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4. Rationale:

Cognitive outcomes in later life are a complex interplay of genetic and environmental
factors. Alzheimer (AD) and Parkinson’s diseases are on a spectrum of cognitive and functional
impairment that are mediated by environment. Nutritional status, and dietary patterns over a
lifetime certainly impact health outcome measures, and there is an emerging body of literature
suggesting that cognitive outcomes are related to diet history. This proposal seeks to explore the
relationship between various nutritional parameters and change in cognitive status in the ARIC



population. We will also evaluate whether MRI brain volumetrics is a potential mechanism for
the proposed interrelationships.

Adherence to a healthful dietary pattern is one aspect of nutrition that has been hypothesized
to be associated with cognitive health. The Mediterranean diet (Med Diet) is consumed by
populations bordering the Mediterranean Sea and has been associated with positive health
outcomes. The Med Diet is rich in vegetables (legumes and greens), fish and olive oil, with a
moderate amount of alcohol, while low in red meat and chicken. Results from a meta-analysis
and a recent intervention trial showed that this dietary pattern reduced overall mortality, mortality
from cardiovascular diseases, incidence of or mortality from cancers, and incidence of
Parkinson’s disease and AD "% One mechanism by which this occurs is thought to be through
anti-inflammatory mediators, and through reduced antioxidant stress.

The interaction with dietary patterns and cognition, both with mild cognitive impairment
(MCI) and AD being secondary outcomes, is only beginning to be understood. For example, in a
biracial population of Midwestern adults, aged greater than or equal to 65 years, the Med Diet
was associated with a slower rate of cognitive decline, as measured by a Med Diet index®.
Adherence with the Med Diet was associated with a slower decline in the mini mental status
exam (MMSE), but not incident dementia in a cohort in Bordeaux, France® . Physical activity and
adherence to a Med Diet were associated with decreased incidence of AD in two community
dwelling cohorts of elderly individuals without dementia®. In another cohort of older adults,
intake of a Med diet pattern was also associated with a lower risk of prevalent AD, incident AD,
and incident MCI. In this analysis, however, the Med Diet was not associated with biomarkers of
inflammation such as high sensitivity C-reactive protein (hsCRP) or metabolic markers such as
insulin and adiponectin® .

Another aspect of nutrition that has been associated with cognitive health is consumption
of polyunsaturated fatty acids (PUFA), "® PUFA is a large component of the fatty acid profile of
the Med Diet and contain more than one double bond in their chemical structure, as opposed to
saturated fats which have no double bonds.). Omega 3 fatty acids (n3 PUFA) eicosapentaenoic
acid (EPA), docosahexaenoic acid (DHA) are found in many plant and fish oils, and are unable to
be synthesized by the human body. Omega 6 fatty acids (n6 PUFA) are also essential, and
compete for the same metabolic enzymes as n3 PUFA. High intake of fish (a prominent source of
PUFA) is associated with less cognitive decline’. DHA and EPA levels have been associated with
better cognitive function in a cross sectional study® .

A food frequency questionnaire was administered in ARIC to determine dietary intake was
assessed over the previous year. It was an interviewer administered, 66-item questionnaire, during
visits 1 and 3. Despite inherent weakness in food recall, there have been several interesting
studies using ARIC FFQ data. An increase in the consumption of n3 to n6 PUFA was associated
with a smaller decline in the word fluency test (WFT), one subset of neurocognitive testing® .An
interesting paper looked at adipokine angiopoietin-like-4 (ANGPTL4) which is a protein that is
thought to regulate fatty acid transport across tissues through inhibition of lipoprotein lipase
(LPL). Inthe ARIC cohort, a loss of function mutation in the ANGPTL4 gene resulted in lower
triglyceride and higher HDL levels.*

This proposal seeks to further explore core relationships of nutrition with cognitive outcome
and MRI brain volumetrics, to better define the interaction of these components on brain structure
and function. The significance of this work is that it allows us to examine potentially modifiable
risk factors, such as diet supplementation, that might mitigate the effects of cognitive decline in
midlife.

5. Main Hypothesis/Study Questions:


http://en.wikipedia.org/wiki/Eicosapentaenoic_acid
http://en.wikipedia.org/wiki/Eicosapentaenoic_acid
http://en.wikipedia.org/wiki/Docosahexaenoic_acid

Hypothesis 1. A healthy dietary pattern modeled after the Med Diet (high in fish, essential fatty
acids, moderate alcohol, and high intake of vegetables, which we will call Healthy Diet) will be
inversely 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). 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 will add an analysis to include 21-year change in cognition incorporating
visit 5 data. We expect the relationship between diet 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.

Hypothesis 2: Certain aspects of Healthy Diet (fish, essential fatty acids, moderate alcohol, and
high intake of vegetables) will be inversely associated with cognitive performance, but each
component alone will be less associated than the composite Healthy Diet. Similar analysis will be
performed as per above.

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. We will also incorporate data
from the ongoing neurocognitive study in the current analysis, and rerun the analysis when the
dataset is complete.

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

Exclusion Criteria: Missing Missing nutrition 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.

The Healthy Diet like pattern will be defined according to a definition established by
Trichoupoulu et al. created for the Med Diet™ which creates a score based on 9 components,
giving a 0 or 1 score to those with high adherence. The component used will be: (1) high ratio of
MUFAs to saturated fatty acids (SFAS), (2) moderate alcohol intake, (3) high intake of legumes,
(4) high intake of cereal (such as bread), (5) high intake of fruit and nuts, (6) high intake of
vegetables, (7) low intake of meat and meat products, and (8) moderate intake of milk and dairy
products and (9) a high intake of fish. The population in ARIC, as a whole, does not eat a Med
Diet like pattern, and therefore it is expected that the relative consumption of the above
components will be low. Therefore, the sex-specific sample medians will be used as the cut-off
point, and those above the median consumption will be given a score of 1. Our diet pattern will be
renamed the Healthy Diet because of the relatively low intake of the above components in our
sample, so relative to the population, it may not represent a true Med Diet.



Linear regression with adherence to a dietary pattern similar to the Healthy Diet at visit 1
(composite variable, divided into quintiles), or its individual components, 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 diet adherence X time term in these random-effects
models, or just diet adherence 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.

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, hypertension, education,
physical activity, lipid profile and diabetes.

Independently, we will estimate cognitive decline incorporating visit 5 data. Random-effects
models will be used that are similar to methods used during the Education and Cognitive Change
manuscript currently under preparation, and incorporating methods used in ARIC (Schneider
2012).

Hypothesis 2:

Linear regression with the independent variables divided into the highest quintile of consumption
versus quintile 1-4 at visit 1. The primary exposure will be either: alcohol intake, fish intake, n3
fatty acids, n6 fatty acids, vegetable intake, fruit intake, olive oil intake, coffee intake which are
expected to be inversely associated with cognitive function. ), Cognitive outcome, is the
dependent variable, as measured by either change in neuropsychological testing scores between
visit 2 and visit 4, or with cross-sectional 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 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, hypertension, education,
physical activity, lipid profile and diabetes.

Independently, we will estimate cognitive decline incorporating visit 5 data. Random-effects
models will be used that are similar to methods used during the Education and Cognitive Change
manuscript currently under preparation, and incorporating methods used in ARIC (Schneider
2012).

Limitations:

Nutritional patterns throughout life can affect cognitive outcomes. The FFQ is only a rudimentary
assumption of dietary patterns that is prone to over and underreporting. Persons may change their
dietary patterns through life. The Med Diet has received much focus. We will create a composite
variable, Healthy Diet, but it will be related only to items of interest, and it will be difficult to say



of what weight each item should have in the composite. Therefore, the analysis of each individual
component (e.g. fish consumption, olive oil use), may be more accurate. Also, the Med diet type
pattern is likely low in the ARIC cohort, therefore we will look at consumption above the median
in the sample, which still may be low in comparison to those eating a “true” Med diet. The time
window of 5 to 6 years between cognitive testing may be too small to appreciate a change in brain
structure or function that is occurring with a lifetime exposure such as nutrition. Also, in this
subset, neuropsychological testing was 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. Because of this, we will incorporate data on 21-year
cognitive decline, using visit 5 data. Analysis will be rerun when complete data is available.

The paper currently under publication, on Education and Cognitive Change, will address period
effects and drop out effects on cognitive decline, and knowledge gained from this analysis will be
used to assess the limitations of these effects on our outcome measure.
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