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4. Rationale:  

Venous thromboembolism (VTE) is a common disease with a high mortality rate.  It is 

the third most common life-threatening cardiovascular disease after coronary heart 

disease and stroke.
1
  Both environmental and genetic risk factors are important in the 

etiology of VTE. 
2, 3,4,5,6

   

 

aPTT is a commonly used coagulation test to screen for deficiencies in the coagulation 

cascade.  Protein C is one of the most important anticoagulant regulators of the 

coagulation pathway.  Reduced levels of  aPTT and protein C are important risk factors 

for VTE.
7-10

  In the ARIC Study, the risk of VTE was 2-3 times higher for participants 

with aPTT below the median value
8
 and 3.3 times higher for 1.1% of participants with 

plasma level of protein C values <2.0 mg/L at baseline compared with participants with 

higher values.
9
 

 

Twin and family studies suggest that aPTT and protein C are heritable, with heritability 

of 0.36-0.50 for protein C 
11, 12

 and 0.43-0.83 for aPTT.
11, 12

  Genetic linkage analysis 

identified a region on chromosome 16 that was strongly linked to protein C level in 

Spanish families.
13

  Since aPTT and protein C are important risk factors, it is possible 

that genetic factors influencing the levels of aPTT and protein C also influence the risk of 

VTE.  Therefore, identification of genetic factors for aPTT and protein C may shed light 

on genetic etiology of VTE. 

 

In ARIC, aPTT and protein C were measured at baseline in 11,422 whites and 4089 

African Americans. We have conducted genome-wide association studies for aPTT
14

 in 

CHARGE and protein C in ARIC,
15, 16

 as well as a candidate gene analysis of aPTT with 

the CARe IBC SNP array in ARIC.
17

 For protein C, common variants in GCKR, PROC, 

PROCR, and EDEM2 loci have been associated with protein C levels and explained 14%- 

15% of the variance in protein C in EAs and AAs;
15, 16

 for aPTT, common variants in F5, 

HRG, KNG1, F11, F12, ABO, and VWF have been reported and explained 28%-31% of 

the variance in aPTT in EAs and AAs.
14, 17

 

Since common polymorphisms identified to-date explain only some of the heritability of 

both aPTT and protein C, it is possible there are additional genetic influences that are yet 

discovered, including rare variation in known and new genes. In addition, some of the 

identified variants are located in introns or outside of genes and do not seem to influence 

the structure or function of corresponding genes, which might reflect linkage 

disequilibrium with underlying functional variants that have not yet been investigated, 

but many of which are now available in ARIC through exome chip and exome sequence 

data. 

 

 

5. Main Hypothesis/Study Questions: 

The analytical plan outlined here encompasses exome chip variants genotyped for 

ARIC Whites and Blacks and exome sequence data generated for ARIC Whites and 



Blacks through the NHLBI Exome Sequencing Project (ESP) and the CHARGE 

consortium. Analysis of the exome data will provide an opportunity to: (1) identify novel 

genes/loci that contribute to the interindividual variation of protein C and aPTT; (2) 

identify low frequency or rare variation in new genes and known candidate genes (e.g., 

those previously identified by GWAS or CARE IBC analyses) that influence these 

phenotypes, and investigate the additional contribution of these variants to the variance of 

these phenotypes. 

 

 

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). 

 

We will utilize the analytical approach and pipeline that have been established in 

ARIC as part of CHARGE (http://depts.washington.edu/chargeco/wiki/SKATmeta, 

renamed to seqMeta last year). Analyses will be conducted separately in ARIC Whites 

and Blacks. The skatCohort portion of the analytic pipeline produces Rdata objects for 

the ARIC study that may then be meta-analyzed with other cohorts, or across projects 

(e.g., meta-analysis of CHARGE and ESP exomes). 

 

We will use two approaches to analyze protein C and aPTT: 

 

1) Single variant association analyses 

Single markers of a suitable frequency depending on the total sample size (e.g., >1% 

minor allele frequency or >10 minor allele count) will be analyzed for their association 

with protein C or aPTT in linear regression models. The genetic association analysis for 

protein C will be performed in PLINK. The analysis for aPTT will be performed in 

seqMeta which can meta-analyze association results across cohorts. Covariate adjustment 

is described below. 

 

For protein C, we will combine the exome data with the CARe IBC array as the CARe 

IBC array data focused on common variants of candidate genes, including functional 

variants, and thus serves as a good supplement to the exome data. Unlike aPTT, analyses 

of protein C with CARe IBC array data in ARIC have not yet been implemented or 

published. 

 

2) Gene-based analyses 

For variants of low frequency (e.g., <1% minor allele frequency or another suitable 

cutpoint), we will evaluate the rare variants in aggregate within a gene in R using the 

seqMeta package. The SKAT, T1 and T5 tests will be performed. Rare variants may be 

further filtered to only include those of possible functional consequence (e.g., 

nonsynonymous, splicing, stopgain, or stoploss). 

 

Meta-analysis 

http://depts.washington.edu/chargeco/wiki/SKATmeta


For aPTT, meta-analysis will be conducted across the participating studies for single 

variants using methodologies developed through the CHARGE consortium (i.e., 

seqMeta).  So far, we have identified cohorts including LBC, MICROS, and CHRIS that 

have the aPTT and exome array data and are willing to collaborate. Meta-analysis of 

gene-based tests will also be conducted using methodologies developed through the 

CHARGE consortium (i.e., seqMeta).  For protein C, to the best of our knowledge, ARIC 

is the only cohort with exome array or sequence data that has measured this phenotype. 

We will conduct collaboration and meta-analysis if new cohorts are identified for protein 

C and the exome data. 

 

Phenotypes: protein C and aPTT. Distribution of the phenotypes will be evaluated for 

normality and the following techniques will be used to correct non-normality: log-

transformation, exclusion of outliers, or winsorization of outliers. 

 

Covariates: age at baseline, sex, and field center or principal components if appropriate. 
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