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4. Rationale:

The societal burden of dementia in the US is high due to its high prevalence, associated disability
and health costs. Dementia has an estimated prevalence of 5.2 million in the US with an associated annual
economic cost of $203 billion. Because of the increasing number of people aged 65 years and older in the
US, the prevalence of dementia will quadruple to 16 million by 2050, creating an expected increase of
healthcare cost to $1.2 trillion. [1]. To reduce the incidence of dementia it is important to identity
modifiable factors that prevent, or delay, the progression of cognitive decline and dementia.



The relationship of ethanol intake with cognitive decline and dementia has been examined. These
relationships, however, remain poorly understood. Previous studies have reported that heavy ethanol
intake is associated with increased risk of cognitive decline and dementia; however results are conflicting
with regard to the effect of low-to-moderate intake [2-14]. Several review studies have concluded that
low-to-moderate ethanol is linked to protective effects on late-life cognitive decline and dementia [2, 5,
15]. On the contrary, some studies linked low-to-moderate ethanol intake to greater risk of late-life
cognitive decline and dementia [16]. Several of these studies relied on single measures of ethanol intake
[3, 7-9, 11, 12, 14], non-standardized definition of cognitive decline, outdated classification of dementia,
short follow-up times (<5 years) [7, 8, 10, 12], lack of analytic control of confounders and effect measure
modifiers [3, 7, 11, 12, 14]. A limited number of studies investigated the effects of ethanol in black
populations despite the fact that the prevalence, incidence, and cumulative risk of Alzheimer’s disease,
the most common form of dementia, appears to be much higher in blacks than in whites [17-19].
Furthermore, few studies investigated the effects of mid-life ethanol intake with late-life cognition [20,
21].

The neurotoxic effects of ethanol that cause cognitive deficits may be mediated directly through
damage to brain structures or indirectly through malnutrition, metabolite toxicity, electrolyte imbalance,
or accompanying physical illnesses including liver disease and infection [22]. Korsakoff syndrome, a
thiamine deficiency characterized by cognitive and memory deficits, which results from chronic ethanol
abuse is an example of indirect ethanol neurotoxicity [23].

Positive effects of low-to-moderate ethanol on cognitive function have been attributed to
flavonoids or other antioxidants, which may reduce the risk for dementia directly or indirectly by
protecting against cardiovascular disease. Ethanol intake has been associated with fewer brain infarcts and
was shown to have a U-shape relationship with the prevalence of white matter lesions [24]. Finally, low-
to-moderate doses of ethanol might alter blood-clotting mechanisms through increase of prostacyclin
concentrations and reduction of thromboxane A2 generation and thus may inhibit platelet function [24].

In vitro studies suggest that single nucleotide polymorphisms (SNPs) within ethanol-metabolizing
genes (i.e., alcohol dehydrogenase, aldehyde dehydrogenase, and cytochrome P4502E1) alter the rate of
ethanol oxidation (conversion of ethanol to acetaldehyde), thereby influencing the likelihood of excessive
drinking. Yet, few studies have evaluated effect measure modification of the relationship of ethanol intake
with cognitive decline by SNPs in the ethanol-metabolizing genes in ancestrally diverse populations.
However, these studies were underpowered [25]; suffered from selection bias [25], residual confounding
[25], and severe attrition bias [26]. As a result, there remains the need to study the effect measure
modification of ethanol-metabolizing SNPs on the ethanol intake-cognitive decline relationship using
large prospective studies with repeated measurements of ethanol intake and standardized measures of
cognitive function to determine if effect measure modification exists.

The rich data source of the ARIC study which includes repeated measurements of ethanol intake
of cognitive function collected on black and white men and women from mid- to-late life that were
genotyped for ethanol-metabolism SNPS is well-suited to address this current research need. Evidence of
effect measure modification of the ethanol intake-cognitive decline relationship by SNPs within ethanol-
metabolizing genes will suggest possible mechanisms by which ethanol affects cognition, in ways that are
relevant to understanding the potential public health risk and benefit of ethanol.

5. Main Hypothesis/Study Questions:

Aim 1: Estimate the relationship between ethanol intake and 20-year cognitive decline in black and white
men and women from mid-to-late life.

Hypothesis 1: Heavy drinking will be associated with greater 20-year cognitive decline compared to
never drinking



Hypothesis 2: Low-to-moderate drinking will be associated with lesser 20-year cognitive decline
compared to never drinking.

Aim 2: Estimate the relationship between SNPs within ethanol-metabolizing genes and ethanol intake in
black and white ARIC men and women from mid- to-late life.
Hypothesis 3: SNPs within ethanol-metabolizing genes will be associated with ethanol intake.

Aim 3: Evaluate the effect modification of the ethanol intake-cognitive decline relationship by SNPs
within ethanol-metabolizing genes in each of the two ancestral populations.

Hypothesis 4: Individuals with greater genetic ability to process ethanol will experience lesser 20-year
cognitive decline per unit increase in ethanol intake.

Hypothesis 5: Individuals with lower genetic ability to process ethanol will experience greater 20-year
cognitive decline per unit increase in ethanol intake.

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 and design: The primary analysis will include all participants in the ARIC-
Neurocognitive Study (ARIC-NCS): 1) with at least two measurements of cognitive function across the 5
ARIC visits, 2) with at least one measurement of ethanol intake from visits 1-4, and 3) were genotyped
for SNPs within ethanol-metabolizing genes. Ethanol intake was collected over a 22-year period among
all ARIC participants prior to measurement of cognitive impairment and dementia in ARIC-NCS, which
began in 2010. Excluded from the study population will be participants who did not self-identify as black
or white, blacks residing in Washington County or Minneapolis (due to low numbers), and participants
who had missing cognitive data at visit 2.

Exposures: The primary exposure of interest is ethanol intake. Ethanol intake was assessed at all visits by
trained interviewers using an interview-administered ethanol intake questionnaire. Ethanol intake was
collected in terms of its frequency (days per week), usual quantity (glasses of a specified volume), and type
(wine, beer, liquor) at all 5 ARIC cohort study visits. Questions were identical in all surveys and also
included items on drinking history to assess never and past drinking status as well as the time since
cessation of drinking among former drinkers. Current drinkers were asked how often they usually drank
wine, beer, or hard liquor. The amount of ethanol consumed (in grams per week) was calculated assuming
the following ethanol content: 40z of wine = 10.8 grams; 12 oz. of beer = 13.2 grams; and 1.5 oz. of
distilled spirits = 15.1 grams. For a drinker who reported less than one drink per week, the ethanol intake
was recorded as 0 g per week.

The secondary exposure is SNPs within Ethanol-Metabolizing Genes. ARIC cohort participants who
consented to the use of their DNA for research purposes was genotyped for previously studied functional /
non-synonymous variants in ethanol-metabolizing genes. Genotyping of the SNPs of interest were
performed using the TagMan Assay ® between visits 4 and 5 as part of an ancillary study.

Outcome: Cognitive function was assessed at visit 2 (1990-1992), visit 4 (1996-1998), and the ARIC-
NCS at visit 5 (2011-2013) using 3 standard cognitive tests that assessed different domains of cognition:
1) the Delayed Word Recall Test (DWRT)- a test of memory [27], 2) the Digit Symbol Substitution Test
(DSST) - a test of language [28], and 3) the Word Fluency Test (WFT)- a test of executive function [29].
All three tests were administered by trained examiners using standardize protocols in a quiet room.
Recordings were reviewed for quality control.



Statistical analysis: We will use linear mixed models to estimate the relationship between ethanol intake
and cognitive decline. The models will be adjusted for covariates, age, sex, education, center, BMI,
smoking status, and the Apolipoprotein E €4 polymorphism. Linear mix model utilizes all available data
over follow-up, handle differences in length of follow-up, and account for the fact that repeated measures
on the same individual are correlated. Both the intercept and slope will be fitted as random effects,
allowing for differences in cognitive function at baseline and rate of cognitive decline. We will use
unstructured correlation matrices and robust variance estimates. Time since baseline (visit 2) will be
modeled using a linear spline with a knot at 6 years (the mean duration between visits 2 and 4). The spline
term will allow for a nonlinear association between time and cognitive decline, more appropriately fit the
study design than a quadratic term, and is supported by diagnostics. The primary coefficients of interest
will be the interactions between ethanol intake and the time spline terms, which will address the
hypothesis of greater decline among participants with heavy ethanol intake after adjustment of age and
other covariates.

Ethanol intake will be modeled both as a continuous variable and as a categorical variable (never drinker,
low-to-moderate drinker, heavy drinker). For the categorical ethanol intake measure, the referent group
will only include never drinkers, thus avoiding the potential problem of including past drinkers which
may include persons who have abstained from alcohol due to poor health (the “sick quitter effect”) [30].
For the continuous ethanol intake measure, ethanol intake will be quantified as the average daily intake
(grams/day) across all study visits. The categorical ethanol intake variable will be evaluated as an
indicator variable in the analysis models. The DWRT, DSST, WFT, and global cognition z-scores will be
assessed as continuous measures of cognitive function.

The Mendelian randomization (MR) study design will be used to verify the causal role of ethanol intake
on cognitive decline. MR is a technique that uses, as instrumental variables, genetic variants that are not
associated with the outcome variable, but instead alter the action of a putative risk factor. If the genetic
variants are distributed at random with regard to confounders such as social economic status (SES), an
interaction of genotype with the exposure variable of interest (in the present context, ethanol intake) on
the outcome (in the present context, cognitive performance) indicates causal effects of the exposure
variable. We will use linear regression models to determine which SNPs within the ethanol-metabolizing
genes correlate with ethanol intake in ARIC black and white participants. These SNPs will be used as
instrumental variants in the race-stratified MR analysis. Using linear regression models, we will test the
assumptions of the MR design, namely that the SNPs are unrelated to the potential confounders (sex, age,
education, center, BMI, smoking status, and the Apolipoprotein E &4 polymorphism) and to the outcome
(cognitive function from mid-to-late life).

If the assumptions of the MR design are met, we will proceed with evaluating if the ethanol intake-
cognitive decline relationship is modified by SNPs in the ethanol-metabolizing genes in each of the two
ARIC ancestral populations (i.e., blacks and whites). An additive SNP set score of minor alleles across
the SNPs in the ethanol-metabolizing genes will be created. Scores of the SNP set will range from a
possible minimum value of zero to a maximum value of 2 times the total number of ethanol-metabolizing
SNPs, theoretically corresponding to highest to lowest ability to metabolize alcohol [31]. Gene x
environment interaction between the SNP set and ethanol intake will be evaluated for in linear regression
models with cognitive function as the dependent variable. The DWRT, DSST, WFT, and global cognition
z-scores will be assessed as continuous measures of cognitive function. The models will include SNP set
score, log-ethanol intake, and SNP set score x log-ethanol intake as predictors and covariates: age, sex,
education, center, BMI, smoking status, and the Apolipoprotein E g4 polymorphism. Models will also be
adjusted for principal components to account for population stratification. If the beta estimate for the
interaction between log-ethanol intake and SNPs within the ethanol-metabolizing genes has a p-
value<0.05, this will indicate that ethanol intake interacted with the SNP set score to significantly predict
cognitive decline.



Twenty-five percent of ARIC participants died over the course of 22 years of follow-up, and 45% of those
alive at the time of the exam 5 visit did not attend. As a result, attrition is a methodological concern.
Multivariate imputation by chained equations (MICE) will be used to evaluate and correct for attrition
due to missing cognitive data. MICE involves filling in the missing cognitive data values multiple times,
creating multiple “complete” datasets. The missing values are imputed based on the observed values for a
given individual and the relations observed in the data for other participants, assuming the observed
variables are included in the imputation model [32]. Because multiple imputations involves creating
multiple predictions for each missing value, the analyses of multiple imputed data take into account the
uncertainty in the imputations and yield accurate standard errors [33].

Covariates: Potential confounder were identified through directed acyclic graphs and a priori knowledge
from existing literature and include age, sex, education level, study recruitment center, body mass index,
smoking status, and the Apolipoprotein E €4 polymorphism [34-40].
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