Excellent	
  résultat	
  de	
  l’angioplasNe	
  marginale.	
  AngioplasNe	
  de	
  l’IVA	
  
proximale	
  avec	
  un	
  stent.	
  Lésions	
  diffuses	
  	
  

•  Traitement	
  de	
  sorNe:	
  Kardegic	
  75	
  mg,	
  Ncagrelor	
  (1	
  an),	
  atorvastaNne	
  10	
  
mg,	
  meuormine	
  3000	
  mg/j	
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The Incidence of Congestive Heart
Failure in Type 2 Diabetes
An update
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OBJECTIVE — The aims of this study were to update previous estimates of the congestive
heart failure (CHF) incidence rate in patients with type 2 diabetes, compare it with an age- and
sex-matched nondiabetic group, and describe risk factors for developing CHF in diabetic pa-
tients over 6 years of follow-up.

RESEARCH DESIGN AND METHODS — We performed a retrospective cohort study
of 8,231 patients with type 2 diabetes and 8,845 nondiabetic patients of similar age and sex who
did not have CHF as of 1 January 1997, following them for up to 72 months to estimate the CHF
incidence rate. In the diabetic cohort, we constructed a Cox regression model to identify risk
factors for CHF development.

RESULTS — Patients with diabetes were much more likely to develop CHF than patients
without diabetes (incidence rate 30.9 vs. 12.4 cases per 1,000 person-years, rate ratio 2.5, 95%
CI 2.3–2.7). The difference in CHF development rates between persons with and without
diabetes was much greater in younger age-groups. In addition to age and ischemic heart disease,
poorer glycemic control (hazard ratio 1.32 per percentage point of HbA1c) and greater BMI (1.12
per 2.5 units of BMI) were important predictors of CHF development.

CONCLUSIONS — The CHF incidence rate in type 2 diabetes may be much greater than
previously believed. Our multivariate results emphasize the importance of controlling modifi-
able risk factors for CHF, namely hyperglycemia, elevated blood pressure, and obesity. Younger
patients may benefit most from risk factor modification.

Diabetes Care 27:1879–1884, 2004

A s the leading cause of hospitaliza-
tion for individuals aged 65 years
and older (1), congestive heart fail-

ure (CHF) is emerging as a major public
health concern. The CHF problem is mag-
nified in individuals with diabetes, in
whom incidence rates are two to five
times greater than those in the general
population (2–8). Nonetheless, heart fail-
ure has recently been termed “the
frequent, forgotten, and often fatal com-
plication of diabetes” (9), in part because
estimates of the association between dia-
betes and CHF have been established pri-
marily in studies that include diabetes as a
potential risk factor in general popula-
tions (2,5,7,10).

To date, four studies have provided
estimates of CHF incidence in large, ex-
clusively diabetic populations. The U.K.
Prospective Diabetes Study (UKPDS) re-
ported heart failure incidence rates of
2.3–11.9 per 1,000 patient-years over 10
years of follow-up. This estimate was
based on 4,585 subjects with newly diag-
nosed diabetes younger than 65 years at
diagnosis (mean age 53 years)—a popu-
lation not representative of all individuals
with diabetes (11). The Type 2 Diabetes,
Hypertension, Cardiovascular Events and
Ramipril study examined the incidence of
CHF requiring hospitalization in 4,912
subjects with diabetes (mean age 71
years), estimating an annual incidence
rate of 1.0% (12). This study excluded
patients treated with insulin or ACE in-
hibitors. Another recent study of heart
failure in a population of more than
48,000 subjects with diabetes (mean age
58 years) found incidence rates of 4.5–9.2
per 1,000 person-years (13). However,
the outcome measured was hospitaliza-
tions for which CHF was the primary di-
agnosis, thereby excluding less severe
cases. Also, the study had a relatively
short follow-up period (median 2.2
years). Finally, we recently used ambula-
tory and discharge diagnoses to estimate
substantially higher CHF incidence (33
cases per 1,000 subjects) in a population
of 8,460 persons with diabetes (mean age

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1Kaiser Permanente Center for Health Research, Portland, Oregon; and 2GlaxoSmithKline, Col-
legeville, Pennsylvania.

Address correspondence and reprint requests to Gregory A. Nichols, PhD, Center for Health Research,
3800 N. Interstate Ave., Portland, OR 97227-1098. E-mail: greg.nichols@kpchr.org.

Received for publication 26 January 2004 and accepted in revised form 19 April 2004.
G.A.N., C.M.G., and J.B.B. receive funding from several firms that manufacture drugs marketed to treat

diabetes (GlaxoSmithKline, Eli Lilly, and Wyeth) and may, in the future, receive support from other com-
panies in these markets. All of this research group’s contracts explicitly specify their right to publish any and
all research results arising from commercial funding, without approval from the funder.

This research group’s study site, Kaiser Permanente Northwest Region (KPNW), is a nonprofit group-
model prepaid medical care organization. The Center for Health Research (CHR) is an affiliated not-for-profit
organization dedicated to producing public-domain research in the public interest. The CHR is scientifically
and professionally independent of the larger Kaiser Permanente organization. Apart from an annual chari-
table contribution from KPNW, CHR scientists set their own research agendas and secure their research
funding from external sources, usually the National Institutes of Health. KPNW neither reviews nor approves
the publications of CHR scientists.

Abbreviations: CHF, congestive heart failure; ESRD, end-stage renal disease; ICD-9-CM, International
Classification of Diseases, 9th Revision, Clinical Modification; KPNW, Kaiser Permanente Northwest;
UKPDS, U.K. Prospective Diabetes Study.

A table elsewhere in this issue shows conventional and Système International (SI) units and conversion
factors for many substances.

© 2004 by the American Diabetes Association.

E p i d e m i o l o g y / H e a l t h S e r v i c e s / P s y c h o s o c i a l R e s e a r c h
O R I G I N A L A R T I C L E

DIABETES CARE, VOLUME 27, NUMBER 8, AUGUST 2004 1879

Cohorte	
  USA	
  (Kaiser),	
  matchée	
  
-­‐	
  8845	
  non	
  diabéNques	
  
-­‐	
  8231	
  diabéNques	
  type	
  2	
  

short follow-up (3,7,10–15). These limi-
tations may have led to underestimations
of CHF in patients with diabetes. In addi-
tion, our results may arise, in part, from
increasing rates of CHF over time that are
related to increased survival of patients
with diabetes. The most recent Framing-
ham data contain follow-up through
1996 (14), and other estimates of CHF are
based on data from similar or earlier time
periods. The current results include fol-
low-up through 2002— data that are
more contemporary than previous studies
(7,13,14). Finally, comparisons of studies
with differing mean ages are especially
difficult in age-dependent diseases such
as CHF, which may account for some of
the difference we report.

Although CHF incidence rates in-
crease with age and are higher in diabetic
patients than in nondiabetic subjects

across all age-groups, the difference in
CHF rate ratios decreases with increasing
age. Therefore, it seems that diabetes not
only increases the risk of CHF but also
accelerates its occurrence. These results
are consistent with a similar finding we
previously reported across all types of car-
diovascular disease (16) and with a recent
study demonstrating that patients in
whom diabetes is diagnosed at younger
ages are at much greater risk for cardio-
vascular disease (17).

Our previously published multivari-
ate model of CHF incidence over a 30-
month follow-up period included both
lower baseline HbA1c and a reduction in
HbA1c at follow-up as predictor variables
(3). In the current study, using the same
population but with a longer, 72-month
follow-up period, higher average HbA1c
emerged as a strong predictor of CHF in-

cidence. Although we again found that
patients with CHF had a lower average
HbA1c value before CHF than at baseline
(data not shown), it was not a significant
predictor in the new multivariate model.
However, when HbA1c measurements
were averaged over the entire observation
period, higher values were predictive of
CHF. These results suggest that cumula-
tive glycemic burden, rather than glyce-
mic control at a given point in time, is the
more important CHF risk factor, under-
scoring the importance of maintaining
good glycemic control throughout the
course of diabetes. This is also consistent
with results from the UKPDS, which used
an updated mean of annual measure-
ments to demonstrate a similar relation-
ship between HbA1c and risk of heart
failure (11).

The relationships between diabetes,
heart disease, and obesity are well estab-
lished. However, even within a study
population that had an average BMI !32
kg/m2, we found that each additional 2.5
BMI units increased CHF risk by 12%.
This is probably due to the increased in-
sulin resistance and hypertension associ-
ated with obesity and the corresponding
risk of cardiovascular disease (18–20).
Obesity rates in the U.S. are continuing to
increase (21). Our results suggest that a
corresponding increase in CHF can be ex-
pected even if other risk factors are well
managed.

Microalbuminuria is recognized as a
risk factor for cardiovascular disease in
diabetes (22,23) and has been shown to
be a risk factor for CHF as well (12). In
our model, microalbuminuria seemed to
reduce the risk of CHF. However, because
patients with microalbuminuria are im-
mediately treated with ACE inhibitors in
the KPNW system, it may merely be serv-
ing as a marker for more aggressive treat-
ment, and the apparent reduced risk may
be representing the beneficial effects of
ACE inhibitors on CHF. As renal dysfunc-
tion became more severe, the risk of CHF
increased considerably (25% for gross
proteinuria and 54% for ESRD). Whether
impaired renal function is an early mani-
festation of preclinical CHF or is itself a
cause of CHF cannot be established from
these data. Nevertheless, impaired renal
function seems to be an “early warning
sign” for possible impending CHF
development.

The UKPDS demonstrated that tight
blood pressure control reduces macrovas-

Table 2—Six-year CHF incidence per 1,000 person-years by age-group

Age Diabetic patients Nondiabetic patients Rate ratio 95% CI

"45 years 4.5 0.4 11.0 5.6–21.8
45–54 years 11.9 1.4 8.6 6.4–11.4
55–64 years 23.6 5.0 4.7 3.9–5.8
65–74 years 38.7 13.7 2.8 2.4–3.3
75–84 years 63.9 34.7 1.8 1.6–2.2
85–94 years 97.8 78.8 1.2 0.8–1.8
95# years 59.5 110.4 0.5 0.1–2.2
All 30.9 12.4 2.5 2.3–2.7

Table 3—Clinical characteristics of subjects with diabetes, by incident CHF status

No CHF
Incident

CHF P

n 7,064 1,167
Duration of diabetes at baseline (years) 4.4 $ 3.5 6.1 $ 3.8 0.001
HbA1c during observation (%) 7.9 $ 1.1 8.1 $ 1.2 0.001
Ischemic heart disease (%)* 16.4 38.0 0.001
Renal function*

Normal (%) 60.0 49.9 0.001
Microalbuminuria (%) 20.4 17.6
Gross proteinuria (%) 18.2 29.8
ESRD (%) 1.4 2.7

Systolic blood pressure during
observation (mmHg)

139 $ 12.8 143 $ 14.8 0.001

Mean diastolic blood pressure during
observation (mmHg)

79 $ 7.1 77 $ 8.0 0.001

BMI† (kg/m2) 32.3 $ 6.8 32.5 $ 7.0 0.599
Use of sulfonylurea (%) 74.5 77.0 0.076
Use of metformin (%) 13.3 15.9 0.020
Use of insulin (%) 18.8 33.2 0.001
Data are means $ SD unless otherwise indicated. *At end of observation (date of CHF, death, termination
from health plan, or 31 December 2002); †available for 79% of subjects.
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younger than 45 years to 1.8 (1.6–2.2) for
those aged 75–84 years.

Diabetic patients who developed
CHF differed from patients who did not
on a number of clinical characteristics
(Table 3). Patients with incident CHF had
longer duration of diabetes at baseline
(6.1 vs. 4.4 years, P ! 0.001) and were
more likely to have ischemic heart disease
(38.0 vs. 16.4%, P ! 0.001) and more
advanced renal disease (e.g., 29.8 vs.

18.2% had gross proteinuria, P ! 0.001).
Glycemic control (HbA1c) and blood
pressure were statistically but not clini-
cally significantly different between those
who did and those who did not develop
CHF. BMI did not differ. Patients who ex-
perienced CHF were more likely to be us-
ing insulin (33.2 vs. 18.8%, P ! 0.001)
and metformin (15.9 vs. 13.3%, P "
0.020) at the start of follow-up.

The results of using Cox proportional

hazards modeling to predict CHF inci-
dence among the diabetic patients are
shown in Table 4. Age at baseline was the
strongest predictor of time to CHF, in-
creasing the hazard by 40% for every 5
years of age (95% CI 1.35–1.45). The
presence of ischemic heart disease more
than doubled the risk of CHF (hazard ra-
tio 2.36, 95% CI 2.06–2.69). Greater BMI
(1.12 per 2.5 units of kg/m2, 1.09–1.15)
and poorer glycemic control (1.32 per
HbA1c percentage point, 1.23–1.41) were
also strong predictors of more rapid de-
velopment of CHF. Microalbuminuria
seemed to reduce the risk of CHF (0.78,
0.65–0.93), but more severe renal disease
increased the risk of CHF. Longer dura-
tion of diabetes and greater diastolic
blood pressure also increased the hazard
of experiencing CHF. Use of insulin was
associated with an increased risk of CHF,
but use of sulfonylureas or metformin was
not. Female sex was not a significant pre-
dictor of CHF incidence.

CONCLUSIONS — Our r e su l t s ,
based on 8,231 patients of all ages and
stages of diabetes followed for up to 6
years, indicate that the incidence of CHF
in diabetes is 3–15 times greater than the
previously reported 2–10 cases per 1,000
subjects (7,10–15). Published estimates
of the incidence of CHF in patients with
diabetes have relied on relatively small or
unrepresentative samples, have been
based on only patients with more severe
CHF, or have been limited by relatively

Table 1—Demographic characteristics of subjects with and without diabetes

Incident

Subjects with diabetes Subjects without diabetes

No CHF CHF Total No CHF CHF Total

n 7,064 1,167 8,231 8,319 526 8,845
Baseline age* 62.0 # 11.8 69.3 # 10.5 63.1 # 11.9 62.9 # 11.9 74.8 # 9.3 63.6 # 12.1
Age distribution*

!45 years 6.4 0.9 5.7 5.9 0.2 5.6
45–54 years 23.3 8.7 21.2 21.5 2.5 20.4
55–64 years 28.5 21.9 27.6 27.7 11.2 26.7
65–74 years 25.2 33.9 26.5 26.3 30.2 26.5
75–84 years 13.9 28.7 16.0 15.8 42.2 17.3
85–94 years 2.4 5.7 2.9 2.8 12.9 3.4
95$ years 0.2 0.2 0.2 0.1 0.8 0.2

Percentage women 47.7 48.0 47.8 49.1 45.6 48.9
Years of follow-up 4.9 # 1.8 2.7 # 1.7 4.6 # 2.0 4.9 # 1.8 2.7 # 1.8 4.8 # 1.9
Data are means # SD or percent. *Age is not statistically significantly different between the diabetic and nondiabetic cohorts; however, within both cohorts age is
significantly different between those who did and did not experience incident CHF (P ! 0.001).

Figure 1—Kaplan-Meier analysis of CHF incidence comparing the diabetic (- - -) and nondiabetic
(—) cohorts. The cohorts are significantly different (P ! 0.001).
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Post-infarctus, CMD … 
 
- Dilatation VG +- HVG 
- Activation hormonale +++ 

HTA, RAo, diabète, obésité 
Vieillissement++ 
- Pas de dilatation mais HVG 
- Moindre activation hormonale 
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ACE	
  Inhibitors	
  in	
  DiabeNc	
  and	
  
NondiabeNc	
  PaNents	
  with	
  Heart	
  Failure	
  

Etude Total N Non-
diabétiques Diabetiq

ues 
Risque relatif,  

Non-diabétiques 
(95% IC) 

Risque relatif 
Diabétiques 

(95% IC) 
Rapport des Risques 

Relatifs 
(95% IC) 

CONSENSUS 253 197 56 0,64 
(0,46, 0,88) 1,06 

(0,65, 1,74) 1,67 
(0,93, 3,01) 

SAVE 2231 1739 492 0,82 
(0,68, 0,99) 0,89 

(0,68, 1,16) 1,09 
(0,79, 1,50) 

SMILE 1556 1253 303 0,79 
(0,54, 1,15) 0,44 

(0,22, 0,87) 0,56 
(0,25, 1,22) 

SOLVD-
prevention 4228 3581 647 0,97 

(0,83, 1,15) 0,75 
(0,55, 1,02) 0,77 

(0,54, 1,09) 
SOLVD-

treatment 2569 1906 663 0,84 
(0,74, 0,95) 1,01 

(0,85, 1,21) 1,21 
(0,97, 1,50) 

TRACE 1749 1512 237 0,85 
(0,74, 0,97) 0,73 

(0,57, 0,94) 0,87 
(0,65, 1,15) 

Estimation globale 10188 2398 0,85 
(0,78, 0,92) 0,84 

(0,70, 1,00) 1,00 
(0,80, 1,25) 

Shekelle P et al. J Am Coll Cardiol. 2003;41:1529-1538.  
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EMPHASIS-­‐HF:	
  Major	
  results 

EMPHASIS-HF 

Outcome Eplerenone (%) Placebo (%) Adjusted hazard ratio (95% 
CI)  

p 

Cardiovascular death/heart-failure 
hospitalization  

18.3 25.9 0.63 (0.54–0.74) <0.001 

Cardiovascular death  10.8 13.5 0.76 (0.61–0.94) 0.01 
Heart-failure hospitalization 12.0 18.4 0.58 (0.47–0.70) <0.001 
Hospitalization for hyperkalemia  0.3 0.2 1.15 (0.25–5.31) 0.85 
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DiabeNc 	
  LCZ 	
  Enalapril	
  
No 	
  2736 	
  2756	
  
Yes 	
  1451 	
  1456	
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0,05	
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