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Meet a RAR research guy

1) What is a rest-activity rhythm?

2) How do we measure rest-activity rhythms?

3) How can we use RAR measures in research?





What is a rest-activity rhythms (RAR)?

Pattern of psychomotor behavior, and the absence of 
psychomotor behavior, usually occurring in 24-hour cycles and 
useful to infer sleep-wake states.
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Measurement



Cosine-based RAR measures

Standard cosine

Extended cosine:



Standard cosine

Extended cosine:



Normal CAR

Average parameters for this 
group:

Amplitude: 3953.75 
(counts/minute)

Up-mesor: 6.45 am

Acrophase: 2.30 pm

Down-mesor:  9.52 pm
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Short Active Period

Average parameters for this 
group:

Amplitude: 4275.28 
(counts/minute)

Up-mesor: 8.49 am

Acrophase: 2.40 pm

Down-mesor:  8.29 pm
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Early and Dampened w/ Short Active Period

Average parameters for this 
group:

Amplitude: 2296.71 
(counts/minute)

Up-mesor: 6.49 am

Acrophase: 12.43 pm

Down-mesor:  6.36 pm
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Non-parametric analysis of RARs

Relative amplitude (RA)
Relative difference between active and rest period counts standardized to overall activity levels

Inter-daily stability (IS)
How much activity varies across days

Intra-daily variability (IV)
How much activity varies hour-to-hour relative to how much activity varies overall

Blume et al. R Package NparACT



Low IV High IV

Consistent within days Inconsistent within days



Witting W, Kwa IH, Eikelenboom P, Mirmiran M, Swaab DF.. (1990). Alterations in the circadian rest-activity rhythm in aging 
and Alzheimer's disease. Biol Psychiatry. 1990 Mar 15;27(6):563-72. 



Timing Localization

Means and standard errors shown
*Indicates local Benjamini-Hochberg False Discovery Rate q<0.05. 
International Psychogeriatrics. (2019)
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Research applications

1) Cross-sectional studies:
• Majority of published research 
• Great at finding differences related to disease states

2) Prospective studies
• Only a few studies and little (nothing) with RARs at outcome
• Shows RARs can influence future health

3) Clinical trials
• Targeting RARs: Can you change RARs? Does doing so influence health?
• Targeting other things: does changes in RARs signal health?



Thank you

SmagulaSF@upmc.edu
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