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4. Rationale:  
We propose to examine associations between C-reactive protein (CRP) and fibrinogen 
gene polymorphisms, measured in CARe, and risk of breast, lung, colorectal, and prostate 
cancers in the Atherosclerosis Risk in Communities (ARIC) study.  
        Recently, we examined associations of circulating levels of two acute phase 
reactants –hs-CRP and fibrinogen – with risk of colorectal cancer in ARIC and detected 
positive associations1. The results for CRP and colorectal cancer are in general agreement 
with findings from several studies 2-4. Several other studies also reported positive 
relations between circulating CRP and all-site, lung, prostate, and some other cancers 4-7. 
However, not all studies reported consistent results, and it is not clear whether or not the 
observed associations are causal. 
     To our knowledge, no other study examined fibrinogen in relation to incident cancer. 
A large meta-analysis of prospective studies reported a positive association between 
fibrinogen levels and mortality from smoking-related cancers, cancers of colorectum and 
other digestive organs 8. There is also a biologic evidence that fibrinogen contributes to 
colorectal carcinogenesis 9.  
       A potential approach to examining the link of CRP and fibrinogen with incident 
cancers is gene-association studies, which use the principles of Mendelian randomization. 
As gene variants are randomly allocated at conception, associations of genetic 
polymorphisms and cancer outcomes are not affected by confounders or reverse causality 
10.  The data on the associations of CRP genotypes and cancer are scarce and inconsistent 
7,11-13. A prospective study from Denmark found that genetic variants in the CRP gene 
were associated with increased plasma CRP but not with colorectal cancer risk 11. In 
contrast, the prospective CLUE II cohort study detected a statistically significant positive 
association of two CRP haplotypes and two individual SNPs with colorectal cancer risk13.  
        ARIC provides an excellent opportunity to analyze CRP and fibrinogen genotypes in 
relation to cancer, because 28 CRP SNPs and up to 30 SNPs in each of three fibrinogen 
genes (FGA, FGB, FGG) have been genotyped in CARe including candidate and tagging 
SNPs 7, 11-13,14. An additional advantage of our study is the availability of data about 
circulating fibrinogen and CRP for all ARIC participants measured at Visit 1(1987-89) 
and Visit 4 (1996-98), respectively. 
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5. Main Hypothesis/Study Questions: 

• Associations of CRP and fibrinogen polymorphisms with the risk of 
colorectal, breast, prostate, and lung cancers;  

• Associations of circulatory CRP and fibrinogen levels with the risk of 
colorectal, breast, prostate, and lung cancers;  

• Associations of CRP and fibrinogen polymorphisms with blood CRP and 
fibrinogen levels, respectively.  

 
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).  
 
Study design: Prospective cohort study 
 
Dependent variables:  Incident colorectal (N~346), breast (N~570), prostate (N~684), 
and lung cancers (N~476) are available through 2006.   CRP levels were measured for all 
participants at Visit 4 (1996-98) 
 
Independent variables:  up to 28 SNPs in CRP gene and 78 SNPs in three fibrinogen 
genes 
 
Covariates:   
Because our main analysis is genetic, confounding is not expected, but we will consider 
confounding by major risk factors such as age, sex, center, smoking, BMI, pack-years, 
education, alcohol, aspirin use, hormone therapy use, and diabetes, measured at visit 1.  



Interactions with sex, smoking, and NSAIDs (measured at visit 1) will be examined for 
SNP /cancer associations. 
For the analysis of CRP levels and cancers, covariates measured at visit 4 will be used. 
 
Analysis plan:  All analyses will be stratified by race because of the potential for 
population stratification. For each genotype, Hardy Weinberg equilibrium (HWE) will be 
calculated and genotypes not in HWE will be excluded. 
We will use Cox proportional hazards regression to examine associations of biomarker 
(CRP, fibrinogen) polymorphisms, as well the associations of  circulatory biomarker 
levels with the risk of colorectal, breast, prostate, and lung cancers. We will utilize linear 
regression to explore the association of each biomarker polymorphisms with its blood 
level. An additive genetic model will be used with SNPs coded as 0, 1, or 2, indicating 
the number of minor alleles. Given that we are evaluating many SNPs for each 
biomarker, we will correct for multiple comparisons. If we find significant 
genotype/cancer associations, we will examine interaction terms to determine if these 
associations vary by sex, smoking, and NSAIDs. 
For the analysis of SNPs and circulatory CRP levels, log transformation of CRP will be 
used because of skewness of the CRP distribution. For the analysis of circulatory CRP 
and fibrinogen with cancers, CRP and fibrinogen levels will be presented as continuous 
variables and as quartiles.  
 
Inclusion/Exclusion:  inclusion:  all ARIC visit 1 participants free of cancer; exclusion:  
participants with missing genotype information, and those who did not give consent to 
participate in cancer studies. 
For the analysis of circulatory CRP and cancer, participants, who had prevalent cancer at 
visit 4 or did not give consent to participate in cancer studies, or had missing information 
about the biomarkers under study, will be excluded from the analyses.  
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