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3. Timeline: 
Abstract to be submitted late September 2024 for International Stroke Conference; manuscript 
prepared and submitted in ~6 months. 
 
4. Rationale: 
Cerebral amyloid angiopathy (CAA) is a condition where amyloid-beta (A-beta) peptides, a 
central pathological marker of dementia secondary to Alzheimer’s disease, deposit in the 
cerebral vasculature and lead to intracerebral macro- and microbleeds, with a predilection for 
lobar/cortical locations.1 Lobar microbleeds, in combined analysis with another imaging marker 
often associated with CAA called superficial siderosis (SS), have been associated with elevated 
global cortical A-beta levels in populations with no clinical history of dementia or intracerebral 
hemorrhages2 according to prior published work using data from ARIC-NCS and ARIC-PET. 
These findings suggested that a CAA-like pattern in the general community shares pathologic 
changes similar to those seen in clinical CAA populations and suggests one mechanism that 
might link these microbleed patterns to dementia and other adverse cognitive outcomes. In this 
same prior analysis, however, other subclinical bleeding patterns such as subcortical and mixed 
subcortical and lobar hemorrhages did not share these associations with elevated A-beta, 
suggesting that the underlying etiology of these patterns is likely different (e.g., hypertension).2 
With increased A-beta burden seen in only one microbleed category, the relevance of each of 
these specific bleeding patterns on the development of clinically detectable dementia from 
dementia-free populations is less clear. 
 
The presence of microbleeds in nonclinical (community-based) populations, in the absence of 
formal diagnoses of CAA, is independently associated with incident dementia. The META-
MICROBLEEDS Initiative published a meta-analysis of 31 cohorts, each with at least 100 
participants, which evaluated microbleeds on MRI. In three community-based cohorts 
(contributing a total of 6,535 participants), which included dementia-free participants at baseline, 
the presence of microbleeds in any part of the brain was associated with an increased risk of all-
cause incident dementia.3 However, the exact distribution of these microbleeds is not specified 
nor was SS considered in the analysis. The ability to separate out the location of microbleeds 
(lobar vs. subcortical) allows consideration of distinct mechanisms. In ARIC, lobar microbleeds 
were more frequently associated with APOE e4, as well as smaller Alzheimer’s Disease 
signature regions, both of which are more likely to be markers of CAA. SS is another imaging 
marker commonly found in CAA and has emerged as one of the strongest predictors of lobar 
intracerebral hemorrhage recurrence, thus adding to its importance for stroke risk stratification 
and potential role in dementia risk.4 Subcortical microbleeds often co-occur with lacunar infarcts 
and white matter hyperintensities, both markers of (frequently hypertensive) small vessel 
disease.5 In this study, we propose to test the association between multiple microbleed patterns 
and incident dementia in participants without prior history of intracerebral hemorrhage or 
dementia to further explore the potential clinical relevance of these imaging findings and 
understand a potential mechanism of their link to dementia in a community-based population. 
 
A recent analysis of the ARIC-NCS cohort does show an association between microbleed 
patterns and incident dementia in specific demographics and in the context of other effect 
modifiers (in this case, social relationships).6 An in-press study accepted at Stroke (Eswaran et 
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al.) found a statistically significant association of dementia risk with subcortical microbleeds in 
those with poor social relationships [HR(95% CI): 2.02 (1.33-3.06)] but not in those with strong 
social relationships [HR(95% CI): 1.35 (0.90-2.04)].6 Lobar microbleeds showed an association 
with dementia in women [HR(95% CI): 2.69 (1.69-4.38) but not in men [HR(95% CI): 1.36 
(0.73-2.51)], and both microbleed patterns (lobar and subcortical) had stronger associations with 
dementia risk in Black participants than White participants (lobar: [HR(95% CI): 2.89 (1.70 – 
4.90) vs. 1.85 (1.12 – 3.04)]; subcortical: [HR(95% CI): 2.16 (1.33 – 3.52)] vs. 1.35 (0.93 – 
1.96)]). This prior study highlights significant heterogeneity among associations of microbleed 
subtypes with dementia risk and provides evidence that certain covariates modify associations of 
microbleed subtypes with dementia risk. For this proposed study, we will expand upon these 
microbleed patterns to include a total of 4 distinct microbleed pattern categories for analysis that 
parallel those we previously evaluated in association with A-beta: no microbleeds, lobar and/or 
SS only, subcortical only and mixed (lobar and/or SS + subcortical). Further, we plan to control 
for several covariates such as demographics, cardiovascular risk factors, and other brain imaging 
markers of small vessel disease. 
 
 
5. Main Hypothesis/Study Aims:       
1. Cerebral microbleeds are associated with increased risk of incident dementia in ARIC-NCS 
participants without prior history of intracerebral hemorrhage or dementia.  
2. Lobar microbleeds (presence and frequency, +/- SS) are associated with increased risk of 
incident dementia in the same population as #1, and a pattern with subcortical-only microbleeds 
will have a present but weaker association. Individuals with a mixed (lobar and/or SS + 
subcortical) pattern of microbleeds will have an association less than lobar only distribution 
microbleeds but greater than subcortical-only microbleeds. We believe lobar and/or SS will have 
a higher risk of incident dementia than the mixed pattern of microbleeds because prior work 
shows a stronger global cortical A-beta burden in lobar and/or SS compared to a mixed 
microbleed pattern.2 
3. (Exploratory) A pattern of lobar microbleeds with or without SS is associated with an 
increased risk of incident dementia compared to other patterns, and dementia risk is greater 
compared to lobar microbleeds alone. SS alone will be associated with elevated risk of dementia 
(exploratory due to likely small sample size). 
4. (Exploratory) The associations described above are stronger in participants with MCI than 
those with normal cognition. We will also evaluate effect modification by sex, race, and APOE 
status. 
 
 
6. Design and analysis  - please address the following aspects: 
 

a) inclusion/exclusion 
b)  study design 
c) outcome and other variables of interest with specific reference to the time of their 

collection 
d) summary of data analysis  
e) Any anticipated methodologic limitations or challenges if present 
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Design: longitudinal from V5 baseline through most recent dementia adjudication 
 
Participant inclusion: All ARIC-NCS participants with an MRI at visit 5 (2011-13) will be 
eligible for inclusion. Exclusion: Intracerebral hemorrhage or dementia prior to visit 5 
 
Outcome: New-onset dementia as defined by adjudicated research diagnoses which include in-
person assessments in clinic, telephone cognitive assessments, and family member or caretaker 
interviews, hospital discharge codes, or death certificates.7  
 
Exposure: The primary independent variable will be microbleeds from the visit 5 MRI. These are 
rated by presence (in any part of the brain), location (lobar y/n; subcortical or deep y/n), and 
frequency (in any part of the brain and within each location; we will likely categorize these as 0; 
1; 2; 3+ or similarly, depending on the distribution). As such, lobar hemorrhages will be defined 
as the presence of hemorrhages within the cortical regions of the brain and the frequency of the 
lobar hemorrhages in their respective areas. Subcortical hemorrhages will be defined as the 
presence of hemorrhages in any part of the noncortical (subcortical) parts of the brain and the 
frequency of the subcortical hemorrhages in their respective areas. Since SS is a highly 
predictive finding for recurrent lobar hemorrhages, its presence will be added together with the 
analysis for lobar microbleeds. Thereby, we will define a “mixed” pattern of microbleeds as the 
concurrent presence of either lobar and/or SS (defined by its presence on any part of the brain), 
in combination with subcortical microbleeds within the brain. In our exploratory analysis, lobar 
with SS will be defined by the presence of lobar microbleeds and the concurrent presence of SS. 
Lastly, SS alone will be defined by its presence in the absence of other discretely defined 
microbleeds. 
 
Covariates: Demographic covariates include visit 5 age, sex, race, and education. Vascular risk 
factor covariates include V5 hypertension (measured blood pressure and antihypertensive use 
also to be considered), diabetes, body mass index, smoking status, and APOE genotype. Imaging 
covariates include white matter hyperintensity volume and total intracranial volume, also from 
visit 5.V5 traumatic brain injury (TBI) will also be included as microbleeds can be evidence of 
axonal injury if sample size allows for adequate analysis. 
 
Data analysis: In the primary analysis, we will use Cox proportional-hazards regression models 
to assess the association between patterns of microbleeds (patterns described above) and incident 
dementia. The reference group for all analyses will be participants who did not have a measured 
microbleed of any type at visit 5. All models will be adjusted minimally with demographic 
covariates and then fully adjusted with vascular risk factors and imaging covariates described 
above. Cox-proportional hazards model assumptions will be evaluated using Schoenfeld 
residuals. Kaplan-Meier curves will be generated to show percentage of dementia-free survival 
for each microbleed category. We will use multiple imputation by chained equations (MICE) 
when appropriate to impute missing covariate information. Analyses will consider the use of 
sampling weights to account for weighting into the MRI sample. 
 
For hypothesis 1, we will estimate the association between presence of any microbleed in the 
brain and frequency of any microbleed in the brain with dementia in two separate Cox 
proportional-hazards models. Fine-Gray subdistribution hazard models in conjunction with 
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Inverse Probability of Censoring Weights (IPCW) will be used to examine the competing risk of 
death in all eligible participants. 
 
For hypothesis 2, relative to a comparison group of no microbleeds, in our first set of models we 
will estimate the associations between presence of a lobar microbleed and/or SS-only pattern, 
presence of subcortical-only microbleeds, and presence of a mixed microbleed pattern, with 
dementia. If feasible, we will also repeat this analysis evaluating frequency of microbleeds to 
capture severity of each of these patterns and will introduce interaction terms for pattern type X 
frequency (for instance, to evaluate if having 3+ microbleeds is associated with greater risk of 
dementia if there is a lobar/ SS-only pattern, vs if these 3+ are subcortical only microbleeds). 
 
For hypothesis 3, we will estimate the association between presence of SS (vs no SS, which will 
include any other microbleed patterns) with dementia in Cox proportional-hazards models, as 
well as the association between lobar with SS (by creating a new fifth category as in the 
hypothesis 2 analysis plan, for the combination). 
 
For hypothesis 4, we will stratify all models described above across MCI status and formally test 
for interaction terms by cognitive status. We will also evaluate effect modification using 
interaction terms by sex, race, and APOE status. 
 
Limitations: The sample size for superficial siderosis may be small as only 3 participants in 
ARIC-PET had evidence of SS. The expanded sample pool of ARIC-NCS visit 5 through 2021 is 
expected to provide additional samples, but power may still be limited for hypotheses #3 and #4. 
 

 
f) Will the author need Limited data to complete the proposed manuscript? ☐ Yes, 

Limited data is needed (Provide a brief (2-3 sentences) justification for requesting 
PHI data)      .  ☒ No, De-identified data will be sufficient. 

*Please note, Limited dataset access is strict and rarely provided. Limited data includes 
identifiable information such as dates (birthdays, visit dates, etc.).  CMS, Genomic, Geocoded, 
Proteomics/Somalogic, and other -omic data all fall under the limited data category. De-
identified data does not include dates.  All dates are date adjusted to "Days since Visit 1".  
 
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? (Non-ARIC analysis means that the authors are not regarded as ARIC 
investigators and the "ARIC author" is essentially just a facilitator rather than an integral 
part of the writing group.)  ☐ Yes    ☒ No 
 
 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 

used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only” 
and/or “Not for Profit” ? ☐ Yes    ☐ No 
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the responses to consent updates related to stored sample use for research.) 
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8.a. Will the DNA data be used in this manuscript? ☒ Yes    ☐ No 
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Understood. 
 
12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
policy.  Four files about the public access policy from http://publicaccess.nih.gov/ are posted in 
https://aric.cscc.unc.edu/aric9/publications/policies_forms_and_guidelines [ARIC 
WebsitePublicationsPublication Policies, Forms, and Guidelines]. 
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals 
automatically upload articles to PubMed central. 
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