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otherwise close to being ready for submission. We therefore expect to submit a manuscript to a 
peer-reviewed journal within 1-3 months of this proposal being approved.  
 
4. Rationale: Fibrinogen is a key protein in coagulation, serving as the precursor of fibrin and 
promoting platelet aggregation.  Fibrinogen is also part of the acute phase response, serving as an 
inflammatory mediator. The alpha, beta, and gamma chains that comprise fibrinogen are encoded 
by the FGA, FGB, and FGG genes, which are located together in a single genetic region. 
Alternative splicing of FGG produces an isoform of the gamma chain known as gamma prime, 
resulting in the production of gamma prime fibrinogen, which makes up about 8-15% of total 



plasma fibrinogen. It is unclear whether gamma prime fibrinogen levels or total fibrinogen levels 
have a causal effect on venous thromboembolism (VTE) or ischemic stroke subtypes, including 
cardioembolic stroke, large artery stroke, and small vessel stroke. Mendelian randomization is an 
approach that, when assumptions are met, estimates the causal effect of an exposure on an 
outcome, by using genetic variants as instrumental variables for the exposure.   
 
5. Main Hypothesis/Study Questions:  
 
The aims of our study are: 
 

1) To identify genetic variants association with gamma prime fibrinogen levels 
2) To estimate the causal effect of gamma prime fibrinogen levels and total fibrinogen 

levels on VTE and ischemic stroke subtypes using Mendelian randomization.  
 

 
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). 
 
The genome-wide association study of gamma prime fibrinogen levels will use gamma prime 
fibrinogen level measurements from visit 3 that were performed using ELISA. The phenotype 
will be log-transformed before analyses, and participants with gamma prime fibrinogen levels > 
3 SD from the mean will be excluded. We will use genotypes assessed using the Affymetrix 
(Santa Clara, CA, USA) Genome-wide Human SNP Array 6.0 assay, and additional genotypes 
imputed using IMPUTE based on the 1000 Genomes Project phase 1 version 3 reference panel. 
Genetic variants with P-value < 5E-8 will be considered genome-wide significant.  
 
Our Mendelian randomization analyses will be based solely on summary statistics: we will use 
the beta and standard error of the association of each genetic variant with our exposures (gamma 
prime and total fibrinogen levels) and our outcomes (VTE and ischemic stroke subtypes). All of 
these summary statistics are publicly available and have already been obtained, except for those 
pertaining to gamma prime fibrinogen. In order to obtain summary statistics for gamma prime 
fibrinogen, we propose to perform a genome-wide association study of gamma prime fibrinogen 
levels in the ARIC study.  
 
All analyses involving participant-level ARIC phenotype and genotype data will be carried out 
by Nathan Pankratz and Weihong Tang at the University of Minnesota. Only summary-level 
statistics for the association of each genetic variant with gamma prime fibrinogen will then be 
shared with Jillian Maners and Paul de Vries at the University of Texas Health Science Center at 
Houston, and will be used to perform Mendelian randomization. 
 
In order to select sets of independent genetic instruments for gamma prime fibrinogen and total 
fibrinogen levels we will: 1) restrict the summary statistics to genetic variants also present in the 
summary statistics for the outcomes (VTE and ischemic stroke subtypes), 2) restrict to only 
genome-wide significant variants (P-value < 5×10-8), and 3) use linkage disequilibrium 
clumping in the “TwoSampleMR” R package to prune these variants according to their pairwise 



linkage disequilibrium by removing the variant with the least significant P-value from each pair 
of variants with a LD r2 > 0.1.  
 
The primary Mendelian randomization approach for producing a single estimate of the causal 
effect for each exposure-outcome association will be inverse variance weighted meta-analysis. 
However, we will also use a range of alternative approaches as sensitivity analyses, including 
MR-Egger, Weighted Median, and Weighted Mode. The “TwoSampleMR” R package will be 
used to carry out these analyses. 
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VTE and ischemic stroke are cardiovascular diseases.  
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