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Reasons to be Physically Active

Maintaining 
social 
connections

Brain health

Better 
Work-Life-Balance

Physical
health

Muscle growth /
Muscle maintenance 

Improved self image

Energy 
expenditure



Physical Exercise and the Brain

Brain health

Improved cognitive 
performance

Improved learning 
and memory

Healthy brain aging

Lower risk of 
neurological 

disorders



Körperliche Aktivität und Gehirngesundheit - Spezifizität

Chronic
inflammation

Neurotransmitters
Growth factors Motor control

Motor learning

How does Physical Exercise Affect the Brain

Brain
vascularisation

Neural 
protection

Brain
plasticity

Vecchio et al. (2018)



Körperliche Aktivität und Gehirngesundheit - SpezifizitätSpecificity - Effects of Balance Training

Improved explosive 
strength

Gruber & Gollhofer (2004)
Gruber et al. (2007)

Injury prevention
Verhagen et al. (2004)

Fall prevention
Sherrington et al. (2008)

Improved jump 
performance

Taube et al. (2007)
Faster 

rehabilitation
Freeman et al. (1965)

Neck pain relieve
Beinert & Taube (2013)



Balance between 
excitation/inhibition

Körperliche Aktivität und Gehirngesundheit - SpezifizitätEffects of Balance Training on the Brain

More neural excitation 
than inhibition

Before training After training

Balance training can improve the function 
of inhibitory neurons (GABA)

Mouthon & Taube (2019) 
Kuhn et al. (2024)



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

Glutamate

GABA

Imbalance between 
exciation …

… and inhibition. 



Consequences of Imbalance

Some sorts 
of 

depression
and 

anxiety

Some 
sorts of 
chronic 

pain

Motor 
disorders 
(Dystonia; 

Tics)ADHD

Aging

Impaired 
postural 
control

Mild 
cognitive 

impairment 
(MCI)

Sleep
Insomnia

Glutamate

GABA

Imbalance between 
excitation …

… and inhibition. 



Sport as Medicine / Prevention

Which sport is good for your body, brain, 
and health condition?

Which «pathological condition» is treated 
by which sport?
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The project by 
the numbers

95
Participants

285
Night sleep 

assessments

190
Study visits in 
the laboratory 

in Fribourg

190 
MRI sessions

~2200 hours of 
data collection, 

corresponding to 
more than  260 
working days

300 
provided 
trainings

10
Academic 

publications
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Fall incidence rate throughout the lifespan

high

low

children seniors
Age development

According to Granacher et al. (2011)

Retrospective – Theoretical Background

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

Fa
ll 

in
ci

de
nc

e 
ra

te

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. 



Schlafstörungen nehmen mit dem Alter zu

Sleep disturbances by age groups, 2012
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Pathological sleep disturbances Moderate sleep disturbances

BFS – SGB12, Neuchâtel (2015)

Retrospective – Theoretical Background
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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

Spring
2020

Project 
funded

Spring
2021

Green light 
from ethics

14.03.2022

Start first 
paricipant

20.02.2025

Completion 
last 

participant

19.10.2026

Closing 
Event

Delay due to COVID-19 restrictions



60 participants 

70.4 years (64 – 81)

31 female, 29 male

35 participants

26.5 years (18 – 35)

23 female, 12 male

Balance
training

Resistance 
training

No specific 
training

Balance 
training

No specific 
training

95
participants

Retrospective – Group Allocation



Retrospective – Study Design

Time in 
weeks

12-week intervention

Balance training

Baseline assessment Outcome assessment

In
fo

rm
at

io
n 

se
ss

io
n

Resistance training

No specific 
training

Physical & brain 
function

Brain chemistry & 
brain structure

Sleep quality

2-3x per week

Physical & brain 
function

Brain chemistry & 
brain structure

Sleep quality

-2 0 12 14



Assessments

Physical & brain 
function

Brain chemistry & 
brain structure

Sleep quality
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Normal Changes with 
Aging

Motor function

- Decreased muscle strength

- Impaired balance

- Slower motor learning

Sleep

- Lighter, shorter, more 
fragmented sleep

- More frequent sleep 
disorders

Brain

- Decreased brain inhibition (GABA), less efficient neural 
communication 

- Energy production with oxygen is less efficient

Exercise

BrainSleep

Improves  
recovery, 
energy, 
motivation

Promotes 
cognitive 
performance, 
brain structure, 
neurotransmitter 
function

Improves sleep 
quality and sleep 
architecture



Potential Effects of Major 
Changes

Exercise

Brain

Sleep

• Impaired quality of life
• Risk factor for diseases 

(dementia)

Aging,
Diseases

• Motor impairments
• Insecurity, loss of 

independence
• Falls

• Risk factors for diseases
• Impaired memory



Baseline: Age-Group Differences in Motor 
Function

Balancing on wobble 
board The older group 

swayed across a 34 % 
larger area

Explosive foot 
dorsiflexion The older group 

generated force 17 % 
slower



Baseline: Age-Group Differences in Sleep

Wach
REM
N1
N2
N3

Subjective 
sleep quality

Objective sleep 
quality

The older group rated 
their sleep quality 17 % 
lower

Older group:
12 % shorter sleep
89 % more awake
42 % less deep sleep

Wach
REM
N1
N2
N3



Baseline: Neural Age-Group Differences

The older group 
exhibited 61 % less 
inhibition during 
balancing

The older group showed 
24 % less 
communication between 
the hemispheres

Functional brain 
inhibition

Communication between 
hemispheres

inhibition excitation
excitation

inhibition



Knowledge Gap

Balance training

3 months of training to improve 
coordination and stability

Resistance training

3 months of training for muscle growth 
and explosive muscle strength

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

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.



Improved Analysis for Better Science

To accurately capture true changes, reference values must 

be adjusted for age and brain region. Otherwise, 

measurement errors can occur.

PUBLICATION 1 · LIU ET AL., 2026, MAGMA

Methods: Magnetic Resonance Spectroscopy (MRS)

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.



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

Balance Training Improves 
Brain Function

More GABA
Increased GABA concentration, 

leading to improved brain 

activity regulation.

Stronger Connectivity
Improved functional 

connectivity between 

hemispheres.

«Younger» brain function after balance training
After three months of balance training, brain function became more 
similar to that of younger adults.

Methods: MRS, functional Magnetic Resonance Imaging (fMRI)

Participants: Older balance training and control groups

Analysis: What changes in the brain through balance training?



Balance Training Improves Sleep Quality

Increased inhibition during sleep initiation went along with 

improved subjective sleep quality. 

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

Methods: Sleep questionnaires, TMS during afternoon nap

Participants: Older balance training and control groups

Analysis: How does balance training affect sleep?

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

• More efficient energy metabolism in the brain

• Improved sleep efficiency, less wakefulness after 

sleep onset, longer total sleep time

Methods: Night sleep assessment, MRS

Participants: Older resistance training and control groups

Analysis: Does resistance training affect sleep and brain?

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

Younger Adults

Perceived sleep quality was 
better after longer total 
sleep time.

Older Adults

Perceived sleep quality was 
better after more 
restorative sleep.

Methods: Sleep questionnaires, night sleep assessment 

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

Sleep Quality Perception Differs Between Age Groups

Good subjective sleep quality in older adults appears to 

depend on obtaining sufficient REM and deep sleep.

Sleep Perception Differs Between 
Age Groups



PUBLICATION 6 · LIU ET AL., 2026, NEUROIMAGE

Both Training Modalities Protect 
Brain Structure

Balance Training

Preservation of neural 
connections through 
coordinative challenges

Resistance Training

Protection of brain structure 
through physical load

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

Methods: MRI

Participants: All older groups

Analysis: How do balance and resistance training affect brain structure?



Which Brain Connections Predict Balance
Performance?

Balance performance does not depend on a single 

brain region. Instead, it emerges from the 

coordinated activity of multiple regions.

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

Methods: MRI, balance performance

Participants: All older groups

Analysis: Identification of structural and functional 

connections associated with balance perfromance 

in older adults.

Not one region – but a network of brain regions 

predicts good balance performance.

Motor 
cortex

Cerebe
-llum

Visual 
cortex

Vesti-
bular 

system

Pre-
frontal 
cortex

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 
approaches the level of younger adults 
after training.

Explosive strength performance of older 
adults approaches the level of younger 
adults after training.

Balance training Resistance training

-19 % +13 %



Reduced Sleep Differences Between Age Groups 
After Training

Subjective sleep quality in older 
adults even exceeds the baseline 
level of younger adults after training.

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

-31 %-22 %



Reduced Brain Differences Between Age Groups 
After Training

Brain inhibition during a balance task in 
older adults approaches the level of 
younger adults after training.

Functional connectivity between 
hemispheres in older adults approaches 
the level of younger adults after training.

+48 %
+38 %



Take Home Message

Non-invasive, no medication, and 
without side effects

The brain remains capable of learning 
and adapting throughout life

Improves stability and
reduces the risk of falls

Accessible and feasible for most 
older adults

Improves sleep quality

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