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Since the proposed project is an analysis of existing data, we anticipate that it will 
take <12 months from MSP approval to submission of the manuscript to the 
ARIC Publications Committee. 
 
 
4. Rationale:  
The prevalence of dementia in the United States is estimated to be 13.9% among 
individuals aged 70 years and older (1). By 2030, the number of elderly 
individuals in the United States is expected to double from approximately 35 
million to over 70 million. With this increase in the elderly population, the number 
of individuals with dementia is expected to increase almost 3-fold (2). Alzheimer’s 
disease is the most prevalent type of dementia, accounting for 70% of all 
dementia diagnoses (1). Given the high prevalence of Alzheimer’s disease, 
cognitive tests that assess memory, such as the Delayed Word Recall Test, 
would likely predict incident cases of dementia.  
 
Cognitive test scores, brain imaging and cardiovascular risk factors have been 
used to predict individuals who will later develop dementia (3, 4) (5). However 
few previous studies have over 15 years of follow up and cognitive testing 
performed at multiple occasions. Amieva et al performed neuropsychological 
testing and dementia screening using DSM-III-R criteria at 5 time points over a 9 
years period. At baseline, cognitive test scores were lower in those who later 
developed Alzheimer’s disease than in those who remained free of Alzheimer’s 
disease (1.4 points lower on the Mini-Mental State Exam, 1.8 points lower on the 
Benton Visual Retention Test, 4 points lower on the Isaacs Set Test, and 0.8 
points lower on the Wechsler Similarities Test). In those who developed 
Alzheimer’s disease, during the 3 years prior to diagnosis, the rate of decline in 
score on all cognitive tests accelerated (6). In the Nun Study, measures of 
linguistic ability assessed at mean age of 22 years were associated with 
dementia diagnosis between 50 and 60 years later. Dementia was defined using 
the CERAD battery of neuropsychological tests and activities of daily living 
measures (7). In a 22-year follow up of the Framingham cohort, lower baseline 
cognitive test scores were associated with incident dementia, defined by criteria 
established by the National Institute of Neurological and Communicative 
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders 
Association (Logical Memory-Retained: OR 1.57, 95% CI 1.31, 1.87, Similarities: 
OR 1.35, 95% CI 1.07, 1.70, Paired Associate Learning: OR 1.31, 95% CI 1.08, 
1.59, and the Learning and Immediate Recall composite score: OR 1.37, 95% CI 
1.09, 1.72) (8). The Cardiovascular Health Cognition Study found that lower 
baseline Modified Mini-Mental State Exam and Digit Symbol Substitution Test 
scores were associated with incident dementia. In this study dementia was 
diagnosed by a psychiatrist based on a cognitive deficit in at least two domains of 
sufficient severity to affect activities of daily living and a history of normal 
intellectual function before the onset of cognitive abnormalities. The 
Cardiovascular Health Cognition Study was limited by very short follow-up and 
baseline measurements occurring at age 65 years or older (4). Using ARIC and 



adjusting only for age, gender, race and study center, Alonso et al (5) found an 
association between cognitive scores on the Digit Symbol Substitution Test and 
on the Delayed Word Recall Test at visit 2 and dementia hospitalization over 
follow-up through December 31, 2004.  
 
A number of limitations characterize the previous studies on this topic including 
single assessment of cognitive function, short length of follow-up, and/or primarily 
elderly study populations. With the exception of the study by Alonso et al (5), 
there is limited knowledge of predictors measured in middle age and dementia 
risk in a community-based setting and, to our knowledge, few previous studies 
have examined change in cognition in middle-age and future dementia risk. 
Additionally, ARIC is the largest study of African Americans and, to our 
knowledge, no previous studies have examined possible differences in the 
association between middle age cognitive function and dementia risk by 
race/ethnicity. 
 
To comprehensively characterize the relationship of cognitive functioning to 
future dementia risk in a community-based population, we propose to examine 
the associations between cognitive test scores in middle age (visit 2), older age 
(visit 4) and incident dementia hospitalization in the ARIC Study and to examine 
if middle age (visit 2) test scores add predictive value above and beyond older 
age (visit 4) scores alone.  
 
5. Main Hypothesis/Study Questions:  
Cognitive function in ARIC is assessed at two time points (visits 2 and 4) by the 
Digit Symbol Substitution Test (DSST), the Delayed Word Recall Test (DWRT), 
and the Word Fluency Test (WFT). We hypothesize that both time of cognitive 
assessment and test used to assess cognitive function will impact the association 
between cognition and risk of incident dementia.  
 
Hypothesis 1: Visit 2 cognitive test scores and visit 4 cognitive test scores will 
each predict incident dementia hospitalization independent of known risk factors. 
 
Hypothesis 2: Stronger associations between cognition and incident dementia 
hospitalization risk will be observed for visit 4 cognitive test scores than for using 
visit 2 test scores regardless of the test used to assess cognitive function. 
 
Hypothesis 3: Visit 2 cognitive test scores will add predictive value above and 
beyond visit 4 cognitive test scores alone regardless of the test used to assess 
cognitive function.  
 
Hypothesis 4: The association between baseline cognition and incident dementia 
hospitalization will be strongest when cognition is assessed by the DWRT. 
 
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:  
We will be performing 3 main analyses: 
Analysis 1: prospective cohort study of visit 2 cognitive test scores and risk of 
incident dementia hospitalization. 
Analysis 2: prospective cohort study of visit 4 cognitive test scores and risk of 
incident dementia hospitalization. 
Analysis 3: prospective cohort study investigating if adding visit 2 cognitive test 
score to the visit 4 cognitive test score adds predictive value for risk of incident 
dementia hospitalization above and beyond the visit 4 score alone. 
 
Ancillary Analysis: prospective cohort study using participants of the Brain MRI 
study (who have two additional cognitive assessments: at visit 3 and 2004-2006) 
and risk of incident dementia hospitalization. The Carotid MRI study also has an 
additional cognitive assessment and could add to our analysis. 
 
All analyses will be performed for all 3 cognitive tests: Digit Symbol Substitution 
Test (DSST), Delayed Word Recall Test (DWRT), and Word Fluency Test (WFT). 
 
Study Population:  
Our study population for analysis 1 will include all ARIC participants who 
attended visit 2 and do not meet any of the following exclusion criteria: 
cardiovascular disease or stroke at or prior to visit 2, missing values for any 
covariates of interest (see below), missing cognitive test data at visit 2, scoring 
below the 5th gender and race-specific percentiles for any of the cognitive tests 
administered at visit 2 (DSST, DWRT, WFT). 
 
The study population for analyses 2 and 3 will include all ARIC participants who 
attended visit 4 and do not meet any of the following exclusion criteria: 
cardiovascular disease or stroke at or prior to visit 4, missing values for any 
covariates of interest (see below), missing cognitive test data at visit 4, scoring 
below gender and race-specific percentile 5th in any of the cognitive tests 
administered in visit 4 (delayed word recall, digit span substitution, word fluency). 
 
Exposures:  
Cognitive function at visit 2 (analyses 1 and 3) and cognitive function at visit 4 
(analyses 2 and 3) will be the exposure variables. In the ARIC Study, cognitive 
functioning was assessed at Visits 2 and 4 using three standardized tests: the 
DSST of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) (9), the DWRT 
(10), and the WFT, also known as the Controlled Oral Word Association Test 
(COWA) of the Multilingual Aphasia Examination (11). The DSST is a test of 
attention, executive function and processing speed, the DWRT is a test of verbal 
learning and recent memory, and the WFT is a test of executive function and 
expressive language (10) (9) (11). Trained examiners administered the cognitive 



tests in a standardized order during one session in a quiet room. Examiner 
performance was monitored by audio tape recording. Recordings were reviewed 
locally and shared across centers to ensure consistency with testing procedures. 
 
Covariates:  
Age, sex, body mass index, field center, income, diabetes, total cholesterol, HDL-
cholesterol, systolic and diastolic blood pressures, blood pressure medication 
use, APOE genotype, smoking, alcohol consumption, education level. All 
covariates listed will be from visit 2 (analysis 1) or visit 4 (analyses 2 and 3), with 
the exception of education level, which was only assessed at visit 1. 
 
Stratifying variable:  
We plan to conduct stratified analyses by race because race has been shown to 
be associated with both cognitive function and dementia (5). 
 
Outcome:  
The outcome will be incident hospitalization or death due to dementia: time to 
first hospitalization for dementia defined by ICD-9 hospital discharge code. 
Previous analyses indicate there are 203 post-Visit 2 hospital discharge-defined 
dementia cases using the following ICD-9 codes: Alzheimer’s disease (331.0), 
vascular dementia (290.4) or dementia of other etiology (290.0, 290.1, 290.2, 
290.3, 290.9, 294.1, 294.2, 294.8, 294.9, 331.1, 331.2, 331.8, 331.9) (5). We will 
use incident dementia hospitalization data through 2007 (or most recent data 
available).  
 
Statistical Analysis:  
We will use Cox proportional hazards to estimate the hazard ratios comparing 
categories of cognitive test scores on all three tests (DWRT, DSST, WFT) and 
risk of dementia hospitalization. We will categorize the cognitive function 
variables into quartiles of test score or change in test score and will compare 
hazard ratios across the quartiles in each analysis. 
 
All analyses will be performed overall and stratified by race. We will formally test 
for interaction by race/ethnicity in each model. Model 1 will adjust for 
demographic factors (age, gender, field center, education, and income). Model 2 
will include variables in Model 1 + vascular and genetic risk factors (diabetes, 
body-mass index, smoking, alcohol consumption, hypertension, total cholesterol, 
HDL cholesterol and APOE genotype). Model 3 will only be performed for 
analysis 3 and will include variables in Model 2 + visit 2 cognitive test score in 
order to assess if adding visit 2 score adds predictive value to the visit 4 score. In 
sensitivity analyses we will use regression calibration methods in our Cox 
proportional hazards models to account for error in the measurement of cognitive 
functioning at baseline (12).  
 



We will use external measures of reliability to correct for measurement error. For 
example, Pavlik et al report test-retest reliability to be 0.82 for DSST, 0.75 for 
DWRT and 0.88 for WFT (13). 
 
Limitations:  
As in Alonso et al (5), the main limitation in this study is the method of dementia 
ascertainment. Relying on hospital discharge data to define incident cases of 
dementia will likely underestimate the true incidence of dementia in the study 
population. However, our definition of dementia is likely to be a highly specific 
case definition. Additionally because dementia hospitalization is a heterogeneous 
outcome, we anticipate that we will not have enough cases to subgroup cases by 
type of dementia (e.g. vascular, Alzheimer’s). However, one of the main 
strengths of this study is to further validate the use of incident dementia 
hospitalization as an outcome in other studies. As with any observational study, 
we will also not be able to rule out the possibility of residual confounding. 
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