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4. Rationale:  

 Apolipoprotein E (apoE) has a major role in the intestinal absorption and formation of 
lipoprotein particles in the intestine and transport and uptake of these particles by the liver.  
In humans, the apoE protein is polymorphic with three common isoforms: E2, E3, and E4 
(1).  The E2 allele has been associated with higher concentrations of apoE and lower total 
serum cholesterol, while E4 has been associated with lower concentrations of apoE and 
higher total cholesterol (2,3).  Since biliary cholesterol is mainly derived from the hepatic 
uptake of plasma lipoprotein cholesterol (4), and the cholesterol saturation of bile is 
believed to be a necessary condition for the development of cholesterol gallstones, it is 
plausible that apoE polymorphism modulates a predisposition to cholelithiasis. 
 Several small clinical studies have reported positive associations between the E4 allele 
and the presence of gallstones (5), the cholesterol content of gallstones (6), the recurrence of 
gallstones after shock-wave lithotripsy (7), and the incidence of cholelithiasis after bariatric 
surgery (8).  A Finnish study of about 1,000 men and women utilized ultrasonography to 
detect gallstones in asymptomatic subjects and reported that the presence of gallstones was 
significantly lower in women carrying an E2 allele compared to those without an E2 allele 
(9).  However, this study and another (5) failed to find any significant association between 
apoE polymorphism and gallstones in men.  In a recently published report from Japan, no 
significant associations were found between the E4 allele and the individual constituents of 



bile acid composition, and the prevalence of the E4 allele was similar in patients with and 
without cholesterol gallstones (10).   
 ApoE genotyping was conducted on the entire ARIC cohort and the cumulative incidence 
of symptomatic gallstones through 2000 can be ascertained using a combination of cohort 
surveillance and self-report (from both the Visit 4 medical history questionnaire and the 
comprehensive medical history questionnaire that was administered in conjunction with 
annual follow-up between 1994 and 1996).  A preliminary examination of these data 
indicate that approximately 2,000 ARIC participants have had symptomatic cholelithiasis. 
 Previous ARIC work has demonstrated that white race, obesity, low HDL cholesterol, 
and elevated triglycerides and insulin, are pertinent risk factors for incident gallbladder 
disease in the cohort (11).  While the E4 allele has been consistently associated with 
elevated total cholesterol, it is also inversely related with total plamsa triglycerides (12).  
Conversely, the E2 allele, while being associated with low total cholesterol, is associated 
with higher levels of triglycerides.  In addition, both the E2 and E4 allele frequencies are 
higher in African-Americans, a race group known to have low rates of gallbladder disease.  
In light of previously determined risk factors for gallbladder disease in the ARIC cohort and 
the inconsistent results of studies of plasma lipids and gallstones, these known relations with 
apoE genotype give rise to competing hypotheses about the potential association between 
apoE genotype and gallbladder disease.  An investigation of the association between apoE 
genotype and cholelithiasis in this large, population-based cohort with a wide variety of risk 
factor data would make an important contribution to the small body of existing clinic-based 
literature.  
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5. Main Hypothesis/Study Questions: 
 

1. Does the presence of an E2 or E4 allele confer excess risk for symptomatic 
cholelithiasis? 

    And if so,   
a.) is the association independent of other known risk factors? (confounding) 
b.) is the association independent of plasma lipid levels? (causal pathway) 

      c.) does the association vary by gender? race? plasma lipid levels? obesity status? 
 
6. Data (variables, time window, source, inclusions/exclusions): 
 

Determination of symptomatic cholelithiasis: Cohort surveillance files through 2000 will be 
used to identify any cases of cholelithiasis that occurred during ARIC follow-up. 
Information from the comprehensive medical history questionnaire administered by 
telephone from 1994-1996 (AMHA) and the medical history questionnaire from the Visit 4 
clinic examination (MHQA) will be used to identify self-reported cases of gallstones that 
may have occurred prior to enrollment in ARIC.  Because abdominal ultrasound was not 
performed as part of ARIC, careful consideration will be given to instances in which 
gallstones may have been detected by ultrasound inadvertently.  We have no specific 
hypothesis per se about apoE genotype being associated only with gallstones that become 
symptomatic, but restricting to cases that are symptomatic might help to minimize 
misclassification. 
 
Other variables and Visit 1 covariates: ApoE genotype, gender, race, age, field center, body-
mass index, waist-to-hip ratio, smoking status, lipids levels, diabetes status and insulin level, 
and hypertension. 
 
Exclusions: Exclude those who are not white or African-American, those with missing apoE 
genotype data, those who have indicated they do not want their DNA used for any type of 
analysis, and those who have not given consent for non-CVD related genetic research.  

 
7.a. Will the data be used for non-CVD analysis in this manuscript? __X__ Yes    ____ No 
 
 b. If Yes, is the author aware that the file ICTDER02 must be used to exclude persons 

with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA 
analysis RES_DNA = “CVD Research” would be used?  __X__ Yes    ____ No 
(This file ICTDER02 has been distributed to ARIC PIs, and contains  
the responses to consent updates related to stored sample use for research.) 

 
8.a. Will the DNA data be used in this manuscript?   __X__ Yes    ____ No 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the file ICTDER02 must be used to exclude those with value 
RES_DNA = “No use/storage DNA”?     __X__ Yes    ____ No 

 
9. The lead author of this manuscript proposal has reviewed the list of existing ARIC 

Study manuscript proposals and has found no overlap between this proposal and 
previously approved manuscript proposals either published or still in active status.  



ARIC Investigators have access to the publications lists under the Study Members Area of 
the web site at:  http://bios.unc.edu/units/cscc/ARIC/stdy/studymem.html  
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10. What are the most related manuscript proposals in ARIC (authors are encouraged to 

contact lead authors of these proposals for comments on the new proposal or                  
collaboration)? 
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MS#924 (Blair) ApoE genotype and cognitive function. – no overlap 
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MS#346A (Ellsworth) ApoE gene predicts incident CHD in whites – no overlap 
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MS#675 (Boland) Risk factors for incident gallbladder disease – no overlap; did not look at ApoE                 
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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. 

 
 
 


