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4. Rationale:

Atrial fibrillation (AF) is a serious public health problem that is highly prevalent in the aging
population.! This disease currently affects approximately 2.3 million people in the United States;
this number is expected to increase to 5.6 million people by 2050.2 AF is associated with an
increased risk of stroke,® cognitive impairment,* dementia® and brain magnetic resonance
imaging (MRI) morphological changes.® Left atrial (LA) abnormality—such as LA enlargement or
impaired LA function—is also related to some of the aforementioned outcomes, independent of
AF.

P-wave indices (PWIs) are ECG markers of LA abnormality and they include P-wave axis, P-wave
duration, advanced inter-atrial block (alAB), and P-wave terminal force in lead V1 (PTFV1). PWIs
have also been shown to be associated with increased risk of ischemic stroke’ 8 and brain vascular
injury,® independent of AF. However, whether PWIs are associated with other brain MRI changes
(e.g., brain volume, ventricular volume, and WMH volume) is unknown.

Therefore, we aim to evaluate the association between PWIs and brain MRI measures.

5. Main Hypothesis/Study Questions:

Aim 1: Evaluate the cross-sectional association of PWIs with brain MRI abnormalities in late
life.

Hypothesis Aim 1: Abnormal P-wave axis, PTFV1, P-wave duration, and presence of alAB will be
associated with lower brain volume; greater ventricular volume and WMH volume; and more
brain infarcts at visit 5.

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 Population
Aim 1: We will include participants with brain MRI scans at visit 5 and those with ECGs at visit 5.
Exclusion criteria:

Missing covariates.
Uninterpretable ECGs

Exposures measurement

P-wave indices (P-wave Axis, P-wave duration, P-wave terminal force, advanced inter-atrial
block). P-wave indices will be based on 12-lead ECGs from visit 5 for aim 1 and visit 3 for aim 2.

PTFV1 will be defined as the duration (ms) x the absolute value of the depth (uV) of the
downward deflection (terminal portion) of the median P-wave in lead V1. Abnormal PTFV1 is
defined as 24000 pV*ms, similar to previous ARIC papers.

Normal PWA will be defined as a value between 0 and 75 degrees. Abnormal PWA will be defined
as PWA with values outside this window.

Prolonged P-wave duration is defined as >120 ms.

Advanced inter-atrial block will be defined as P-wave duration >120ms + biphasic P-wave
morphology in leads Il and aVF with biphasic morphology or notched morphology in lead Il.

Outcomes measurement
Aim 1: We will look at the following structural brain MRl measures at visit 5.
e Cerebrovascular Lesions
0 Cortical infarcts
O Subcortical infarcts
O Lacunar infarcts
O Microhemorrhages

e White matter disease
0 White matter hyperintensities

e Volumes

0 Total brain
Frontal lobe
Temporal lobe
Occipital lobe
Parietal lobe
Hippocampal

O O 00O



O Deep gray matter
O AD signature region
O Total cortical (sum of frontal, parietal, occipital, and temporal lobe volumes)

Covariates

Variables will be obtained from visit 5 except for education and APOE e4 status which was
included from visit 1. These variables include age, sex, race and center (black—Mississippi, black—
North Carolina, white—North Carolina, white—Maryland, white—Minnesota), smoking status
(current, former, never). Hypertension was defined as a systolic blood pressure 2140, diastolic
blood pressure =90, or use of antihypertensive medications. Diabetes mellitus was defined as a
fasting blood glucose > 126 mg/dL, a nonfasting glucose 2200 mg/dL, using medication for
diabetes mellitus, or self-reported physician diagnosis of diabetes mellitus. Heart failure,
coronary heart disease, and stroke were defined based on presence of adjudicated events
according to previously published criteria.

Statistical analysis

Aim 1: Weighted multivariable linear (for continuous MRI measures) or logistic (for categorical
MRI measures) regression models will be used to estimate the cross-sectional association of PWIs
(categorized as normal vs. abnormal) with subclinical brain MRI abnormalities.

All analyses will incorporate sampling weights in order to account for the ARIC brain MRI sampling
strategy. Each brain volume will be scaled on the basis of its standard deviation to facilitate
comparison of the magnitude of association across brain regions in regression models. WMH
volume is highly skewed, and therefore will be log base 2 (logz) transformed for normality. The
multivariable models to be used in the present study are constructed as follows:

Model 1 will be adjusted for demographics (age, sex, race and center, and education) and total
intracranial volume (for volume measures only).

Model 2 will be adjusted for all variables in model 1 and also cardiovascular risk factors (smoking,
diabetes, hypertension), prevalent cardiovascular disease (past history of coronary heart disease,
heart failure, or atrial fibrillation) and APOEA4.

Model 3 (for volume measures only) will include all variables in model 2 in addition to markers
of subclinical cerebrovascular disease (lobar microhemorrhages, subcortical microhemorrhages,
cortical infarcts, subcortical infarcts, lacunar infarcts, and Log2 WMH).

For secondary analyses, we will estimate the association between PWIs and brain MRI measures
for subgroups of interest including age, sex, race, or cardiovascular risk factors/prevalent
cardiovascular disease. Effect modification will be formally tested using interaction terms.



We will also conduct a sensitivity analysis excluding participants with atrial fibrillation.
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