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4. Rationale:  



Family history (FH) of early onset coronary artery disease (CAD) has been found to have a 
strong association with multiple measures of atherosclerotic vascular disease in the heart in the 
absence of manifest disease in healthy persons, independent of known risk factors.  There is 
evidence of a marked excess risk of clinically manifest coronary artery disease (CAD) events, 
independent of cardiovascular risk factors, in originally healthy biological relatives of probands 
with a CAD event prior to 60 years of age.1 Preclinical CAD was found to be highly prevalent in 
these families using CT imaging and SPECT techniques.2-4  
 
It is possible that early coronary atherosclerosis may be associated with other vascular disease, 
including cerebral arteriosclerosis, which manifest itself in the brain as silent small vessel 
cerebrovascular disease (SVCVD). Other research efforts have supported a high prevalence of 
ischemic white matter hyperintensities (WMH) in those with coronary atherosclerosis and a 
significant relationship between measures of preclinical CAD and WMH volumes.6-8 What 
remains to be determined is if FH of CAD conveys an excess risk of larger, preclinical WMH 
volumes. To date, the effect of FH of early vascular disease on preclinical SVCVD has not been 
examined and ARIC provides a unique cohort in which to answer this question.  We thus have 
posited that the high prevalence of preclinical SVCVD, independent of traditional risk factors, is 
associated with a FH of early-onset CAD. 
 
5. Main Hypothesis/Study Questions: 
Our objective with this project would be: To determine whether FH of CAD conveys an excess 
risk of SVCVD independent of traditional risk factors (low density lipoprotein, systolic blood 
pressure, diabetes mellitus, smoking, age, sex, race etc.)  
 
To do this, we propose comparing markers of SVCVD, specifically WMH volumes, lacunar 
infarcts and subcortical microbleeds, in persons with a FH, as defined by presence of a sibling or 
parent with CAD, to those without a FH.  
 
We propose three aims:  
A. To compare the presence of markers of SVCVD (lacunar infarcts, subcortical microbleeds, 

WMH, WMH volumes and % WMH) between the cohort with any level of FH of CAD 
(parent or sibling) to individuals without a FH of CAD in ARIC.  

Hypothesis: Those participants with a FH of CAD will have lacunar infarcts, subcortical 
microbleeds, larger volumes of WMH and total % WMH compared to those participants without 
a FH of CAD, independent of traditional vascular risk factors. 
 
B. To compare the presence of markers of SVCVD (lacunar infarcts, subcortical microbleeds, 

WMH, WMH volumes and % WMH) between the ARIC cohort with a “stronger” FH of 
CAD, defined as those with two or more family members with CAD, to those with only one 
relative with CAD, and to those without a family history of CAD (to evaluate for a dose 
response relationship).  

Hypothesis: Those participants with two or more relatives with a history of CAD will have 
lacunar infarcts, subcortical microbleeds, larger volumes of WMH and total % WMH compared 
to those participants with only one relative with a history of CAD or those without a family 
history of CAD. Those participants with one relative with CAD will have lacunar infarcts, 



subcortical microbleeds, larger volumes of WMH and total % WMH compared to those with no 
family history of CAD. 

C. (Secondary analysis) To compare markers of SVCVD between the ARIC cohort with a 
FH of premature CAD (less than age 55 males, less than age 60 females) in any relative 
(≥1), to those with a family history of CAD, but without a premature family history (≥1), 
and to those without a family history of CAD. 

Hypothesis: Those participants with at least one relative with a premature family history of 
CAD will have lacunar infarcts, subcortical microbleeds, larger volumes of WMH and total 
% WMH compared to those participants with only one relative with a history of CAD that is 
not premature as defined by age, or those without a family history of CAD.  

 
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). 
 
Inclusion Criteria:  
All participants in the ARIC study who have completed a brain MRI at visit 5 will be eligible for 
inclusion. Those who are demented will be included, but a sensitivity analysis will be performed 
excluding those with dementia. Those participants with incomplete demographic/covariate 
information will be excluded (see below). 
 
Outcome:  
Lacunar infarcts (presence and frequency of lacunes), subcortical microbleeds (presence), WMH, 
volume of WMH and % total WMH will be used from ARIC visit 5.  Specifically the variables 
LAC15PRES51-Presence of lacunes, LAC20FREQ51-Frequency of lacunes, 
SUBCORTICALCMHPRES51-Presence of subcortical microhemorrhages, WMHPCT51-
Percentage of white matter hyperintensities, WMHPRES51-White matter hyperintensity 
presence, WMHVOL51-Volume of white matter hyperintensities, will be used. 
 
Exposure: 
The exposure of interest is a family history of CAD as well as premature CAD, defined by age.  
Parental data was collected at visit 1 and Sibling data was collected at visit 2 in ARIC. The 
variables that will be used for the family history analysis will be: MOMHISTORYCHD -New 
Maternal History of CHD, DADHISTORYCAD-Paternal history of CAD, MOMPRECHD-
Maternal history of premature CAD (before age 60), DADPRECHD-Paternal history of 
premature CAD (before age 55), FHXA12/21/30/39/48-Did your sibling ever have a heart 
attack?, FHXA13/22/31/40/49- If so, age at time of heart attack?   
 
In the event that the data is unavailable, or the information is unknown, it will be assumed that a 
family history did not exist. A sensitivity analysis will be conducted to see if the associations 
change when only complete cases are considered. 
 
Other variables:  
We will include age, sex, race, and center (combined variable, race*center). In addition systolic 
blood pressure, diabetes, low density lipoprotein, smoking status, education and total intracranial 
volume will be included in the adjustment models. Cognitive status, defined based on the ARIC-



NCS expert classification, will be used to exclude participants with a history of dementia in the 
sensitivity analysis.  
 
Specifically the variables used in the adjustment models will be either baseline variables, or 
those collected at visit 5.  They are as follows: V5AGE51-Visit 5 age, GENDER-Sex, 
RACEGRP-Race, V5CENTER-Visit 5 Field Center, HYPERT55-V5 HTN definition 5 
(SYSTOLIC51 GE 140 or DIASTOLIC51 GE 90 or HTN medication), LDLSIU51-v5 ldl 
Cholesterol in SI Units, DIABTS56-V5 Diabetes - Hemoglobin A1C, cutpoint 6.5%, 
EVRSMK52-V5 ever smoked cigarettes, DEMDXL1-Dementia diagnosis level 1, ETIV51-
Estimated total intracranial volume (eTIV; mm3), ELEVEL01-highest education completed 
(continuous, number) 
 
Analytic plan: 
Multivariable regression models will be used to determine the association of WMH (linear 
regression for volume of WMH and % total WMH; logistic regression for presence of WMH) 
with a family history of CAD, first adjusting for demographics and then successively for the 
possible confounding risk factors and eTIV. WMH volumes will be log-transformed due to 
skewed nature of the data. FH will be defined per the levels above. 
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