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4. Rationale:

Alzheimer’s disease (AD), the most common form of dementia, is the sixth leading cause of
death (~84,000 deaths in 2010) in the U.S. The burden continues to grow with one in ten people
(10%) over the age of 65 years having AD and the prevalence reaching 32% among individuals
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aged 85 years and older.* The associated financial burden is expected to increase to $511 billion
by 2040; equivalent to every U.S. adult paying approximately $1,215 to $1,641 annually to care
for those with AD.? Therefore, reducing the substantial burden of cognitive impairment and its
sequelae in our aging population is a key public health priority and may be attainable by
intervening on modifiable behaviors, including time spent sedentary, and in light-, and moderate
to vigorous intensity physical activity.

Collectively, the 2015 Institute of Medicine (IOM)3, the 2017 National Academies of Sciences,
Engineering, and Medicine?, and the 2018 Physical Activity Guidelines Advisory Committee
Scientific® Reports have identified physical activity as a key strategy that could have the greatest
non-pharmacologic impact on the projected AD epidemic. Large observational studies have
shown that greater levels of physical activity are associated with better cognitive function.®”’
However, these studies have been limited by their use of self-reported measures of physical
activity that we know to be subject to reporting and recall biases, as well as having considerable
variability (e.g. both higher and lower self-reported levels compared to accelerometer measured
physical activity).®

While studies are still extremely limited, cross-sectional analyses include the Reasons for
Geographic and Racial Differences in Stroke (REGARDS), Study of Osteoporotic Fractures
(SOF) Studies, and the Hispanic Community Health Study/Study of Latinos (HCHS/SOL).%! In
REGARDS?, participants in the highest quartile of moderate to vigorous intensity physical
activity were less likely to be cognitively impaired compared to those in the lowest quartile.
Participants in the highest quartile of moderate to vigorous intensity physical activity were also
found to have better performance in the domains of executive function and memory. Time spent
sedentary and in light intensity physical activity were not statistically significantly associated
with cognitive function in this study sample. In SOF, older adult women without dementia and
who were in the highest quartiles of daytime movement, as assessed by accelerometry, were
found to have better mean cognitive test scores in the domains of executive function and global
cognition.!® These participants were also less likely to be cognitively impaired. In HCHS/SOL?,
higher sedentary time, but not moderate to vigorous intensity physical activity, was related to
lower executive functioning scores across all age groups.

In addition, a few small, longitudinal studies have also been conducted.'?** Among 274
community-dwelling Taiwanese adults aged 65 years and older, Ku et al.? found that higher
amounts of time spent sedentary at baseline had a higher risk of cognitive decline two years later.
In this same study sample, Stubbs et al.** found that higher accumulated levels of light intensity
physical activity, independent from moderate to vigorous intensity physical activity, was related
to a reduced rate of cognitive decline over two years. In another small sample of Latinx
participants aged 50 years or older residing in Chicago, IL (n=57 with follow-up data), Halloway
et al. found that less decline in light intensity physical activity and moderate to vigorous intensity
physical activity was related to maintenance of episodic memory and semantic memory 5-years
later, respectively. However, given the limited studies still available, and inconsistencies in
findings across studies, additional studies are needed to contribute to this growing evidence base.

Further, while prior studies also include report-based physical activity measures, none have
directly compared the measures of association and/or interpretation of findings by method of
assessment (accelerometer vs. self-reported), or evaluated these relations using a composite
estimate using both measurement methods (e.g., latent class analyses). This methodological work
is important given the possibility of inconsistent findings by measurement method. Indeed,



several validation studies assessing the convergent validity of self-reported questionnaires
compared to accelerometry have found only low to moderate correlation and/or agreement. This
may be the result of known reporting and social desirability biases intrinsic to questionnaires
and/or the reality that report and device based methods are measuring similar, yet also different
constructs.?™1° In turn, the decisions that the investigators make related to which results to report
can greatly impact the inferences and related recommendations that are communicated to the
broader scientific community.

5. Main Hypothesis/Study Questions:

Aim 1. To examine the cross-sectional and prospective relations of accelerometer-determined
time spent sedentary and in low and high light- and moderate to vigorous- intensity physical
activity with (1) global and domain-specific cognition and (2) prevalence of mild cognitive
impairment (MCI)* at Visits 6, 7, and 8.

Hypothesis 1.1: Lower sedentary time and higher time spent in light- or moderate to vigorous
intensity physical activity is cross-sectionally and prospectively associated with higher global
and domain-specific cognition scores and lower prevalence of MCI.

Hypothesis 1.2: Replacing 30 daily minutes of sedentary time with an equal duration of time
spent in low and high light- or moderate to vigorous- intensity physical activity is cross-
sectionally and prospectively associated with higher global and domain-specific cognition scores
and lower prevalence of MCI.

Aim 2. To examine the cross-sectional and prospective relations of self-reported leisure-time,
moderate to vigorous intensity physical activity with (1) global and domain-specific cognition
and (2) prevalence of MCI at Visits 6,7, and 8.

Hypothesis 2.1: Higher reported physical activity is cross-sectionally and prospectively
associated with higher global and domain-specific cognition scores and lower prevalence of
MCI.

Exploratory Aim 1. To compare the relations of moderate to vigorous intensity physical activity
with (1) global and domain-specific cognition and (2) prevalence of MCI at Visits 6,7, and 8
using accelerometer versus self-report based measures.

Hypothesis 3.1: The magnitude of the associations will be stronger using accelerometer-
determined estimates of moderate to vigorous intensity physical activity, compared to self-
reported estimates of moderate to vigorous intensity physical activity.

Exploratory Aim 2. To examine the cross-sectional and prospective relations of latent class
groupings (i.e., phenotypes) combining accelerometer and self-reported leisure-time moderate to
vigorous intensity physical activity with global and domain-specific cognition at Visits 6, 7, and
8.

Hypothesis 4.1: Three phenotypes will emerge, including 1) high active and low sedentary, 2)
moderate activity and moderate sedentary, and 3) insufficient activity and high sedentary.

Hypotheses 4.2: When compared to those classified as “insufficient activity and high sedentary”,
those classified in other phenotypes will have higher global and domain-specific cognition scores
and a lower prevalence of MCI.



*We are unable to evaluate relations with prevalent dementia given participants with Mini-
Mental State Exam (MSSE) score <24 were excluded from accelerometry protocol at Visit 6.

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).

Cross-sectional and prospective design of physical activity (accelerometer and report-based
measures) at Visit 6 with cognition and MCI status collected at Visits 6, 7, and 8.

Exclusions: (Aims 1 & Exploratory Aims) Participants who did not attend Visit 6, and did not
participate in the 1) Physical Activity and Falls Ancillary Study or had invalid accelerometer
wear (<4 days with 10 or more hours of data per day) and missing cognitive factor scores. (Aim
2) Participants who did not attend Visit 6, or had missing reported physical activity data or
cognitive factor scores.

Exposure(s): (Aims 1 & Exploratory Aim) Accelerometer wear time (min-d), average vector
magnitude counts (VMct-min-d), time spent sedentary (min-d?), and in low light (min-d?),
high light (min-d!), and moderate to vigorous intensity physical activity (min-d?). (Aim 2)
Reported moderate to vigorous intensity physical activity (MET-min-wk™® and min-wk™) and
meeting (or not meeting) 2008/18 Physical Activity Guidelines.

Outcome(s): Cognitive function was assessed with a comprehensive neuropsychological battery
administered at Visits 6, 7, and 8. The following domains and cognitive tests were examined:
memory (delayed word recall, logical memory, and incidental learning), executive
functioning/processing speed (Trail Making Tests, parts A and B; Digit Span Backwards; and
Digit Symbol Substitution Test), and language (semantic and phonemic fluency and Boston
Naming Test). Factor scores previously derived for general cognitive performance, executive
functioning/processing speed, memory, and language will be used, which leverage data from
multiple cognitive tests to provide more robust measures of domain-specific function than those
provided by individual tests.” The interpretation of our factor scores is similar to z scores
because they were scaled to have a mean of 0 and a variance of 1.

The following definitions for cognitively normal or mild cognitive impairment were derived
by the coordinating center:

Cognitively Normal: all cognitive domain scores are > -1.5 Z scores or the absence of decline in
the full ARIC cognitive battery of >0.055 standard deviation units/year.

Mild Cognitive Impairment: performance <-1.5 Z scores in at least one domain; a CDR sum of
boxes between >0.5 and < 3; an FAQ < 5; and a decline in the full ARIC cognitive battery
>0.055 standard deviation units/per year.

Covariates: Covariates include: 1) race-center, 2) sex, 3) education, and 4) apolipoprotein E ¢ 4
genotype (0 or > 1 allele). Other covariates that will be considered include: age (years), cigarette
smoking (never vs. ever), body mass index, type 2 diabetes mellitus (fasting glucose > 126
mg/dL, non-fasting glucose > 200 mg/dL, reported history of type 2 diabetes mellitus from a



physician, or medication use for type 2 diabetes mellitus), hypertension (systolic blood pressure
> 140 mm/Hg, diastolic blood pressure > 90 mmHg, or use of blood pressure lowering
medication). Visit 1 (baseline) measures will be used for non-time varying measures (e.g., race-
center); Visits 6, 7 and 8 will be used for time varying measures (e.g., age).

Statistical Approach:

Aim 1. Three sets of multivariable linear (or logistic for MCl/dementia) regression models will
be used to address the hypotheses for Aim 1 (single, partition, and isotemporal substitution
models). To optimize interpretation, all accelerometer estimates will be divided by 30, such that
a unit increase in that estimate reflects an increase of 30 minutes per day within that given
intensity category (sedentary, low and high light intensity, or MVVPA). The isotemporal
substitution method will be used to estimate the effect of replacing activity from one intensity
category (e.g., sedentary) for an equal amount of time in a different intensity category. The
models will add total activity time to the partition model and drop, in separate equations,
estimates by intensity category. In doing so, the regression coefficient for total activity will
represent the activity component omitted from the equation. The remaining regression
coefficients for each component will, in turn, represent the effect associated with substituting the
omitted activity component with the remaining terms in the model.

Aim 2. Multivariable linear (or logistic for MCIl/dementia) regression models will also be used to
address the hypotheses for Aim 2.

Methodological Aim 1. Multivariable linear (or logistic) regression models will be used to
estimate the relations of moderate to vigorous intensity physical activity (reported and
accelerometer-derived) with cognition and MCl/dementia outcomes. Estimates of variability and
model fit will be assessed with R2 and AIC values, beta coefficients, and an estimate of the root
mean square to determine model accuracy.

Methodological Aim 2. Latent class analysis will be used to derive the combined accelerometer
and self-report phenotypes. Multivariable linear (or logistic) regression models will be used to
estimate the relation of (a) high active and low sedentary or (b) moderate activity and moderate
sedentary, compared to insufficient activity and high sedentary, on cognition and MCl/dementia
outcomes.

For the above analyses, we will look at 3 sequential models:
(1) Unadjusted
(2) Adjusted for sociodemographic factors (i.e. age, sex, education, race-center, ApoE4)
(3) Adjust for sociodemographic and clinical characteristics (i.e. ever smoking status, body
mass index, and prevalent type 2 diabetes mellitus and hypertension)

Attrition: For analyses of cognitive function and MCI/dementia, we will employ methods to
address for attrition as recommended by the ARIC-NCS Analysis Workgroup and documented in
ARIC Manual 30. Briefly, for the analysis of change in cognitive function, we will consider
multiple imputation by chained equations (MICE) to impute missing cognitive data at follow-up
visits. Example key variables to incorporate in the imputation model, include, cognitive scores at



prior visits, cognitive screening test scores, indicator variable for death, risk or protective factors
of interest, and relevant covariates. As recommended, we will consider a range of 20-40 datasets
for the imputation model. Model diagnostics will be performed to confirm good model fit.
Inverse probability weights (IPW) will also be considered to account for bias due to attrition in
analyses of MCl/dementia. The weights will be calculated as the inverse of the visit-specific
probability of being observed such that observations present in the analysis that are similar to
those who are missing are up-weighted, implemented similarly to a previous study in ARIC.18:1°

Limitations: We acknowledge that the cross-sectional analysis component of this study will is
limited by weaknesses associated with this study design. Specific to this project, we will not be
able to infer causal relations between physical activity and cognition, and reverse causality is a
possibility. Given this, we will only report the findings of the cross-sectional component of this
project in an abstract (with limitations noted), and any manuscript based on this work will focus
on the prospective component of this project, only. Challenges for the prospective analysis
include study participant attrition from Visit 6 to Visits 7 and 8. IPW will be used to account for
this, however other methods suggested by the ARIC Physical Activity Working Group and ARIC
NCS group will be considered as well, such as multiple imputation by chained equation (MICE).
We also acknowledge that accelerometry measures (using an ActiGraph GT9X) are currently
being in collected at Visit 8. However, with available ActiGraph (wWGT3X-BT) measures at Visit
6 in a subsample, we are well poised to evaluate the prospective relations with cognition.
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