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3. Timeline: 
Data analysis: 1-2 months from manuscript approval date. 
First draft of the manuscript: 2-3 months from manuscript approval date. 
 
4. Rationale:  
Platelets are essential to atherothrombosis and thromboembolic events (1, 2). Platelets 
may be activated by impaired endothelial antithrombotic properties, reactive oxygen 
species deriving from cardiovascular risk factors such as smoking and diabetes, and 
increased prothrombotic and pro-inflammatory mediators (3). Activated platelets adhere 



to the vessel wall, accelerate the inflammatory process by releasing their granules, 
contributing to atherosclerosis, and also play a key role in thrombus formation on erosion 
or rupture of an atherosclerotic plaque (3). Abundant previous reports have suggested that 
increased levels of activated platelets are associated with increased risks of 
cardiovascular morbidity and mortality among patients with cardiovascular disease 
(CVD) (4-7).  
 However, there is limited evidence on the association between platelet activity and 
CVD risk in populations without clinical CVD (7). Some studies have reported P-Selectin 
and CD40 Ligand, which can be considered to be markers for activated platelets are 
associated with CVD risk in general populations (8-10); other population studies have 
found no association between these markers and CVD (11, 12). Thus, those associations 
need further exploration. Other platelet function tests such as aggregometry, mean 
platelet volume, platelet count, bleeding time and thromboxane appear to have no 
associations with incident CVD risk (7). 
 In ARIC, β-thromboglobulin, which is a well-established marker for activated 
platelet, as well as P-Selectin and CD40 Ligand, were measured on blood stored from 
ARIC clinic examinations in nested case-cohort studies. Therefore, we sought to test the 
hypothesis that activated platelet, measured by higher levels of P-Selectin, CD40 Ligand, 
and β-thromboglobulin, are associated with increased risk of incident CVD. 
 
5. Main Study Questions: 
Activated platelet functions measured by P-Selectin, CD40 Ligand, and β-
thromboglobulin are associated with increased risks of incident CVD. 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 
variables of interest with specific reference to the time of their collection, summary 
of data analysis, and any anticipated methodologic limitations or challenges if 
present). 
 
Design 
Prospective cohort  
 
Inclusion/exclusion criteria 
Inclusion: Cohort random sample who provided blood samples for P-Selectin and β-
thromboglobulin at visit 1 (n=about 1,000) and for CD40 Ligand at visit 2 (n=about 900). 
These were measured in nested case-cohort studies of CVD cases. 
 
Exclusion: Those who had prevalent CVD (coronary heart disease, heart failure and 
stroke) at each baseline. 
 
Main exposure 
Plasma P-Selectin, CD40 Ligand, and β-thromboglobulin levels. 
 
Covariates 
Age, sex, race/ARIC field center, body mass index, hypertension, diabetes mellitus, 
HDL, LDL, triglyceride, estimated GFR, antiplatelet therapy, smoking status, alcohol 
drinking, alcohol amount, and educational attainment. 



 
Endpoints 
Incident coronary heart disease, heart failure and stroke from baseline through 2,013. 
 
Statistical analysis 
Firstly, covariates first will be presented according to quartiles of plasma platelet 
activation markers.  
 
Secondly, hazard ratios and their 95% confidence intervals for incident CVD will be 
calculated using a weighted Cox proportional hazard models in relation to quartiles of 
platelet activity marker levels and 1-SD increment for natural log-transformed or log2-
transformed plasma platelet activation markers if we find they are left or right skewed. 

• Model 1: adjustment for age, sex, race, and ARIC study site. 

• Model 2: Model 1 + adjustment for body mass index, hypertension, diabetes 

mellitus,  
                      HDL, LDL, triglyceride, estimated GFR, antiplatelet therapy,  
                      smoking status, alcohol drinking, alcohol amount, and educational  
                      attainment.   
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