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Motor Memory in Older Adults: Does Post-Encoding Cardiovascular Exercise
Enhance the Co dation of a Balance Task?
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ARTICLE

Exercising the Sleepy-ing Brain: Exercise, Sleep, and
Sleep Loss on Memory

Marc Roig"~?, Jacopo Cristini"#, Zohra Parwanta'-?, Beatrice Ayotte'-%, Lynden Rodrigues'-?, Bernat de Las Heras"~,
Jean-Francois Nepveu'-%, Reto Huber®*®, Julie Carrier’, Simon Steib®, Shawn D. Youngstedt®, and David L. Wright'®

[Aritake-Okada et al., 2019; Che et al., 2024; Frimpong et al., 2021;
Kredlow et al.., 2015; Yue et al., 2022]
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Exercise elevates core body
temperature and increases body
temperature gradient

Increases in body temperature gradient
induced by exercise are associated
with increases in SW activity

Exercise increases HR
and HRV during the early stages

Increases in HR and HRV during sleep are
coupled with changes in SW and SS

of sleep activity
C Exercise increases BDNF . . -
and promotessynaptic Increasing BDNF and synaptic plasticity
¥ plasticity prior to sleep increases SW activity

2

Exercise increases the
accumulation of adenosine in
the brain

Increasing adenosine levels prior to sleep
increases sleep pressure and SW activity

&

Increasing IL-1, IL-6, TNF-a and GH
expression promotes increases in SW
activity

Exercise increases the secretion of
TNF-a, IL-1, IL-6 and GH

[Roig et al. 2021 Exerc Sport Sci Rev]
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Aims & Hypotheses

.
Aims

Examine the effects of intensive evening exercise on nocturnal sleep architecture, and how

kthese effects potentially interact with procedural memory formation

Hypotheses

H1

H2.
HS3.
H4.
HS.
HG6.

. Exercise = increased N2 sleep

Exercise =» N2 sleep spindle amount + activity

Exercise = improved consolidation of MSL

Exercise-induced improved consolidation = larger in sleep vs. wake condition
Exercise =» increased N2 duration = improved MSL

Exercise =» increased N2 spindle activity =» improved MSL
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Spindle analyses (significant effects, ps <.05)
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Spindle analyses (significant effects, ps <.05)
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Results

DO H3. Exercise =» improved consolidation of MSL
) H4. Exercise-induced improved consolidation =» larger in sleep vs. wake condition
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H6. Exercise = increased N2 spindle activity =» improved MSL ®/@
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H6. Exercise =» increased N2 spindle activity = improved MSL
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Discussion

Exercise did not have a general effect on motor memory consolidation
— Majority of studies reporting positive findings use fine-motor tracking tasks [wanner et al. 2020]
— Session order =» potential ceiling effects [Frisch et al. 2023]

Exercise manipulated sleep macro (REM|, NREM?) and micro (spindle density & frequency) structure

— Microstructural changes in NREM target for other memory domains (e.g. declarative) and persons with sleep disturbances
[Frisch et al. 2024; Roig et al. 2022]

— Might enhance post-sleep memory encoding (synaptic homeostasis hypothesis) [Tononi & Cirelli, 2003; Ramirez-Butavad et al. 2025]

NREM correlated to consolidation exclusively in exercise condition

— EXE may “prime” sleep for plasticity =» molecular upregulation (BDNF, catecholamines, ...) may interact with NREM sleep oscillations
[Roig et al. 2022]

— EXE may increase salience of newly encoded traces (I synaptic tagging) = more susceptible to sleep-related modulation
[Frey & Morris, 1997; Loprinzi et al. 2018]

Further analyses to explore underlying mechanisms
— Sleep microarchitecture (i.a. SO-spindle coupling) [Hahn et al. 2020; 2022]
— Physiological markers (e.g., temperature, cortisol) [Aritake-Okada et al. 2019; Dote-Montero et al. 2021; Hétting et al. 2016]
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