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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.1-8 
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.9-12 Moreover, 
sleep, sedentary behaviors, and physical activity are all modifiable,1, 13, 14 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.9, 15-17 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.18, 19 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.20, 21 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.20, 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.21 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,23-25 mental health,26 and mortality.24, 25 
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.27, 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).28 

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 MCI/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”).29 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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12a. Manuscript preparation is expected to be completed in one to three years.  If a 
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 
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has access to the published results of NIH funded research.  It is your responsibility to upload 
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http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms. 
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automatically upload articles to PubMed central. 
  

http://publicaccess.nih.gov/
http://www.cscc.unc.edu/aric/index.php
http://publicaccess.nih.gov/submit_process_journals.htm


J:\ARIC\Operations\Committees\Publications 
 

References 
 
1. Ahlskog JE, Geda YE, Graff-Radford NR, Petersen RC. Physical exercise as a preventive or disease-
modifying treatment of dementia and brain aging. Mayo Clin Proc. Sep 2011;86(9):876-84. 
doi:10.4065/mcp.2011.0252 
2. Chen WW, Zhang X, Huang WJ. Role of physical exercise in Alzheimer's disease. Biomed Rep. Apr 
2016;4(4):403-407. doi:10.3892/br.2016.607 
3. Fratiglioni L, Marseglia A, Dekhtyar S. Ageing without dementia: can stimulating psychosocial and 
lifestyle experiences make a difference? Lancet Neurol. Jun 2020;19(6):533-543. doi:10.1016/S1474-
4422(20)30039-9 
4. Huang SY, Li YZ, Zhang YR, et al. Sleep, physical activity, sedentary behavior, and risk of incident 
dementia: a prospective cohort study of 431,924 UK Biobank participants. Mol Psychiatry. Oct 2022;27(10):4343-
4354. doi:10.1038/s41380-022-01655-y 
5. Meng Q, Lin MS, Tzeng IS. Relationship Between Exercise and Alzheimer's Disease: A Narrative 
Literature Review. Front Neurosci. 2020;14:131. doi:10.3389/fnins.2020.00131 
6. Stephen R, Hongisto K, Solomon A, Lonnroos E. Physical Activity and Alzheimer's Disease: A Systematic 
Review. J Gerontol A Biol Sci Med Sci. Jun 1 2017;72(6):733-739. doi:10.1093/gerona/glw251 
7. Tolppanen AM, Solomon A, Kulmala J, et al. Leisure-time physical activity from mid- to late life, body 
mass index, and risk of dementia. Alzheimers Dement. Apr 2015;11(4):434-443 e6. doi:10.1016/j.jalz.2014.01.008 
8. Zhou S, Chen S, Liu X, Zhang Y, Zhao M, Li W. Physical Activity Improves Cognition and Activities of 
Daily Living in Adults with Alzheimer's Disease: A Systematic Review and Meta-Analysis of Randomized 
Controlled Trials. Int J Environ Res Public Health. Jan 22 2022;19(3)doi:10.3390/ijerph19031216 
9. Falck RS, Davis JC, Liu-Ambrose T. What is the association between sedentary behaviour and cognitive 
function? A systematic review. Br J Sports Med. May 2017;51(10):800-811. doi:10.1136/bjsports-2015-095551 
10. Lo JC, Groeger JA, Cheng GH, Dijk DJ, Chee MW. Self-reported sleep duration and cognitive 
performance in older adults: a systematic review and meta-analysis. Sleep Med. Jan 2016;17:87-98. 
doi:10.1016/j.sleep.2015.08.021 
11. Mander BA. Local Sleep and Alzheimer's Disease Pathophysiology. Front Neurosci. 2020;14:525970. 
doi:10.3389/fnins.2020.525970 
12. Yan S, Fu W, Wang C, et al. Association between sedentary behavior and the risk of dementia: a 
systematic review and meta-analysis. Transl Psychiatry. Apr 21 2020;10(1):112. doi:10.1038/s41398-020-0799-5 
13. Figueiro MG, Plitnick B, Roohan C, Sahin L, Kalsher M, Rea MS. Effects of a Tailored Lighting 
Intervention on Sleep Quality, Rest-Activity, Mood, and Behavior in Older Adults With Alzheimer Disease and 
Related Dementias: A Randomized Clinical Trial. J Clin Sleep Med. Dec 15 2019;15(12):1757-1767. 
doi:10.5664/jcsm.8078 
14. Liu CR, Liou YM, Jou JH. Ambient bright lighting in the morning improves sleep disturbances of older 
adults with dementia. Sleep Med. Jan 2022;89:1-9. doi:10.1016/j.sleep.2021.10.011 
15. Groot C, Hooghiemstra AM, Raijmakers PG, et al. The effect of physical activity on cognitive function in 
patients with dementia: A meta-analysis of randomized control trials. Ageing Res Rev. Jan 2016;25:13-23. 
doi:10.1016/j.arr.2015.11.005 
16. Edwards MK, Loprinzi PD. Combined associations of sedentary behavior and cardiorespiratory fitness on 
cognitive function among older adults. Int J Cardiol. Feb 15 2017;229:71-74. doi:10.1016/j.ijcard.2016.11.264 
17. Rabin LA, Smart CM, Crane PK, et al. Subjective Cognitive Decline in Older Adults: An Overview of 
Self-Report Measures Used Across 19 International Research Studies. J Alzheimers Dis. Sep 24 2015;48 Suppl 1(0 
1):S63-86. doi:10.3233/JAD-150154 
18. Backes A, Gupta T, Schmitz S, Fagherazzi G, van Hees V, Malisoux L. Advanced analytical methods to 
assess physical activity behavior using accelerometer time series: A scoping review. Scand J Med Sci Sports. Jan 
2022;32(1):18-44. doi:10.1111/sms.14085 
19. Ancoli-Israel S, Cole, R, Alessi, C, Chambers, M, Moorcroft, W, and Pollak, CP. The Role of Actigraphy 
in the Study of Sleep and Circadian Rhythms. Sleep. 2003;26(3):342-392.  
20. Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined Effects of Time Spent in Physical 
Activity, Sedentary Behaviors and Sleep on Obesity and Cardio-Metabolic Health Markers: A Novel Compositional 
Data Analysis Approach. PLoS One. 2015;10(10):e0139984. doi:10.1371/journal.pone.0139984 



J:\ARIC\Operations\Committees\Publications 
 

21. Dumuid D, Pedisic Z, Palarea-Albaladejo J, Martin-Fernandez JA, Hron K, Olds T. Compositional Data 
Analysis in Time-Use Epidemiology: What, Why, How. Int J Environ Res Public Health. Mar 26 
2020;17(7)doi:10.3390/ijerph17072220 
22. Rollo S, Antsygina O, Tremblay MS. The whole day matters: Understanding 24-hour movement guideline 
adherence and relationships with health indicators across the lifespan. J Sport Health Sci. Dec 2020;9(6):493-510. 
doi:10.1016/j.jshs.2020.07.004 
23. Farrahi V, Rostami M, Nauha L, et al. Replacing sedentary time with physical activity and sleep: 
Associations with cardiometabolic health markers in adults. Scand J Med Sci Sports. Jun 2023;33(6):907-920. 
doi:10.1111/sms.14323 
24. Janssen I, Clarke AE, Carson V, et al. A systematic review of compositional data analysis studies 
examining associations between sleep, sedentary behaviour, and physical activity with health outcomes in adults. 
Appl Physiol Nutr Metab. Oct 2020;45(10 (Suppl. 2)):S248-S257. doi:10.1139/apnm-2020-0160 
25. Niemela M, Kiviniemi A, Ikaheimo TM, et al. Compositional association of 24-h movement behavior with 
incident major adverse cardiac events and all-cause mortality. Scand J Med Sci Sports. May 2023;33(5):641-650. 
doi:10.1111/sms.14315 
26. Giurgiu M, Ebner-Priemer UW, Dumuid D. Compositional insights on the association between physical 
activity and sedentary behavior on momentary mood in daily life. Psychology of Sport and Exercise. 
2022;58doi:10.1016/j.psychsport.2021.102102 
27. Feter N SD, Reis RC, Alvim Matos SM, Barreto SM, Duncan BB, Schmidt MI. Association between 24-
hour movement behavior and cognitive function in Brazilian middle-aged and older adults: Findings from the 
ELSA-Brasil. Innovation in Aging. 2023:igad030. doi:10.1093/geroni/igad030/7143675 
28. Wei J, Hou R, Xie L, et al. Sleep, sedentary activity, physical activity, and cognitive function among older 
adults: The National Health and Nutrition Examination Survey, 2011-2014. J Sci Med Sport. Feb 2021;24(2):189-
194. doi:10.1016/j.jsams.2020.09.013 
29. Palta P, Chen H, Deal JA, et al. Olfactory function and neurocognitive outcomes in old age: The 
Atherosclerosis Risk in Communities Neurocognitive Study. Alzheimers Dement. Aug 2018;14(8):1015-1021. 
doi:10.1016/j.jalz.2018.02.019 
 


	SC Reviewed: _________  Status: _____   Priority: ____
	First author [please provide a middle name if available; EX: Adam Lee Williams]:

