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Background

[Frisch et al. 2023 J Sleep Res]
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d = 0.48
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p = 0.825

d = 0.06

N = 19; age: M = 23.68 ± 3.97 years; 10 females

VO2max: M = 52.26 ± 8.38; PSQI: M = 6.21 ± 2.57 
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TRANSFORM  
Effects of High-Intensity Interval Training (HIIT) on Sleep-Related Memory Formation



Aims & Hypotheses

Aims

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

these effects potentially interact with procedural memory formation

Hypotheses

▪ H1. Exercise ➔ increased N2 sleep

▪ H2. Exercise ➔ N2 sleep spindle amount + activity

▪ H3. Exercise ➔ improved consolidation of MSL

▪ H4. Exercise-induced improved consolidation ➔ larger in sleep vs. wake condition

▪ H5. Exercise ➔ increased N2 duration ➔ improved MSL

▪ H6. Exercise ➔ increased N2 spindle activity ➔ improved MSL
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Results
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Results

H1. Exercise ➔ increased N2 sleep
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Results

H2. Exercise ➔ N2 sleep spindle amount + activity
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Spindle analyses (significant effects, ps <.05)



Results

H2. Exercise ➔ N2 sleep spindle amount + activity

N2 N3 NREM

ALL Frequency (C3) Density (C3,C4) Density (C4)
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Density Duration

Spindle analyses (significant effects, ps <.05)



Results

H3. Exercise ➔ improved consolidation of MSL

H4. Exercise-induced improved consolidation ➔ larger in sleep vs. wake condition

p = .008*

ɳ2p = .089



Results

ANCOVA interaction effect

NREM x condition: p = .002*

H5. Exercise ➔ increased N2 duration ➔ improved MSL

H6. Exercise ➔ increased N2 spindle activity ➔ improved MSL

EXE: r = 0.41 , p = .020*

REST: r = -0.29 , p = .112 



Results

ANCOVA interaction effect

count x condition: p = .022

ANCOVA interaction effect

density x condition: p = .027

H5. Exercise ➔ increased N2 duration ➔ improved MSL

H6. Exercise ➔ increased N2 spindle activity ➔ improved MSL

EXE: r = 0.36 , p = .043*

REST: r = -0.15 , p = .425 

EXE: r = 0.37 , p = .037*

REST: r = -0.14 , p = .455 



▪ 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 (↑ 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; Hötting et al. 2016]

Discussion



Ongoing projects

Outlook

PASCElExMem

EMCo – Exploring the Effects of Exercise on Memory and 
Cognition in Parkinson‘s Disease
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