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4. Rationale:  

  Dementia and cognitive decline affect millions of U.S. adults annually. The economic 

burden of dementia exceeds that of heart disease and cancer combined.
1
 There is increasing 

recognition that vascular risk factors significantly contribute to dementia, and distinguishing 

vascular dementia and Alzheimer’s disease (AD) is challenging as they often coexist.
2
 

Furthermore, intracranial atherosclerotic disease (ICAD) and dementia share the same risk 



factors, such as diabetes and hypertension.
2, 3

 ICAD is highly prevalent in older U.S. adults,
4
 

especially in blacks
5-7

 and is well recognized as an important cause of stroke worldwide.  

Increasing evidence supports its role in causing progressive dementia as well.
8
  

 ICAD is thought to influence the development of cognitive impairment by two potential 

mechanisms: 1) it may predispose to cerebral hypoperfusion and 2) it is associated with impaired 

blood brain barrier from endothelial dysfunction.
12

  For example, the Rotterdam study found 

associations with calcification volume of the intracranial arteries on CT angiography with 

dementia and cognitive decline.
13

 Another study demonstrated that participants with ICAD 

causing luminal narrowing >50% had a faster decline from mild cognitive impairment to 

dementia.
14

 Several studies have demonstrated that extracranial carotid atherosclerosis is 

associated with cognitive decline.
9-11

 Quantitative studies, with detailed neuroimaging such as in 

the proposed analysis are needed to better characterize the role of ICAD in cognitive 

impairement.
2
 

 ARIC is well suited for investigating the relation between ICAD and cognitive impairment.  

For example, the above-referenced studies used measures such as CT angiography to identify 

ICAD, but stenosis will often underestimate disease prevalence.
15

 In ARIC, up to 11.3% of 

participants studied at visit 5 had non-stenotic ICAD. Furthermore, investigations of ICAD and 

cognitive impairment have relied on patients with cerebrovascular ischemia and do not offer 

insight into the role of ICAD in a predominantly asymptomatic population as we have in ARIC, 

which is more relevant to the US population. This is an important distinction because recent 

stroke is a confounder, as stroke may affect cognitive function.  

 High-resolution black blood MRI (BBMRI) has emerged as a reliable technique for 

identifying an intracranial atherosclerotic lesion and characterizing its size and morphology.
16

 In 

particular, three-dimensional BBMRI, as was acquired in ARIC NCS, can achieve excellent 

resolution and mapping of the geometry of the vessel wall over the curved course of intracranial 

vessels.
17, 18

 This technique can simultaneously capture all ICAD lesions within the intracranial 

circulation of each participant.
16

  

 

5. Main Hypothesis/Study Questions: 

1. ICAD presence and size will be associated with poor cognitive function with adjustments for 

age, education, sex, smoking status, alcohol use and physical activity score. Domain specific 

cognitive function will be evaluated. Adjustments for risk factors known to influence both ICAD 



and poor cognitive function, such as hypertension, diabetes, cholesterol and history of stroke or 

prevalent heart disease will attenuate the above associations.  

 

2. ICAD will be associated with dementia and mild cognitive impairment after adjustments. The 

outcome will be the adjudicated values based on visit 5 neurocognitive testing. 

 

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 methodological limitations or challenges if present). 

Study Design: Primary analysis will be cross-sectional with intracranial vascular MRI and 

cognitive testing performed in Visit 5. Covariates will include visit 1 risk factors (hypertension, 

diabetes, etc.) to approximate midlife contribution to ICAD/dementia. We will adjust for midlife 

vascular risk factors in models of ICAD leading to cognitive impairment and dementia. 

Inclusion: All ARIC participants with a completed vascular MRI exam and cognitive evaluation 

at visit 5. 

Exclusion: Missing intracranial vascular MRI data; Missing covariates, outlying dementia scores 

Data Analysis: 

Hypothesis 1: Logistic regression;  

Independent variables, predicting poor cognitive function (bottom quintile) will be: 

  ICAD index (ordinal scale and any/no presence of ICAD used in separate models). The 

index will represent a participant-specific global measure of ICAD burden and will be comprised 

of the following variables: 

1. Plaque presence 

2. Plaque size: Max thickness, Volume over fixed segment, Total volume over segment 

3. Number of segments involved 

      4.   Number of plaques per participant  

Cognitive outcome will be defined by: 1) a summary “z-score” and 2) a domain specific score 

defined below.  

 Linear regression; the independent variables (ICAD ordinal scale, any/no presence) 

predicting cognitive test score (outcome). Weighting will account for probabilistic sampling plan 

in the ARIC-Neurocognitive Study. Sampling weights will be derived as the product of inverse 

sampling fractions and the inverse probability of completing the examination to account for 



dropout and missing values. All models incorporated these probability sampling weights will 

represent the full ARIC visit 5 cohort. 

 A second model will be created for hypothesis 1 & 2 with the adjustments below. We will 

test for effect modification (interaction) by age, sex and race. 

Hypothesis 2: Logistic regression; dementia, mild cognitive impairment, or either will be used in 

separate models. Predictors will be the same as in Hypothesis 1. 

 

ICAD index definition: 

Any atherosclerosis and no atherosclerosis have been categorized. We will also develop an 

ICAD index as described above.
20

   

Covariates of interest: Other variables that may influence ICAD will be included in the models 

and will include: age, race/center (combined variable), sex, education, composite physical 

activity variable, hypertension, diabetes, history of coronary artery disease, history of smoking, 

total caloric intake, and body-mass index. Statin medications is another important covariate as 

will APOE E genotype. 

 

Outcome: 8 neuropsychological tests have been performed (Delayed Word Recall Test, Logical 

Memory Parts I and II, the Word Fluency Test, Animal Naming, the Trail Making Test Parts A 

and B and the Digit Symbol Substitution Test).
21

 Cognitive domains will include the following 

as has been previously described: memory (delayed word recall test, Logical Memory immediate 

and delayed recall, and incidental Learning from the Wechsler Memory Scale-III), psychomotor 

speed/executive function (PS/EF; digit symbol substitution test, trail making test parts A and B, 

and WAIS-R digit span backwards), and language (letter fluency, Boston Naming Test, and 

Animal Naming).
22

 We will also construct Z-scores for each domain by averaging the test scores 

within a domain, subtracting the domain mean and dividing by the domain SD. A global 

composite Z-score will be derived from the 3 domain scores.
22

  

Model Adjustments 

1 Unadjusted 

2 Model 1 + Age, sex, alcohol use, history of smoking, education, race-center  

3 Model 2 + diabetes, hypertension, total cholesterol, history of MI, history of stroke, 

prevalent CHD 

4 Model 3 + APOE E genotype 



 Dementia and mild cognitive impairment (MCI) were adjudicated by committee members, 

and these verified outcomes will be used.  

 

Limitations: There are several study limitations. First, this study is cross-sectional and therefore 

we cannot prove causality of ICAD with cognitive function and/or dementia. Second, motion 

artifact has affected the quality of MRI for some subjects. Finally, there is a selection bias for 

those who undergo an intracranial MRA since participants who survived to visit 5 are less likely 

to have extremes of disease burden. Multiple attempts to adjust for participant dropout will be 

used in this analysis as sensitivity analyses. 
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