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4. Rationale:  

 

Several epidemiologic studies have shown a positive association between elevated levels 

of fibrinogen and cardiovascular disease (CVD); however, the underlying mechanisms 

are not well understood (1-3). Fibrinogen is associated with several traditional CVD risk 

factors, suggesting that elevated fibrinogen levels may be one pathway by which these 

CVD risk factors exert their influence on the cardiovascular system  (4, 5). 

 

Fibrinogen, the main coagulation protein in plasma, has been proposed to influence 

atherothrombotic events through several mechanisms. Elevated concentrations of 

fibrinogen promote production of fibrin under the action of thrombin, which also 

activates factor XIII (5). Coagulation factor XIII then catalyzes bonds between other 

proteins, such as fibronectin and collagen, which increase the adherence of clots that are 

formed to vessel wall (6). Other mechanisms by which fibrinogen may lead to CVD 

outcomes include altered clot structure (7), and increased plasma viscosity and platelet 

aggregation (5). Although elevated concentrations of fibrinogen may reflect a 

procoagulation state (8), it remains an independent predictor of cardiovascular outcomes 

independent of other procoagulation and inflammatory factors (2). Recent findings that 

elevated plasma fibrinogen increases clot lysis time provide novel mechanistic insight 

and rationalizations to explain the relationship between fibrinogen and CVD (9).   

 

Fibrinogen is a six-chain molecule containing 2 copies each of the Aα, Bβ, and γ chains 

with the latter having two isoforms γ A and γ´ arising from alternative mRNA processing 

(8, 10). γ´ fibrinogen constitutes approximately 7% of plasma fibrinogen, but this 

percentage is higher among individuals with pathological conditions such as coronary 

heart disease (CHD) and stroke (8). There are some biochemical and biophysical 

properties of γ´ fibrinogen which are different from other isoforms of fibrinogen that 

highlight its unique and important mechanistic roles in thrombus formation. It is known 

that γ´ fibrinogen has a binding site for thrombin, which in the presence of factor XIII 

results in formation of clots that have altered clot architecture and are very resistant to 

lysis (8, 10). Accordingly, γ´ fibrinogen has been proposed as an emerging independent 

risk factor for atherothrombotic events independent of total plasma fibrinogen levels (11-

15). However, all prior studies have only assessed this relationship retrospectively or 

cross-sectionally among individuals already diagnosed with CVD events which limit the 

determination of temporality. 

 

Therefore the aim of this study is to prospectively investigate the association of γ´ 

fibrinogen and incident cardiovascular outcomes independent of other known risk factors 

among participants in the Atherosclerosis Risk in Communities (ARIC) study, a biracial 

cohort of white and black men and women. Although prior studies have assumed the 

relationship between γ´ fibrinogen and CVD events to be linear, we would further 

investigate whether a dose-response relationship exists. Finally, we would evaluate the 

added predictive ability of γ´ fibrinogen in CVD risk prediction models. 

 

 

 



5. Main Hypothesis/Study Questions: 

 

 γ´ fibrinogen is independently associated positively with incident CHD, ischemic 

 stroke,  peripheral artery disease, heart failure and total CVD events.  

 

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: cohort beginning at ARIC visit 3 

 

Exposure: γ´ fibrinogen measured at visit 3 

 

Exclusions: 

Participants with prevalent Coronary heart disease, stroke (ischemic), heart failure, or 

peripheral artery disease at baseline (visit 3) will be excluded in analysis assessing 

incident total CVD as outcome. In CVD-specific outcome models, the corresponding 

prevalent CVD cases will be excluded. Additionally, participants with missing γ´ 

fibrinogen values and current users of anticoagulant medications will be excluded.  

 

Outcomes: 

1. Coronary heart disease (CHD) as defined by a definite or probable diagnosis of 

myocardial infarction, definite fatal CHD and/or coronary revascularization 

(CABG or PTCA). 

2. Ischemic stroke, definite or probable. 

3. Peripheral artery disease (PAD) (hospitalized event or revascularization by ICD) 

4. Heart failure (hospitalized events by ICD) 

5. Total CVD as defined by the above plus other cardiovascular death. 

 
 

Covariates (visit 3) 

 

Demographic variables: age, sex, race, educational level (years of education), and 

medical insurance status.  

 

Anthropometric measures: weight, height and waist circumference. 

 

Health behavioral/lifestyle factors: smoking status (never, current, former) and pack 

years, physical activity (Baecke PA scores) and alcohol use.  

 

Reproductive (women): age at menopause, type of menopause and hormone therapy use 

 

Health history and conditions: systolic blood pressure, anti-hypertensive medication use, 

diabetes and lipid-lowering medication use. 

 



Labs: total and HDL cholesterol, total fibrinogen (visit 1 only), C-reactive protein, d-

dimer, and interleukin 6. 

 

Statistical analysis 

 

Sex-specific descriptive statistics will be calculated to describe the study participants in 

the cohort component of the ARIC study according to quartiles of γ´ fibrinogen levels. 

Categorical variables will be compared between groups using chi-square tests while 

comparisons of continuous measures will be tested using analysis of variance (ANOVA). 

In instances in which continuous measures are skewed, results will be normalized by Log 

transformation. When normality is still not achieved by this procedure we would employ 

Kruskal-Wallis test, a non-parametric test or we may categorize such variables. In the 

analysis of time to event, incidence rates for CHD, ischemic stroke, heart failure, PAD 

and total CVD by quartiles of γ´ fibrinogen will be reported with Kaplan-Meier curves 

produced. Log-Rank test will be used to test for differences in survival curves.  

Cox regression models will be used to assess the association of γ´ fibrinogen (modelled 

as a continuous variable and categorized into quartiles) with incident CHD, ischemic 

stroke, heart failure, PAD and total CVD, in crude and adjusted models. Formal 

interaction tests of γ´ fibrinogen and sex will be conducted and if found to be significant, 

sex-specific analyses will be performed. Adjustments will be made for the following 

confounders (age, race, BMI, smoking status and amount, systolic blood pressure, 

antihypertensive and lipid-lowering medication use, diabetes, total fibrinogen, total and 

HDL cholesterol). Further adjustment for other available procoagulation and 

inflammatory factors will be made in a supplementary analysis. The proportional hazards 

assumption will be tested using cumulative sums of martingale residuals with a 

Kolmogorov-type supremum test and also by visually inspecting plots of Schoenfeld 

residuals versus time. To explore the possibility of nonlinear and dose-response 

relationships between γ´ fibrinogen and total CVD, restricted cubic and natural splines 

will be used with knots set at the quartiles of γ´ fibrinogen levels. Finally, we would 

explore the added predictive ability of γ´ fibrinogen on CHD risk prediction using the 

ARIC prediction equation and CVD risk using ACC/AHA ASCVD pooled cohort 

equation in net reclassification models. A two-tailed probability value less than 0.05 will 

be considered statistically significant in all analyses. 

 

We may consider a supplemental analysis examining whether ARIC measured SNPs in 

FGG contribute to any association seen.  Also, if we find γ´ fibrinogen associated with 

some CVD outcomes, the possibility exists for replication in CHS. 
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