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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?
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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.



Hypothetical behavioral control mechanism
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Measurement




Cosine-based RAR measures

STATISTICS TN MEDICINE
Statist. Med. 20006; 2538933904

Published online 28 December 2005 in Wiley InterScience {(www.interscience.wiley.com). DOIL: 10.1002/5im.2466 Stan dard COSIne
r(t)=mes + amp - cos([t — ¢]2m/24)

The sigmoidally transformed cosine curve: A mathematical
model for circadian rhythms with symmetric
non-sinusoidal shapes

Extended cosine:

Matthew R. Marler->*7, Philip Gehrman®, Jennifer L. Martin*?

and Sonia Ancoli-Israel'- C( f) — EUS( [r — (,It’] 2?[24 ).
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I Veterans Affairs San Diego Healthcare System, CA, U.S A
I Department of Social Sciences, University of the Sciences in Philadelphia, PA, U.S. A,
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VA Sepulveda Ambulatory Care Center and Nursing Home, CA, U5 A



Standard cosine
r(t)=mes + amp - cos([t — ¢]2m/24)

Extended cosine:

c(t)= cos([t — ¢]2m/24).
?(e(t)) = exp(fle(t)—a])/{1+exp(plc(t)—a]) };
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Short Active Period
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Early and Dampened w/ Short Active Period
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Non-parametric analysis of RARs

(M10 — L5)
(M10 + L5)

RA =

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

Inter-daily stability (IS) g Zz  (Xn—X)
How much activity varies across days py " (X

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

o MEL X
(n-1)) " (Xi-X)

Blume et al. R Package NparACT
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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

Activity level
) W -~ @)

= =Depression symptoms (63%)

ek

——Minimal/no symptoms (37%)

1 3 5 7 9 11 13 15 17 19 21 23
Hours since midnight

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



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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