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4. Rationale:  
Concentrations of plasma fatty acids are biomarkers of dietary fat intake and also provide 
information on lipid-related metabolic pathways. Thus, studying the association of 
plasma fatty acids with cognitive decline can yield evidence for the development of 
preventive interventions (through dietary recommendations and supplementation) and 
inform our understanding of the role of lipid metabolism in cognitive function. A 
previous analysis in the participants from the ARIC Minneapolis field center, considering 
plasma fatty acids measured at baseline and cognitive data from visits 2 and 4, found that 
higher levels of palmitic acid (a saturated fatty acid), lower levels of linoleic acid (an 
essential -6 PUFA), and lower levels of -3 polyunsaturated fatty acids (PUFA) were 
associated with faster cognitive decline.1 These observations, particularly those regarding 
-3 PUFAs, are consistent with results from separate cohorts.2-4 Results from other 
studies, however, have been inconsistent, which may be due to study design and 
differences in population characteristics. For example, a recent publication from the 
Women Health Initiative Study of Cognitive Aging (WHISCA), which included women 
65 and older, did not find an association between red blood cell levels of fish-derived -3 
fatty acids and cognitive impairment.5  
 
In the present proposal, we will assess the association of plasma fatty acids, measured in 
ARIC participants from the Minnesota field center at baseline, with cognitive decline 
over a 20 year period. This analysis will extend the published ARIC analysis taking into 
account the additional cognitive information collected during ARIC visit 5/NCS. 
 
5. Main Hypothesis/Study Questions: 
The main aim of this study is to assess the association of plasma concentrations of 
cholesteryl ester and phospholipid fatty acids in ARIC participants from the Minnesota 
field center. 
 
We hypothesize that higher concentrations of total saturated fatty acids (SFA) and lower 
of polyunsaturated fatty acids (PUFA), including total -3 PUFA, fish-derived -3 
PUFA, and -linolenic acid, will be associated with more pronounced cognitive decline 
over a 20 year follow-up. 
 
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 population 
Participants from the Minnesota field center with plasma fatty acids measurement at visit 
1 and cognitive assessment at visit 2. 
 
Participants will be excluded if they were not white, had missing education information, 
missing APOE genotype or missing other covariates, were missing one or more cognitive 
function tests at baseline, did not consent for non-CVD research or for the use of their 



genetic data. We will also exclude participants using fish supplements or lipid lowering 
medications at visit 1 (in a sensitivity analysis, we will include fish supplement users). 
 
Exposure of interest 
At baseline, fatty acid analysis was done in plasma phospholipid and cholesteryl ester 
fractions from visit 1 samples. In total, 29 different fatty acids were measured. To 
facilitate comparison across fatty acids, mean-centered standardized values will be used 
in all analyses. 
 
Outcome 
Cognitive testing using the Delayed Word Recall test (DWR), Digit Symbol Substitution 
test (DSS), and Word Fluency test (WF) was done at visits 2 (1990-92), 4 (1996-98) and 
5 (2011-13). Cognitive testing will be standardized using the mean and standard 
deviation at visit 2. We will also calculate a global cognitive score as the standardized 
mean of the 3 cognitive tests at each visit. 
 
Other variables 
Covariates to be considered in our analysis include: age, sex, education level, occupation, 
APO 4 status (number of APOE 4 alleles), cigarette smoking, alcohol consumption, 
physical activity, body mass index, systolic blood pressure, use of antihypertensive 
medication, diabetes, total cholesterol, HDL-cholesterol, triglycerides, prevalent CHD, 
prevalent HF, and prevalent stroke. In our analysis, we will use covariates assessed at 
visit 1, when plasma fatty acids were measured. We will assume that exposure that affect 
fatty-acid levels and covariates remain consistent from Visit 1 to Visit 2.  
 
Statistical analysis 
Analyses will follow the recommendations from the ARIC-NCS Analysis Committee. 
 
Based on the associations found in the previously published ARIC analysis, we will 
conduct separate analysis for the following fatty acids: 

- Total SFA 
- Total -3 PUFA, and separately: 

o -linolenic acid 
o Fish-derived -3 PUFA (DHA, EPA, DPA) 

- Palmitic acid 
- Linoleic acid 

 
In a hypothesis-generating analysis, we will assess individually the remaining 24 fatty 
acids measured as part of the lipid profiling done at baseline. The threshold to consider an 
association statistically significant will be adjusted using a Bonferroni correction (0.05 / 
24 = 0.002).  
 
We will run GEE models with an unstructured correlation matrix and robust variance 
estimates, including the fatty acid and an interaction of the fatty acid with time as the 
main independent variables, adjusting for the previously mentioned covariates and 
interaction of those covariates with time. Age will be centered at baseline, and included 



as both a linear and quadratic term. Time from visit 2 will be considered as the time 
variable. We will use a spline for time, consistent with the analysis committee’s 
recommendations.  
 
We will conduct sensitivity analyses using inverse probability weighting and multiple 
imputation chained equations (MICE) to adjust for attrition, using extended models that 
use TICS data, and modeling expected scores among individuals who did not participate 
in visit 5/NCS and had a dementia hospitalization between visits 4 and 5, as previously 
described.6 
 

We will test effect modification by age, sex, APOE 4 status, and obesity. 
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