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3. Timeline: Starting immediately, to be completed by March 2014 

 

4. Rationale:  

Microvascular brain disease may manifest as asymptomatic ischemic lesions readily identified on 

CT and MRI scans.  Diffuse lesions are usually referred to as white matter hyperintensities or 

leukoaraiosis; while isolated lesions are generally categorized as lacunar brain infarct. Both are 

likely due, at least in part, to arteriolar disease. White matter hyperintensities are associated with 



 

 

vascular risk factors, particularly age and hypertension, and have been related to increased risk of 

stroke in several studies
1-2

 including ARIC
3
. In elderly populations, leukoaraiosis has been 

associated with global or selective cognitive deficits, changes in mood, decreased motor function 

and urinary disturbances, all contributing to increased disability in the elderly 
4-5

.  In patients with 

acute ischemic stroke, leukoaraiosis volume has been reported an independent predictor of infarct 

growth
6
 and associated with poor outcome including reduced physical functioning, decreased 

quality of life and low community integration
7
, stroke recurrence

8
, and mortality

9
.  

Subclinical infarctions, most characterized as lacunes, are defined as "imaging or 

neuropathological evidence of CNS infarction, without a history of acute neurological 

dysfunction attributable to the lesion"
10

. They are present in 8%-28% of participants in 

population-based studies, and up to 50% of patients with acute stroke 
11

. They share risk factors 

with white matter hyperintensities and have been associated with physical functional decline
12

, 

frailty
13

, impaired cognition and visual field deficits
14

.  In population-based studies, increased 

risks of stroke 
2, 15

 and dementia
16

 have been reported for participants with evidence of 

subclinical infarctions. Post-stroke disabilities for patients with prior subclinical stroke are 

similar to those of patients with prior overt stroke (Koton, in press). Despite the similar 

pathophysiology, risk factors, and outcomes, and frequent co-occurrence of both white matter 

hyperintensities and subclinical infarcts, and the difficulty in clearly distinguishing between them 

in some cases
11

, there are few reports on the clinical profile of the two entities in a single study
17

, 

and their combined significance for the prediction of overt stroke has not been reported. A recent 

study on retinal microvascular abnormalities as predictor of progression of brain microvascular 

disease in ARIC (Hanff et al, submitted) used volumetric measures of progression of 

leukoaraiosis- calculated as the difference in volume at follow-up Brain MRI visit (2004-06) and 

initial MRI at visit 3 (1993-95) - in combination with a dichotomous characterization of incident 

lacunes (absent at visit 3 and then present at the Brain MRI visit) as the study outcome. We 

propose assessing the validity of a measure using not only presence of lacunes, but a quantitative 

measure of progression of lacunes (i.e. change in number of identified lacunes or progression in 

lacunar volume between visit 3 and follow-up MRI visit) combined with volumetric measures of 

progression of leukoaraiosis for the prediction of incident overt stroke in ARIC participants.  

 

5. Main Hypothesis/Study Questions: 

 

1. The association between a combined measure of lacunes and leukoaraiosis and risk of stroke is 

stronger than associations between separate measures of lacunes and leukoaraiosis and risk of 

stroke. 

2. Progression of lacunes and leukoaraiosis is associated with increased risk of overt clinical 

stroke.  

 

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). 

 

Validated data on stroke (total, although will analyze ischemic stroke separately) collected for all 

participants in the ARIC Cohort will be used.  

 

 



 

 

Main Outcome Variables: 

 Prevalence of lacunes, leukoaraiosis and a combined measure of them in ARIC. 

 Rate of definite/probable incident stroke after visit 3.  

 Risk of stroke associated with lacunes, leukoaraiosis and a combined measure of them. 

 Risk of stroke associated with progression of lacunes, leukoaraiosis and a combined 

measure of them. 

Incidence rate and risk associated with lacunes, leukoaraiosis and a combined measure of them 

will be studied for total stroke and separately for all ischemic strokes and lacunar ischemic 

stroke. 

 

Study population: 

The study population includes white and African-American ARIC participants who underwent a 

brain MRI both at Visit 3 (1993-1995) and follow-up Brain MRI visit (2004-2006), n=1134. 

Participants with missing data on main covariates in the planned statistical models will be 

excluded. 

 

Summary of Data Analysis:  

1. Leukoaraiosis and lacunes will be analyzed both as binary categorical (presence (above a 

certain volume of leukoaraiosis or presence for lacunes)/absence) and continuous 

variables (using estimated volume of lesions). 

2. Two combined scores for microvascular brain disease will be created: a. using the 

categorical classification of leukoaraiosis and lacunes, 3 levels of a combined variable 

will be categorized (0 for absence of evidence of leukoaraiosis or lacune, 1 for presence 

of either leukoaraiosis or lacune and 2 for presence of both. B. using a combination of 

volume of lesions. The predictive value of different combinations will be assessed.  

3. Microvascular brain disease as a risk factor for stroke incidence will be studied with Cox 

proportional hazard models, adjusting for other risk factors including age, gender, race, 

study center, hypertension, diabetes, cholesterol (total and HDL), smoking, BMI, 

prevalent heart disease. 

4. Risk for stroke will be assessed for total stroke and separately for ischemic stroke. An 

exploratory analysis will evaluate lacunar stroke. 

 

In addition, we will evaluate CHS white matter hyperintensities scale category change. 

 

Anticipated challenges/limitations:  

1.  There might not be enough power for the assessment of associations between progression 

of lacunes, leukoaraiosis and their combined measure and stroke incidence. 

2.  Although the strongest associations are expected for incidence of lacunar stroke, we 

anticipate that numbers are not large enough to show significant associations 
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