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Stroke may cause physical or cognitive impairments. 
Approximately 50% to 75% of all stroke survivors have 

residual motor or cognitive disabilities that prevent them from 
living independently. Muscle weakness is considered a major 
cause of motor disability in stroke patients.1 Impaired walking 
occurs in as many as 80% of individuals immediately after 
stroke,2 with muscle weakness in the paretic limb explaining 
≤50% of the variance in gait among individuals with chronic 
mild-to-moderate poststroke hemiparesis.3 As a result, gait 
patterns become asymmetrical and gait speed reduced.4 
Additionally, impaired walking is commonly observed beyond 
6 months after stroke.5 This lack of walking competency can 
precipitate and exacerbate a sedentary lifestyle and cardiovas-
cular deconditioning.

Previous work has shown that maximal oxygen consump-
tion (VO

2
max), as a measurement of cardiovascular fitness, 

is reduced to 10 to 17 mL/kg/min within the first month after 
stroke6 and remains below 20 mL/kg/min beyond 6 months.7 
The same values can be 45% lower than in age-matched and 
healthy individuals.8 The implication of low VO

2
max becomes 

even more important knowing that a minimum of 20 mL/kg/
min is needed for performing daily activities9 and for inde-
pendent living among older stroke patients.10 In addition to 
stroke-related decline in cardiovascular fitness, a natural 
decline in VO

2
max occurs after the age of 50, averaging a 5% 

to 10% (or ≈ 5 mL/kg/min) loss per decade. Therefore, elderly 
stroke patients may face disease- and age-related declines in 
cardiorespiratory fitness.

In a meta-analysis of 11 studies (n=1105), low physical 
activity (PA) levels, for example, 4355 daily steps taken, have 
been observed among stroke patients.11 People with other 
chronic diseases, such as chronic pulmonary obstructive dis-
ease, have reported as few as 2237 steps a day.12 The medical 
establishment, including the American Heart Association, rec-
ommends 10 000 steps a day, which is not easily achievable 
through routine daily activities, and requires additional effort 
even by healthy individuals. Observational data from America 
on the Move reported that over 1000 healthy adults took 
an average of 5117 steps per day.13 Thus, reduced physical 

inactivity in stroke patients, compared with healthy individu-
als, can further compromise their cardiorespiratory fitness and 
walking ability.

Impaired cognitive processes in perception, attention, 
executive function, memory, and language affect almost two-
thirds of stroke patients.14 It is also estimated that ≤32% of 
patients can have persistent cognitive impairment ≤3 years 
after the first stroke.15 Such impairments can reduce a person’s 
independence in performing basic (eg, eating and dressing) 
and instrumental (eg, housework and social interaction) activi-
ties of daily living (ADLs)16 and increase risk of mortality17 
and dementia.18

As a vulnerable patient population that is at risk for accel-
erated functional decline, stroke survivors may benefit from 
cognitive training and increased PA. However, the extent of 
those benefits and the ability of stroke patients to tolerate 
physical exercise programs of varying intensity after stroke 
are less understood, as is the optimal timing after the event. 
Similarly, the potential benefits of cognitive training after 
stroke need further study regarding timing, key cognitive 
domains to be emphasized, and duration of therapy. In this 
review, we summarize the effects of increased PA and exercise 
or cognitive training poststroke.

Exercise Modalities
The effectiveness of increased PA and exercise in the pri-
mary and secondary prevention of a variety of conditions and 
diseases is evident. More specifically, these benefits include 
lower body weight, better control of hypertension, glucose 
tolerance, improved lipid profiles, and an overall reduction 
in the risk of cardiovascular disease, diabetes mellitus, colon 
and breast cancer, osteoporosis, osteoarthritis, depression, 
and anxiety.19 The benefits of increased PA have also been 
observed in stroke prevention, with highly active individuals 
exhibiting a 21% lower risk of ischemic strokes and a 34% 
lower risk of hemorrhagic stroke.20 Despite a considerable 
effect of increased PA on stroke, the overall evidence of its 
therapeutic effect on morbidity and mortality after stroke is 
still surprisingly weak.21
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Exercise training programs are classified as aerobic exer-
cise (AE) for improving cardiovascular fitness, resistance 
exercise (RE) for improving muscular strength and power, and 
combined AE and RE training (CARET). Based on epidemio-
logical studies, it is clear that AE and RE independently have 
distinct clinical and public health implications. For example, 
mechanical loading forces on the bones are essential for osteo-
genic responses that can lead to improved bone mineral den-
sity and reduced risk of osteoporosis. Although mechanical 
loading with RE results in enhanced bone metabolism, the 
same benefits of AE are often absent or modest.22 Conversely, 
a meta-analysis of the effect of different types of exercise on 
visceral adipose tissue, responsible for a cascade of metabolic 
disturbances, reported effective lowering of visceral adi-
pose tissue with AE, whereas RE failed to induce significant 
reduction.23 Moreover, CARET results in greater reduction of 
glycosylated hemoglobin and risk of diabetes mellitus, com-
pared with AE or RE alone.24 For that reason, public health 
guidelines recommend that adults engage in both exercise 
modalities.

Regardless of the proven benefits of RE, most exercise 
interventions primarily implement AE training protocols. 
However, it is still unclear whether CARET or AE or RE 
alone demonstrate better improvements among stroke patient 
populations.

Exercise and Cognitive Function
Exercise may have physiological effects capable of reducing 
the risk of cognitive decline, but data on stroke survivors are 
limited. Several beneficial mechanisms have been hypoth-
esized in the relatively small number of human clinical trials, 
including a reduction of stress-related damage and attenuation 
of vascular risk. The social interaction of exercise may also 
have a positive impact on cognition.25 Finally, it has been sug-
gested that exercise training enhances brain plasticity through 
increased cerebral perfusion and upregulation of brain-derived 
neurotrophic factor, a protein strongly linked to neurogenesis 
and dendritic expansion. Elevated levels of brain-derived neu-
rotrophic factor have also been associated with larger hippo-
campal volumes and enhanced learning and memory function.26 
A positive association between aerobic fitness and hippocam-
pal volumes has been observed predominantly in animal mod-
els with less evidence from human studies.27 However, one 
randomized controlled trial (n=120)28 and one observational 
study (n=165)29 demonstrated AE-induced increases in hip-
pocampal volumes as well as improved memory among older 
adults (>55 years) without dementia. The literature on the spe-
cific pathways through which RE may influence cognition is 
limited, and one meta-analysis found greater improvements in 
cognition from CARET over AE training alone.30 Despite the 
well-known benefits of exercise on multiple organ systems, 
our knowledge about the link between exercise and the brain is 
limited with some evidence that increased PA enhances cogni-
tive performance poststroke.31

Large well-designed clinical trials are needed to address 
the extent of potential benefits from different exercise pro-
grams and their parameters (ie, intensity, frequency, and dura-
tion) for cognition after stroke.

Aerobic Exercise
Most exercise interventions in stroke survivors still predomi-
nantly implement AE protocols with a cycle ergometer as the 
preferred mode. Evidence shows that many stroke patients 
do not walk well enough to achieve sufficient improvements 
in cardiovascular function.32 Lower values of both VO

2
max 

and maximum heart rate (HRmax) have been consistently 
observed during cycle ergometer versus treadmill exercise.33 
For that reason, the training intensities implemented in AE 
have been lowered for the cycle ergometer, compared with 
treadmill protocols (50% to 70% HRmax versus 50% to 85% 
HRmax), and the same finding should be translated into the 
clinical setting. Overall, cardiorespiratory fitness improves 
after AE training protocols of at least 8 to 12 weeks (inten-
sity 50% to 80% of HRmax; 3–5 days/week; 20–40 minutes) 
in patients with mild to moderate stroke.9,34 The magnitude 
of changes in VO

2
max among stroke patients is similar to 

healthy sedentary adults or participants in cardiac reha-
bilitation (12.5% versus 10% to 30% versus 13% to 15%, 
respectively).35 Even if the observed improvements are small 
in absolute terms (eg, ≈1 mL/kg/min),36 considering low 
baseline fitness levels, the same improvements can have sig-
nificant functional carryover for stroke survivors. In addi-
tion to improved cardiorespiratory capacity, one systematic 
review36 supported the idea that AE improves gait velocity 
and capacity in randomized trials involving ≤133 mildly 
to moderately affected stroke patients. This benefit may be 
even more evident with task-oriented therapy (ie, strength-
ening the lower extremities, enhancing walking balance and 
speed, or treadmill walking at higher intensity) reported 
in 2 randomized controlled trials with exercise sessions 
performed for 6 weeks (n=91; >1 year poststroke)37 and 6 
months (n=91; >6 months poststroke).38 Although AE seems 
to lead to improvements in functional capacity, the effect of 
the same training modality on cognition is still unclear and 
insufficiently investigated.

Safety is an important concern in exercise studies involving 
stroke patients. A 6% recurrent stroke rate has been reported 
in an AE intervention group,39 with the same rate being com-
parable to the recurrent stroke risk in the general population.40 
The fact that major adverse events in stroke studies have not 
been directly attributed to AE training is encouraging and 
raises the possibility of starting exercise training (and testing) 
in the early period after stroke (<7 days poststroke).

Future stroke studies involving AE training should deter-
mine optimal protocols for individuals with different physical 
limitations and cardiovascular risk. The research should focus 
on feasibility and the long-term effects of AE on cardiorespi-
ratory fitness and functional capacity, as well as on cognitive 
functioning and health-related quality of life.

Resistance Exercise
Roughly twice as many AE training studies, compared with 
RE protocols, have been performed in stroke patients.9 Even 
though RE has been included in national guidelines and rec-
ommended for general health promotion, it remains an under-
studied and underappreciated exercise modality in stroke. 
Exercise frequency in RE studies of stroke has varied from 2 
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to 5 weekly sessions and from 4 to 12 weeks in length. These 
studies incorporated progressive RE, a method that increases 
the overload of resistance, thus demanding additional muscle 
force production. RE training in stroke has been shown to 
improve muscle strength in the lower extremities in 24 stroke 
participants (mean age 61 years; ≈20 months poststroke) after 
10 weeks and in 42 stroke participants (mean age 66 years; 
6 months to 6 years poststroke) after 12 weeks.41,42 Increased 
weight-bearing (on the affected leg) and gait speed were dem-
onstrated in subacute poststroke after only 4 weeks of RE. The 
same improvements were greater in individuals (n=8) undergo-
ing functional strength training that focused on power, balance, 
and weight-bearing exercises compared with a traditional RE 
protocol (n=10) that focused on improving muscle tone and 
avoiding excessive muscle power.1 However, the increase 
in muscle strength does not always translate into significant 
improvements in walking and health-related quality of life.43

In a 1-year randomized controlled trial involving over 100 
healthy individuals, RE compensated for the equivalent age-
related strength losses over 3 to 5 years. Interestingly, the training-
induced benefits of the same RE training extended to 7 years after 
cessation of the study.44 In addition to being understudied, RE 
interventions involving stroke patients have been shorter in dura-
tion and smaller in sample size compared with AE intervention 
studies. Because no adverse effects have been reported from this 
training modality,9 safety concerns should be minimal in conduct-
ing large-scale trials involving RE training among stroke patients.

The same future trials should focus on their feasibility and 
their immediate and residual health-related effects.

Combined Exercise and Stroke
The beneficial relationship between RE and health and chronic 
disease was recognized only recently.45 The American College 
of Sports Medicine first introduced RE into its guidelines 
in 1990 as a beneficial component of comprehensive fitness 
programs for healthy adults of all ages. However, RE should 
serve as a complement to AE, rather than as a replacement, for 
therapeutic exercise.

A combined exercise program seems to be well-tolerated 
by stroke patients. In a randomized controlled trial involving 
multiple healthcare sites, 92 stroke survivors (mean age 69 
years; <28 days poststroke) completed 36 CARET sessions, 
each in duration of 90 minutes and over 12 weeks. The bene-
fits of the program extended beyond spontaneous recovery and 
usual care in strength, endurance, and balance.39 Similar find-
ings have been reported by Pang et al46 in a community-based 
controlled intervention trial, implementing CARET among 63 
stroke survivors (mean age 65 years; >1 year poststroke). A 
more recent study by Marzolini et al47 consisted of a 6-month 
CARET program (60 minutes sessions, 3 times/week, for 19 
weeks) in 41 patients with motor impairments (mean age 63 
years; ≥10 weeks poststroke) showed significant gains on the 
Montreal Cognitive Assessment and in cognitive subdomains 
of attention/concentration and visuospatial/executive func-
tion. The number of individuals meeting criteria for mild cog-
nitive impairment also decreased. Thus, it is conceivable that 
CARET in stroke patients could affect multiple domains of 
disabilities compared with more isolated gains achieved from 
AE or RE alone.

Future stroke studies involving CARET should focus on 
examining their additive and synergistic effects on multiple 
health outcomes compared with AE or RE alone.

Cognitive Training After Stroke
The cognitive effects of stroke are as varied as their topog-
raphy might suggest with any cognitive domain potentially 
affected.48 However, dysphasia, slowed information pro-
cessing, and executive dysfunction are arguably the most 
common.31 In a 10-year prospective study involving close 
to 100 young patients with ischemic stroke (median age 43 
years), mental slowness was present even ≤10 years after 
stroke.49 A recent large trial also demonstrated that even 
small infarcts are commonly associated with cognitive 
impairment.50 Any form of cognitive decline after stroke 
places a burden on stroke patients and their caregivers, and 
strategies for cognitive rehabilitation, or training, with a 
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goal to improve function and ameliorate disability are criti-
cal. A recent systematic review51 of a limited number of 
studies did not report extended benefits of cognitive train-
ing to function and basic and instrumental ADLs. However, 
positive transfer effects of cognitive training in perform-
ing ADLs were observed in 29 stroke patients with apraxia 
(duration 8 weeks; <4 weeks and >2 years poststroke).52 
Another review53 identified only 2 small randomized trials 
(n=<15), with isolated improvements in trained memory 
task and immediate and delayed recalls.

Combining motor and cognitive training in a performance-
based and problem-solving approach is an increasingly prom-
ising treatment for enhancing functional outcomes on trained 
and untrained tasks.54 Furthermore, combined exercise and 
cognitive training interventions could theoretically enhance 
neural plasticity. In a recent multicenter randomized control 
trial,55 83 stroke patients (>4 months poststroke) underwent 
combined cognitive and exercise training over 12 weeks. The 
primary objective of the study was to evaluate the effect of 
cognitive training alone and combined training on psycho-
logical and physical variables associated with stroke, such 
as fatigue, depression, and sleep. The greatest improvements 
were seen in poststroke fatigue when cognitive training was 
combined with exercise.

The amount of literature on the isolated effects of cog-
nitive therapies on specific impairments in stroke patients is 
limited, involves small sample sizes, and has methodologi-
cal limitations and inconclusive results. Although cognitive 
training/rehabilitation may result in improvements in specific 
cognitive domains, the data are insufficient relating such inter-
ventions to real world cognitive processes and proficiency in 
everyday functional ADLs.

Further work with sufficiently large samples is required 
to allow exploration of these issues and to reach reliable con-
clusions. A greater emphasis should involve the examination 
of transfer effects to ADLs that improve function and quality 
of life after stroke. Finally, potential additive or synergistic 
effects of cognitive training, combined with therapeutic exer-
cise, should be explored.

Conclusion and Future Directions
Overall, studies demonstrate that stroke-related impairments can 
be improved from properly designed and supervised therapeutic 
exercise programs. A most recent review confirmed the benefi-
cial role of exercise on multiple effects on life after stroke, such 
as improved cognition, arm function, and balance and gait.56 
However, more research is needed to quantify optimal intensi-
ties, frequencies, and durations in different exercise modalities. 
Additionally, a paucity of research has investigated the effect of 
exercise alone, or combined with cognitive training, on restorative 
cognitive rehabilitation after stroke. After effective exercise and 
cognitive modalities are clearly identified, perceived barriers to 
adherence and the sustainability of interventions need to be better 
understood before widespread implementation can be attempted.

It is important to note that even if therapeutic exercise fails 
to restore physical and cognitive impairments to prestroke lev-
els, increased PA and exercise can enhance overall well-being 

and reduce multiple risk factors (Figure) responsible for 
recurrent strokes and coronary events among stroke patients.
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