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4. Rationale:
The brain is the most cholesterol-rich organ, containing more than 20% of the whole body’s
cholesterol.* Cholesterol is not only an essential structural component for cellular membrane and
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myelin synthesis, but also a required component for synapse formation and axonal guidance.?
Cholesterol depletion in neurons results in impairments in neuronal activity and
neurotransmission, leading to synapse degeneration. >

Higher levels of cholesterol, particularly low-density lipoprotein (LDL) cholesterol, are a
well-established risk factor for developing cardiovascular disease and stroke. However, studies
investigating the effect of cholesterol levels on risk of dementia and Alzheimer disease (AD)
have yielded inconsistent and conflicting results.®*3 While some studies suggested an association
of high midlife cholesterol concentrations with increased risk of AD,* 7 or cognitive decline,®
others have not found such associations.812

Early alterations in specific regions of the brain structure in cognitively normal adults
have shown to precede the clinical picture of AD by 5 to 10 years.**8 Diminished brain volumes
in brain regions including the parahippocampal, entorhinal, and inferior parietal lobules;
hippocampus; precuneus; and cuneus have been identified as early preclinical markers of AD
risk. 20 However, few studies have investigated the relationship between cholesterol levels and
brain volumes.?"22 Moreover, there is no prior study investigating the association between
longitudinal changes in cholesterol levels and early imaging biomarkers of AD.

Therefore we aim to investigate the association between midlife cholesterol levels at
ARIC visit 2, as well as changes in cholesterol levels between visit 2 and 5, and total and
regional brain volumes at ARIC visit 5.

5. Main Hypothesis/Study Questions:

Aim. To investigate the association of blood cholesterol levels (total cholesterol, LDL-C, and
high-density lipoprotein (HDL-C)) with total and regional brain volumes, adjusting for
sociodemographic information, and cardiovascular risk factors (triglycerides, diabetes,
hypertension, heart rate, obesity, smoking, and kidney function), inflammation (CRP),
cholesterol lowering medications, and APOE4 status.

Hypothesis: We hypothesize that higher LDL levels at visit 2 as well as increases in LDL levels
from visit 2 to visit 5 are associated with lower total and regional brain volumes, and that the
association is independent of demographics, cardiovascular risk factors, cholesterol lowering
medications, and APOE4 status.

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

We will include all participants who attended ARIC visit 2 and visit 5 and underwent brain
Magnetic Resonance Imaging (MRI) scans. We included values in visit 2 since cognitive
function testing was done during visit 2 in the ARIC cohort, and comparisons could be made
with a grevious study of ARIC showing a decline in cognition associated with higher cholesterol
levels.!

Of these, we will exclude those with incomplete MRI data or poor image quality, those with
prior stroke or cardiovascular disease, those with multiple sclerosis, brain tumor,
surgery/radiation to the head, as well as those with missing values for cholesterol levels.




QOutcome of interest

The following brain volumes will be used as outcomes in our analysis:

1. Total brain volume

2. Lobar volumes (frontal, parietal, temporal, and occipital)

3. Total volume of deep gray subcortical structures defined as the total volume of the thalamus,
caudate, putamen, and globus pallidum

4. Total volume of an Alzheimer disease signature region defined as the total volume of
E)Oarahippocampal, entorhinal, and inferior parietal lobules; hippocampus; precuneus; and cuneus.

Covariates of interest

We will explore the following variables as potential confounders of the association between
cholesterol values and brain volumes. Covariate information will come from visit 2, with the
exception of static sociodemographic variables which were collected at baseline:

1. Sociodemographic variables: age, sex, race-center, education

2. Cardiovascular risk factors: triglycerides, diabetes, hypertension, heart rate, obesity, smoking,
kidney function

4. Inflammation (CRP)

3. Cholesterol lowering medications

4. APOEA4 status

Statistical analysis

Adjusted multivariable linear regression models will be used to assess the associations between
cholesterol levels and brain volumes.

We will perform 2 separate analyses:

First, we will explore the association between cholesterol levels at visit 2 and brain volumes.
Second, we will explore the association between changes in cholesterol levels between visit 2
and 5 and brain volumes

Model 1 will be adjusted for sociodemographic factors and total intracranial volume and APOE4
status

Model 2 will include all variables in model 2 in addition to cardiovascular risk factors,
inflammation, and cholesterol lowering medications.

All analyses will be weighted to the ARIC visit 5/ NCS sample using weights provided by the
Coordinating Center.

In addition, we will also use Inverse probability of attrition weighting in order to predict attrition
from visit 2 to visit 5. Attrition due to mortality and other loss to follow-up (censoring) will be
modeled separately. Weights will be based on the product of the probability of being alive and of
remaining in the study for each individual, for each visit. Models predicting attrition from visit 2
to visit 5 will include: age, sex, race/center, education, hypertension, smoking, and, diabetes.

Among a total of 1968 participants who underwent brain MRI studies at visit 5, 1,860 subjects
have cholesterol values at visit 2. This sample size will be adequate to detect any relationship
between cholesterol levels and brain volumes.

We will also perform a sensitivity analysis excluding those who were taking lipid lowering
medications at visit 2.
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