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4. Rationale:  
 
Despite much published research on mild cognitive impairment (MCI) during the last few years, 
for example1-2, there continues to be a gap in knowledge of a broader range of volumetric brain 
changes in MCI vs. normal cognition (NC) in community-based samples,3-5.  Less is published on 
differences in MCI subtypes, e.g., amnestic MCI (aMCI) vs. non-aMCI, and how these brain 
changes relate to lower performance in the 3 specific cognitive domains defined in ARIC NCS.6-

8  In particular, there is a paucity of precise, quantitative, imaging-based studies of the 
differences in regional brain volumes associated with MCI in representative Black and White 
resident populations of older age.4, 9-11  
 
Current work by Orlando et al. (manuscript proposal #3689) characterizes the regional volume 
differences associated with prior 20-year decline in a 3-test combined cognitive score. 
Interestingly, the pattern was suggestive of that expected from memory loss more than a loss in 
other domains. In this proposal, we will determine whether this pattern is more characteristic of 
amnestic MCI than non-amnestic MCI. 
 
Schneider et al. looked at regional differences in persons with isolated memory loss, language, and 
speed-executive function and found only memory to be associated with small volumes in the 
regions they expected to be affected.12 However, their numbers were small, and single tests were 
used to identify cognitive domains. Our study builds on this work and will re-examine these 
relationships using multiple cognitive tests, which are better defined using several tests for each 
domain. 
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Research in ARIC and other studies has quantified the rate of cognitive decline associated with 
various exposures.13-17 Still, reviewers often ask, “how important are the declines of the magnitude 
reported?”. This study will provide a useful scale by which to answer that question. Specifically, 
we will quantify the level of 20-year decline that equals the difference between a recognized MCI 
syndrome and normal cognition, both estimates from the same population. 
 
The current state of the published literature is constrained by small sample sizes, varying and 
sometimes imprecise ways to operationalize and diagnose MCI vs. normal cognition and 
unrepresentative populations.1,9,18,19 There is a clear need to address and reduce this knowledge 
gap. The ARIC-NCS is primed to do so thanks to its 10-test battery of cognitive tests, well-
developed criteria operationalized in advance of study initiation, large sample size and a biracial 
population.20    
 
5. Main Hypothesis/Study Questions: 
 
Main Study Question 
 

- What differences in regional brain volumes are associated with general and amnestic mild 
cognitive impairment (MCI, aMCI).  

 
Study questions 
 
Aim 1:  

- 1a. To estimate differences in volume of selected brain regions in non-demented 
individuals with MCI vs. those who are cognitively normal.  

- 1b. To estimate the number of standard deviations of 20-year cognitive decline equivalent 
to the difference between mild cognitive impairment and normal cognition, using total 
cortical volume as the metric of comparison.  

Aim 2:  
- 2a. To estimate differences in volumes of selected brain regions between amnestic vs. non-

amnestic MCI. 
- 2b. To estimate differences in volumes of selected brain regions associated with standard 

deviation differences in memory, language, and speed-executive function domain scores.  

 
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: Cross-sectional  

Inclusion criteria:  

- Individuals in ARIC who participated in and completed visit 5 (2011-13).  
- Having an ARIC diagnosis of mild cognitive impairment or normal cognition at visit 5.  
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- Having undergone a brain MRI scan at visit 5.  
 

 

Exclusion criteria: 

- Individuals with dementia at visit 5. 
- Participants without data for education and race at visit 5.  

 
Outcome of interest:  

The primary outcome variables are those of Schneider et al and Orlando et al, consisting of total 
and regional brain volumes (cc)12. Specifically, brain volume of 22 anatomical regions associated 
with the following cognitive domains: memory (medial temporal lobe, posterior cingulate, 
amygdala, entorhinal cortex, hippocampus); language (left inferior frontal gyrus, left superior 
temporal gyrus); executive function/speed of processing (prefrontal cortex, anterior cingulate, 
subcortical); other (pericalcarine fissure, basal ganglia, fusiform gyrus, Heschl`s gyrus, insula, 
lingual gyrus, cuneus, precentral gyrus, precuneus, postcentral gyrus, paracentral gyrus, 
supramarginal gyrus, thalamus). We will also examine the volume of the “temporal lobe meta-ROI 
region” defined by the Mayo MRI reading center, because of its relationship to Alzheimer’s 
Disease and other neurodegenerative diseases. Separately, we will be comparing volume 
differences for 5 ROIs (4 lobes and subcortical grey matter) as a second set of outcome variables.  

All outcomes will be expressed in terms of percent differences in volume compared to the 
population mean.  

Exposure variables: 

Aim 1: diagnoses of mild cognitive impairment vs. normal cognition.  
Aim 2a: diagnoses of amnestic vs. non-amnestic mild cognitive impairment. 
Aim 2b: cognitive domain scores (memory, language, processing speed-executive function) 

Covariate variables: 

Age (years), sex (male vs. female), race (black vs. white), education (3 classes), intracranial 
volume (cc). 

All diagnoses used as primary exposure variables will be derived from ARIC visit 5.  

Specific reference to the time of their collection, summary of data analysis and any 
anticipated methodologic limitations of challenges if present.  

All outcome and exposure variables will be collected from participants who completed ARIC visit 
5 (2011-2013) with brain imaging. MCI diagnoses incorporate normative data developed within 
the ARIC study (except for normative data for the Boston naming test and digit span backward 
test, derived from data obtained from the National Alzheimer's Coordinating Center).20,21 
Moreover, we will consider the use of inverse probability sampling and non-response weights for 
the imaged population.   
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Given the large number of ROI’s, a limitation of our analysis is the possibility of spurious 
associations due to type I error (multiple comparisons). Modeling each outcome of interest with a 
separate linear regression model increases the probability of type I error and, given that regional 
volumes within an individual are related to one another, fails to make full use of all available data.  
Therefore, to minimize multiple comparisons and maximize efficiency, we will use linear mixed 
models to estimate marginal differences in brain volumes associated with MCI (aim 1a), 
accounting for the correlation of regions within an individual using a subject-specific random 
effect. For aim 2a our exposure of interest will be aMCI vs. non-aMCI and for aim 2b, lower 
performance in a cognitive domain as defined by ARIC. Our first model will include 5 ROIs (4 
lobes and subcortical grey matter) and our second model will include all 22 anatomical regions of 
interest (as was done in Schneider et al and is being done in Orlando et al). We will include both 
a subject specific random effect and a random effect for each region to allow estimated mean 
differences to vary across regions and within individuals. For the random effects, we will assume 
an unstructured correlation matrix. We will adjust for age, sex, race, education, and intracranial 
volume, and we will conduct sensitivity analysis excluding individuals with clinical depression 
and stroke. Additionally, we will consider cortical thickness as a sensitivity analysis for selected 
regions where thickness is measured accurately.  
 
Since this study is meant to be descriptive, we do not think that the analysis's cross-sectional nature 
will limit the interpretation of the findings. Nonetheless, we will be comparing data from Orlando’s 
(manuscript ##3689) analysis of the 20-year period under sub-aim 1b to understand the quantity 
of previous cognitive decline equivalent to the diagnosis of mild cognitive impairment in terms of 
total cortical brain volume difference.   
 
There is a need to be aware of the general limitation that the construct of MCI poses and the current 
lack of a standardized set of diagnostic criteria.22 Although the diagnostic criteria and approaches 
used to operationalize and diagnose MCI within ARIC are well-developed,20,21 it is important to 
bear in mind that there is wide-ranging methodological variation in the literature and in research 
vs. clinical settings in how MCI is defined and diagnosed.11,18,23-25  
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