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4. Rationale:

Alzheimer’s disease (AD) is the most common form of dementia, resulting in cognitive
decline that impacts daily functioning for over 6.7 million Americans[1, 2]. There have been
many studies on potential targets for dementia prevention, including by the Lancet Commission,
which identified hypertension as one of twelve modifiable risk factors [3]. Reducing
hypertension to improve dementia outcomes may be effective because it is highly prevalent in
the United States, affecting nearly half of adults by midlife[4]. In the ARIC study, hypertension
in midlife, but not in late life, has been associated with dementia risk[5], and cognitive decline[6]
over 30 years of follow up.

It is also well established that genetics represent a non-modifiable risk factor for dementia.
Twin studies have estimated the heritability of AD to be between 60-80%[7]. Carrier status of
the APOEe4 allele has been described as a significant genetic contributor to dementia for over 30
years[8]. More recently, large genome wide association studies (GWAS) have described 83
independent risk loci in a European population[9] and 12 independent loci in an African ancestry
population[10] that are associated with dementia. Dementia polygenic risk scores (PRS),
continuous scores that capture an individual’s genetic predisposition, have been used to stratify
individuals into genetic risk categories[9, 11, 12]. In ARIC, higher dementia PRS strata were
associated with dementia in both European and African ancestry populations [11].

Although genetics is a non-modifiable risk factor, individuals with a genetic
predisposition for dementia may still be able to prevent or delay dementia with blood pressure
control. However, the extent to which blood pressure modulates genetic risk for dementia, as
defined by PRS, is unknown. Other studies have examined whether the association between
hypertension and dementia differs by APOEe4 allele carrier status with mixed results[13, 14] [5,
15]. Our study will benefit from using a PRS, which captures more genetic variation, to define
genetic risk groups. Using a similar study design to this proposal, Adrienne Tin and colleagues
evaluated whether the association between Life’s Simple 7 (LS7) and dementia differs across
dementia PRS strata in ARIC. LS7 is a measure of healthy lifestyle factors, including blood
pressure. Higher LS7 scores were associated with a decreased risk of dementia within all PRS
strata for individuals with European ancestry. The effect was similar in individuals with African
ancestry but not statistically significant, likely due to a smaller sample size and a less powerful
PRS[11]. Our study will examine hypertension and antihypertension treatment specifically
instead of using a lifestyle summary score.

This study aims to determine how blood pressure and its control modulates lifetime risk of
dementia for individuals at high genetic risk. Effectively communicating the impact of
modifiable risk factors across PRS strata could help inform personal prevention strategies.

5. Main Hypothesis/Study Aims
Main Objectives: Determine how measured midlife blood pressure modifies genetic risk for

dementia
1. Determine the association between genetic risk (PRS tertiles) and incident dementia
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2. Determine the association between midlife blood pressure groups and incident dementia
within each PRS strata

3. Determine the lifetime risk of dementia within each of the 12 (3 PRS*4 blood pressure)
groups

Secondary Objectives: Determine how hypertension treatment modifies genetic risk for
dementia
1. Among participants with stage 1 or 2 hypertension, determine the association between
treatment and incident dementia within each PRS strata
2. Among participants with stage 1 or 2 hypertension, determine the lifetime risk of
dementia within each of the 6 (3 PRS*2 treatment) groups

6. Design and analysis - please address the following aspects:
a) inclusion/exclusion
b) study design
c) outcome and other variables of interest with specific reference to the time of their
collection
d) summary of data analysis
e) Any anticipated methodologic limitations or challenges if present

Inclusion/Exclusion criteria:
Among 15,792 ARIC participants enrolled at baseline, we will include participants who are free
of dementia at age 50.

We will exclude participants who have missing genetic data, missing blood pressure data from
visit 1, or missing dementia status. We will also exclude participants who did not consent to
share their DNA, do not pass genetic QC, or do not have European or African genetic ancestry.

Study design:
Longitudinal cohort design with age 50 as the baseline and age as the time scale.

All analyses will be stratified by genetic ancestry (European, African), and then meta-analyzed
to obtain overall estimates.

Outcome variables:

Incident Dementia

Dementia during follow up until 2020 (or later, depending on what data are available as of the
date of manuscript preparation) will be defined using the level 3 dementia diagnosis, and we will
use age at level 3 dementia diagnosis or censorship as our time variable.

Exposure variables:

Genetic Risk Category

We will assign tertiles of genetic risk for dementia using genetic ancestry specific (European and
African) PRS. We will use precalculated PRS if there are suitable dementia or AD PRS already
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calculated in ARIC. We would use a pre calculated PRS if it was calculated on our entire study
sample, used the most recent ancestry specific GWAS results, and was calculated separately for
European and African ancestries. If not, we will derive our own using the steps below:

Genetic quality control, PC generation, genetic ancestry assignment, and imputation procedures
will be based off recent studies that generated PRS in ARIC[11, 16]. First, genetic quality control
will exclude individuals with a call rate of <0.95, duplicates, and gender mismatches using
PLINK. Then, principal components of ancestry will be calculated, and genetic ancestry will be
assigned using PLINK. Genetic outliers based on principal components of ancestry will be
excluded. We will impute missing genotypes if necessary to capture the genetic variants in the
PRS using the Michigan Imputation server. We will exclude imputed variants with imputation
quality <0.3.

Ancestry specific PRS will be generated from genomewide significant variants with the goal of
ease of interpretability and replication for future analyses[17]. Risk alleles and weights will be
identified in the latest European ancestry[9] and African ancestry[10] GWAS for Alzheimer’s
Disease. The European Ancestry GWAS identified 83 genomewide significant variants among
the European Alzheimer & Dementia Biobank and the UK Biobank. The African ancestry
GWAS identified 12 genomewide significant variants among the Million Veteran Program. To
calculate ancestry specific PRS for the ARIC participants, the number of AD risk alleles will be
multiplied by the published log OR for each genetic variant using PLINK. We will then assign
individuals to tertiles of genetic risk for dementia.

If we are underpowered to examine interactions between PRS tertiles and blood pressure
category, we will also define genetic risk using the dementia PRS as a continuous measure.

Blood Pressure Risk Category

Sitting systolic blood pressure (SBP) and diastolic blood pressure (DBP) levels were assessed at
visit 1 using three readings with >30 seconds between each reading. SBP and DBP were defined
as the mean of measurements two and three. Our primary definition of blood pressure category at
baseline will use the most recent American College of Cardiology/American Heart Association
Task Force guidance from 2017 [18]:

Blood Pressure Systolic Blood Diastolic Blood
Category Pressure Pressure
Healthy <120 mmHg and <80 mmHg
Elevated 120-129 mmHg and <80 mmHg
Stage 1 Hypertension | 130-139 mmHg or 80-89 mmHg
Stage 2 Hypertension | >=140 mmHg or >=90 mmHg

Our secondary definition of blood pressure category will further stratify individuals with stage 1
or stage 2 hypertension by antihypertensive use at baseline.

Covariates:

Covariates in minimally adjusted models will include decade of birth (1920-29/1930-39/1940+),
sex, center and education. To account for confounding by genetic ancestry subpopulations, we
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will also include up to 10 principal components of ancestry. We will determine how many
principal components to include as covariates by sequentially adding principal components and
assessing the cumulative variance explained.

Fully adjusted models will also include visit 1 body mass index, total cholesterol, high-density
lipoprotein cholesterol, cigarette smoking status (current/former/never), alcohol consumption
status (current/former/never), prevalent diabetes (fasting glucose value >=126mg/dL, non-fasting
glucose value >=200 mg/dL, or using medication for diabetes), coronary heart disease (self-
reported), and previous stroke (self-reported). We will not adjust for APOEe4 carrier status
because it is captured within the PRS.

Other Variables:
We will use time to death for sensitivity analyses described below.

Data Analysis:
All analyses will be stratified by genetic ancestry (European and African), and then meta-
analyzed to obtain overall estimates.

Participant characteristics will be described across blood pressure categories and across genetic
risk categories.

To address hypothesis 1, one Cox proportional hazards model will be used to estimate the
association between PRS tertile and dementia with the bottom tertile as the reference group.

To address hypothesis 2, three Cox proportional hazards models (stratified by PRS tertile) will
be used to estimate the association between blood pressure category and dementia with healthy
blood pressure as the reference group. In addition, one Cox proportional hazards model will be
used to formally test the interaction between PRS tertile and blood pressure category. In a
secondary analysis among participants with hypertension, three Cox proportional hazards models
(stratified by PRS tertile) will be used to estimate the association between treatment and
dementia with untreated as the reference group. In addition, one Cox proportional hazards model
will be used to formally test the interaction between PRS tertile and treatment.

To address hypothesis 3, one competing-risks regression model will be used to estimate the
lifetime risk of dementia adjusting for the competing risk of death within each of the 12 (3
PRS*4 blood pressure) groups. We will use a competing-risks regression model based on Fine
and Gray’s proportional subhazards model with age as the time scale, and baseline at 50 years
old. We will investigate statistically significant differences in lifetime risk of dementia between
groups, and interactions between PRS tertile and blood pressure groups using Irwin’s restricted
mean. In a secondary analysis among participants with hypertension, one competing-risks
regression model will be used to estimate the lifetime risk of dementia adjusting for the
competing risk of death within each of the 6 (3 PRS*2 treatment) groups. Differences in lifetime
risk of dementia between groups, and interactions between PRS tertile and treatment will be
investigated using Irwin’s restricted mean.
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Cox proportional hazards model assumptions will be evaluated using Schoenfeld residuals. Each
of the models described will be adjusted minimally and then fully adjusted with the covariates
described above.

Sensitivity Analyses to address anticipated challenges:

Early neurodegeneration may lead to lower blood pressure. We will perform a sensitivity
analysis of hypothesis 2 with a 5-year lag.

Participants may change blood pressure groups over time. We will make tables of blood pressure
groups across Visits 1-4 to determine if participants change blood pressure group frequently. If
so, we will perform a sensitivity analysis of hypothesis 2 and 3 using a time averaged blood
pressure measure to assign blood pressure group.

f) Will the author need Limited data to complete the proposed manuscript? \& Yes,
Limited data is needed (Provide a brief (2-3 sentences) justification for requesting
PHI data) . O No, De-identified data will be sufficient.
*Please note, Limited dataset access is strict and rarely provided. Limited data includes
identifiable information such as dates (birthdays, visit dates, etc.). CMS, Genomic, Geocoded,
Proteomics/Somalogic, and other -omic data all fall under the limited data category. De-
identified data does not include dates. All dates are date adjusted to "Days since Visit 1".

If we derive the PRS ourselves we will need the genomic data to define one of our main
exposures.

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript?_(Non-ARIC analysis means that the authors are not regarded as ARIC
investigators and the ""ARIC author' is essentially just a facilitator rather than an integral

part of the writing group.) O Yes \& \No
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under the Study Members Area of the website at:
https://aric.cscc.unc.edu/aric9/proposalsearch [ARIC Website! /Publications! Proposal
Search]

X Yes [ONo

10. What are the most related manuscript proposals in ARIC (authors are encouraged to
contact lead authors of these proposals for comments on the new proposal or
collaboration)?
. !MP # 3677: An Evaluation of Life’s Simple 7 Score in Midlife in Offsetting the
Genetic Risk of Dementia
e MP #3811: Genetic Risk, Midlife Life’s Simple 7 And Incident Ischemic Stroke In
the Atherosclerosis Risk In Communities Study
e MP #3581: The Moderating Influence of Education and Lifestyle on Genetic Risk for
Dementia
e MP #3051: The association of middle and late-life blood pressure with conversion to
MCI and dementia: The ARIC Study
o MP #4251: Profiling plasma proteins correlated with polygenic risk for Alzheimer’s
disease

11.a. Is this manuscript proposal associated with any ARIC ancillary studies or does it use

current [or ongoing] ancillary study data (this includes ACHIEVE)? [ \ Yes ’& No - Skip
to question 12

11.b. If yes to 11.a., is the proposal
H A. primarily the result of an ancillary study

\I:l B. primarily based on ARIC data with ancillary data playing a minor role
(usually control variables)

11.c. If yesto 11.a., list number* 2008.06__
*ancillary studies are listed by number

https://aric.cscc.unc.edu/aric9/researchers/ancillary studies/approved_ancillary studies [ARIC
Website |Ancillary Studies! ] Approved Ancillary Studies]
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