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4. Rationale: 
Previous studies have reported that atrial fibrillation (AF) and clinical ischemic stroke are 

associated with an increased risk of dementia.1–3 Recent evidence indicates that atrial myopathy, 
which is characterized by left atrial (LA) dysfunction and enlargement, is also associated with 
elevated dementia risk, independent of AF and stroke. Currently, reasons for this association are 
unclear and may include vascular brain injury. 
 

The Cardiovascular Abnormalities and Brain Lesions (CABL) study found that reduced 
LA reservoir function is associated with silent brain infarcts and greater white matter 
hyperintensity (WMH) volume.4 Additionally, greater LA minimal volume index, but not LA 
maximal volume index, was associated with subclinical cerebrovascular disease.4 More recently, 
the CABL study reports that LA strain measures are independently associated with silent brain 
infarcts, but not with WMH volume.5 However, both of these studies consisted of small sample 
sizes (n=455 and 270, respectively).4,5 In addition, ECG markers of atrial myopathy have been 
found to be associated with vascular brain injury. The Cardiovascular Heart Study (CHS) reports 
that higher PTFV1 was associated with more prevalent infarcts and greater baseline white matter 
grade.6 In participants who had two brain MRI scans (n=1839), elevated PTFV1 was associated 
with worsening white matter grade, but not with incident infarcts.6 

 
Critical knowledge gaps remain. Notably, although prior studies have characterized the 

neuroimaging correlates of atrial myopathy, the extent to which markers of vascular brain injury 
explain the association of atrial myopathy with dementia risk has not been studied. Therefore, we 
propose to examine two aims: 1) assess the association of LA function and size with vascular 
brain injury, accounting for AF, 2) evaluate the longitudinal changes in brain MRI findings and 
3) quantity the extent to which these associations explain the relationship of atrial myopathy to 
dementia.  
 
 
5. Main Hypothesis/Study Questions: 
Aim 1: Evaluate the cross-sectional association between LA function and size at visit 5 and brain 
MRI measures at visit 5 

Hypothesis: Participants with lower LA function and greater LA size will have more 
neuroimaging markers of vascular brain injury (infarcts, microbleeds, and greater WMH 
volume) and smaller regional brain volumes. 

 
Aim 2: Evaluate the prospective association between LA function and size at visit 5 and 
longitudinal change in brain MRI findings (visit 5 to visit 6/7) 

Hypothesis: Participants with lower LA function and greater LA size at visit 5 will have 
higher odds of increased markers of vascular brain injury (new infarcts and microbleeds, 
worsening WMH volume) and greater longitudinal decrease in regional brain volumes. 
 

Aim 3: Evaluate the prospective association of LA function and size at visit 5 with incident 
dementia, accounting for longitudinal change in markers of vascular brain injury 

Hypothesis: Participants with lower LA function and greater LA size at visit 5 will have 
higher incidence of dementia, independent of AF. From mediation analysis, this association 
will be largely mediated by new silent brain infarcts between visit 5 and visit 6/7. 



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:  
Aim 1: Cross-sectional at visit 5 
Aim 2 and 3: Prospective from visit 5 to visit 6/7 
 
 
Inclusion/Exclusion: 
Participants who had echo measurements and brain MRIs done at visit 5 will be included in this 
analysis. We will exclude participants with prevalent dementia or prevalent stroke at visit 5 and 
those with missing covariates. Those whose race was other than Black or white will be excluded, 
as well as Black participants from the MN and MD centers due to low numbers. 
 
 
Variables 

Exposure: The following LA measures (obtained at visit 5) will be assessed continuously 
 LA function measures (per 1-SD decrease) 

1. LA reservoir strain 
2. LA contractile strain 
3. LA conduit strain 
4. LA emptying fraction 
5. LA passive emptying fraction 
6. LA active emptying fraction 

 
  LA size measures (per 1-SD increase) 

1. LA maximal volume index 
2. LA minimal volume index 

 
 Primary outcome: 

Aim 1: The following brain MRI measures (obtained at visit 5) will be assessed 
1. WMH volume 
2. Presence or absence of infarcts and microbleeds (binary variables) 

- Any infarcts 
- Lacunar infarcts 
- Cortical infarcts 
- Any microbleeds 
- Subcortical microbleeds 
- Lobar microbleeds 

3. Brain region of interest (ROI) volumes 
- Deep gray matter volume 
- Temporal lobe volume meta ROI 

 
  Aim 2: 

1. Increase in number of brain infarcts 



2. Increase in number of cerebral microbleeds 
3. Increase in WMH volume 
4. Decrease in regional brain volumes 

- Deep gray matter volume 
- Temporal lobe volume meta ROI 

 
Aim 3: 

- Dementia events after visit 5 (through 2019 or latest available data); level 3 
dementia diagnosis will be used for all analyses 
- Level 1 includes adjudicated outcomes from visits 6 and 7 NCS evaluations, 

including evidence of cognitive decline based on assessments from prior visits. 
- Level 2 includes cases identified in level 1, as well as participants who did not 

attend NCS visits, but had their cognitive status evaluated through a validated 
phone-based cognitive assessment interview. 

- Level 3 includes level 1 and 2 cases, as well as participants identified through 
surveillance for hospitalization discharge codes (ICD-9) or death certificate 
codes related to dementia. 

- For mediation analysis, we will assess whether markers of vascular brain injury 
(change in number of infarcts, microbleeds, WMH volume) mediate the 
association between LA function or size and dementia. 

 
 Other confounders/covariates (obtained from visit 5): age, sex, race/center, education (from 
 visit 1), APOE ɛ4, body mass index (BMI), smoking status, systolic blood pressure, 
 antihypertensive medications, diabetes, atrial fibrillation, coronary heart disease, heart 
 failure, anticoagulant use, total intracranial volume, left ventricular (LV) mass index, LV 
ejection fraction, total intracranial volume 

 
 
Statistical analysis 

- Baseline characteristics will be described using mean ± SD for continuous variables and 
proportions for categorical variables. 

- Aim 1: 
- Linear regressions will be used for continuous outcomes (WMH volume and brain 

volume measures), while logistic regression will be used for dichotomous outcomes 
(infarcts and microbleeds). 

- Each brain volume will be scaled based on their standard deviations in order to 
compare the magnitude of association across brain regions. 

- Because WMH is highly skewed, it will be log base 2 transformed for normality. 
- Aim 2: 

- Poisson regressions will be used for count outcomes (number of infarcts or 
microbleeds). 

- Linear regressions will be used for brain volume loss. 
- Analyses will incorporate weights to account for attrition due to death or visit non-

attendance. 
- Aim 3: 



- Cox proportional hazards model will be used to assess the relationship between LA 
function and size with incident dementia (level 3 cases). 

- Mediation analysis7 will be used to quantify the extent to which the associations 
between LA measures and dementia are mediated by markers of vascular brain 
injury. 

- If dementia is diagnosed before the visit 6/7 brain MRI scan, participants will be 
censored. 

- For all analyses, the following models will be used: 
- Model 1 will adjust for age, sex, race/center, education, APOE ɛ4, total intracranial 

volume (for volume outcomes only) 
- Model 2 will further adjust for systolic blood pressure, antihypertensive medications, 

BMI, diabetes, smoking status, coronary heart disease, heart failure, atrial 
fibrillation, anticoagulant use 

- Model 3 will further adjust for LA volume index (for LA function measures only), 
LV ejection fraction, LV mass index 

- Interactions by age (median split), sex, race, and APOE ɛ4 will be explored. Stratified 
results will be reported when appropriate. 

- We will conduct the following sensitivity analyses: 
- Exclude participants with prevalent atrial fibrillation at visit 5 
- Aim 2: exclude participants with prevalent infarcts and microbleeds when assessing 

incident infarcts and microbleeds 
- All analyses will incorporate weights for selection into the brain MRI study. 
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