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Abstract
Up to 80% of stroke survivors have cognitive dysfunction, which affects motor function 
and quality of life. There is a need to understand which physical activity prescription 
is most recommendable for cognitive function and to determine the effect of physical 
exercise programmes on cognitive function in post-stroke patients by identifying the 
best frequency, length and type of programme. The PRISMA guidelines were followed 
and the methodology was registered in PROSPERO (number CRD42020183529). The 
studies chosen were randomised controlled trials. The search was conducted in four 
databases, namely PubMed, Cochrane, SPORTDiscus and WOS, and concluded on 
12 June 2020. Methodological quality was assessed using the PEDro scale score. 
The meta-analysis reveals that the experimental group had greater gains in cognitive 
function than the control group (SMD  = 2.26; p .001). It shows that there is a greater 
effect on cognitive function in studies which include an adult population versus those 
that include an older adult population (SMD = 1.82; p = .014). Strength training pro-
vides a significantly greater gain than aerobic training (SMD= –1.88; 95% CI –3.7, –0.1; 
p = .040). A physical exercise programme significantly improves cognitive function in 
post-stroke patients and may have a greater effect than rehabilitation programmes. 
The programme should last at least six weeks, with a frequency of three sessions per 
week and a per-session length of at least 30 minutes.

Keywords: cardiovascular disease, combination training, endurance training, 
physical activity, rehabilitation, strength training.
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Introduction
Stroke is one of the leading causes of disability and death 
worldwide (Go et al., 2014). Specifically, more than 14 
million people suffer a stroke each year, and around 10% 
of them die (Carnesoltas et al., 2013). Suffering a stroke 
has a negative impact on the subsequent quality of life of 
those who manage to survive it, since it affects all areas 
of the individual: physical health and psychological state 
are reduced, autonomy and independence are diminished 
and cognitive function (executive, attention and memory) 
is significantly impaired (Mesa et al., 2016). Up to 80% of 
stroke survivors experience cognitive dysfunction, directly 
influencing motor function and quality of life (Sun et al., 
2014), and stroke is the second leading cause of dementia 
worldwide (Alvarez, 2008). Although post-stroke patients 
may recover from the ensuing physical after-effects, cognitive 
impairments may restrict autonomy and independence 
(Gottesman & Hillis, 2010; Wagle et al., 2011). Identifying 
effective treatments to improve cognitive function is therefore 
of paramount importance (Debreceni-Nagy et al., 2019), 
and a multidisciplinary rehabilitation approach is needed 
to improve levels of motor and functional disability (Go 
et al., 2014).

Physical inactivity is a known predictor of stroke, as a 
sedentary lifestyle is associated with a higher probability 
of having one (Martínez-Vila & Irimia, 2000). Similarly, 
exercise can improve quality of life in the general population 
(Solà-Serrabou et al., 2019) and also be of benefit to the 
cardiovascular system (Betrán Piracés et al., 2003) and 
cognitive function in individuals after suffering a stroke in 
both executive functions and memory (Freudenberger et al., 
2016; Vanderbeken & Kerckhofs, 2016; Yeh et al., 2019).

Some authors have conducted systematic reviews to 
synthesise the research on the effect of physical exercise 
on cognitive function in people who have had a stroke 
(Cumming et al., 2012; Oberlin et al., 2017). However, these 
studies include intervention programmes which combine 
physiotherapy and physical exercise and do not report which 
frequency, length or type of exercise has the greatest benefits 
for cognitive function in post-stroke patients. Therefore, the 
objectives of this systematic review with meta-analysis were: 
a) to determine the effect of physical exercise on cognitive 
function in post-stroke patients, and b) to synthesise the 
original studies on the effect of physical exercise programmes 
on cognitive function in post-stroke patients to identify the 
best frequency, length and type of programme.

Methodology

Study design
The studies included in this systematic review and meta-
analysis examine the effect of various physical exercise 
programmes on cognitive function in post-stroke patients. 
The studies chosen were randomised controlled trials 
(RCTs). The search strategy, together with the inclu-
sion criteria and additional information, was registered 
beforehand in the PROSPERO international database 
of prospectively registered systematic reviews (number 
CRD42020183529). This systematic review with meta-
analysis follows the principles set out in the PRISMA 
(Preferred Reporting Items for Systematic Reviews) 
guidelines (Liberati et al., 2009; Moher et al., 2015).

Inclusion criteria
The inclusion criteria were: a) articles published in 
indexed journals, b) articles published in English, Spa-
nish and Portuguese only, c) articles involving patients 
who had previously suffered a stroke, d) RCTs, and e) 
studies implementing a physical exercise programme. 
The exclusion criteria were: a) studies in progress, b) 
studies involving people with amputation/limitation of 
any limb that contraindicates walking/exercise, c) studies 
published as abstracts, notes or letters to the editor or 
short publications, d) studies published at conferences, 
and e) studies implementing physiotherapy programmes, 
manipulation and/or breathing techniques in conjunction 
with physical exercise.

Search strategies
The following search engines were used to search for 
information: PubMed, Cochrane, Sport Discus and WOS. 
The search strategy was based on the use of keywords 
and Boolean operators, including: stroke AND physical 
activity, stroke AND sport, stroke AND strength training, 
stroke AND endurance training, stroke AND resistance 
training, stroke AND physical therapy, stroke AND 
aerobic training, stroke AND endurance exercise, stroke 
AND aerobic exercise, stroke AND strength exercise and 
stroke AND resistance exercise. The search ended on 12 
June 2020. The flowchart is shown in Figure 1.
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Data extraction
Data extraction and quality assessment were performed by 
two reviewers (AGH and NGG) independently. Disagreements 
over information were resolved by repeating data extraction 
or unobserved assessment of information from previously 
conducted reviews. In this regard, Cohen’s Kappa index 
was calculated, presenting high inter-reviewer reliability 
(Kappa = .810) (McHugh, 2012).

Assessment of methodological quality
The Physiotherapy Evidence Database (PEDro) scale was 
used to assess the methodological quality of the included 
studies (Maher et al., 2003). Table 1 shows the PEDro scale 
scores for each study, assuming values of 8, which was 
considered acceptable. 

Data analysis
The statistical analysis and meta-analysis were performed 
using the Comprehensive Meta-Analysis program (version 
3, Englewood, USA). For the analysis of this study, the 
quantitative mean and standard deviation of the pre-test 
and post-test, as well as the sample size, were used for 
the control group and the experimental group. Pre-/post-
test changes were calculated for analysis. When the same 
study included several sub-variables of cognitive function, 
these were included as different cases in the analysis. If 
the studies did not show the necessary data, these were 
calculated. SEs and the CIs were used to calculate SD. 
The DerSimonian-Laird (Cohen’s) method was used. 
Heterogeneity was assessed by means of Cochran’s Q 
test (chi2), Higgins’ I2 statistic and significance (p) to 
determine the most appropriate analysis: fixed or random 

Figure 1
PRISMA flowchart.

In
cl

ud
ed

E
lig

ib
ili

ty
S

cr
ee

ni
ng

Id
en

ti
fic

at
io

n
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(n = 1207)

Excluded due to language 
(n = 16)

Excluded due to title  
(n = 1003)

Excluded due to abstract  
(n = 273) 

No physical activity programme  
(n = 54), no supervised 

programme (n = 10), inappropriate 
design (n = 112), letters to the 
editor (n = 2), no access to the 
abstract (n = 15), no cognitive 
function as variable (n = 80)

Removed due to  
full text  (n = 13) 

Not RCT (n = 4), inappropriate 
design  (n = 9)

Records following removal of duplicates 
(n =1314)

Titles selected  
(n = 1298)

Abstracts selected 
(n = 295)

Full text selected 
(n = 22)

Articles included in the systematic review with  
meta-analysis  (n = 9)

Records identified in the database search 
(N = 2521) 

PubMed (n = 521), Cochrane (n = 710), 
Sport Discus (n = 261) and WOS (n = 1029)
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effects (Ioannidis, 2008). DerSimonian-Laird (Cohen) 
was interpreted as small (0 to 0.2), moderate (0.3 to 0.7) 
or large (≥ 0.8) (Cohen, 1988). Egger’s test (Egger et al., 
1997) and Fail Safe N (Rosenthal, 1979) were calculated 
to determine publication bias. A funnel plot was created. 
Significance was determined at p < .05.

Results

Characteristics of the studies
The article selection and search strategy employed in this 
systematic review with meta-analysis resulted in a total of 
nine articles.

The included articles were RCTs, and they featured a 
total of 355 participants in the experimental group and 362 
in the control group. The analysed articles were published 
between 2001 and 2020.

The characteristics of the included studies are shown 
in Table 2.

Effect of physical exercise on post-stroke 
patients
The meta-analysis reveals that the effect of physical exercise 
programmes on cognitive function in post-stroke patients 
is significantly more beneficial than the effect of any other 

programme or no programme (Figure 2) (OR = 2.26; 95% 
CI = 1.0 to 3.5; Z = 3.63; p = < .001).

To examine whether there were differences by possible 
contaminating variables, subgroups were established by age, 
length of the intervention in weeks, frequency of sessions per 
week, length of sessions, type of physical exercise programme 
and participant age. The age variable was divided between 
adults (< 65 years) and older adults (≥ 65 years). To make 
the groups for frequency and length of the programme, the 
medians of the weeks of intervention, weekly frequency 
and session length variables were analysed, obtaining 12 
weeks, three sessions per week and 60 minutes per session, 
respectively. The type of physical exercise variable was divided 
into aerobic, strength or combined training. For the purpose 
of comparison, changes were transformed into percentages. 
Table 3 shows the analysis of the effect of the physical exercise 
programmes included in this systematic review on cognitive 
function according to the aforementioned classifications. It 
shows that there is a greater effect on cognitive function in 
the studies that include the adult population versus those that 
include the older adult population. When the subgroup with 
extreme gains in the variable is removed (Ozdemir et al., 2001), 
the results remain significant (SMD = 1.96; 95% CI 0.4, 3.6; 
p = .016). A difference is observed in relation to the type of 
programme implemented significantly favouring strength 
training over aerobic training. However, this difference is 
no longer significant after the group presenting an extreme 
change in the variable is removed (Ozdemir et al., 2001).

Table 1 
Assessment of the methodological quality (PEDro scale) of the articles included.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 Total

Bateman et al. (2001) 1 1 1 1 0 0 0 1 1 1 1 8

Tang et al. (2016) 1 1 1 1 0 0 0 1 1 1 1 8

Khattab et al. (2020) 1 1 1 1 0 0 0 1 1 1 1 8

Studenski et al. (2005) 1 1 1 1 0 0 0 1 1 1 1 8

Kim and Yim (2017) 1 1 1 1 0 0 0 1 1 1 1 8

Ozdemir et al. (2001) 1 1 1 1 0 0 0 1 1 1 1 8

Quaney et al. (2009) 1 1 1 1 0 0 0 1 1 1 1 8

Immink et al. (2014) 1 1 1 1 0 0 0 1 1 1 1 8

Bo et al. (2019) 1 1 1 1 0 0 0 1 1 1 1 8

Note. C1: choice criteria were specified; C2: subjects were randomly assigned to groups (in a crossover study, subjects were randomised 
as they received treatments); C3: allocation was concealed; C4: groups were similar at baseline with regard to the most important 
prognostic indicators; C5: all subjects were blinded; C6: all therapists who administered therapy were blinded; C7: all assessors who 
measured at least one key outcome were blinded; C8: measures of at least one of the key outcomes were obtained from more than 85% 
of the subjects initially assigned to the groups; C9: results were presented for all subjects who received treatment or were assigned to 
the control group or, when this was not possible, data for at least one key outcome were analysed by intention-to-treat; C10: results 
of statistical comparisons between groups were reported for at least one key outcome; C11: the study provides point and variability 
measures for at least one key outcome.

http://www.revista-apunts.com
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Table 2 
Characteristics of the included studies.

Author Sample Age Inclusion criteria
Cognitive function 
measurement tool

CG programme EG programme
Time 
Frequency 
Length

Bateman et al. (2001) 
EG = 70
CG = 72

16-65 years;
EG = 41.7 ± 14.3;  
CG = 44.7 ± 13.3

Brain injury
Trail Making Part B 
(seconds)

Relaxation
AT (cycloergometer)  
(60-80% HRmax)

 30 min
 3 days
 12 wk

Tang et al. (2016)
EG = 25
CG = 20

50-80 years;  
EG = 66 (62-71);  
CG = 64 (62-75)

> year STR; no 
aneurysms, tumours or 
infections 

Trail Making Part B 
(seconds)

FFL and balance  
(<40% HRres) 

AT (cycloergometer)  
(80% HRres) 

 60 min 
 3 days 
 24 wk

Khattab et al. (2020) 
EG = 25
CG = 25

50-80 years;
MEG= 66.2; FEG = 65.6; 
MCG = 64.8; FCG = 70.1

>1 year STR; W ski; 50-
80 years

FL and balance  
(<40% HRres)

AT (walking, ergometer, step-ups, etc.) 
(40-80% HRres)

 60 min
 3 days
 24 wk

Studenski et al. (2005) 
EG = 44
CG = 49

EG = 68.5 ±   9.0  
CG = 70.4 ± 11.3

30-150 days post STR;  
W ski 25 steps

FIM
Usual care: physiotherapy 
and health recommendations

ST with resistance bands, balance and 
AT (ergometer))

 60 min
 3 days
 12 wk

Kim & Yim (2017)
EG = 14
CG = 15

EG = 50.71 ± 14.81; 
CG = 51.87 ± 17.42

3 months post STR, 
cognitive skills in good 
condition, W ski 10 m

KMOCA
Conventional physical 
therapy

Conventional physical therapy + 
physical exercise (ST of the upper 
limbs and AT with ergometer)

 60 min
 3 days
 6 wk

Ozdemir et al. (2001) 
EG = 30
CG = 30

43-80 years;
EG = 50.71 ± 14.81;  
CG = 51.87 ± 17.42

Patients with STR MMSE
Recommendations for the 
home

ST and FL
 120 min
 5 days
 8 wk

Quaney et al. (2009) 
EG = 19
CG = 19

EG = 64.10 ± 12.30;  
CG = 58.96 ± 14.68

> months post STR; 
mobility both H

Trail Making Tests Parts 
A and B

FL in the home AT (cycloergometer) (70% HR max)
 45 min
 3 days
 8 wk

Immink et al. (2014) 
EG = 11
CG = 11

EG = 56.1;  
CG = 63.2

>1 year STR
Stroke Impact Scale 
domains

None Yoga
 90 min
 6 days
 10 wk

Bo et al. (2019)
EG = 42
CG = 47

EG = 65.12 ± 2.56;  
CG = 64.36 ± 2.31

>6 months STR; conscious 
to understand verbal 
instructions, no serious 
medical conditions

Trail Making Part B Cognitive training
AT, ST and balance  
(Borg scale 13-15)

 50 min
 3 days
 12 wk

Note. EG: experimental group; CG: control group; MEG: male experimental group; FEG: female experimental group; MCG: male control group; FCG: female control group; H: hemispheres; ski: skills; AT: 
aerobic training; ST: strength training; FL: flexibility; STR: stroke; W: walking; min: minutes; wk: weeks.
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Experimental group Control group SMD 95% IC p

N M SD N M SD

Bateman et al. 70  4.20 0.44 72 3.20 0.42 2.33 1.9; 2.8 <.001

Tang et al. 25  2.70 3.53 25 2.50 3.93 0.05 -0.5; 0.6 .850

Khattab et al.-1 11  19.50 5.67 15 36.30 4.77 -3.25 -4.5; -2.1 <.001

Khattab et al.-2 8  10.80 4.15 10 0.60 3.66 2.63 1.3; 3.9 <.001

Studenski et al. 44  0.40 0.24 49 0.40 0.25 0.00 -0.4; 0.4 1.000

Kim & Yim 14  2.64 1.00 15 0.84 0.81 1.99 1.1; 2.9 <.001

Ozdemir et al. (MMSE) 30  4.83 5.03 30 2.03 2.12 0.73 0.2; 1.3 .007

Ozdemir et al. (FIM) 30  59.63 14.19 30 12.30 12.30 3.56 2.7; 4.4 <.001

Quaney et al. 19 7.95 2.31 19 0.90 2.18 3.14 2.2; 4.1 <.001

Immink et al. 11  11.50 1.74 11 -2.50 1.93 7.62 5.1; 10.1 <.001

Bo et al. 42  11.95 1.09 47 3.36 1.15 7.66 6.4; 8.9 <.001

Total 2.26 1.0; 3.5 <.001

I2=97% (95% CI=96% to 98%); Rosenthal tolerance index=1336
Overall effect test: Z = 3.63 (p=.00028)

Figure 2
Effects of physical exercise programmes on cognitive function versus control programmes in post-stroke patients.
Note. N: sample size; M: mean; SD: standard deviation; SMD: standardised mean difference; 95% CI: 95% confidence interval; p: p  significance value.

0

-2.5 2.5 5 10

Control group Experimental group

2.26
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Table 3 
Analysis of the effect of physical exercise programmes on cognitive function by length in weeks, weekly frequency, session length and type of physical exercise programme implemented. 

Authors G SMD 95% CI SMD 95% CI p

Age

< 65 years Bateman et al. 2001; Kim & Yim, 2017; Ozdemir et al. 2001; Immink et al. 2014 5 23.47 7.3; 39.6
1.82 0.4; 3.3 .014

≥ 65 years Tang et al. 2016; Khattab et al. 2020; Studenski et al. 2005; Quaney et al. 2009; Bo et al. 2019 6 4.47 –2.8; 12.3

Weeks

< 12 wk Kim & Yim, 2017; Ozdemir et al. 2001; Quaney et al. 2009; Immink et al. 2014 5 21.97 4.4; 39.6
1.33 0.0; 2.7 .051

≥ 12 wk Bateman et al. 2001; Tang et al. 2016; Khattab et al. 2020; Studenski et al. 2005; Bo et al. 2019 6 6.02 –3.3; 15.3

Frequency

3 ses/wk Bateman et al. 2001; Tang et al. 2016; Khattab et al. 2020; Quaney et al. 2009; Bo et al. 2019 7 6.66 –1.0; 14.3
–1.16 –2.5; 0.2 .091

> 3 ses/wk Kim & Yim, 2017; Ozdemir et al. 2001; Immink et al. 2014 4 24.83 1.6; 48.1

Session length

< 60 minutes Bateman et al. 2001; Quaney et al. 2009; Immink et al. 2014; Bo et al. 2019 4 9.35 –7.9; 26.6

–0.44 –1.7; 0.8 .492
≥ 60 minutes Tang et al. 2016; Khattab et al. 2020; Studenski et al. 2005; Ozdemir et al. 2001; Kim & Yim, 2017 7 15.51 1.9; 29.8

Exercise type AT vs. ST (groups)

AT Bateman et al. 2001; Tang et al. 2016; Khattab et al. 2020; Quaney et al. 2009 5 10.46 3.3; 17.6
–1.88 –3.7; –0.1 .039

ST Ozdemir et al. 2001; Immink et al. 2014 3 28.87 –8.1; 65.9

Exercise type AT vs. AT+ST (groups)

AT Bateman et al. 2001; Tang et al. 2016; Khattab et al. 2020; Quaney et al. 2009 5 10.46 3.3; 17.6
1.11 –0.5; 2.7 .163

AT+ST Studenski et al. 2005; Kim & Yim, 2017; Bo et al. 2019 3 2.34 –21.5; 26.2

Exercise type ST vs. AT+ST (groups)

ST Ozdemir et al. 2001; Immink et al. 2014 3 28.87 –8.1; 65.9
2.12 –0.1; 4.3 .056

AT+ST Studenski et al. 2005; Kim & Yim, 2017; Bo et al. 2019 3 2.34 –21.5; 26.2

Note. G: groups; AT: aerobic training; ST: strength training; ses: sessions; wk: week.
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Discussion
The first objective of this systematic review with meta-
analysis was to determine the effect of physical exercise 
on cognitive function in post-stroke patients.

The meta-analysis revealed that physical exercise has a 
significant positive effect on cognitive function compared to 
the control group. These results are in line with other research 
(Cumming et al., 2012; Oberlin et al., 2017). Cumming 
et al. (2012) conducted a systematic review including 12 
studies. Their meta-analysis of nine of the studies showed an 
improvement in favour of the experimental group, although 
it was not significant (SMD= 0.20; p = .719). Oberlin et al. 
(2017) performed their meta-analysis including a total of 14 
RCTs. These authors also found a significant improvement 
(SMD = 0.304; p < .001).

It should be noted that both Cumming et al. (2012) and 
Oberlin et al. (2017) featured physiotherapy intervention 
programmes in their inclusion criteria in addition to physical 
exercise programmes. In this regard, this meta-analysis 
has a larger effect size on cognitive function than these 
studies. Similarly, two of the studies included in this 
systematic review (Kim & Yim, 2017; Studenski et al., 
2005) used a physiotherapy programme in the control group. 
Studenski et al. (2005) show the same results after applying 
both programmes, while Kim and Yim (2017) obtained 
significantly better results in the physical exercise group. 
These findings suggest that a physical exercise programme 
can reduce the cognitive decline caused by stroke and its 
effect may be greater than that achieved with a physiotherapy 
programme.

The second objective of this systematic review with 
meta-analysis was to synthesise the original studies on the 
effect of physical exercise programmes on cognitive function 
in post-stroke patients by identifying the best frequency, 
length and type of programme.

As for the age of the participants in this research, four 
studies implemented their physical exercise programmes 
in adults (<65 years) (Bateman et al., 2001; Immink et al., 
2014; Kim & Yim, 2017; Ozdemir et al., 2001) while five 
studies used programmes in older adults (≥65 years) (Bo et 
al., 2019; Khattab et al., 2020; Quaney et al., 2009; Studenski 
et al., 2005; Tang et al., 2016). The eexamination of whether 
there were differences in the effect of the physical exercise 
programme on cognitive function by age suggests that 
adults improved significantly more than older adults. This 
might be due to the relationship between age and cognitive 
decline. Cognitive decline is considered an inevitable part 
of ageing and can range from mild cognitive impairment to 
chronic neurodegenerative disease (Karantzoulis & Galvin, 
2011). Programmes aimed at older post-stroke patients 
should probably include other aspects. A systematic review 
of healthy older adults showed greater improvements in 
cognitive function after programmes that combined physical 

exercise and cognitive training compared to those that 
featured only physical exercise (Gheysen et al., 2018). The 
paper by Bo et al. (2019) compared a combined training 
programme with a cognitive training programme and found 
that the combined training programme yielded greater 
cognitive function benefits than the cognitive training 
programme. Consequently, programmes that include a 
multi-component approach and cognitive training are 
recommended.

The mean length of the programmes was 13.6 weeks, 
with an average frequency of 3.8 sessions per week and 
55.5 minutes per session. In this regard, the analysis showed 
that there was no difference between using a programme of 
more than 12 weeks or a shorter one, and that a frequency of 
more than three sessions per week or a longer session length 
does not lead to greater improvements in cognitive function. 
These results are in line with a recent meta-analysis on the 
effect of physical exercise on cognitive function in healthy 
older adults (Gheysen et al., 2018). The meta-analysis by 
Oberlin et al. (2017) indicated greater improvements in 
studies which conducted an intervention lasting less than 
three months. Our results exhibit the same tendency, although 
it is not significant. These findings might be due to non-
compliance with the training principles used in exercise 
programmes targeting post-stroke patients, in particular the 
principle of progression. A recent systematic review showed 
that the training principles employed in physical exercise 
programmes in this population are inconsistent (Ammann 
et al., 2014). Accordingly, it is recommended that physical 
exercise programmes in post-stroke patients designed to 
improve cognitive function pay special attention to training 
principles and last at least six weeks with a frequency of 
three sessions per week and a per-session length of at least 
30 minutes.

In relation to the type of physical exercise programme, 
five subgroups used aerobic exercise programmes (Bateman 
et al., 2001; Khattab et al., 2020; Quaney et al., 2009; Tang 
et al., 2016), three subgroups applied strength programmes 
(Immink et al., 2014; Ozdemir et al., 2001) and three 
employed combined programmes (Bo et al., 2019; Kim 
& Yim, 2017; Studenski et al., 2005). The analysis shows 
that sessions implementing strength exercises were more 
beneficial than those that included aerobic exercise work. 
However, this difference ceases to be significant after the 
group presenting an extreme change in the cognitive function 
variable is removed (Ozdemir et al., 2001). Similarly, the 
group of studies using strength programmes does not include 
older adults, compared to the aerobic training group, which 
includes four studies with older adults (Bateman et al., 
2001; Khattab et al., 2020; Quaney et al., 2009; Tang et al., 
2016), and the combined training group, which includes 
one (Studenski et al., 2005). These results are in line 
with those produced by the meta-analysis conducted by 
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Oberlin et al. (2017). These authors show that aerobic-only 
training did not show positive results in terms of cognitive 
function, whereas strength training did. However, they do 
not indicate whether these differences between groups were 
significant. Thus, aerobic training increases cerebral blood 
volume (Pereira et al., 2007), while strength training fosters 
greater vascularisation and improves essential supply to the 
brain, meaning that they both improve cognitive function 
(Tsai et al., 2015). Similarly, an increase in brain-derived 
neurotrophic factor (BDNF) protein has been linked to 
exercise in the improvement of cognitive function (Winter et 
al., 2007). The number of RCTs needs to be increased so as 
to identify the type of exercise which is most recommended 
for improving cognitive function in stroke patients.

Practical application
This systematic review with meta-analysis shows that a 
physical exercise-only programme delivers significant 
positive results for cognitive function in post-stroke patients. 
However, other variables such as participant age and training 
principles need to be addressed in order to maximise the 
benefits. These results herald a new finding for doctors and 
physical trainers with regard to reducing cognitive decline 
in these patients and thus improving their quality of life. 
It is recommended that a physical exercise programme in 
post-stroke patients intended to enhance cognitive function 
should pay special attention to training principles, be based 
mainly on strength exercises and last at least six weeks with 
a frequency of three sessions per week and a per-session 
length of at least 30 minutes.

Limitations
The main limitation of this systematic review with meta-

analysis is the small number of RCTs conducted to date. 
This aspect constrains comparisons between groups and 
means that the number of original RCT investigations needs 
to be increased. Another limitation is that all the studies 
do not all use the same tool to assess cognitive ability and 
the results had to be translated into percentages in order to 
draw comparisons.

Conclusions
A physical exercise programme significantly improves 
cognitive function in post-stroke patients and its effect may 
be greater than that of rehabilitation programmes.

Combined programmes of physical exercise and cognitive 
training will probably be needed in post-stroke older adults 
compared to younger and middle-aged adults due to age-
related cognitive impairment.

It is recommended that a physical exercise programme 
in post-stroke patients with the aim of improving cognitive 
function pay special attention to training principles and last 
at least six weeks with a frequency of three sessions per 
week and a per-session length of at least 30 minutes.

There is moderate evidence that suggests that strength 
training programmes are the most beneficial in improving 
cognitive function in this population. However, more 
research is needed to indicate which type of physical exercise 
programme is most helpful for post-stroke patients.
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