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4. Rationale:

The APOE &4 allele is a significant genetic risk factor for Alzheimer’s disease and related
dementia [1-3]. However, this relationship is not deterministic. Many APOE &4 carriers live to
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old age without developing dementia, and nongenetic factors can alter how this allele is
expressed [4].

Dementia onset is delayed among people with higher education [5] and good cardiovascular
health measured by the American Heart Association’s Life’s Simple 7 [6]. However, previous
research has yielded mixed conclusions regarding two questions: (1) Do the education and
lifestyle gradients in dementia risk persist across groups stratified by genetic risk for the disease?
(2) Does genetic risk magnify or diminish the influence of education and lifestyle factors on
dementia onset?

Education. In an early study of education, genes, and dementia in an American sample,
researchers found that among 865 adults aged 70-79 years at baseline, carrying an APOE &4
allele diminished the protective effect of education on dementia risk [7]. A study of 932 adults
from Sweden aged 75 and older at baseline followed over nine years showed opposite results: the
education gradient in dementia risk was magnified among APOE &4 carriers compared with non-
carriers [8]. By contrast, no interaction effect was observed in two other studies of Scandinavian
participants aged 65 and older where the education gradient in dementia risk was observed across
APOE genotype groups, but genetic risk did not alter the magnitude of this gradient [9-10].

Lifestyle. Behavioral characteristics including diet, physical activity, alcohol consumption, and
smoking have also been examined as moderators of genetic risk for dementia. A study of 1,646
Canadians aged 65 and older at baseline followed for five years found that exercise significantly
reduced risk of dementia among APOE &4 non-carriers, but it had no effect among those with
high genetic risk for the disease [11]. This same interaction effect between physical activity,
genetic risk, and dementia was observed in a study of 3,375 Americans aged 65 and older [12].
Contradicting this, a study of 1,284 individuals from Finland showed that the relationship
between mid-life (mean age 50) lifestyle risks (including diet, physical activity, alcohol
consumption, and smoking) and late-life (mean age 71) dementia was magnified among APOE
&4 carriers compared with non-carriers [13]. Several other prospective aging studies have shown
that lifestyle and genetic risks for dementia operate independently of each other [14-16].

Currently, the evidence regarding the joint influence of APOE genotype, education, and lifestyle
on dementia risk is quite mixed. Many of these studies rely on sample sizes around 1,000
participants. This may make them underpowered to identify statistically significant interaction
effects. Previous studies also tend to have a limited follow-up time (10 years or less), which
forces them to only consider how environmental factors in late life influence dementia risk.

From a public health and policy perspective it would be valuable to show that modifiable factors
—such as higher education and a beneficial lifestyle — are associated with lower risk of dementia
even among individuals who have a genetic predisposition. However, whether there is effect
modification is also of interest. This study will examine these potential environmental modifiers
by (a) describing the education and lifestyle gradient in dementia within categories of genetic
risk and (b) testing for a gene-environment interaction effect to explore whether genetic risk
magnifies or diminishes the associations of education and lifestyle on dementia risk.
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The ARIC-NCS panel contains sufficient data to answer these questions. Compared to previous
studies that have examined gene-environment effects on dementia, ARIC-NCS has a relatively
large sample (N=15,792) and a long follow-up period (approximately 28 years). The large
sample size makes it possible to test for significant interaction effects, while the long term follow
up means that mid-life characteristics can be used to predict later-life dementia (important given
the long natural history of dementia). ARIC data have already been used to estimate the
moderating effect of mid-life lifestyle factors on genetic risk for coronary artery disease [17],
indicating that the current study design is feasible. Furthermore, the primary exposure variables
in this study (education, lifestyle, and APOE genotype) independently show the expected
relationship to dementia in the ARIC panel [18].

5. Main Hypothesis/Study Questions:

HI1 (Preliminary Main Effects Analyses): Fewer copies of APOE &4, higher education, and
meeting more American Heart Association Life’s Simple 7 (LS7) factors will each be
significantly associated with lower risk of dementia.

H2 (Genetic Risk-Stratified Analyses): Beneficial effects of higher education and meeting more
LS7 factors will be associated with lower risk of incident dementia, across all APOE &4
categories.

H3 (Exploratory Interaction Analyses):
e H3a: The association between education and dementia will be stronger among APOE &4
carriers than non-carriers.
e H3b: The association between LS7 and dementia will be stronger among APOE &4
carriers than non-carriers.

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 design: This study will use prospective cohort data from ARIC-NCS Visit 1 (1987-1989)
through Visit 7 (2018-2019).

Inclusion/exclusion: Include all participants who have consented to use their genetic data for
and non-CVD research. Exclude participants with missing baseline education or LS7 data or
APQOE genotype.

Outcome: Incident dementia from baseline through visit 7 (as determined according to current
ARIC NCS analysis recommendations).

Exposure variables:
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e Visit 1: Education (< high school, high school diploma or equivalent, some college or

more)

e Visit 1: LS7 factors will be scored as ideal (2), intermediate (1), or poor (0). These will
be summed to create an index ranging from poorest lifestyle (0) to ideal lifestyle (14). As
has been done previously in ARIC [19-20], participants will be categorized as having a
poor (0-4), average (5-9), or ideal (10-14) overall lifestyle. The LS7 factors are listed in

Table 1.

Table 1. Life’s Simple 7 indicators in ARIC adapted from Folsom et al. 2011 [21]

Factor Poor (0) Intermediate (1) Ideal (2)

Smoking current smoker quit in last 12 months | never or quit >12

months ago

Body mass index >30 kg/m? 25-29.9 kg/m? <25 kg/m?

Physical activity None 1-149 min/week of >150 min/week of
moderate OR 1-74 moderate OR >75
min/week of vigorous | min/week of vigorous
OR 1-149 min/week | OR >150 min/week
of moderate and of moderate and
Vigorous vigorous

Diet

e >4.5 servings/day
of fruits and
vegetables

e >23-105-0z
servings/week of
fish

e >3 servings/day of
whole grains

e <1,500 mg/day of
sodium

e <4 glasses/week of
sugar-sweetened
beverages

0-1 components

2-3 components

4-5 components

Total cholesterol >240 mg/dL <200 mg/dL treated <200 mg/dL
OR 200-239 mg/dL untreated
Blood pressure SBP >140 mm Hg SBP <120 mm Hg SBP <120 mm Hg

OR DBP >90 mm
Hg

and DBP <80 Hg
treated OR SBP 120-
139 OR DBP 80-89
mm Hg

and DBP <80 mm Hg
untreated

Fasting serum glucose

>126 mg/dL

<100 mg/dL treated
OR 100-125 mg/dL

<100 mg/dL
untreated

e Visit 2: APOE genotype (2 copies of &4 allele, 1 copy of €4, no copies of €4)

Covariates: Models will adjust for age, sex, and race measured at Visit 1.
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Statistical analysis: This study will use Cox proportional hazard models to estimate the effect of
the exposure variables on dementia risk with a competing risk of death. For the first hypothesis, a
model will estimate the main effects of APOE genotype, education, and LS7 factors on dementia
risk in the whole sample. For the second hypothesis, the sample will be stratified by APOE
genotype, then models will estimate the effect of education and LS7 on dementia risk within
each group. For the third hypothesis, we will use cross-product terms to assess the multiplicative
interaction between education and APOE genotype, and LS7 and APOE genotype, respectively.
All models will adjust for age, race, and sex. We will also explore interactions by race and sex.
The proportional hazards assumption will be tested by including cross-product terms in the
models.

Methodological challenges: The sample size of APOE &4/ €4 carriers may be too small to
estimate precise effects of education and LS7 for this group. If so, we may stratify the genetic
risk into broader categories, such as any APOE &4 versus none. Also, we may use a genetic risk
score for dementia instead of only APOE genotype. We are in the midst of calculating this score
for another ARIC project (Kristen George, 1% author): if the score substantially improves
prediction we will use it, however if improvements are modest we will use APOE due to its
easier interpretability.
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