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Learning Objectives 
 
 

• Describe post-stroke cognitive impairment and how it interferes with 
rehabilitation and community integration. 

 

• Discuss the concept of ‘priming’ and how aerobic exercise could 
‘prime’ the brain to foster recovery from stroke. 

 

• Describe the results of a randomized controlled trial to test whether 
aerobic exercise could enhance cognitive functioning in chronic stroke. 
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A. Spontaneous (biological) recovery  
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Change in diaschisis  
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B. Intrinsic learning/adaptation 
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(using different strategies) 
Neuroplasticity (Learning) 

C. Extrinsic (re) learning 
 
Rehabilitation 
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Cognitive impairment measured using sensitive 

assessments has been reported to be as high as 83% in 

acute stroke units and 71% at 3 month follow-up* 

 

The fact that cognition and motor recovery are linked is 

typically disregarded in rehabilitation 

Cognitive Impairment is common after stroke  

and impacts the ability of stroke patients to fully participate in rehabilitation 

*Jokinen et al. Post-stroke cognitive impairment is common even after successful clinical recovery. Eur J Neurol 2015 



Reviewed 86 medical charts 
N=36 Stroke 
N=50 Orthopedic injury 

Presence of deficits abstract thinking, 

judgement, verbal memory, 

comprehension 

 

 

Predicted lower functional status and 

longer length of stay (even when 

accounting for stroke severity) 

Telephone interviews and chart 
audits of 142 discharged patients 

Of the 96 with good functional 

outcome, 

 

Over half were cognitively 

impaired and had participation 

restrictions 
 



Two potentially potent interventions 

Aerobic Exercise Cognitive Rehabilitation 

Increases levels of neurotrophins 

like BDNF and IGF-1 that improve 

brain health. 
(Ploughman and Kelly 2016) 

 

Stimulates neuronal networks and 

enhances subsequent learning. 
(Roig 2012, Quaney 2009) 

Emerging field but the evidence is 

weak or nonexistent 
(Chung Cochrane Review 2013, das Nair Cochrane Review 2016) 

 

Recent studies suggest computerized 

or virtual reality cognitive training is 

showing positive benefits.  
(Faria 2016, Bogdanova 2016) 
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Even one bout of exercise can enhance motor memory. 

 

The benefit persisted for 7 days. 

 

Could aerobic exercise have a similar benefit in people with 

stroke? 



A coil is placed over the motor cortex. 

 

Under the coil, an electrical pulse 

stimulates neurons on the surface of the 

brain. 

 

Using single or paired pulses we can 

examine the integrity of brain motor 

circuitry 

 
 



Participants: Twelve stroke survivors 

         > 6 months post-stroke 

 

Cross-over trial 

 

Exercise on a recumbent stepper  

 

• Moderate Continuous Exercise (MICE) 

• High Intensity Interval Training (HIIT) 





High intensity exercise has direct effects on the brain that 

we can measure using TMS. 

 

How important are these effects? Can they contribute to 

motor learning? 



Participants: 38 stroke survivors > 6 months post-stroke 

 

Randomized controlled trial 

 

Group A: EXERCISE 

• Moderate to vigourous  progressively challenging 

continuous exercise (MICE) on a stationary bicycle 3 

times per week for 8 weeks (70% of max HR: target HR 

was based on Karvonen’s formula) 

 

Group B: STRETCHING at home 

• Upper and lower extremity exercise 3 times per week 

for 8 weeks. Therapist contacted patients each week 

by phone. 

 

Question: 

 

Will aerobic exercise produce 

changes in: 

 

1. cognitive function and, 

  

2. motor learning of the LESS-

AFFECTED upper extremity in 

people with chronic stroke? 



Wisconsin Card Sorting Task 

Learning and remembering 

sorting rules 

Trail Making Task A and B 

Visual search and working memory 

Serial Reaction Timed Task 

Implicit learning with LESS-

affected hand 

Predictive Grip Force Modulation 

Conditional learning by matching 

grip force to colour of the weight 

with LESS affected hand 
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RESULTS 

Aerobic exercise provided short-term improvements in 

motor learning but there was no cognitive benefit. 

 

Could pairing aerobic exercise together with cognitive 

training ‘prime’ the brain and achieve greater benefit? 



Stroke patients have  
extremely low activity tolerance 

Such low fitness levels create a ‘ceiling to neuromotor recovery’; limiting both the number of 

repetitions that can be completed within a session and the total intensity at which they can 

be sustained. 

 

For example, routine rehabilitation reaches about 4.5 METS, levels not achievable by most 

stroke patients. *Ploughman & Kelly Current Opinion in Neurology 2016 



One lead ECG and accelerometer 

for one week in 19 consecutive 

patients admitted to the stroke unit 



87% of waking hours were sedentary 

 

62% of time spent in PT was sedentary 

 

77% of time spent in OT was sedentary 

SEDENTARY 

ACTIVE 



Can we ‘prime’ the brain with aerobic exercise to improve learning of subsequent tasks? 

If so, how does it work/ What are the mechanisms? 



In an animal model of stroke, 

adding aerobic exercise before a 

reaching task improved learning 

of the task over 5 weeks 



Functional improvement was paralleled by enhanced 

dendritic branching within the motor cortex 

(Ploughman et al 2007 European Journal of Neuroscience) 



In an animal model of stroke, the 

benefits of the combined aerobic 

exercise  + reaching  were lost 

when you blocked the 

neurotrophin BDNF 



How do you prescribe aerobic exercise that will 

concurrently promote brain repair, enhance plasticity, 

improve fitness and metabolic health?  

 

Is it possible to target four birds with one stone? 



BRAIN REPAIR      

Lesion size, cell 
death, inflammation 

NEUROLOGICAL 
OUTCOMES 

Relearning of skilled 
movements, executive 

function 

PLASTICITY 
Neurotrophins, 

neuroplasticity markers, 
fMRI, TMS 

CARDIORESPIRATORY  

FITNESS 

METABOLIC 
HEALTH 

Finding the ‘right’ dosage of aerobic exercise 

Using F.I.T.T.I. principles 

FREQUENCY 

INTENSITY 

TIME 

TYPE 

INTIATION POST-STROKE 



Aerobic exercise effects on brain repair, neuroplasticity  

and neurological recovery 

 



Frequency 3-5 X week 

Intensity >60% maximum  

(Vigorous) 

30 min 

>8 weeks 

Continuous  

(emerging evidence for HIIT) 

Optimal training 

parameters to cut across 

all domains 



Two-site RCT 
Primary Outcome 

Raven’s Progressive Matrices Test 



AEROBIC 

ACTIVITY 

DUAL-n-BACK (COG) 

GAMES 



Aerobic exercise + Cognitive training  
Improved fluid intelligence nearly 50% at follow-up 



Responsiveness of IGF-1 at baseline 

predicted 40% variability in cognitive outcome 



Aerobic training groups made significant and 

sustained improvements in Fitness 
Aerobic training groups made significant 

and sustained improvements in Walking 

FITNESS WALKING 
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FITNESS WALKING 

Combining aerobic and cognitive training together 3X week 

for 10 weeks improves three aspects of recovery 

simultaneously: 1. cognition, 2. fitness and 3. walking 

 

How can we practically incorporate aerobic exercise into 

rehabilitation? 



Can everyday tasks be 

practiced in such a way to 

provide aerobic challenge? 

 

YES! 



10 people with 

chronic stroke 

 

One session of 

functional tasks 

while wearing 

portable mask 
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