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3. Timeline:

We expect that data cleaning and analyses will take 3 to 6 months, and manuscript writing and
submission should take another 9-12 months.

4. Rationale:

The benefits of physical activity in reducing risk for cognitive impairment, dementia, and
Alzheimer’s disease (AD) and related dementias (ADRD) have been well established.®
Excessive sedentary behavior and both short and long sleep duration have also been linked to
poorer cognitive outcomes and an increased likelihood of dementia and ADRD.**? Moreover,
sleep, sedentary behaviors, and physical activity are all modifiable,> ** 4 and may represent
important intervention and treatment targets to reduce risk for cognitive impairment, dementia,
and ADRD.

There are important limitations to extant work examining associations of sleep, sedentary
behaviors and physical activity with cognition and brain health. First, most of the available
research on this topic has assessed sleep, sedentary behaviors, and physical activity via self-
report.® 17 Self-reports of these behaviors may be influenced by social desirability and recall
biases, as well as cognitive impairment. Wearable technologies, such as accelerometers, can
provide objective measures of activity and sleep and more detailed information that may not be
captured through subjective reports.'® 1° Second, traditional approaches to analyzing sleep,
sedentary behavior, and physical activity have focused on individual domains and have often
studied these constructs independently of each other.? 2! Approaches that focus on one domain
(i.e., that are domain-specific) do not take into account the fact that these behaviors are
compositional in nature.?% 22 Stated another way, time spent in these behaviors creates a
composite of a 24-hour period and modifying the time spent in one behavior simultaneously
changes the amount of time available to spend on the other two behaviors.

Compositional data analysis can be used to model individual differences in the
distribution of time spent in sleep, sedentary behavior, and physical activity in relation to
cognition and brain health.?! Numerous studies have used compositional data analysis
approaches to examine the impact of self-reported sleep, sedentary behavior and physical
activity on obesity and cardio-metabolic health outcomes,?*-?> mental health,?® and mortality.?* 2°
However, few studies have used a compositional data analysis approach to study objectively
measured activity/sedentary behavior/sleep in relation to cognitive outcomes. Available work has
shown that redistributing time from sedentary behavior to moderate to vigorous physical activity
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is linked to better cognitive outcomes among adults.?” 28 Other work has shown that substituting
30 min/day of sleep with 30 min/day of sedentary activity, walking/bicycling, or moderate-to-
vigorous physical activity is linked with better cognitive performance among individuals with
excessive sleep (i.e., > 7 hours).?

Leveraging a compositional data analysis framework, the current study will examine the
effect of 24-hour temporal compositions including time spent in accelerometry-derived sleep,
sedentary behaviors, and physical activity on cognitive outcomes, including cognitive
performance and mild cognitive impairment (MCI) or dementia.

5. Main Hypothesis/Study Questions:

Using compositional data analysis, the proposed analyses will investigate the association of
accelerometry-derived times spent in sleep (SL), sedentary behavior (SB), and physical activity
across consecutive 24-hour periods on cognitive performance and mild cognitive impairment
(MCI)/dementia among adults. Considering all pairs from the three types of behaviors (i.e., SL,
SB, and PA), we will study the association between daily compositions of time and cognitive
performance, MCI, and dementia risk. We will further investigate the association of the (1)
relative compositions of SL and wake behaviors (i.e., SB, PA), and (2) relative compositions of
movement behaviors (SB, PA) with cognitive outcomes. Given no prior research has used
compositional data analysis to examine individual differences in SL, SB, and PA in relation to
cognitive outcomes -and that sleep and cognition have a u-shaped association- we do not have a
priori hypotheses.

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).

We will study participants who completed wrist actigraphy and had available data on
cognitive performance, and MCl/dementia at Visit 9. Actigraphy data were collected using the
Actigraph Link (GT9x) (Actigraph, Pensacola, FL) wrist worn accelerometer from 1329
participants. While wearing the actigraph, participants were requested to fill out a sleep log and
record the time they got into bed with the intention of sleeping, got out of bed or no longer
intended to sleep, and took off the device. All data will be scored by two staff members, using
the times listed on the diaries along with activity counts to identify in-bed intervals. A validated
algorithm was applied to identify “in-bed” intervals (Ancoli-Israel et al., 2003). We will include
observations with >3 days of actigraphy data.

Of the 1329 participants with actigraphy data, ~1,300 were also adjudicated for MCI and
dementia and completed a cognitive battery, which consisted of tests that assessed executive
function/processing speed, language, memory, and global cognition and a shorter subset of tests
(“Block A”).% In terms of cognitive outcomes, we will use domain-specific factor scores for
executive function/processing speed, language, memory, and global cognition.

The proportion of time spent engaging in sedentary or active behaviors will be calculated
using minute level activity data (raw counts) across all the valid days. For each subject, the log
ratios of the compositions log will be obtained as compositional metrics, which will represent the
proportion of time spent in one activity relative to another. Cognitive outcomes will be modelled
using cross-sectional regression models with log-ratios of time spent within each behavior pair
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(i.e., SL, SB, and PA) as key predictors, while adjusting for participant demographics (e.g., age,
sex, race), education, BMI, and physical health comorbidities.
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