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Cognitive stimulation 
 
-Cognitive training 

 

 

-Physical activity and 

 exercise 

 

 

-Music and dance  



Benefits of exercise 
 

-Protective effects of exercise: 

Physical exercise can help prevent cognitive decline and 

lower the risk of MCI and dementia (Sofi et al., 2011; up to 38%) 

 

-Effects of exercise interventions: 

After physical exercise training program older adults show 

enhanced cognitive performances (Colcombe & Kramer, 2003) 

 

-Effects of exercise interventions on the brain 

Exercise-related increase on hippocampus volume (Erickson 

et al., 2011), task-relevant activity and functional connectivity 
(Voss et al., 2011) 

Bherer, L. (2012) Physical exercise in older adults. In Alcavado Ed. The Oxford 

Handbook of exercise psychology. Oxford University Press, New York, USA 
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Older adults in an aerobic training 

session in Montreal. 

M. Renaud 

110 Community dwelling 

older adults 

 

Lower Fit (N=55) 
60-69 yrs  vs.  70-79 yrs 

 

Higher Fit (N=55) 
60-69 yrs  vs.  70-79 yrs 



Physical fitness is associated with better 

response preparation and have a protective 

effect on motor speed 

Pre-motor Motor time 

Renaud, Bherer & Maquestiaux (2010)  

Journal of Gerontology: Psych. Sciences. 
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Meta-analyses on 

intervention studies 
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Aerobic training leads to larger improvement in 

executive control tasks 

Mainly shown with inhibition and switching 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (Colcombe & Kramer, 2003 Meta-analyse). 



How long ?   Any age limit ? 

Physical condition (frailty) ? 



Basic principles and guidelines for exercise programming from the American College of Sports 

Medicine (ACSM) were followed, including adequate warm up and cool down periods, 

progressive and gradual increments in exercise duration and energy expenditure. 

50 older adults (60-80yrs) 

 

3-month aerobic training 
Lower Fit  vs. Higher Fit 

 

Passive control group 
Lower Fit  vs. Higher Fit 



Improvement in physical condition 

(VO2max estimate) 
 

 

Group x Time 

* 

http://www.orientsport.fr/images/ORI0720.jpg


Fitness x Training 

Lower-fit 

 

Higher-fit 

Sometimes fitness level matters…sometimes it does not ! 

Renaud et al., (2010)  Frontiers in Aging Neurosciences 

* 
* * 

Equivalent improvement in Fit+ and Fit- 

Lower fit 

Higher fit 

Both group 



* 

D. Predovan 

RED 

GREEN  

YELLOW  

VO2max r =−0.54; P = .007 

RED 

GREEN  

YELLOW  

Only 3 months make a difference ! 



 
Baseline fitness and physical capacities status 

 Would frail elders benefit ? 



3/week x 12 weeks 
Combined training exercises 

 

 

Journal of Gerontology: Psychological Sciences, 2013 



Comprehensive medical 

investigation 

and 

control for potential 

confounding factors 



Equivalent improvement in frail and 

non-frail older adults after 3 months 



Equivalent improvement in frail and 

non-frail older adults after 3 months 



Equivalent improvement in frail and 

non-frail older adults after 3 months 



Neurosciences of exercise 

Bherer, Erickson & Liu-Ambrose (2013). A review of the Effects of Physical 

Activity and Exercise on Cognitive and Brain Functions in Older Adults. 

Journal of Aging Research 



Impacts of physical activity on brain 

structures and functions 

• Indirect effects 

– Stress, sleep, diet, etc. 

– Chronic diseases (coronary heart diseases).  

• Direct effects 

– Angiogenesis, neurogenesis, synaptogenesis. 

– Increased plasma BDNF (neuroplasticity and 

protection) and production of insulin-like growth factor 

1 (IGF-1) (neurgenesis and angiogenesis). 

– Neurotransmitter systems also seem to be modulated 

through exercise (see Lista & Sorrentino, 2010) 

 



Physical activity and brain structures and 

functions in older adults  

• Evidence of transient and permanent changes at the 

structural and functional levels in human 
– Erickson & Kramer, 2009; Hillman, Erickson, & Kramer, 2008; Kramer, 

Erickson, & Colcombe, 2006; Liu-Ambrose, Nagamatsu, Voss, Khan, & 

Handy, 2012; Voelcker-Rehage, Godde, & Staudinger, 2010; Voelcker-

Rehage et al., 2013).  



Colcombe, S. J., Kramer, A. F., Erickson, K. I., Scalf, P., McAuley, E., Cohen, N. J., 

Webb, A., Jerome, G. J., Marquez, D. X., & Elavsky, S. (2004) Cardiovascular 

fitness, cortical plasticity, and aging. Proc Natl Acad Sci USA, 101, 3316–3321. 



o Condition : F (1, 54) = 342.8 ; p < .05 

o Cond x Fitness : F (1, 54) = 5.6 ; p < .05 

o Cond x Fitness x Age : F (1, 54) = 0.3 ; ns 







Neurobiology of Aging, In press 

Preservation of vessel elasticity (cerebrovascular reactivity) 

may be one of the key mechanism by which physical exercise 

helps to alleviate age-related cognitive decline in executive 

 



Dose-response ? 

 

 

 

Aerobic training ? 

 

 

Other type of exercise training ? 

 

 



• Large improvement in walking 

physiological parameters (potential 

energy) in LBS-A and UBS-A 

• Equivalent improvement in cognitive 

function in all groups, with inhibition 

being more sensitive to the 

intervention.  

• Different physical exercise programs 

(aerobic, gross motor, strength, etc) 

may help improve cognition in older 

adults. 



Combined intervention ? 

 

 



Aerobic + DT-training 

 

Stretching + DT-training 

 

Aerobic + Lessons 

Stretching + Lessons 

A 4-arm intervention ? 



Aerobic training (walk) 
Dual-Task training 

 

Pre-test 
 

1. Cognition 
2. Physical condition 

3. Walk and Cognition 
4. Quality of life 

Aerobic training (walk) 
Internet Lessons 

 

Post-test 
 

1. Cognition 
2. Physical condition 

3. Walk and Cognition 
4. Quality of life 

Stretching and toning 
Dual-Task training 

 

Stretching and toning 
Internet Lessons 

 

Study design 

• All participants completed 12 weeks of training 

• 3 times per week (2 exercise, 1 computer session) 



Dance Movement Therapy Aerobic training 

The search for the best lifestyle 

intervention 



fNIRS studies suggest frontal 

compensation in physical function 

tasks such as walking with a cognitive 

load (dual-task walking) 

2013 



2013 

Dual-task walking paradigm (walking + thinking) can help 

detect cognitive declines that are not apparent in clinical 

tests (subclinic). 

 

 

Dual-task walk paradigm: 

1-Walking alone (distance in m) 

2-Cognitive task (% in memory task) 

3-Both tasks combined 

Portable fNIRS is an ideal tool to study 

the interaction between decline in 

executive control and mobility 

3…7…5

… 



Ongoing study 

1-Identify preclinical (silent) cognitive decline in 

at risk population of older adults with coronary 

heart disease). 

2-Use fNIRS in dual-task walking condition to 

track changes (or absence of) in cognition 

over 6-12 months in participants engaged in 

an exercise training program (preventive 

cardiology clinic) 

http://www.centreepic.org/fr/index.html


Cognitive Task: Auditory N-Back 

•  Hear a series of numbers (digits: 0-9) 

• Say aloud the number you heard 2-back 

 

9 – 1 – 7 – 2 – 0 – 3 – 5 – 8 – 6 - 4 

 

• Dual-task paradigm 
• Walk alone 

• Cognition alone 

• Dual-task: 2 tasks at the same time 



Imaginc System 

 High channel count: 32 emittors, 32 
detectors, 32 EEG electrodes 

 → 128 NIRS channels, 32 EEG channels 

 Lightweight: 440 grams / 1 lb 

 Small size: 11.6 x 9 x 5 cm³ / 4.6 x 3.5 x 2 in³ 

 Low power consumption 

 Wireless: Battery powered and Bluetooth 
communication 

Emittor 

Detector 



Challenges: worse case 

scenario ! 
Motion Artifacts during walk periods 

Raw fNIRS data Accelerometer signal 

Accelerometers and Independent Component Analysis (ICA) 

were used to develop a walk related motion artefacts removal 

algorithm.  



Solutions 

• Fixed optodes (Collodion) 

 Increases installation time 

 Acquisition less pleasant for participants 

• Motion Artifacts Removal Algorithms 

 Principal components analysis 

 Independent components analysis 

 Wavelet 

 Kalman filtering 

 … 

 



PARTICIPANTS (pilot data) 

• Healthy participants (no cardiovascular 

disease or hypertension) 

• Patients with either cardiovascular risk 

factors (i.e., hypertension) or who had 

heart surgery (coronary bypass) 



Healthy  adult (MOCA = 29) 

Walk 

Cog 

Dual 

HbR HbO HbT 



Healthy  adult (MOCA = 28)  

Walk 

Cog 

Dual 

HbR HbO HbT 



Coronary patient (MOCA = 26) 

Walk 

Cog 

Dual 

HbR HbO HbT 



Coronary patient (MOCA = 26) 

Walk 

Cog 

Dual 

HbR HbO HbT 



Portable fNIRS device might help to track associated brain 

mechanisms of impaired cognitive control on gait 

Psychomotor executive functions: Response preparation 

Closely involved in motor control 

Age-sensitive and enhanced with fitness training 

Inhibition (flanker task/ Stroop) 

Switching 

Modified Stroop (DKEF) 

Involved in dual-task control 

Dual-task performance 

Best outcomes measure to assess cog-gait 

changes induced by exercise intervention 



Compound scores of executive control and speed 

(distinctively) 

  

Best outcomes measure to assess cog-gait 

changes induced by exercise intervention 



Journal of Gerontoloy: Psych Sicences, 2014 

• Physical functioning 

associated with 

processing speed and 

executive functions but 

not memory 

performance. 

• Independent of age, sex, 

and level of education. 

• Cardiovascular burden 

not associated with 

cognition. 
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