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4. Rationale:  

Over one third of US adults and 17% of US children are obese (1). Obesity is a major risk factor 

for the metabolic syndrome (Ms), which has various consequences for cardiovascular health and 

overall morbidity. The Ms is defined by at least 3 of the following: increased waist 

circumference, elevated triglycerides, low HDL cholesterol, elevated systolic blood pressure, and 

elevated fasting glucose (2). Dementia, including Alzheimer’s dementia (AD), vascular and 

mixed type dementias, and mild cognitive impairment (MCI), had a global economic impact of 



604 billion dollars in 2010 (3). Recently, a link between dementia and Ms has emerged. This 

proposal seeks to further explore this connection. 

 

The Ms has a role in several inflammatory cytokines which influence the nervous system. Leptin 

is a molecule involved in appetite regulation, and leptin treated mice had increased brain weights 

and expression of synaptic and glial proteins (4). In an epidemiological study, log-leptin levels 

were inversely associated with all cause dementia, and subjects with higher baseline 

concentrations had larger brain volumes (5). Adiponectin is another adipokine, which improves 

insulin sensitivity, has shown an inverse relationship with Ms (6). Small study results of plasma 

adiponectin levels in MCI have been conflicting (7,8). A study published recently showed that 

increased plasma adiponectin levels in women are associated with an increased risk of dementia 

(9). TNF alpha, interleukin 6, and monocyte chemoattractant protein 1 (MCP-1) are other 

potentially interesting adipokines that have not been well studied in association with cognitive 

decline. Insulin, a defining molecule in the Ms, has receptors in the amygdala and hippocampus, 

and in AD there are reduced insulin signaling molecules (10). 

 

Epidemiologic associations have described a U-shaped curve in the relationship between lifetime 

obesity and dementia.  Being underweight, overweight and obese during midlife are positively 

associated with dementia (10,11,12). An imaging study suggested that a high midlife BMI was 

associated with reduced concentrations of markers of neuronal viability, especially in the frontal 

lobes (13). One small study showed an increase in BMI was related to some of the variance of 

decreases in gray matter volume between pre and post menopausal women (14). The clinical 

significance of these studies is unclear, as is whether these imaging findings relate to a later life 

risk of developing dementia. Some studies also suggest that late life obesity may be protective 

against cognitive decline (10,11,12). In the ARIC cohort, it was also shown that diabetes, 

hypertension, stroke and APOE E genotype were associated with cognitive decline (15). It is 

unclear to what degree the metabolic syndrome is an independent contributer to outcome 

measurements, rather than the sum of its parts (i.e. hypertension, diabetes, hyperlipidemia, BMI). 

This proposal will also sort to parse out the independent contributers to  outcomes thought to be 

influenced by the metabolic syndrome, to better understand the the effect garnered by variables 

related to a spectrum of endocrinologic change (such as insulin resistance). 

 

5. Main Hypothesis/Study Questions: 

1. The Ms (presence or absence upon study entry) and each of its individual components will be 

positively associated with cognitive dysfunction, as measured by neuropsychological testing. It 

will also be associated with a change in cognitive performance, as determined by examining 

change in neuropsychological testing at two time points (visit 2 (1990-92) and visit 4 (1996-99) 

in the whole cohort). Presence of Ms at baseline (visit 1) will be most predictive of change in 

cognitive functioning. We will also look at each of the anthropomorphic measurements collected 

at visit 1, as well as each of the individual components of the Ms collected at both visit 1 and visit 

2 (lipids, hemoglobin A1C, triglycerides, hypertension) to test this hypothesis. For the subset of 

individuals who have cognitive assessment as part of the ARIC BRAIN MRI ancillary study, we 

will evaluate change in cognitive performance across these three visits, from visit 2 (1990-2) 

through the BRAIN 2004-6 and Carotid MRI visit in the same time period. We expect the 

relationship between Ms and cognition to be strongest for this group, since the likelihood of 

decline in cognitive performance is greatest in this group. Using techniques previously used in 

ARIC in which cognitive data from either the Brain or Carotid MRI visit is used (whichever is 

done earlier in individuals with testing at both time points), we will be able to include more 

individuals who were in either of these two ancillary studies. 

 



2. Presence of the Ms and each of its components will be associated with increased subclinical 

white matter disease and decreased gray matter volumes. In 1993 to 1995 (visit 3), 1,929 subjects 

had MRI brain performed. In 2004 to 2006, as part of the Brain MRI ancillary study, 1,134 

subjects had a 2nd MRI scan. MRI markers including subclinical infarcts, extent of white matter 

hyperintensity (WMH) (qualitative measurements at visit 3 and both qualitative and semi 

quantitative volumetric measurements at the Brain MRI visit), and gray matter volumes have all 

been measured. The primary outcomes of interest will be incident subclinical infarcts (with a 

particular focus on lacunes/ smaller infarcts), change in WMH volume (using the previously 

published methods to calculate estimated volume of progression) (16), WMH volumes at visit 3 

and Brain MRI visit, qualitative sulcal width and ventricular size measurements from visit 3, and 

gray matter volumes from the Brain MRI visit. 

 

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 methodological limitations or challenges if present). 
Study Design: prospective data collection on risk factors with cross-sectional definition of the 

outcome based on the neuropsychological assessment performed 1990-92 and 1996-99, and 2004 

to 2006 and the ARIC Brain MRI in 1993 to 1995 and 2004-2006. 

Inclusion: All individuals in the ARIC cohort with at least one cognitive assessment  

Exclusion: Missing Brain MRI data (for structural brain volume hypotheses); Missing 

anthropometric data, Missing neuropsychological testing, pre-existing neurologic condition that 

might impact cognition, use of medications felt to impact cognition at the time of testing (exclude 

only those testing dates when these medications are in use).  

Data Analysis:  

Hypothesis 1: Linear regression with metabolic syndrome (composite variable, presence/absence) 

or waist circumference, triceps measurement, hip and calf measurement, fasting glucose, BMI, 

diabetes, triglycerides, systolic blood pressure and HDL cholesterol (categorical variables) as 

independent variables, predicting cognitive outcome, as measured by either change in 

neuropsychological testing scores between visit 2 and visit 4, or scores at visit 4. Depending on 

the available sample size, for individuals in the Brain MRI or Carotid MRI study, we will use 

random-effects linear regression models to account for the intra-individual correlation of 

cognitive scores. The primary exposure of interest will be the Ms X time term in these random-

effects models, or just Ms in the linear regression looking at change for people with scores at 2 

time points. The measures for the independent variables will be taken from visit 1 or visit 2. The 

delayed word recall, digit symbol substitution task and word fluency tests will each be analyzed 

independently. We will also consider a “global” z-score from the 3 neuropsychological tests as a 

composite variable. Covariates will include age, gender, prevalent CHD, ApoE status, and 

diabetes in addition to those already listed above. 

 

Hypothesis 2: Linear regression; Ms Presence/ absence (independent variable), WM volume 

(using variables/ calculated progression as described above), gray matter volume (dependent 

variable). Same covariates.  Also logistic regression using top quintile of WMH progression or 

incident subclinical infarcts/ lacunar infarcts as dependent variable with same independent 

variables will be used. 

 

Outcome: Delayed word recall, digit symbol substitution task and word fluency scores and a 

global score (mean of z for each test). White matter lesions: Volume (measured volumetrically) 

and white matter grade. Gray matter volume.  

Variables of interest: Metabolic syndrome (composite variable), waist circumference, triceps 

measurement, hip and calf measurement, fasting glucose, BMI, diabetes, triglyceride, systolic 

blood pressure and HDL cholesterol from visit 1.  



Brain MRI data from visit #3 (1993 to 1995) and Brain MRI study visits (2004-2006). 

Other potential confounders: Weight loss (from visit 1 to ARIC Brain MRI visit), diabetes, age, 

APOE E genotype. 

 

Limitations:  

The presence or absence of the metabolic syndrome at different points in life can affect cognitive 

outcomes. It may be that obesity in late life, but not early life is protective. Measuring factors 

related to the Ms at visit 1 may not represent a lifetime of exposure, for example a subject who 

meets criteria for Ms at visit 1 could lose significant weight by follow up visits, and whether they 

are at the same risk for the predicted outcomes as someone who has the Ms throughout life is 

difficult to separate out. Also, in this subset, neuropsychological testing and brain MRIs were 

performed fairly early, perhaps before the subjects exhibited cognitive decline. Therefore the 

absence of an association in this study will not negate the presence of an association in later life.  
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