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3. Timeline: This study is based on qualitative image analysis of vascular magnetic 

resonance imaging (MRI) collected for Intracranial Atherosclerotic Disease (ICAD) and 

Cognitive Impairment (ICAD-CI) Study. Qualitative image analysis has been completed. 

We plan to complete the statistical analysis for this project by September 2015. 

 

4. Rationale: Every year about 70,000 to 90,000 strokes are estimated to be secondary 

to ICAD
1,2

 in U.S. and approximately 75% of them are secondary to previously 
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asymptomatic ICAD.   ICAD, besides being a common etiology of ischemic stroke, is 

also suspected to be causally related to cognitive dysfunction and dementia.
3-5

 Cognitive 

impairment secondary to ICAD can be due to deep “strategic infarcts” or multiple distal 

emboli
6,7

 or due to reduced blood flow, even in the absence of infarcts.
3-5

 There is also 

growing evidence to suggest that ICAD-induced brain hypoperfusion contributes to the 

clinical and pathological manifestations of Alzheimer’s disease (AD).
8-10

 This association 

of ICAD with cognitive impairment and AD, however, remains poorly studied. Our 

proposed study will help determine if ICAD is associated with cognitive impairment. We 

will use intracranial atherosclerotic stenosis (ICAS) as a measure of ICAD for this study.  

 

5. Main Hypothesis/Study Questions:  To determine if ICAS is associated positively 

with cognitive impairment. 

  

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). 

Study design: Cross-sectional  

Inclusion: All subjects who have received vascular MRI for ICAD-CI Study  

Exclusion:  

1. Poor image quality or poor protocol adherence (n=194) 

2. History of stroke 

Outcome variables:  

 MCI, dementia, as defined through the ARIC-NCS adjudication process 

 Etiological types of MCI or dementia  

Methodology:  

ICAS: As a part of qualitative analysis of ICAD, ICAS was categorized into ordinal 

categories (0%, <50%, 50-69%, 70-99% and occlusion) for each vessel segment - 

supraclinoid and cavernous segments of the internal carotid artery (ICA), middle cerebral 

artery (MCA, M1 to M4 segments), anterior cerebral artery (ACA, A1-A3 segment), 

intracranial segments of the vertebral artery (VA), basilar artery (BA), and posterior 

cerebral artery (PCA, P1 to P3 segments). We will use maximal stenosis per-person for 

this analysis. We will also evaluate association of anterior (ICA, MCA, ACA) and 

posterior circulations (VA, BA), and right side (right ICA, MCA) vs left side (left ICA, 

MCA, ACA) anterior circulation with the outcome measures.  

Other covariates:  Analysis will be adjusted for conventional risk factors assessed at visit 

5. These include — age, sex, race (or center), education, body mass index, smoking 

status, alcohol consumption, total cholesterol, LDL cholesterol, HDL cholesterol, 

triglycerides,  diabetes, blood pressure (or hypertension), use of cholesterol lowering 

medications, and use of antihypertensive medication. Additional analysis will adjust for 

only demographic variables and education.  

 We will not adjust for heart disease as it is not directly related to ICAD. All 

regression models will include sample weights to allow us to account for the stratified 

sampling by race and as well as to allow us to immediately extrapolate our results to the 

entire ARIC population. 

 



Statistical analysis: 

The association of ICAS (ordinal) with cognitive impairment (dichotomous) will be 

assessed with ordinary logistic regression models with proper consideration of the 

sampling weights provided by the ARIC Coordinating Center, adjusting for potential 

confounders as listed above. 

We will perform analysis for following outcomes separately:  

1. Mild cognitive impairment and dementia (any-cognitive impairment) vs no 

cognitive impairment 

2. Dementia vs no cognitive impairment 

3. Pure Alzheimer’s disease MCI/Dementia vs no cognitive impairment 

4. Pure Cerebrovascular disease related MCI/Dementia vs no cognitive impairment 

 

Associations will also be examined separately by race. 

 

Limitations:   

1. This is a cross-sectional analysis and it is not possible to establish a causal 

relationship from this study.  

2. We are using all subjects who have received ARIC-NCS MRI. Although the 

subject selection for MRI was based on stratified sampling, this is not a random 

sample and does not provide the prevalence estimate of the general population. 

The use of sampling weights will partially address that problem. 

3. There is no standard method to determine the intracranial vasculature 

atherosclerosis burden. Stenosis severity is the best known prognostic indicator 

for risk of stroke. We are using the standard clinical stenosis severity cut-offs to 

report the prevalence of atherosclerosis burden. This may not be a true 

representation of atherosclerosis burden, as a participant may have multiple areas 

of intracranial atherosclerosis without any significant stenosis. 

4. Motion artifact has affected the quality of MRI for some subjects. Additional 

analysis will be done after excluding vessel segments and subjects with image 

quality scores other than excellent and will be reported if results are significantly 

different.  
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