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Mechanisms of increase in platelet 

reactivity in ACUTE CORONARY 

SYNDROME in insulin resistance?

Plaque rupture

Angiotensin III/IV: changes is PAI-

1 levels- adipocyte release 
(Hypertension. 2001;37:1336–1340)

Plasminogen activator inhibitor (PAI)-1 is the 

main inhibitor of the fibrinolytic system

Elevated epinephrine levels
Platelet  hyperaggregability as  

well  as  platelet  hypersensitivity

N Engl J Med 1987; 316:1543-1544



Normal endothelium-”Teflon” like surface

Vessel wall injury

Collagen in 

subendothelium 

activates platelet 

adhesion

Dysfunctional RBC (diabetes)

mediates the development of 

endothelial cell dysfunction

Am J Physiol Heart Circ Physiol 320: H90 – H94, 2021

Endothelial injury-platelet activation in prothrombotic insulin resistant patient

↑ADP/P2Y12 R



AJP-Heart Circ Physiol

doi:10.1152/ajpheart.00570.2020

Ticagrelor inhibits 

adenosine uptake in 
red blood cells & ↑ ATP

ATP (↓ DM) can 

activate P2Y R on the 
endothelium, ↑nitric 

oxide (NO) and 

prostacycline

Diabetes
ADP-mediated P2Y 12 

R activation



ADP (adenosine diphosphate)

ADP is stored in dense bodies inside 

blood platelets and is released upon 

platelet activation

ADP interacts with a family of ADP 

receptors found on platelets (P2Y1, 

P2Y12, and P2X1), which leads to 

platelet activation

Key molecular translational importance

J. White
Blood 1969



Activated platelets

Non activated platelets

Courtesy: Canadian Blood Services



Platelet rich thrombus Thin fibrous cap <65u

Erosion

Fibrous cap rupture

Increased atheroprothrombotic state in diabetes

No endothelial cells

Thromb Haemost 1999; 82 (Suppl.): 1–3



RISK FACTORS OF ACUTE 

CORONARY SYNDROME

•

• DIABETES-INSULIN P<0.005
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% CV events by 3 years

Mild disease at baseline

by IVUS but represents 

major CV risk by 3 years

Stone et al N Engl J 

Med 2011;364:226-35



Patients With Acute Coronary Syndrome: high 

percentage have undiagnosed diabetes

Am J Cardiol 2005;96:363–365

N=10911  evaluated with 

1199 ACS patients

Prospective cohort of 

patients who had acute 

coronary syndrome

14%

29%57%

New diagnosis DM on admission

IFG on admission

Remaining ACS patients



Increased platelet

activation

Lancet  1

(1965) 75–77



Clinical trials of importance in diabetes

THEMIS trial

Ticagrelor in 

stable CAD with 

DM

PEGASUS TIMI 54

Ticagrelor in prior MI 

patients (DM subset)

Focus: P2Y12 inhibitors



N=19220  randomized double blind

Stable CAD and diabetes

Median follow up 39.9 months

ASA 75-150 mg Ticagrelor 90 bid

ASA 75-150 mg 

Primary endpoint:

composite of cardiovascular 

death, myocardial infarction, or 

stroke

N Engl J Med 2019;381:1309-20

THEMIS trial



THEMIS trial: stable CAD with diabetes

N Engl J Med 2019;381:1309-20



THEMIS trial: primary endpoint

N Engl J Med 2019;381:1309-20

NNT 142.5



THEMIS trial: secondary endpoint

N Engl J Med 2019;381:1309-20



THEMIS trial: safety

N Engl J Med 2019;381:1309-20

NNH 83



Using lower dose appears much safer (60mg  bid)

Intracranial hemorrhage was more frequent with ticagrelor than 
with  placebo,  with  70  events  and  46  events, respectively 
(0.7% vs. 0.5%; hazard ratio, 1.71; 95% CI, 1.18 to 2.48; P=0.005)

THEMIS trial: safety

N Engl J Med 2019;381:1309-20
Supplement



THEMIS trial: conclusion

N Engl J Med 2019;381:1309-20

STABLE CAD and diabetes without a history of 
myocardial infarction or stroke, those who received 

ticagrelor plus aspirin had a lower incidence of 
ischemic cardiovascular events but a higher incidence 

of major bleeding 



N=21162 (1-3 years before had MI)

Randomized double blind

F/U 33 months

Primary endpoint:

composite of cardiovascular 

death, myocardial infarction, or 

stroke

PEGASUS-TIMI 54

N Engl J Med 2015;372:1791-800

FOCUS: diabetes subgroup



N Engl J Med 2015;372:1791-800

Primary endpoint:

composite of cardiovascular 

death, myocardial infarction, or 

stroke
NNT=77



N Engl J Med 2015;372:1791-800

PEGASUS-TIMI 54



PEGASUS-TIMI 54

N Engl J Med 2015;372:1791-800

NNH 76



PEGASUS-TIMI 54

N Engl J Med 2015;372:1791-800



PEGASUS-TIMI 54

N Engl J Med 2015;372:1791-800

FOCUS: diabetes subgroup



PEGASUS-TIMI 54

N Engl J Med 2015;372:1791-800

Patients with a myocardial infarction more than 1 year 
previously, treatment with ticagrelor significantly reduced 
the risk of cardiovascular death, myocardial infarction, or 

stroke and increased the risk of major bleeding. 

FOCUS: diabetes subgroup: need more studies



Precision medicine is not 

perfect

Benefit 

Risk 

Diabetes high risk state

THEMIS trial

Ticagrelor in 
stable CAD 

with DM

PEGASUS TIMI 54

Ticagrelor in prior 

MI patients (DM 

subset)

Thank you
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Summary: P2Y12 receptor blockade in diabetes


