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4. Rationale:  
Stroke is a major cause of death and disability in the United States and other industrialized 
countries.  In the United States stroke is the 3rd leading cause of death and a major cause of 
disability.  There are 500,000 first strokes each year, and of those 88 percent are ischemic [1].  
While recent medical advances have improved acute ischemic stroke survival, prevention 
remains the best hope for reduction in stroke mortality [2]. 
 
The main risk factors for ischemic stroke have been reported to be age, hypertension, smoking, 
heart disease, atrial fibrillation, congestive heart failure, diabetes, hyperglycemia, and prior TIA 
or stroke [13].  Some potential risk factors have been contested within the literature.  The 
relationship between apolipoprotein E genotype and ischemic stroke has remained unclear 
despite many published papers. 
 
Apolipoprotein E genotype was first recognized as a potential determinant of coronary heart 
disease after it was shown that ε2 alleles lowered blood cholesterol levels, and the ε4 alleles 
consistently raised them, across several populations and studies [3].  The Framingham study 
demonstrated an increased risk of coronary heart disease for ε4 vs. ε3 after adjustment for 
hypertension, smoking, obesity, diabetes, HDL, and LDL [4].   A more recent summary in the 
American Journal of Epidemiology reported that APOE maintains a modest relation with 
coronary heart disease outcomes [5].  
 
Efforts to link stroke and APOE genotype have been more inconsistent.  McCarron et al 
performed a meta-analysis of APOE genotype in 1999.  In their analysis of 9 case control studies 
they found an overall odds ratio of 1.68 (95% CI 1.36, 2.06) for APOE frequency among stroke 



cases versus controls [6].  In their analysis six of the studies had reported null results.   Since this 
meta-analysis there have been at least five null case control studies published, as well as one 
modestly positive case control study [7-11], and one null result from ARIC discussed below [12].  
A lack of association between APOE genotype and ischemic stroke may be consistent with little 
relation between serum cholesterol and ischemic stroke [14], except at younger ages [16].  Yet, 
cholesterol lowering with statins does reduce stroke risk [15].  
 
ARIC has some advantages for addressing the role of APOE genotype in incident ischemic 
stroke.  ARIC has a well-established cohort with very high quality data and measures.  ARIC has 
a more diverse population than previous studies, and allows the opportunity to look at potential 
interactions with race.  ARIC has an estimated 500 incident ischemic stroke cases (40% in 
blacks), and will be one of the largest studies looking at APOE genotype and stroke to date.  This 
will allow us to examine potential interactions of APOE genotype and other risk factors.  
 
As mentioned above, stroke and APOE genotype have been looked at previously in ARIC by 
Morrison et al (ARIC manuscript 732).  Morrison examined 218 strokes in a nested case-control 
study with an average follow-time of 7.5 years.  Our intention is to extend the work done by 
Morrison, as we now have APOE genotyping of the entire cohort and approximately 500 strokes.  
Morrison reported the possibility of their null results being due to a lack of power, and the 
current proposal would have a greater ability to detect an association as well as look at potential 
interactions.  Morrison conducted their analysis as a nested case-control study and we will be 
analyzing the cohort.  Finally, while Morrison adjusted by race, we anticipate having sufficient 
cases to report race-specific findings, which is important given the widely different APOE 
genotype for whites and blacks [5]. 
 
5. Main Hypothesis /Study Questions: The incidence of ischemic stoke is not significantly 
different between those with an APOE ε4, ε3, or ε2 alleles (ε4=ε3=ε2).  A secondary, but 
important, question is whether APOE genotype interacts with race, hypertension, and other risk 
factors for stroke. As a supplemental aim we will explore whether lipid levels might explain any 
association observed with APOE genotype; however, we do not expect this to be the case since 
lipids were largely unrelated to stroke in an earlier ARIC paper (14). 
 
6. Data (variables, time window, source, inclusions/exclusions): 
Inclusions: ARIC cohort. 
Exclusions: Prior stroke at baseline. 
Dependent variables: Ischemic stroke incidence through most recent closure. 
Independent variables: APOE genotype. 
Other Covariates: Age, sex, race, blood pressure, anti-hypertensive medications, 
anthropometrics, diabetes, blood glucose, insulin, physical activity, smoking status, alcohol use, 
medications, hormone replacement therapy status, prior CHD, ECG Left-ventricular 
hypertrophy, fibrinogen, and blood lipids. 
Analysis Plan: We plan on conducting a cohort analysis examining ischemic stroke and APOE 
genotype controlled for other known risk factors.  The independent and dependent variables are 
listed above.  Categorical variables will be analyzed using their natural categories (ex: male and 
female for gender) and continuous variables will be analyzed as both continuous (blood pressure 
measure) and discrete (blood pressure divided into quartiles, etc). We plan to report incidence 
rates and relative risks for APOE as three categories: E2 (ε2/ε2, ε2/ε3, ε2 /ε4), E3 (ε3/ε3) and E4 
(ε4/ε3, ε4/ε4).  We will then compare incidence between these categories, using the E3 group as 



the referent.  We may also consider a dichotomous categorization of E4 vs. non-E4, with the 
non-E4 being the reference group. We will also report relative risks created using Cox 
proportional hazard regression models.  We will produce our model by examining the 
contribution of possible confounders and effect modifiers, and removing those that do not 
significantly contribute to our model.  We anticipate including confounders such as age and sex 
in our model.  We will be able to report separate risk ratios by race, as a possible effect modifier.  
Our race categories will be Black and White.  ARIC has some measures that were taken at 
baseline and throughout the time of the cohort, while some were only taken at baseline.  We may 
use time-dependant covariates to account for this data, but are waiting until analysis to determine 
the best approach.  Adjustment for lipids (potential intermediate variables) will be considered 
carefully.  We will be using SAS for our analysis. 
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Previous work by Morrison (manuscript 421) is discussed above.  Several of the previous 
authors are contributing their expertise to this work. 
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11.  Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date of 
the approval, the manuscript proposal will expire. 

 
 
 


