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Cardiovascular Risk Assessment 

Adds at least a year to 
the drug development 
process and an 
estimated 250 to 500 
million US Dollars to 
the cost of developing a 
new diabetes 
medication. 

Boaz Hirshberg, Arie Katz. “Cardiovascular Outcome Studies With Novel Antidiabetes Agents: Scientific and Operational Considerations” 
Diabetes Care 36.2 (2013): S253-S258. 
David a. Fryburg, and Maria T. Vassileva. “Atherosclerosis Drug Development in Jeopardy: The need for Predictive Biomarkers of 
Treatment Response” Science Translational Medicine 3.72 (2011): 1-5. 

In order to satisfy the initial approvability hazard ratio requirements of 1.8 to 1.3, drug 
development programs should target between approximately 120 to 700 CV events 
respectively. This will require studying between 4,500 and 15,000 T2DM patients. 



FMD as an Early Signal of CV Risk 

Marietta Charakida, Stefano Masi, Thomal f. Luscher, 
John J.P. Kastelein, and  John E. Deanfield. “Assessment 
of Atherosclerosis: the rol eof flow-mediated dilatation” 
European Heart Journal 31 (2010): 2854-2861. 

Non-Invasive, ultrasonographic 
measure of nitric oxide cascade 
mediated vascular dilation of the 
diameter of the brachial artery in 
response to hyperemia induced by 
short-term occlusion of the forearm. 

The FMD response is sensitive 
to even short term 
interventions and is highly 
correlated to cardiovascular 
outcomes. 



FMD as an Early Signal of CV Risk 

Marietta Charakida, Stefano Masi, Thomal f. Luscher, John J.P. Kastelein, and  John E. Deanfield. “Assessment of Atherosclerosis: the rol eof 
flow-mediated dilatation” European Heart Journal 31 (2010): 2854-2861. 



Repeatability of the Hyperinsulinemic-
Euglycemic Glucose Clamp 
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Period 1 and Period 2 Mean Plasma Glucose and Glucose Infusion Rate (GIR) vs. Time 

P1 Plasma Glucose (mg/dL) P2 Plasma Glucose (mg/dL) P1 GIR (mg/kg/min) P2 GIR (mg/kg/min)



Repeatability of the Hyperinsulinemic-
Euglycemic Glucose Clamp 
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All Period Mean Plasma Glucose and Glucose Infusion Rate (GIR) vs. Time 

Plasma Glucose (mg/dL) GIR (mg/kg/min)



Additional Testing Methods 

 Glycemic Control or Metabolic 
Regulation 
 24hr glucose  
 Continuous Glucose Monitoring 
 Oral Glucose Tolerance Tests 

(OGTT) 
 Meal Tolerance Tests (MTT) 
 Intravenous Glucose Tolerance 

Tests (IVGTT) 
 Pancreatic Maximum Stimulation 

Tests 
 Graded Glucose Infusions (GGI) 
 Glucose Clamping 
 Isotope Dilution Methods 

 Stable and radioactive 
isotopes 

 

 Satiety 
 Visual Analog Scales (VAS) 
 Food intake models 

 Cardiometabolic Endothelial 
Function Testing 
 Flow Mediated Dilation (FMD) 

 Substrate Utilization and 
Energy Expenditure 
 Indirect Calorimetry 

 Metabolically Relevant Medical 
Imaging (DEXA, MRI) 

 Metabolically Relevant Biopsies      
(Adipose, Muscle) 
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Risks Deferred are Risks Accepted 



Questions? 
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