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4. Rationale:  
 
 Cognitive decline reflects a continuum of cognitive changes that can range from normal 
aging to pathologic decline, a change in cognition that exceeds the decline expected due to aging 



alone. [1][2] Cognitive changes among older adults are important because pathologic decline 
indicates increased risk of mild cognitive impairment and dementia. [2] Chronic infections with 
herpes simplex virus type 1 (HSV-1), helicobacter pylori, and cytomegalovirus (CMV), have 
been suggested as possible risk factors for cognitive decline. These common infections were first 
identified as having a potential role in the pathogenesis of atherosclerosis and coronary heart 
disease by way of systemic inflammation. [3] However, no statistically significant association 
has been found between HSV-1, CMV, and h. pylori and cardiovascular diseases including 
coronary heart disease (CHD), carotid intimal-medial thickening, or atherosclerosis in the ARIC 
cohort. [4][5][6][7] Despite the lack of association with CVD, there is renewed interest in the 
role chronic infection may play in neurocognition. Recent studies indicate that these chronic 
infections can lead to inflammation involving the central nervous system potentially leading to 
cognitive decline. [8] 
 
 
5. Main Hypothesis/Study Questions: 
  
We hypothesize that ARIC participants whose visit 1 serum tested positive for antibodies to 
HSV-1, CMV, or h. pylori will have an accelerated rate of cognitive decline over 20 years 
compared to participants whose serum tested negative. 
 
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). 
 
Design: As part of case-cohort studies of CVD conducted in ARIC, a stratified random sample 
(n=556) of participants was tested for serum antibodies to HSV-1, h. pylori, and CMV at visit 1. 
For the present analysis, a prospective study will be conducted using this sample to assess the 
association between these three infections and cognitive decline between visits 2 and 5. 
 
Exclusions: All participants missing serum antibody measures to HSV-1, h. pylori, and CMV or 
missing baseline covariates as well as African Americans in MN and MD. 
 
Exposure: Serum antibodies to HSV-1, h. pylori, and CMV measured at visit 1 within the cohort 
stratified random sample  
 
Outcome: Change in cognition over 20 years of follow-up. Cognitive change will be measured 
using scores from the Delayed Word Recall (DWR) Test, Digit Symbol Substitution (DSS) Test, 
and Word Fluency (WF) Test. Measures taken at visits 2, 4, and 5 will be converted to z-scores 
standardized to visit 2. 
 
Covariates from visit 1: age, sex, race (MS-blacks, NC-whites, NC-blacks, MN-whites, and 
MD-whties), APOE ε4, income, education,  
Covariates from visit 2: body mass index (BMI), smoking status, hypertension, diabetes, 
prevalent coronary heart disease (CHD), prevalent stroke, drinking status, HDL cholesterol, and 
total cholesterol 
 



Analysis: Linear regression with generalized estimating equations (GEE) will be used to assess 
the association between HSV-1, h. pylori, and CMV infections and 20-year cognitive decline. 
Models will include an unstructured correlation matrix and robust variance to estimate the 
average difference in trajectory of cognitive test score between those whose serum tests positive 
for antibodies to infection and those that test negative. HSV-1, CMV, and h. pylori infections 
will be interacted with time to model rates of change in cognitive test scores by infection status. 
Time will be modeled as a linear spline with a knot at year 6 to account for the gaps between 
visits (6 years between visits 2 and 4 and 14 years between visits 4 and 5).  
 
Models will be adjusted for baseline (visit 1 or 2) covariates. We will explore interacting 
covariates with time.   
 Model 1: age, sex, race, APOE ε4, income, education,  

Model 2: plus body mass index (BMI), smoking status, hypertension, diabetes, prevalent 
coronary heart disease (CHD), prevalent stroke, drinking status, HDL cholesterol, and total 
cholesterol.  

For each infection, an analysis will be run to assess change in z-score for the three cognitive tests 
separately. Additionally, we will conduct a fourth analysis using a composite global z-score. 
  
Due to attrition and selection bias, we will include (a) inverse probability of attrition weights and 
(b) weights to correct for the cohort random sample selection probabilities.  
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