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Physical Exercise and the Brain
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How does Physical Exercise Affect the Brain
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Specificity - Effects of Balance Training
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Effects of Balance Training on the Brain
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Balance training can improve the function
of inhibitory neurons (GABA)




Neuronal Communication - Inhibitory Neurons

GABA is the primary inhibitory
neurotransmitter. It is released from
inhibitory neurons and helps regulate
and control the activity of other neurons.
GABA is known for its calming effect and
is often referred to as the brain’s «brake»
because it reduces neuronal excitability.




Neuronal Communication - Imbalance

Imbalance between
exciation ...

Glutamate

... and inhibition.



Consequences of Imbalance
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Sport as Medicine / Prevention

O Which «pathological condition» is treated
by which sport?

Which sport is good for your body, brain,
and health condition?
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Fall incidence rate throughout the lifespan

Fall incidence rate

high

low

Retrospective - Theoretical Background

children

Age development

seniors

Childhood
Higher fall rate, as we need
to learn to walk and develop
bipedal balance

Higher age
One third of all adults aged
65 or older fall at least once
a year. This can lead to
injuries and restraints in
everyday life.



Proportion of people (%)

Retrospective - Theoretical Background

Sleep disturbances by age groups, 2012
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85+

From 55 years

about one third of people
report at least moderate
sleep disturbances.

Why relevant?
Sleep disturbances may be
accompanied by fatigue,
concentration difficulties,
and an increased risk of
dementia.



Retrospective - Project Timeline
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Retrospective - Group Allocation
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Information session

Retrospective - Study Design
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Baseline: Age-Group Differences in Motor

Function
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Baseline: Age-Group Differences in Sleep
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Baseline: Neural Age-Group Differences
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Knowledge Gap

Most studies have examined general exercise or physical activity, without considering that different

types of exercise have distinct effects on the brain and healthy ageing.

We compare two training modalities to investigate how targeted training positively influences

the ageing brain and sleep.

Balance training Resistance training
3 months of training to improve 3 months of training for muscle growth
coordination and stability and explosive muscle strength

We investigated: brain function, brain metabolism, sleep quality, brain structure, ...



PUBLICATION 1 - LIU ET AL., 2026, MAGMA

Improved Analysis for Better Science

T

Methods: Magnetic Resonance Spectroscopy (MRS) QL-

i L
e

Participants: All groups

Analysis: Analysis using different reference values

Measurement results can be substantially biased when

reference values from different age groups or brain

regions are used.

To accurately capture true changes, reference values must
be adjusted for age and brain region. Otherwise,

measurement errors can occur.



PUBLICATION 2 - LIU ET AL., 2024, HUMAN BRAIN MAPPING

Balance Training Improves
Brain Function

T

Methods: MRS, functional Magnetic Resonance Imaging (fMRI)
Participants: Older balance training and control groups &:L..

[ —
S g

Analysis: What changes in the brain through balance training?

More GABA Stronger Connectivity
Increased GABA concentration, Improved functional
leading to improved brain connectivity between
activity regulation. hemispheres.

«Younger» brain function after balance training
After three months of balance training, brain function became more

similar to that of younger adults.



PUBLICATION 3 - SCHERRER ET AL., 2026, THE JOURNAL OF PHYSIOLOGY

Balance Training Improves Sleep Quality

Methods: Sleep questionnaires, TMS during afternoon nap

Participants: Older balance training and control groups

Analysis: How does balance training affect sleep?

Increased inhibition during sleep initiation went along with

improved subjective sleep quality.

Balance training improved sleep quality - without medication and
negative side effects. Subjective sleep quality is relevant for quality

of life.



PUBLICATION 4 - SCHERRER ET AL., 2026, GEROSCIENCE

Resistance Training: Lower Lactate, Better Sleep

Methods: Night sleep assessment, MRS —

e ol

Participants: Older resistance training and control groups g

Analysis: Does resistance training affect sleep and brain?

« More efficient energy metabolism in the brain

- Improved sleep efficiency, less wakefulness after

sleep onset, longer total sleep time

Resistance training improved objective sleep without

participants perceiving the change. The improvements in sleep

and energy metabolism may reduce dementia risk.



PUBLICATION 5 - SCHERRER ET AL., SUBMITTED

Sleep Perception Differs Between
Age Groups

=
Methods: Sleep questionnaires, night sleep assessmentD o

Participants: All groups ~.—
Analysis: Does sleep perception in older adults differ from
younger adults?

Younger Adults Older Adults
Perceived sleep quality was Perceived sleep quality was
better after longer total better after more
sleep time. restorative sleep.

Sleep Quality Perception Differs Between Age Groups
Good subjective sleep quality in older adults appears to

depend on obtaining sufficient REM and deep sleep.



PUBLICATION 6 - LIU ET AL., 2026, NEUROIMAGE

Both Training Modalities Protect

Brain Structure R
Methods: MR &:L-

Participants: All older groups
Analysis: How do balance and resistance training affect brain structure?

Balance Training Resistance Training
Preservation of neural Protection of brain structure
connections through through physical load

coordinative challenges

Both training modalities counteracted the age-related decline in
structural neural connectivity and supported brain health.



PUBLICATION 7 - LIU ET AL., 2026, SCIENTIFIC REPORTS

Which Brain Connections Predict Balance
Performance? -
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Methods: MRI, balance performance GL.
Participants: All older groups S
Analysis: Identification of structural and functional
connections associated with balance perfromance

in older adults.

Balance performance does not depend on a single
brain region. Instead, it emerges from the

coordinated activity of multiple regions.

Not one region - but a network of brain regions

predicts good balance performance.



Exercise is Important for Healthy Aging

Exercise Modality Determines Specific Adaption

Balance training

Improves inhibition and
functional connectivity in
the brain

Improves subjective sleep
quality

Resistance training

Improves brain
metabolism

Increases sleep duration
per night

Both modalities

Protect brain structure
from degeneration,
improve structural brain
connectivity

Support healthy aging



Reduced Motor Differences Between Age
Groups After Training

Balance performance of older adults Explosive strength performance of older
approaches the level of younger adults adults approaches the level of younger
after training. adults after training.
e average
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Reduced Sleep Differences Between Age Groups

After Training

Subjective sleep quality in older
adults even exceeds the baseline

level of younger adults after training.

Score
(0-21)

Balance group

Balance group

average
young adults

Objectively measured sleep fragmentation
in older adults approaches the level of
younger adults after training.

Wake
(%)

- e

_average
young adults

Resistance group Resistance group

after



Reduced Brain Differences Between Age Groups
After Training

Brain inhibition during a balance task in Functional connectivity between

older adults approaches the level of hemispheres in older adults approaches

younger adults after training. the level of younger adults after training.
201 = = = - e e e e m e = E e = = = = = = == - average average

young adults young adults

15 1

Inhibition
(%) 101

Functional 27
connectivity
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Take Home Message

Specific adaptations are achieved after just three months of balance or strength
training. Ideally, both should be combined.

Non-invasive, no medication, and I= .
:- without side effects - Improves sleep quality

@
& Improves stability and Accessible and feasible for most
N reduces the risk of falls older adults

The brain remains capable of learning
and adapting throughout life
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