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3. Timeline:  Measurements of plasma ICAM-1 concentrations are available for a stratified 
random sample of the ARIC cohort (Table 2).  Genotyping for two SNPs (rs1799969 [G241R] and 
rs5498 [K469E]) in the ICAM-1 gene is in progress for the entire ARIC cohort.  Genotyping should 
be complete by April.  Statistical analyses will begin in April/May, with a first draft manuscript 
prepared by August 2007. 
 
4. Rationale:  
 The pathogenesis of atherosclerosis is known to contain an important inflammatory 
component, involving the adhesion of circulating leukocytes, particularly monocytes, to the 
vascular endothelium at sites of injury.1 The recruitment, binding and migration of circulating 
leukocytes to the vascular endothelium is mediated through a diverse family of adhesion 
molecules, including ICAM-1, which has been shown to be increased in pathological studies of 
atherosclerosis.2 Plasma levels of ICAM-1 have been previously shown in ARIC to be increased in 
incident CHD and CAA cases compared to controls.3  The odds of CHD and CAA were 5.53 and 
2.64, respectively, for those with levels of ICAM-1 in the highest quartile compared with those in 
the lowest quartile.3 Genetic variation in the ICAM-1 gene has been shown to be associated with 
ICAM-1 levels such that the ICAM-1 G241R polymorphism was associated with lower sICAM-1 
levels in a healthy French population of 412 children and 363 adults.4   



 Only a handful of studies have explored associations between ICAM-1 genetic variation and 
cardiovascular disease, and these results have proved contradictory. One study of an Irish 
population of 1,012 individuals from 386 families with at least one member prematurely affected 
with CAD showed no association between the ICAM-1 K469E polymorphism and CAD.5 Another 
study evaluating the association between the K469E polymorphism and CHD in a German 
population (349 CHD cases, 213 controls) found the 469E variant allele to be significantly 
associated with a 2-fold increased risk of CHD.6  The ICAM-1 469EE genotype was also found to 
be significantly and independently associated with prevalent ischemic stroke in a case-control 
study of 237 persons with history of stroke and 223 age- and gender-matched controls.7 To our 
knowledge, no study has evaluated the association between these two ICAM-1 polymorphisms and 
cardiovascular disease in a large prospective cohort such as the ARIC study.  Therefore, we 
propose to evaluate the association between the ICAM-1 K469E and G241R polymorphisms and 
incident CHD and stroke, as well as the association between these two polymorphisms and ICAM-
1 levels, in the ARIC cohort. The two ICAM-1 SNPs will be analyzed separately and as haplotypes. 
 
5. Main Hypothesis/Study Questions: 

 1. Estimate the frequency distribution of ICAM-1 gene variation in the ARIC cohort.  If allele 
frequencies are markedly disparate between whites and African Americans, all of the 
following analyses will be conducted separately by race. 

 2. Utilizing Cox regression, evaluate the ability of ICAM-1 gene variation to predict incident 
CHD. Models will be adjusted for age, gender, race, BMI, HDL and total cholesterol, 
smoking, diabetes and hypertension status.   

 3. Utilizing Cox regression, evaluate the ability of ICAM-1 gene variation to predict incident 
ischemic stroke. Models will be adjusted for age, gender, race, smoking, diabetes and 
hypertension status. 

 4. Evaluate whether ICAM-1 gene variation is associated with ICAM-1 levels. These analyses 
will be evaluated utilizing the SUDAAN software package to adjust for the  sampling 
strategy. Age, gender, race and case status (CHD and stroke) will be included as 
covariates. 

 5. Evaluate whether ICAM-1 levels are associated with disease status (CHD and stroke). The 
analyses will be evaluated utilizing the SUDAAN software package to adjust for the 
sampling strategy. Age, gender and race will be included as covariates. 

 6. The survival analyses described above (#s 2 and 3) for incident CHD and stroke will be 
repeated including ICAM-1 levels as a covariate. The method of Barlow will be used to 
adjust for the sampling strategy. Covariates will be the same as listed above in #s 2 and 3. 

 
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 two ICAM-1 SNPs (rs1799969 [G241R] and rs5498 [K469E]) are being genotyped on 
the entire ARIC cohort and will be evaluated for associations with incident CHD and stroke, as well 
as evaluated for correlations with ICAM-1 plasma levels.  ICAM-1 levels are available for only a 
subset (stratified random sample) of the ARIC cohort.  Therefore, analyses involving ICAM-1 levels 
will be evaluated utilizing the SUDAAN software package / method of Barlow to adjust for the 
sampling strategy where appropriate.  All analyses will be done for each SNP separately and as 
haplotypes.  Haplotypes will be inferred using PHASE version 2.1.  Goodness of fit to Hardy-
Weinberg expectations will be carried out using a chi-square test. 

ARIC’s incident CHD and ischemic stroke case status will be the primary dependent 
variables.  The usual DNA restriction, ethnic group and missing data exclusion criteria will be used. 
Exclusions will include the following: 1) positive or unknown history of prevalent CHD or stroke or 
history of TIA/stroke, 2) prohibited use of DNA, 3) ethnic background other than white or African 



American, as well as African Americans not from Jackson or Forsyth. For incident CHD analyses, 
we will use the variable IN_03SP.  For incident ischemic stroke analyses, we will use the variable 
IN03ISC.  Independent variables include but are not limited to ICAM-1 genotype status and 
traditional risk factors such as age, gender, smoking, diabetes and hypertension status.  
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