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4. Rationale: 
 Elevated carotid intima-media thickness (cIMT), a marker of carotid atherosclerosis, has 
been prospectively association with an increased risk for dementia,1,2 including in the 
Atherosclerosis Risk in Communities (ARIC) Study.3 Prior to the development of dementia, 
changes in the brain, such as increased levels of β-amyloid, may occur.4 It has been hypothesized 
that amyloid accumulation in the brain, which may begin years before clinical symptoms, leads 
to the development of Alzheimer’s disease.5 In addition, carotid atherosclerosis may reduce 
cerebral blood flow,6,7 which in turn may increase the risk of cerebral hypoperfusion8 and 
ultimately lead to dementia.9 Animal models have found that cerebral hypoperfusion results in 
amyloid plaque development and accumulation;10–12 however, this relationship in humans is not 
well characterized. Cerebral hypoperfusion due to induced bilateral common carotid artery 
stenosis has shown to increase β-amyloid deposition in mice.10 A small study in humans (n=11) 
reported that hypoperfusion did not induce increased β-amyloid accumulation.13 Alternatively, 
cIMT may represent the cumulative effect of vascular risk factors,14 which have previously been 
shown to be associated with elevated β-amyloid deposition,15 over the course of one’s life. 
 
 Few studies have assessed the relationship between markers of atherosclerosis and β-
amyloid accumulation. A small cross-sectional study (n=34) reported no association between 
cIMT and cerebral amyloid.16 Another cross-sectional study found no association between 
carotid stenosis and β-amyloid burden in a Korean community-based cohort.17 The Swedish 
BioFINDER subcohort, which originates from the Malmö Diet and Cancer Study, reported the 
highest quartile of IMT (>0.81mm) was prospectively associated with greater odds of abnormal 
β-amyloid when compared to the lowest IMT quartile (OR [95% CI]: 2.26 [1.03, 4.95]) after 
adjusting for age; however, this association attenuated after further adjustment for sex, vascular 
risk factors, and APOE ɛ4.18 In ARIC, there was no evidence of an association between 
intracranial atherosclerotic disease and β-amyloid among participants free of dementia.19 
 
 As the relationship between cIMT and β-amyloid remains unclear, additional research is 
warranted, particularly in nondemented populations. Given the availability of brain amyloid 
measures, the ARIC-PET study is well-suited to investigate this relationship. We propose to 
analyze the prospective association between cIMT in midlife with β-amyloid deposition in late 
life. 
 
 
5. Main Hypothesis/Study Questions: 
Aim: To determine the prospective association of cIMT with β-amyloid deposition. 
 
Hypothesis: Participants with greater cIMT at midlife are associated with greater β-amyloid 
deposition in late-life. 
 
 
 
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 
Prospective cohort from visit 2 to PET scan (~visit 5). 
 
 
Inclusion/Exclusion 
Participants who completed the ARIC-PET study will be included in this analysis. Exclusion 
criteria includes missing cIMT data, races other than Black or white, Blacks from the MN and 
MD centers, and those with missing covariates. 
 
Exclusion criteria for involvement in ARIC-PET study: We excluded individuals with a history 
of: 1) radiation therapy, chemotherapy, or surgery in the 6 weeks prior to the ARIC-PET visit; 2) 
clinically significant liver or renal dysfunction; 3) prolonged QT interval; 4) drug or alcohol 
abuse. We allowed use of anticholinergic medications or memantine if the dose was stable for >3 
months preceding the PET scan. ARIC-PET also excluded participants with dementia; however, 
visit 5 was not yet fully adjudicated at the time of PET scan and one ARIC-PET participant was 
given a diagnosis of dementia. Therefore, we will exclude this participant in our analysis. 
 
 
Variables 

Exposure: cIMT will be measured using the 6-site imputed IMT variable and will be 
represented as a continuous variable and in tertiles. 

 
Primary outcome: Standardized uptake value ratio (SUVR) of β-amyloid deposition from 
visit 5 PET will be our primary outcome. Global mean cortical SUVR, which is a weighted 
average based on region of interest volumes, is known to be typically impacted by 
Alzheimer’s disease. Due to the highly skewed distribution, the SUVR will be dichotomized 
at the sample median of 1.2, with values >1.2 considered positive.  

 
 Other confounders/covariates (collected from visit 2): age, sex, race, APOE ɛ4, education 

(from visit 1), body mass index (BMI), systolic blood pressure, antihypertensive medication 
use, smoking status, diabetes 

 
 
Statistical analysis 

- Baseline characteristics will be described using mean ± SD for continuous variables and 
proportions for categorical variables, stratified by cIMT tertiles. 

- Logistic regression will be used to estimate the association of cIMT with elevated β-amyloid 
deposition. 

- The following models will be used: 
- Model 1 will adjust for age, sex, race, and APOE ɛ4. 
- Model 2 will adjust for model 1 plus BMI, smoking status, and education. 
- Model 3 will adjust for model 2 plus systolic blood pressure, antihypertensive 

medications, and diabetes. 
- Interactions by age, sex, race, and APOE ɛ4 will be analyzed by including a cross-product 

term in the model. Stratified models will be reported when appropriate. 



- Inverse probability weighting will be used to account for attrition due to death, visit non-
attendance, and selection into brain MRI study (given that PET participants were recruited 
from the brain MRI cohort). 
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