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3. Timeline: 

 Most of the data to be used in this proposal are already available. Analyses and manuscript 

preparation will be performed with available data in the next few months and completed shortly 

after MCI/dementia diagnoses from Visit 6 become available (approximately March 2018). 

 

 

4. Rationale:  
The development of cognitive impairment or dementia involves many factors, including brain lesion 

accumulation and the level of a person’s cognitive reserve (the ability to maintain normal cognitive 

function in the presence of brain changes). The relevant pathological damage is hypothesized to happen 

long before the cognitive impairment.2 The most prevalent vascular pathologies detectable by MRI are 

markers of brain small vessel disease, including white matter lesions, e.g. white matter hyperintensity 

(WMH), infarcts (primarily lacunes), and micro-hemorrhages. Previous studies showed associations of 

white matter lesions3-5 and infarcts4-6 with cognitive decline, while inconsistent evidence supports the 

association of microbleeds with cognitive impairment 7-10. On the other hand, brain atrophy, as a measure 

of total neuron loss in the brain, relates to cognitive decline. Atrophy in certain brain region, like 

hippocampus, may indicate pathological damages related to specific neurodegenerative diseases, like 

Alzheimer’s disease (AD).5 While, white matter lesions, lacunes, and microbleeds can also be seen in 

cognitively “normal” older adults,1, 11, 12 where they may be associated with relatively lower cognitive 

performance. Persons with high cognitive reserve may have high tolerance of the pathologies. 

Vascular lesions in different brain regions contribute to impairments in different cognitive 

domains. For example, lesions in the hippocampus are associated with memory impairment, while 

damage in frontal cortical regions are more likely to affect executive function.5, 13 Comprehensive 

exploration of the roles, global and local, that brain vascular pathologies, play on cognitive decline and 

dementia development in older adults is needed. 

       In ARIC, a cross-sectional study conducted by Dr. Knopman5 found a significant association of 

WMH volume and visible infarcts with brain cortical volume and cognitive function at Visit 5. Our study 

will evaluate the prospective associations of the same MRI signs with cognitive decline and incident 

dementia at older ages (after the imaging performed at Visit 5).  

 

Compared to the previous studies, this study has following unique features: 

1) We have longitudinal cognitive function measurements at participants’ older age (a mean age of 

70) after brain lesion measurements.  

2) This community-dwelling population has a large sample of “cognitively normal” participants at 

study baseline, which represents the entire normal ARIC cohort population. 

3) ARIC visit 5 and visit 6 examinations had comprehensive assessment for mild cognitive 

impairment (MCI). With this unique data on home (rather than clinic) based MCI, we are able to 

assess the role vascular pathologies play for MCI incidence and the subsequent cognitive decline 

and the development of dementia in those with MCI at visit 5.  

4) With comprehensive longitudinal evaluation of cognitive function at the study baseline and 

follow up, we will be able to untangle the brain lesion-dementia association from cognitive 

reserve. 

5) We can study the patterns of cognitive impairment separately in persons with MCI and normal 

cognition at baseline (visit 5). 

 

 

5. Main Hypothesis/Study Questions: 

Study Aims: 

Assess whether measures of cerebral small vessel disease, including visible infarcts, white matter 

hyperintensity volume, and micro-hemorrhages, as well as a measure of overall neurodegeneration, i.e. 



brain atrophy (measured as reduced cortical volumes of the entire brain or regions of interest (ROI)), 

especially in AD signature regions, at Visit 5 are associated with post-Visit 5 cognitive outcomes, 

including incident dementia, development of MCI and cognitive decline.  

  

Hypotheses: 
1. Higher levels of cerebral small vessel disease, including visible infarcts, white matter 

hyperintensity volume, and brain micro-hemorrhages, are associated with higher risks of incident 

dementia, development of MCI, and steeper cognitive decline. 

2. Smaller brain/ROI cortical volumes, especially in AD signature regions, are associated with 

higher risks of incident dementia, development of MCI, and more cognitive decline. 

3. The association of brain-lesions with cognitive decline is stronger in cognitively normal 

participants at the study baseline than in those with MCI; the hazard ratio of brain-lesions with 

dementia is less in cognitively normal participants at study baseline than in those with MCI. 

4. Cognitive decline and dementia incidence will be greater in amnestic than in persons with non-

amnestic MCI (defined by memory impairment). 

5. These associations are similar in African Americans and whites. 

 

 

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 

We will utilize a longitudinal study design with Visit 5 as study baseline. We will assess the association 

of brain structure abnormalities measured at Visit 5 using MRI with incident dementia and MCI after 

Visit 5 and cognitive decline from Visit 5 to Visit 6. 

 

Study population 

Inclusion Criteria: 

1,864 non-demented ARIC participants who had a brain structure MRI scan at Visit 5 NCS with 

valid cognitive outcomes measured from Visit 5 to 6 (718 of them determined to be cognitively 

normal) 

Exclusion Criteria: 

We will exclude participants: 

- Neither white nor African-American and non-white in Washington Co. and Minnesota.  

- Missing key covariate information (e.g. education).  

- With prevalent stroke at Visit 5.  

- Dementia at or before visit 5 

We will also exclude cognitive tests in the evaluation of cognitive change if the participant was on 

CNS-altering medications (neuroleptics or benzodiazepines) at the corresponding study visit, to 

minimize the impact of prevalent disease status/medications on cognitive scores. 

In the analysis on the development of MCI, we will restrict our analytical population to those without 

MCI or dementia at the Visit 5 (study baseline) and who had a cognitive evaluation at Visit 6. 

 

Cognitive Outcomes 
1) Incident dementia: 

Diagnosed dementia cases post-Visit 5 were identified via comprehensive dementia assessment at 

Visit 6 and dementia surveillance system (hospital discharge code/death code). In addition, we will 



include probable cases identified through Annual Follow-Up interviews using ARIC’s dementia 

screening instruments, the Six Item Screener (SIS) and AD8. 

2) Newly diagnosed MCI: 

MCI were evaluated using comprehensive cognition assessment at Visit 6. Previously identified MCI 

cases at Visit 5 will be excluded from the analysis.  

3) Cognitive decline: 

Cognitive decline from Visit 5 to Visit 6 will be measured as the change of global and domain 

specific cognitive function scores, constructed using global and 3 domain-specific factors based on 

the entire cognitive battery performed at both visits.  

 

Exposures  
The exposures are brain structure abnormalities measured on MRI imagining, including:  

1) Subclinical infarcts:  

a. Existence of cortical, subcortical, and lacunar infarcts. (Binary variable) 

b. Frequency of cortical, subcortical, and lacunar infarcts. (Categorical variable) 

2) White matter hyperintensity volume: total volume of the area with WMH, adjusted for intracranial 

volume, analyzed as a continuous variable. 

3) Total gray-matter volume: total gray-matter volume adjusted for intracranial volume, analyzed as a 

continuous variable. 

4) ROI volumes: total gray-matter volume for AD signature regions (lateral temporal, lateral parietal, 

medial parietal, hippocampus and olfactory region), medial temporal lobe, and parts of frontal lobe 

(lateral frontal and medial frontal), analyzed as continuous variables. 

5) Micro-hemorrhages: 

a. Existence of micro-hemorrhages. (Binary variable) 

b. Frequency of micro-hemorrhages. (Categorical variable) 

 

 

Covariates 

We will use variables measured at study baseline (Visit 5), including: age, gender, race-center, 

smoking status (current, former, never), alcohol consumption (current, former, and never), body mass 

index (BMI), apolipoprotein E ε4 genotype, total cholesterol, hypertension (yes or no, defined as use of 

blood pressure–lowering medication, systolic blood pressure greater than 140 mm Hg, or diastolic blood 

pressure greater than 90 mm Hg), diabetes status (yes or no, defined as self-reported diabetes diagnosis by 

physicians, use diabetes medication, or having HbA1c level of 6.5% or greater), and prevalent coronary 

heart disease prior to Visit 5. One exception is for the covariates measured only at visit 1: education level 

(< high school, high school or equivalent, or > high school). 

 

Statistical Analysis 

Primary Analyses:  
Incident Dementia 

The Cox proportional hazard model will be used to model the risk of incident dementia associated 

with specific brain structure abnormalities. The study baseline is Visit 5. 

Development of MCI 

The logistic model will be used to model the odds ratio of newly incident MCI at Visit 6 with specific 

brain structure abnormalities at Visit 5. 

Cognitive Decline 

Linear regression will be used to model the association of the scale of specific brain structure 

abnormalities with the magnitude of cognitive decline. 

 



For all outcomes, three models will be constructed: 

Model 1: Demographical variables at Visit 5, and education level, and Apolipoprotein E ε4 genotype. 

Model 2: Model 1 + CVD risk factors (smoking/drinking status, BMI, hypertension, diabetes, total 

cholesterol, history of coronary heart disease) 

Model 3: Modeling ROI volumes and markers of small vessel diseases that are significant when 

considered alone together. 

 

The study population was sampled from the entire ARIC cohort at Visit 5 based on pre-defined sampling 

fraction. For all analyses on incident dementia and cognitive decline, we will apply the sampling weight 

in the model to mimic the results in the original cohort population. 

 

Sensitivity Analysis: 

a) Subgroup analysis 

Subgroup analysis will be conducted with the following covariates: age categories, gender, race, 

apolipoprotein E ε4 genotype, baseline cognition/MCI status. Subgroup analyses will use the same 

methods as in the primary analyses. 

b) Account for Cohort Attrition 

People lost to follow-up are generally sicker and have relatively poor cognitive function and therefore 

differential cohort attrition is likely. We will control for the potential bias due to cohort attrition using 

inverse propensity score for attrition weighting. The propensity scores for attrition will be the 

probability of an individual been lost-to-follow-up or dead during follow-up time from Visit 4 to 6, 

given the relevant covariates. In addition to the covariates listed above, the propensity scores will also 

include activity index, quality of life, health insurance, marital status, sleeping problem, hormone use, 

and social economic status at Visit 4 and 5 (or at a prior Visit if only measured at a prior Visit) for 

propensity score construction. 

c) Generalizability 

Brain MRI scan were conducted on a pre-selected population. To evaluate whether the study 

population differs from the overall Visit 5 cohort, we will compare the incidence of dementia and the 

magnitude of cognitive decline among non-imaged non-demented visit 5 participants based on their 

SIS and AD8 screening results. 

 

 

Advantages & Limitations 

ARIC has more complete dementia surveillance after Visit 5 (with high completion rates for the SIS and 

AD8 instruments) than it had earlier and more complete data with which to adjust for potential attrition 

bias. Also cognitive outcomes are measured using a more complete battery at both visits 5 and 6. Of notes, 

participants in this study have old age (a mean age of 75). By excluding prevalent dementia cases (and 

MCI for one of the sub-study), we naturally select on participants with relatively healthier condition or 

more cognitive reserve. There are limitations to the proposed analysis. Firstly, since Visit 5 (2011-

2013), we only have 4-5 years of follow-up by the end of Visit 6 (2016-2017). Due to the relatively short 

follow-up, our statistical power may be limited by the number of new dementia and MCI cases and the 

magnitude of the cognitive decline observed. Secondly, brain structure images were measured at Visit 5. 

With one-time measurement, we cannot really assess brain atrophy. Instead, we will use the relative size 

of brain cortical volume among the study population as a surrogate measurement for atrophy. Lastly, 

cognitive impairment may begin before the brain structure measurement at Visit 5, especially among 

cognitively “normal” participants. The temporal relationship between the exposure and the outcome we 

are evaluating may be weakened by this fact. 
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