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4. Rationale:    

 

The LITE study of venous thromboembolism (VTE) involves ARIC and CHS.   LITE 

recently measured  fibrinogen and factor XI in both cohorts.  The ARIC NCS study 

measured D-dimer.  This paper will analyze these factors in relation to incident VTE and 

atherothrombotic CVD. 



 

 Fibrinogen 

Fibrinogen has two copies of the A, B, and  chains.  The  chain, produced under 

control of FGG, has two isoforms A and .   comprises approximately 10% of total 

fibrinogen but varies among individuals.  Clots made from  fibrinogen are more 

resistant to lysis than normal clots; therefore the proportion of  fibrinogen was 

hypothesized to be a risk factor for arterial thrombosis.
1
  Epidemiologic evidence, 

however, is limited and contradictory.  Recently, the Framingham Study showed plasma 

 fibrinogen was positively associated with prevalent arterial CVD (RR=2 for extreme 

tertiles) independent of total fibrinogen.
2
  More relevant to LITE, the Leiden 

Thrombophilia Study found a FGG-H2 haplotype was strongly related to lower  

fibrinogen levels.
3
  The haplotype itself doubled the risk of VTE and  fibrinogen was 

negatively associated with VTE even though total fibrinogen was positively associated 

with VTE.  These VTE findings, which seemingly contradict those for CHD, warrant 

replication.  Another rationale for studying  fibrinogen is that in our VTE GWAS, 

known FGG variants did not fully explain the association of our newly discovered FGG 

locus with VTE.  Measuring  fibrinogen therefore allows us to assess linkages between 

FGG variation,  fibrinogen level, and VTE risk. 

 

Factor XI   

Evidence is strong that elevated factor XI levels increase VTE risk,
4-6

 but prospective 

data are limited.  We previously did a VTE nested-case control study indicating a RR=1.8 

(95% CI, 1.3-2.7) for highest vs. lowest factor XI quintiles.
7
  In another nested case-

control study, we showed a positive association of factor XI with stroke, but not CHD.
8,9

  

Another study of young women also showed a positive association with stroke but not 

CHD.
 12

 Having expanded factor XI measurement to the entire LITE sample will allow us 

to verify these associations with more precision, but more importantly, will allow us to 

more fully assess linkages between F11 genetic variation, FXI concentration, and VTE 

occurrence. 

 

D-dimer 

D-dimer was associated positively with incident VTE in a LITE nested case-control 

study,
10

 and it has been associated positively with atherothrombotic CVD in many 

studies.
11

  We will try to replicate these findings.  

 

5. Main Hypothesis/Study Questions: 

 

 fibrinogen, factor XI and D-dimer are associated positively with incident VTE, CHD, 

and stroke.   

 

The analysis will include ARIC for all three analytes and CHS for the first two.  It is 

likely that we will split VTE from the other two atherothrombotic endpoints, but we 

request that this manuscript be approved with them lumped.  In an additional analysis, we 

will use SNP data for a Mendelian randomization exploration. 

 



Also, it is possible that members of the writing group will be interested in other 

endpoints, such as PAD, heart failure atrial fibrillation, or aortic aneurysm, but those 

would be proposed separately. 

 

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 (ARIC, CHS) 

 

Endpoint: incidences of VTE, stroke, CHD 

 

Exposure:  fibrinogen, factor XI and D-dimer.  Transformation for skewness, as 

needed, or use quantiles.   

 

Exclusions: depending on the outcome under consideration, exclude VTE, stroke or CHD 

prior to exam visit, anticoagulant use, and missing hemostatic factor.  

 

Covariates: VTE or CVD risk factors from the exam visit where blood was drawn (visit 3 

in ARIC) 

 

Analysis for main associations:  For LITE, we typically analyze ARIC and CHS 

separately and pools them only if there is no obvious heterogeneity.  The shape of 

association will be examined using cubic splines.  We will use Cox proportional hazards 

models for each endpoint (VTE, CHD, stroke), with adjustment for relevant confounders.  

We will also examine Visit 1 total fibrinogen in the  fibrinogen analysis. 

 

Analysis for Mendelian Randomization in relation to VTE:  Mendelian randomization is 

a type of instrumental variable analysis that seeks to estimate unconfounded causal 

effects between a risk factor (e.g, FXI levels) and outcome of interest (e.g., VTE) through 

the use of genetic instruments (genetic variants). Assuming that we find associations 

between intermediate traits (FXI and  fibrinogen levels) and VTE, and that some 

variants in F11 or FGG are significantly associated with circulating levels of their gene 

products, we will conduct formal analyses to compare the observed strength of 

association between F11 or FGG variants and VTE to that predicted based on 

associations between the (a) gene variants and the intermediate phenotypes; and (b) 

intermediate phenotypes and VTE.  While recognizing the important limitations of the 

Mendelian randomization approach, agreement between these observed and predicted 

associations will provide additional support for a causal relation between the intermediate 

phenotypes and VTE risk.  This analysis will involve only whites in ARIC and CHS, with 

a maximum sample size of 13,000 with data on F11 and FGG gene variants, FXI and  

fibrinogen levels, and VTE events. Selection of gene variants in (a) above will be based 

on literature and ongoing GWAS projects for these hemostatic factors in ARIC and/or 

CHS. GWAS projects for these hemostatic factors will be submitted in separate MS 

proposals. 
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