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Abstract

Background Cognitive impairment was a common sequela among stroke survivors, and exercise intervention was a promis-
ing non-pharmacological treatment modality for it.

Purpose To explore the effects of exercise intervention programs on cognitive and motor function in patients with cognitive
impairment after stroke.

Study design Systematic review and meta-analysis.

Methods Seven online databases (PubMed, Embase, Cochrane Library, Web of Science, Scopus, PsycInfo, and SPORTDis-
cus) were searched from their inception to 10 February 2022. Randomised controlled trials (RCTs) comparing the effects of
exercise with non-exercise rehabilitation, using the Montreal Cognitive Assessment, Addenbrooke’s Cognitive Examination,
Mini-Mental State Examination, Trial Making Test, Upper and Lower Extremity Fugl-Meyer Assessment, Berg Balance
Scale, and Barthel Index, were selected. Calculations for each assessment were performed for the overall effect and the
therapy of interest, taking into account the effect of stroke severity or stimulus parameters.

Results Twelve RCTs involving 975 participants and investigating nine different types of exercise interventions were
included. The results were not affected by participant characteristics or reactive balance outcomes. Our results emphasise
the importance of lightweight and operable aerobic exercises. Exercise itself had a high potential to improve cognitive
impairment and motor function after stroke.

Conclusions Exercise had significant positive effects on alleviating cognitive and motor impairments after stroke.

Keywords Exercise - Cognitive dysfunction - Stroke - Motor function - Cognitive function

Introduction

Post-stroke cognitive impairment (PSCI) refers to different
types and degrees of cognitive impairment caused by acute
cerebrovascular disease [1] and emphasises cognitive impair-
ment that occurs or worsens after stroke events [2]. PSCI
Wenxuan Li and Ziyan Luo contributed equally to this work. is one of the most common complications of stroke. More
than 20% of patients with stroke develop cognitive impair-
ment within the first 3 months after stroke onset [3]; of these,
approximately 1/3 will develop dementia within 5 years [4].
Because cognitive impairment interferes with patients’ per-
ception and adaptability to the external environment, patients
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At the same time, the risk of falls increases, which could
induce secondary stroke and even threaten life. Cognitive
impairment seriously restricts the overall rehabilitation pro-
cess in patients with stroke. Therefore, early intervention is
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particularly important in patients with PSCI. The European
Stroke Organisation and European Academy of Neurology
joint guidelines on PSCI [5] pointed out that hypertension
treatment was an important aspect of PSCI prevention and
that controlling hyperlipidaemia might be beneficial to PSCI
prevention. Exercise is a very effective treatment for both
hypertension and hyperlipidaemia.

However, because the long-term efficacy of drug inter-
vention is not clear and may produce adverse reactions, an
increasing number of researchers have tended to use aerobic
exercise, cognitive, and dietary interventions [6]. However,
the optimal clinical prevention and treatment plan for PSCI
remains controversial. PSCI-related content has rarely been
mentioned in national and international stroke treatment
guidelines. With the development of a large number of large-
scale cohort studies and other studies, the correlation between
clinical and evidence gradually changed, which would help
to better understand and manage [7]. Although many studies
have used exercise to improve PSCI, relatively unified opin-
ions are lacking, and few meta-analyses have been conducted
on the impact of exercise in patients with PSCI.

In this meta-analysis, the efficacy of different types of
exercise interventions on cognitive function was compared
with the results of previous RCTs to determine the best exer-
cise therapy that will protect cognitive function in PSCI.
The European Stroke Organisation and European Academy
of Neurology joint guidelines on PSCI [5] suggest that stud-
ies related to PSCI should consider the similarities and dif-
ferences between post-stroke dementia and other dementia
subtypes or brain injuries. In this study, the health and living
conditions of patients were regarded as two parts of interac-
tion, and the impact of exercise on cognitive and motor func-
tions and quality of life of patients with PSCI was analyzed
comprehensively and innovatively..

Method

The protocol was prospectively registered in the PROSPERO
database (CRD42022315163) and conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension statement for meta-analyses [8].

Search strategy

An information specialist developed the search strat-
egy and searched seven electronic databases: PubMed,
Embase, Cochrane Central Register of Controlled Tri-
als (CENTRAL), Web of Science, Scopus, PsycINFO
(EBSCO), and SPORTDiscus with Full Text (EBSCO),
from the inception date to 10 February 2022. In addition,
one trial registry, ClinicalTrials.Gov, was searched from
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its inception date to February 2022 to identify registered
trials and relevant reports. No restrictions were applied on
the date, language, or publication status.

A combination of the following keywords was employed
for the database search: “Stroke*” OR “Apoplexy” OR
“cerebrovascular accident” OR “brain vascular accident”
AND “Cognitive Dysfunction*” OR “Cognitive Impair-
ment” OR “neurocognitive disorder” OR “cognitive
decline” AND “Exercise*” OR “physical activit*” OR
“isometric*” OR “aerobic*” AND “randomized controlled
trial” OR “randomized” OR “placebo”.

Considering the various sport types, the researchers
conducted additional searches in the seven databases
according to the specific classification of sports. The
interventions searched were as follows: “Stretch*” OR
“Strengthen*” OR “walk*” OR “jog*” OR “run*” OR
“cycl*” OR “pilates” OR “yoga” OR “tai chi” OR “ai chi”
OR “swim*” OR “dance”. Although a larger dataset would
offer further insight, no other relevant literature could be
included.

Eligibility criteria

Studies were included if they met the following criteria:
(1) adults (> 18 years) diagnosed with cognitive impair-
ment after stroke were enrolled; (2) the treatment group
received an exercise intervention, defined by the Ameri-
can College of Sports Medicine as any activity using large
muscle groups maintained continuously and typically per-
formed for extended periods on devices or ergometers
(American College of Sports Medicine 2009) includ-
ing progressive resistance programmes, and a detailed
description of the exercise intervention, including inten-
sity, duration, and frequency, was provided; (3) the
control group was given routine non-drug intervention,
including balanced diet, health education, routine reha-
bilitation training, etc.; (4) cognitive function and motor
function were included as one of the outcome measures
(primary or secondary); and (5) randomised controlled
trials.

The exclusion criteria were as follows: (1) studies that
focussed on patients with Parkinson’s or Huntington’s dis-
ease, epilepsy, multiple sclerosis, diabetes, cognitive impair-
ment, or mental illness such as schizophrenia (in addition
to being directly related to cognitive dysfunction disease,
these diseases are often associated with different pathologi-
cal changes and may interfere with the effects of exercise on
cognitive function) and (2) studies that examined the effects
of acute exercise. If multiple articles were from the same
study and reported the same or overlapping results, only the
most recently published articles were included.
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Study selection

The search results were managed using Endnote software.
After exporting the references and removing duplicates
and/or language other than English, one author screened
the titles and abstracts of all identified references. A
second reviewer independently screened the titles and
abstracts identified from the primary source of RCTs
(CENTRAL), comprising more than half of the search
results. The main screener missed none of the studies
eventually included in the review, indicating a low likeli-
hood that trials were missed in other sources. The full
texts of all potentially relevant trials were subsequently
retrieved and reviewed to confirm the final eligible trials.
Any disagreements were resolved via consensus, and when
any disagreement was elusive, a third reviewer acted as
an arbiter.

Data extraction

Data were extracted independently by two researchers,
using a self-designed statistical form based on the Cochrane
handbook [9]. The form included study characteristics (first
author’s name, publication year, title, study design, and set-
ting), participant characteristics (type of cognitive impair-
ment, sample size, average age, and sex ratio), interventions
(type, frequency, intensity, duration per session, length of
intervention, and comparator information), and outcomes
(relevant statistics at the endpoint of the intervention for esti-
mating effect sizes, such as mean, standard deviation, and
outcome indicators). Where relevant statistics were incom-
pletely reported, the mean and standard deviation based on
the sample size, median, range, and p-value were estimated
according to the Cochrane handbook [9].

During data extraction, the Chinese guidelines [10] for the
diagnosis and treatment of dementia and cognitive impair-
ment were referred to for the classification of cognitive func-
tion, and the Physical Activity Guidelines for Americans
[11] and previous systematic reviews were referred to for
the classification of exercise interventions [12].

Risk-of-bias assessment

Risk of bias was assessed by two authors using the Cochrane
Collaboration’s risk-of-bias tool [9]. Considering the charac-
teristics of exercise intervention, it was impossible to blind
participants in the included studies. Thus, only six categories
of risk of bias were assessed: random sequence generation,
allocation concealment, outcome assessor blinding, incom-
plete data, selective reporting, and other sources of bias.
Disagreements were resolved by the corresponding authors.

Data synthesis and analyses

The data were analysed using RevMan 5.4.1. Continuous
data were analysed using mean differences (MD). First, the
chi-square test was used to determine whether there was
heterogeneity among the studies. If P> 0.1 and I> < 50%,
heterogeneity was considered to be absent among the stud-
ies, and the fixed effects model was used for analysis; if
P <0.1 and I?>50%, heterogeneity was considered to be
high among the studies, and the random effects model was
used for analysis. There were five different scales for the
outcome indicators of cognitive function, and exercise
intervention types could be roughly divided into aerobic
and anaerobic. Therefore, subgroup analysis was used to
determine the impact of exercise on cognitive function from
different perspectives.

Results
Study selection

A total of 506 records were retrieved from electronic data-
bases, and seven additional records were obtained from
other sources; of these, 413 studies remained after remov-
ing duplicates and screening titles and abstracts. Following
elimination due to duplication and/or language other than
English, single-case reports, irrelevant titles or abstracts,
and expert opinions, 97 studies were fully screened. Finally,
12 eligible trials published between 2005 and 2022 were
included, with sample sizes ranging from seven to 595. The
studies were classified according to seven different indica-
tor types: the cognitive tests were performed in Montreal
Cognitive Assessment (MoCA) (n=4), Addenbrooke’s
Cognitive Examination (ACE) (n=2), Trial Making Test
(TMT) (n=4), and Mini-Mental State Examination (MMSE)
(n=1); motor function was estimated in Fugl-Meyer Assess-
ment (FMA) (n=2); balance function was supervised in
Berg Balance Scale (BBS) (n=5); and Barthel Index used
for assessment of activities of daily living (n=2). The
pooled sample size was 971.

The MoCA is mainly used to assess mild cognitive disor-
ders and has a reliability of 0.736 Cronbach’s alpha in patients
with stroke with cognitive impairment. The TMT test requires
maintaining two types of parallel thinking abilities: alteration
of cognitive function such as set shifting ability and backward
inhibition. The ACE test has high sensitivity in screening mild
cognitive impairment and dementia.

There was excellent reviewer agreement regarding study
selection. The absolute inter-rater agreement for the screen-
ing procedures was 96%. The identification process is illus-
trated in Fig. 1.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Fig. 1 Study selection flow diagram
Risk of bias 0%, respectively). Detailed information regarding the risk of

A summary of the risk of bias assessment across all the
included studies is presented in Fig. 2. The percentages of
studies with low, unclear, and high risks of bias for the indi-
vidual items were as follows: random sequence generation
(75.0%, 25.0%, and 0%, respectively); allocation concealment
(58.3%, 33.3%, and 8.3%, respectively); blinding of partici-
pants and personnel (41.7%, 50.0%, and 8.3%, respectively);
blinding of outcome assessors (66.6%, 33.3%, and 0%, respec-
tively); incomplete outcome (83.3%, 8.3%, and 8.3%, respec-
tively), and selective outcome reporting (66.6%, 33.3%, and

bias for the included studies is shown in Fig. 3.
Details of the interventions

The main features of the 12 included studies are summarised
in Table 1. Among the eligible trials, 10 employed an aerobic
intervention programme [13-22], one focussed on resistance
exercise of the more-affected lower limb [23], and one examined
the effect of strength (major muscle groups of the upper and
lower extremities using elastic bands and body weight), balance,
and endurance (using an exercise bicycle) [24].

Fig. 2 Risk of bias graph
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Fig.3 Risk of bias summary

Of the 10 trials that implemented an aerobic pro-
gramme, two combined it with patients’ daily routines
[20, 22], including out-of-bed activities (without any extra
time and equipment) such as sitting, standing, and walk-
ing. Two studies used professional physical activity pro-
grammes with multiple choices of equipment types [13,
15]. Four studies focussed on one exercise with related
facilities, including handgrip and treadmill-based weight
loading training [16], walk training on a treadmill with
BWS [17], aerobic exercise on a bicycle ergometer [19],
and golf training [21]. Two studies conducted the Baduan-
jin exercise programme [14, 18].

Studies differed in length and number of sessions per
week; three studies lasted for 6 months [14, 15, 18], eight
lasted between 6 and 119 weeks [13, 16, 17, 19-21, 23],
and one applied flexible duration according to the practical
situation of participants, lasting 14 days or until discharge
from the acute stroke unit [22]. Eight studies scheduled their
training sessions twice or three times a week [14, 16, 18-21,
23, 24], one held weekly sessions [15], and three conducted
five to seven sessions per week [13, 17, 22].

Table 2 presents the main characteristics of the partici-
pants of these studies. In addition to the indicators presented
in Table 2, two RCTs considered the education level of
patients. Considering that the education level did not have a
significant impact on each experiment included in the study,
it is not included in Table 2.

Outcomes of meta-analysis

The primary cognitive tests commonly performed in the
eligible studies were the MoCA, ACE, and TMT. The
secondary outcome indicators were motor function, bal-
ance function, and ability of daily living. The evaluation
tools used were the FMA and BBS. Activities of daily
living (ADL) were assessed using the modified BI, a
widely used standard scale for assessing functional dis-
ability in basic ADL [25].

Effects of exercise on cognitive function in patients
with PSCI

Eight studies evaluated the effects of exercise on cognitive
function in patients with PSCI. Four of them reported MoCA
scores, two reported ACE scores, and four reported TMT
scores. In addition, only one study reported MMSE scores
[15], showing that aerobic exercise had a positive influence
on cognitive function in patients with PSCI.

Effects of aerobic exercise on MoCA scores
Four studies reported the effect of aerobic exercise on the
MoCA scores of patients with PSCI. The intervention dura-

tion of one study [14] was significantly longer than that of
the other three (24 weeks). Therefore, three studies were

@ Springer
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Fig.4 Forest plot representing

Control Std. Mean Difference Std. Mean Difference

. ) . _ Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, R 95% Cl
the effect size of the studies Fary Khan 2016 252 33 52 253 32 51 7.8% -0.03 [-0.42,0.36] ¢
examining efﬁcacy of aerobic Jongeun Yim 2017 2342 685 14 2226 497 15 22% 0.19[-0.54,0.92] * >
. Toby B. Cumming 2018 219 59 595 218 59 5% 90.0% 0.02-0.10, 0.13] —i—
exercise on MoCA score
Total (95% CI) 661 660 100.0% 0.02 [0.09, 0.12] ’

Heterogeneity: Tau? = 0.00; Chi? = 0.27, df = 2 (P = 0.87); 1= 0%

Test for overall effect: Z=0.31 (P = 0.76)

included in the meta-analysis. Heterogeneity was observed
among the three studies (12=43%, P=0.62), which was
analysed using a random-effects model. The meta-analysis
showed that there was no significant difference in cognitive
function between the experimental and control groups after
exercise training [MD = —0.39, 95% confidence interval
(CI)= —1.93 to 1.16]. A forest plot representing the effect
sizes of the studies included in this meta-analysis is shown
in Fig. 4.

Effects of aerobic exercise on ACE scores

Two studies reported the effect of aerobic exercise on the
ACE scores of patients with PSCI. There was heterogeneity
between the two studies (I2 =0%, P<0.01), which was ana-
lysed using a random-effects model. The results showed that
the ACE score of the exercise group was higher than that of
the control group (MD=3.91,95% CI=1.31to 6.51). A for-
est plot representing the effect sizes of the studies included
in this meta-analysis is shown in Fig. 5.

Effects of exercise on TMT scores

Four RCTs, which used the TMT-A and TMT-B as indi-
cators, were included in the present study. One used

Fig.5 Forest plot representing

Experimental

-01 -005 0 0.05 0.1
Favours control Favours exercise

resistance exercise as an intervention and showed that
the TMT-A and TMT-B scores of the exercise group were
higher than those of the control group [23]. The other
three focussed on aerobic exercise. Among these three
studies, the intervention frequency of one trial [15] was
once per week, which was lower than that of the other
two. Therefore, two studies were meta-analysed using a
randomised effect model. Results showed that there was
no significant difference in cognitive function between
the experimental and control groups after exercise train-
ing (TMT-A: [95% CI= —80.64 to 62.4), P=0.001];
TMT-B: [95%CIl= —111.74 to 61.89), P=0.009]). Fig-
ure 6 illustrates the forest plot representing the effect
sizes of the studies included in this meta-analysis.

Effects of exercise on motor function of PSCl patients

Two studies reported the effect of aerobic exercise on FMA
scores in patients with PSCI. The results showed that the
FMA score of the exercise group was higher than that of the
control group (MD=6.39, 95% CI=1.46 to 11.33). A forest
plot representing the effect sizes of the studies included in
this meta-analysis is shown in Fig. 7.
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Effects of exercise on balance function in patients with PSCI

Five studies reported the effect of exercise on the BBS
scores of patients with PSCI. Among these studies, one
focussed on resistance exercise, showing that the BBS
score of the exercise group was higher than that of the
control group [23]. The other four studies focussing on
aerobic exercise were analysed using standardised mean
difference. There was heterogeneity among the four
studies (12 =84%, P <0.01), which was analysed using a
random-effects model. After clinical heterogeneity was
discussed, it was analysed in subgroups. The intervention
was divided into two groups according to the number of
weeks of intervention duration: < 12 and > 12 weeks of
intervention. The results showed that the BBS score of
the exercise group was higher than that of the control
group (MD =7.04, 95% CI=1.90 to 12.18). Figure 8
illustrates the forest plot representing the effect sizes of
the studies included in this meta-analysis.

Effects of exercise on ADL in patients with PSCI

Two studies reported the effects of exercise on ADL using
the BI in patients with PSCI. One study applied Baduanjin
training as an intervention [14], while the other focussed
on strength, balance, and endurance exercise [24]. Both
studies concluded that exercise improved the ADL of the
participants.
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Study or Subgroup Mean

Fig. 8 Forest plot representing

SD Total Mean
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Discussion

Methodological quality of included studies

Among the 12 RCTs included in this analysis, blinding of
patients and interveners in post-stroke rehabilitation training
was difficult; therefore, the evaluator was single blinded. Nine
(75%) of the 12 articles described the specific random method
and process, seven (58.3%) reported the method of hiding
the allocation scheme, and eight (66.6%) used the result
evaluator blind method. Ten (83.3%) articles reported loss
of cases and explained the reasons for withdrawal. The loss
rate was 0-33.5%. Eight (66.6%) articles used intention analy-
sis. All studies compared the baseline data of patients’ age,
sex, pathological grade and stage, treatment plan, and so on.
The results showed that the baseline values of patients in the
experimental and control groups were comparable (P >0.05).

Most of the included studies had medium methodological
quality. Because the rehabilitation training methods used in
most studies were similar, the outcome evaluation indices varied
greatly. Even for the same outcome index, the evaluation methods
were the same; therefore, meta-analysis could not be performed.

Methods of exercise training

According to a comprehensive literature review, the exercise
patterns suitable for patients with PSCI include two categories:
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low-intensity aerobic exercise and low-intensity impedance
exercise in line with the participants’ own ability.

Regardless of the type of the exercise pattern, early ini-
tiation was advocated under the guidance of professionals,
and safety should be guaranteed to prevent adverse reac-
tions. Exercise training should last between 3 months and
2 years. The following could be strengthened step by step
and adjusted in a timely manner according to individual
fitness.

In the included studies, few experiments using anaerobic
exercise as an intervention measure were performed. By ana-
lysing these experiments separately, we found that anaerobic
exercise was as effective for PSCI as aerobic exercise. How-
ever, the specific duration and frequency of interventions
require further analysis in future research.

Exercise improves cognitive function in patients
with PSCI

After stroke, due to damage to a brain region or neural net-
work, the overall cognitive function of most patients is in a
state of decline [26]. Cognitive impairment is mainly mani-
fested in impaired functions such as attention, memory, lan-
guage ability, visuospatial ability, and executive ability [27].
A recent study has shown that after intervention with moder-
ate-intensity aerobic exercise, the amplitude of event-related
potential in patients with PSCI increased and latency short-
ened. Moderate-intensity aerobic exercise improves overall
cognitive ability and control of attention [28]. The 2019
Canadian Stroke Best Practice Guide [29] recommended that
exercise be considered as an adjuvant therapy for cognitive
impairment, including attention, memory, and execution. A
meta-analysis showed that starting low- to medium-intensity
exercise early after stroke could improve patients’ cognitive
functions in learning ability, memory, and attention, while
improving patients’ balance and coordinating limb move-
ment [30]. The results of this meta-analysis showed that the
ACE score of the exercise group was significantly higher
than that of the control group (P <0.05). According to the
meta-analysis of the MoCA score, one study [13] did not
present positive result. Through the analysis of the specific
content, the negative result was achieved irrespective of vari-
ability in duration of exercise programmes, which suggests
the need for engagement of patients in extra activities during
their hospital stay and the longer term in the community.
Although the results of this meta-analysis of the TMT score
were not completely positive, considering that the interven-
tion duration of the included studies was not long enough,
we could separately take the results of these three studies
into consideration, which all reported that exercise improved
cognitive function in patients with PSCI. It was also consist-
ent with the results of Ravichandran et al. [31].

@ Springer

Exercise has been recognised and confirmed as a clinical
method for the treatment of PSCI in many studies. Exercise
improves PSCI in several ways. First, exercise reportedly
reduces the risk of progression from mild cognitive impair-
ment to dementia [32]. Second, exercise interventions have
significant therapeutic advantages in the community. Regu-
lar exercise plays an extremely important role in delaying
decline in cognitive function and in improving symptoms
of chronic diseases. It has the advantages of low cost, high
efficiency, simplicity, ease of use, safety, and no adverse reac-
tions and can be well integrated with health education. It
has broad application prospects in the field of health man-
agement. It is a dynamic and effective way for the elderly
to undergo important interventions in the process of con-
tinuous health management [32]. From the point of view of
biological mechanisms, exercise could improve cognition
in patients with mild PSCI by improving cardiorespiratory
function, reducing the volume of cerebral atrophy, increasing
cerebral blood flow, promoting the establishment of brain
neural networks, improving the metabolism of brain tissue,
and stimulating the central nervous system [33]. Moreover,
exercise also reduces stroke risk factors, such as coronary
atherosclerotic heart disease and type 2 diabetes mellitus.
The occurrence of common diseases like hypertension may
delay its occurrence [34]. The 2017 practice guide of the
American Academy of Neurology on mild cognitive impair-
ment indicated that exercise twice a week was beneficial for
the recovery of cognitive function in patients with cognitive
impairment [35].

However, MMSE and MoCA are cognitive screen-
ing scales with low sensitivity to attention and memory.
The mechanism of the effect of exercise on attention and
memory is still in the research stage. At present, some
scholars have put forward their own views to elaborate this
problem. Through research, it is found that visuospatial
working memory is highly correlated with other cognitive
fields, especially attention and executive function. Working
memory and attention often involve overlapping frontopa-
rietal brain regions [36]. In general, patients with memory
impairment often suffer from subcortical areas (such as
hippocampus) outside the prefrontal or medial temporal
lobe structures [37, 38]. The study found that, when aero-
bic exercise is included in the intervention measures, the
level of the serum brain-derived neurotrophic factor can be
increased to enhance the synaptic plasticity of neurons in
the hippocampus, thus avoiding the reduction of the volume
of the hippocampus, thus improving the memory function
related to the function of the hippocampus, etc. [39], It can
also increase cerebral perfusion, improve neurotransmit-
ter conduction function, and increase the thickness of the
cortex layer in the frontotemporal area and the volume of
hippocampus [40].
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Exercise improves motor function and balance
ability in patients with PSCI

The FMA score of the exercise group was higher than that of
the control group (P <0.05), proving that exercise improves
motor function in patients with PSCI. This might be because
the patients had mastered the correct exercise skills again
through repeated and regular coordination training during
exercise. By inputting the repeated and strengthened normal
movement mode into the brain for stimulation, the move-
ment of the motor area of the cerebral cortex was “shaped”,
and the limb movements of the patients were coordinated
and random to the greatest extent, which promoted recov-
ery of the motor ability of the affected limbs, improved the
self-care ability of the patients, and effectively reduced the
incidence of disuse and misuse atrophy and deformation of
the hemiplegic limbs [35]. The process of exercise interven-
tion focuses on cultivating the brain’s ability to dominate
and regulate limbs and muscles, promoting flexibility and
coordination in the training process, and improving body
function. At the same time, it can adjust the patients’ subjec-
tive initiative, establish rehabilitation confidence, and relieve
the body and mind to improve muscle tension and the overall
coordination ability of the body.

The BBS score of the exercise group was higher than
that of the control group (P <0.05), proving that exercise
can improve balance ability in patients with PSCI. A study
on the effect of Baduanjin on balance function in patients
with PSCI reported that multiple movements in Baduanjin
require bending knees and squatting and movements at the
centre of gravity, which could increase the weight-bearing
capacity of the lower limbs and enhance the strength of
muscles in the lower limbs. Each movement was symmetri-
cal (left and right), the joints of the upper and lower limbs
were fully extended, and the up, down, left, and right move-
ment of the trunk improved the patient’s ability to control
their centre of gravity [41]. In addition, balance training
improves proprioception and coordination and sensitivity
of the limbs and promotes the recovery of balance function
[42]. Aerobic exercises twice a week for 6 months improve
balance and physical function in patients with mild cogni-
tive impairment [43]. Aerobic exercise training is related
to the moderate improvement of attention and processing
speed, executive function, and memory, although the effect
of exercise on working memory is not consistent. Strict ran-
domised controlled trials are needed, with larger sample
size, appropriate control group, and longer follow-up time
[44].

Exercise improves the ability of patients with PSCI
to conduct ADL

The results of the meta-analysis showed that the BI score of
the exercise group was higher than that of the control group
(P <0.05), proving that exercise could improve the ability of
patients with PSCI to conduct ADL. In general, the improve-
ment in motor function and balance ability had a positive
relationship with the improvement in the ability of patients
with PSCI to conduct ADL, which could further positively
influence patients’ cognitive function [45].

Conclusions

Exercise, particularly light and operable aerobic exercise, is
generally effective in improving cognitive function in patients’
post-stroke. However, methodological limitations existed in the
current clinical trial, such as insufficient sample size, lack of
control design and consensus on the best outcome indicators,
insufficient treatment dose, deficiency in the consideration of
socio-demographic characteristics and the phase of stroke of
the participant (in particular, the education level), and absence
of long-term follow-up, all of which need to be improved in
future research. Further trials with high methodological quality,
low-bias risk, and larger sample size are needed to construct a
comprehensive literature base, which would facilitate a more
thorough exercise rehabilitation for patients with PSCL
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