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ABSTRACT

Objective. To assess the methodological quality of meta-analytic literature on exercise
interventions for cognitive function in patients with mild cognitive impairment (MCI)
and the certainty of evidence for its outcome indicators, and to provide clinicians and
researchers with more reliable data for making decisions.

Methods. Meta-analytic literature related to the effect of exercise intervention on
cognitive function in patients with mild cognitive impairment was searched through
PubMed, Cochrane Library, Embase, Scopus, Physiotherapy Evidence Database and
Web of Science, all with a search period frame of each database until June 1, 2024.
The AMSTAR?2 scale was used to evaluate the methodological quality of the included
studies.

Results. Seventeen meta-analyses were included. The AMSTAR?2 scale evaluation
results showed that there was one medium-quality studies (5.55%), seven low-
quality studies (38.88%), and 10 very low-quality studies (55.55%). Methodological
deficiencies included failure to prepare a plan and provide a registration number,
literature screening, data extraction, reasons for exclusion not described in detail, poor
implementation process for systematic evaluation, and failure to describe the source of
funding for the included studies or relevant conflicts of interest.

Conclusion. The overall methodological quality of the meta-analytic literature is low,
and the certainty of evidence is low. We encourage the conduction of high-quality
randomized trials to generate stronger evidence. Subsequent systematic reviews can
then synthesize this evidence to inform future research and clinical guidelines.

Subjects Cognitive Disorders, Evidence Based Medicine, Geriatrics, Sports Medicine

Keywords Exercise, Mild cognitive impairment, Cognitive function, Meta-analysis, AMSTAR?2,
GRADE
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INTRODUCTION

Mild cognitive impairment (MCI) is characterized by early progressive cognitive decline
that lies between normal cognitive decline due to aging and early degeneration of dementia
(Knopman ¢ Petersen, 2014; Sachdev et al., 2014). MCI is considered a prodromal stage
of Alzheimer’s disease (AD), but does not meet the diagnostic criteria for AD (Jicha

et al., 20105 Jongsiriyanyong & Limpawattana, 2018). Abnormal brain functional activity
in MCI is associated with abnormal deposition of amyloid-beta protein, which causes
homeostatic imbalance in brain functional network activity by impairing inhibitory
gamma-aminobutyric acid (GABA) neurons or increasing synchronization of excitatory
synaptic activity (Mormino et al., 2011; Zott & Konnerth, 2023). Additionally, an imbalance
in the phosphorylation and dephosphorylation of tau proteins in the brain can lead to
hyperphosphorylation, forming double-helix filaments and neuronal fiber aggregation,
impairing synaptic and neuronal functions, and ultimately affecting cognitive function
(Krance et al., 2019).

According to statistics, approximately 15.56% of community members aged 50 years and
older worldwide experience MCI (Bai et al., 2022). As the global population ages and life
expectancy increases, the incidence of MCI is gradually rising (Koyanagi et al., 2018). MCI
is a high-risk group for Alzheimer’s disease, which is currently the fourth leading cause
of death in the older adults, after heart disease, tumors, and stroke. It is one of the most
significant global public health and social care challenges facing humanity both today and
in the future. No single medication can halt or reverse the MCI disease process (Eshkoor et
al., 2015). Delayed treatment in the preliminary stages of the illness may lead to worsening
of cognitive function, causing a significant burden on individuals, their families, and society
(Petersen et al., 2018). Consequently, complementary therapies and non-pharmacological
approaches are also gaining attention among researchers, who are gradually shifting their
MCI management strategies toward non-pharmacological therapies (Gauthier et al., 2010;
Simon, Yokomizo ¢ Bottino, 2012).

Exercise is increasingly recognized as a non-pharmacological intervention for
MCI (Teixeira et al., 2012; Wang et al., 2020). For example, exercise can activate the
PI3K/Akt/mTOR signaling pathway to induce autophagy in brain cells, allowing them
to reduce the level of amyloid-beta aggregates in the brain through the autophagy system
(Heras-Sandoval et al., 20145 Ma et al., 2013). Exercise may also protect the hippocampus
by preventing neuronal death and limiting the production of inflammatory markers
(Matkiewicz et al., 2019). Exercise promotes the formation and survival of new neurons
in the hippocampal region, thereby enhancing plasticity and memory function in the
hippocampus (Curlik 2nd ¢ Shors, 2013). In recent years, there has been a growing body of
clinical research investigating the effects of exercise therapies on cognitive performance in
older adults with MCI as well as numerous meta-analyses in this area. Such studies enable
the systematic and comprehensive presentation of all available evidence while improving
the accuracy of the data by reducing bias from random errors and decreasing random
errors generated by individual studies.
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Several meta-analyses demonstrated the efficacy of exercise in improving cognitive
function in older adults with MCI. However, the quality of these meta-analyses varies
widely, and few studies have thoroughly assessed the level of evidence, leaving its certainty
largely unclarified. In a related effort, Venegas-Sanabria et al. (2021) conducted an umbrella
review to assess the impact of physical activity on cognitive domains in patients with
dementia and mild cognitive impairment. Utilizing the AMSTAR?2 tool, they evaluated
the therapeutic effectiveness of exercise interventions in these populations. Notably, their
review targeted two distinct groups and included only 11 studies, a relatively small sample
that underscores the challenges in drawing broad conclusions.The primary focus of their
research was to explore the efficacy of exercise interventions, rather than scrutinizing
the methodological robustness of previous meta-analyses in this area. Evaluating the
methodological and certainty of evidence can guide users by synthesizing the findings of
meta-analyses at a higher level. This study aimed to reassess the methodological quality and
applicability of systematic reviews of exercise therapy in older adults with MCI by assess
the meta-analysis literature on the impact of exercise interventions on cognitive function
in older adults with MCI using the AMSTAR?2 (Leclercq et al., 2020). This assessment seeks
to understand the status and existing issues of evidence-based research on the cognitive
function of older adults with exercise intervention in MCI and provides a reference for
conducting high-quality clinical research on exercise therapy for older adults with MCI to
guide clinical decision-making.

METHODS

The protocol for this study was officially registered with INPLASY under the registration
number 2023100065. The associated DOI for this registration is 10.37766/inplasy2023.10.
0065.

Search strategy

Two independent investigators (WZ, NX) performed comprehensive literature searches
in five pertinent databases: PubMed, Cochrane Library, Embase, Scopus, Physiotherapy
Evidence Database and Web of Science. The search time limit was set from the inception
of each database to June 1, 2024. The search terms used included: (“Exercise”’[Mesh]
OR “exercise” OR “physical activity” OR “resistance training” OR “strength”
OR “endurance” OR “walking” OR “yoga” OR “TaiChi”’) AND (“Cognitive
Dysfunction”[Mesh] OR “mild cognitive impairment” OR “MCI”’) AND (“systematic
review” OR “meta-analysis”) NOT (“Alzheimer’s disease” OR “AD”).

Inclusion and exclusion criteria
Inclusion criteria

We incorporated relevant meta-analyses based on randomized controlled trials (RCTs)
to examine the impact of exercise interventions on cognitive function in individuals
with MCI. All participants included in the studies were required to have a clinically
confirmed MCI diagnosis or met at least one of the following criteria: (1) self-reported
memory loss or cognitive decline that disrupts daily functioning, which is not supported
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by corroborating evidence from family members; (2) age-inappropriate memory deficits,
as evidenced by performance on memory and cognitive scales falling below 1.5 standard
(Aarsland et al., 2009) deviations from age- and education-matched norms (for example,
Wechsler Memory Scale (WMS): 60-79 points; Mini-Mental State Examination (MMSE):
24-27 points; Montreal Cognitive Assessment (MoCA): 14-25 points); (3) intact general
cognitive function except for memory, with preserved ability to perform activities of daily
living; (4) absence of a dementia diagnosis, and insufficient evidence based on physician
reports, patient history, and mental status examinations to diagnose Alzheimer’s disease
(AD) or other types of dementia. The included meta-analyses were required to assess
interventions involving at least one exercise group, with no restrictions on the specific type
of exercise employed, focusing specifically on global cognition as the primary outcome. The
control groups were limited to those who did not participate in exercise, engaged only in
low-intensity activities such as stretching, or participated in conventional treatment, health
education, or a no-intervention control condition. This design allowed for a comprehensive
assessment of the effects of various exercise modalities on cognitive function in comparison
to non-exercise or minimal-intervention control groups.

Exclusion criteria

Studies were excluded if they met any of the following criteria: (1) non-English language
publications; (2) conference proceedings, abstracts, or presentations; (3) duplicate
publications; (4) Cochrane meta-analyses in the planning or title registration phase;
(5) participant populations consisting of AD patients; (6) intervention groups involving
combined exercise and cognitive training, music therapy, or other non-exercise-based
modalities; (7) no availability of full-text or extractable data; (8) animal studies; and (9)

outcome measures not directly related to cognitive function.

Literature selection and data extraction

Two investigators (WZ, NX) independently screened and organized the literature and
extracted relevant information. The selection process initially involved reviewing the titles
and abstracts, followed by cross-checking the extracted data. In cases of disagreement, a
third investigator (MF) assisted in the decision-making process. After excluding irrelevant
literature through preliminary screening, the full text of the remaining articles was reviewed
for final inclusion. The following data were extracted: (1) basic information, such as study
title, authors, publication date, journal, number of original studies included, sample
size, intervention details, outcome measures, main conclusions, quality assessment tools,
meta-analysis registration numbers, and funding sources; (2) methodology for literature
evaluation and reporting quality-related content; and (3) qualitative or quantitative results
for each outcome measure. Primary outcome measures included the Mini-Mental State
Examination (MMSE), Alzheimer’s Disease Rating Scale-Cognitive Subscale (ADAS-cog),
and Montreal Cognitive Assessment (MoCA).

Methodological quality evaluation
Two researchers (WZ, NX) independently assessed the methodological quality of the
included studies using the AMSTAR2 scale, which comprises 16 items. Each item was
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rated as “yes,” “no,” or “partially yes” based on the extent to which evaluation criteria
were satisfied. Items 2, 4, 7, 9, 11, 13, and 15 are considered critical. Studies were assigned

PRI

one of four credibility ratings: “High,” “Moderate,” “Low,” or “Very Low.” A rating of
“High” was given if a study had 0 or 1 non-critical flaws, “Moderate” if it had more than
one non-critical flaw, “Low” if it had one critical flaw with or without non-critical flaws,
and “Very Low” if it had more than one critical flaw. Disagreements during the evaluation

process were resolved through discussions with a third(MF) researcher.

RESULTS

Literature screening process and results

Eighteen meta-analyses were ultimately included in the analysis after screening 1,762
articles based on specified criteria. Figure 1 illustrates the literature screening process. The
list of references deleted after reading the full text can be found in the Appendix S1.

Basic characteristics of the included literature

The included meta-analyses were published between 2018 and 2023, and all the original
studies were randomized and controlled. The largest study included 2,526 participants and
the smallest had 182 participants, involving a total of 18,461 individuals. The interventions
in the trial groups consisted of aerobic, physical, mental, resistance, and multipart exercises.
The control group in the randomized trials maintained their regular daily activities without
any specific exercise interventions. Regarding methodological quality assessment tools,
12 studies utilized the Cochrane Collaboration Network RoB risk assessment tool, four
employed the PEDro scale, one used the Cochrane Collaboration Network RoB and PEDro,
and one applied the EPHPP for risk assessment. All 18 studies consistently indicated that
exercise effectively improves cognition in older adults with MCI. The basic characteristics
of the included studies are presented in Table 1.

Methodological quality evaluation of the included literatures

The methodological quality of the 18 included meta-analyses was assessed using the
AMSTAR? scale. The results showed that, in terms of quality, one study was rated as
‘moderate’, seven were rated as ‘low’, and ten were rated as ‘very low’. The detailed results
are presented in Table 2.

Evaluating the impact of exercise interventions on cognitive
assessment scores in mild cognitive impairment
MMSE

The MMSE is a concise tool for assessing cognitive impairment, offering ease of
administration, short duration, and objective results. It is widely used in the clinical,
research, and community settings. However, it has limitations such as susceptibility to
factors including education level, age, and cultural background, and low sensitivity to mild
or subclinical cognitive impairment. Fifteen studies (Biazus-Sehn et al., 2020; Ahn & Kim,
2023; Law et al., 2020; Song et al., 2022; Gomez-Soria et al., 2022; Han et al., 2023; Lin, Chen
& Cheng, 2023; Yuan, Li & Liu, 2022; Zhang et al., 2019; Zhou et al., 2020; Zhou & Li, 2022;
Zhu et al., 2020; Zou et al., 2019; Pisani et al., 2021; Cai et al., 2023) examined the effects of
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Table 1 Basic characteristics of the literature included in the study.

Inclusion in Number of Type of Intervention Outcomes  Methodological Conclusion
the literature included included quality
studies/ study assessment tools
sample
size
Experimental group Control group
Ahn & Kim (2023) 21/1,916 RCT Aerobic, resistance, No treatment, usual ) Cochrane The effect of exercise
multicomponent, treatment, usual care, Collaboration therapy on reducing
and neuromotor ex- health education and RoB cognitive function in el-
ercises stretching derly patients with mild
cognitive impairment.
Biazus-Sehn et al. (2020) 18/1,473 RCT Sport No treatment [EISIOE) Cochrane Physical exercise im-
Collaboration proves cognitive deficits
RoB in older patients with
mild cognitive impair-
ment.
Gomez-Soria et al. (2022) 8/592 RCT MNPI Passive (no interven- @ PEDro Multicomponent non-
tion) or active con- pharmacological inter-
trol vention (MNPI) im-
proves overall cognitive
performance in elderly
MCI patients.
Law et al. (2020) 35/2,079 RCT Physical exercise No intervention/- &) PEDro Physical activity may re-
placebo duce overall cognitive
decline and behavioral
problems in people with
mild cognitive impair-
ment or dementia.
Pisani et al. (2021) 17/1,224 RCT Physical exercise No (O] PEDro Physical activity im-
proved the cognitive
abilities of MCI patients.
Song et al. (2018) 71620 RCT Physical exercise All types of controls O® EPHPP Physical exercise, espe-

cially aerobic exercise, is
beneficial to the overall

cognitive ability of MCI
patients.

(continued on next page)
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Table 1 (continued)

Inclusion in Number of  Type of Intervention Outcomes Methodological Conclusion
the literature included included quality
studies/ study assessment tools
sample
size
Experimental group Control group

Song et al. (2022) 7/854 RCT Traditional Chinese All types of controls @ Cochrane Tai Chi Promising as
Medicine (Tai Chi, Collaboration Alternative Mind-Body
Baduan Brocade and RoB Intervention for MCI
Qigong) Rehabilitation in Elderly

Patients.

Yu et al. (2021) 10/709 RCT Baduan Conventional treat- ® Cochrane Compared to conven-
Brocade/Baduan ment Collaboration tional treatment, Badu-
Brocade + RoB anjin plus conventional
conventional treatment significantly
treatment improved cognitive and

memory function in pa-
tients with mild cogni-
tive impairment.

Yuan, Li & Liu (2022) 12/820 RCT Dance activity, dance Unlimited/any type @ Cochrane Dance activities signif-
practice or dance Collaboration icantly improve over-
therapy RoB all cognition, memory,

visuospatial function,
cognitive flexibility, at-
tention and balance in
older patients with mild
cognitive impairment.

Zhang et al. (2019) 4/737 RCT Chinese traditional Do not receive any @ Cochrane Traditional Chinese ex-
sports intervention, rou- Collaboration ercise is associated with

tine care or other RoB significant improve-

sports that are differ-
ent from traditional
Chinese sports

ments in visuospatial
function, but does not
affect specific cognitive
domains.

(continued on next page)
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Table 1 (continued)

Inclusion in Numberof  Type of Intervention Outcomes Methodological Conclusion
the literature included included quality
studies/ study assessment tools
sample
size
Experimental group Control group
Zhang et al. (2020) 5/182 RCT Any form and inten- Lifestyle routines DB Cochrane Resistance training can
sity of external resis- without any move- Collaboration improve general cogni-
tance training ment, balance and RoB tive function and can be
tone exercises, and used to slow cognitive
sham training similar decline in MCI patients.
to resistance training
Zhou et al. (2020) 8/428 RCT Exercise intervention Sham exercise D@® Cochrane Exercise intervention
(aerobic, resistance (such as stretching), Collaboration significantly improved
or multi-component placebo or no RoB, PEDro overall cognitive func-
exercise) treatment or health tion.
education
Zhou & Li (2022) 7/430 RCT Exercise interven- Other control inter- @ Cochrane Exercise training has a
tions are not limited ventions Collaboration positive effect on cogni-
to exercise type, in- RoB tive function in patients
tensity, or duration with mild cognitive im-
pairment.
Zhu et al. (2020) 3/524 RCT Aerobic dance Health education @@ Cochrane Aerobic dance signifi-
and/or exercise, not Collaboration cantly improves over-
RoB all cognitive function in

aerobic dance train-
ing

older adults with mild
cognitive impairment.

(continued on next page)
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Table 1 (continued)

Inclusion in
the literature

Number of
included
studies/
sample
size

Type of
included

study

Intervention

Experimental group

Control group

Outcomes

Methodological

quality
assessment tools

Conclusion

Zou et al. (2019)

Han et al. (2023)

Lin, Chen & Cheng (2023)

Cai et al. (2023)

9/1,105

18/1,700

14/560

27/2,526

RCT

RCT

RCT

RCT

Mind-body move-
ment

Exercise interven-
tions are not limited
to exercise type, in-
tensity, or duration

Exercise interven-
tions are not limited
to exercise type, in-
tensity, or duration

physical and men-
tal exercises such as
taijiquan, Ba Duan
Jin, qigong, medita-
tion, yoga, music and
dance

Positive (such as ed-
ucational programs,
memory training,
physical exercise)

or passive compar-
isons (such as waiting
lists or unchanged
lifestyles)

Controls could be ex-
ercises of stretching,
activities of health
education, routine
care, daily lifestyle,
and social recreation.

Participants in the
control group either
continued with their
regular physical ac-
tivities or engaged in
sham exercises, such
as stretching and bal-
ance activities.
conventional care,

health education or
blank

@®

@®

@O

@O

PEDro

Cochrane
Collaboration
RoB

Cochrane
Collaboration
RoB

Cochrane
Collaboration
RoB

Physical and mental ex-
ercise has the potential
to improve various cog-
nitive functions in pa-
tients with mild cogni-
tive impairment.

Exercise training has a
positive effect on cogni-
tive function in patients
with mild cognitive im-
pairment.

Walking has no signifi-
cant benefit on cognitive
function in individuals
with mild cognitive im-
pairment.

Physical and mental ex-
ercises has a positive ef-
fect on cognitive func-
tion in patients with
mild cognitive impair-
ment.

Notes.

RCT (randomized controlled trial), NRCT (non-randomized controlled trial); @ for ADAS-cog, @ for MMSE, ® for MOCA, @ for COR-SOG,® for NCSE.
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Table 2 The quality of AMSTAR? items for included literatures.

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 QY Q10 Q11 Q12 Q13" Q14 Q15 Q16
Ahn & Kim (2023) Y Y N Y Y Y PY Y Y N Y Y Y Y Y Y
Biazus-Sehn et al. (2020) Y Y N Y Y Y PY Y Y N Y N N Y Y Y
Goémez-Soria et al. (2022) Y Y N Y Y Y PY Y Y N Y N N Y Y N
Law et al. (2020) Y N N Y Y Y PY Y Y N Y N N Y Y Y
Pisani et al. (2021) Y N Y Y Y Y PY Y Y N Y N N Y Y Y
Song et al. (2018) Y N N Y Y Y PY Y Y N Y N N Y PY N
Song et al. (2022) Y N N Y Y Y PY Y Y Y Y N N Y Y N
Yu et al. (2021) Y N N Y Y Y PY Y Y Y Y N N Y N Y
Yuan, Li & Liu (2022) Y N N Y Y Y PY Y Y N Y N N Y Y Y
Zhang et al. (2019) Y N N Y Y Y PY Y Y N Y N N Y Y Y
Zhang et al. (2020) Y N N Y Y Y PY Y Y Y Y N N Y N Y
Zhou et al. (2020) Y Y N Y Y Y PY Y Y Y Y N N Y Y Y
Zhou & Li (2022) Y N N Y Y Y PY Y Y N Y N N Y Y Y
Zhu et al. (2020) Y N N Y Y Y PY Y Y Y Y N N Y Y Y
Zou et al. (2019) Y N N Y Y Y PY Y Y N Y N N Y Y Y
Han et al. (2023) Y Y Y Y Y Y PY Y Y Y Y N N Y Y Y
Lin, Chen & Cheng (2023) Y Y Y Y Y Y PY Y Y Y Y N N Y Y Y
Cai et al. (2023) Y Y Y Y Y Y PY Y Y Y Y N N Y Y Y
Notes.
*Key entry

Y, Yes; PY, Partially yes; N, No; 1, Whether the research questions and inclusion criteria are detailed; 2, Provide preliminary design scheme (registration number); 3, Explain the reasons for the in-
clusion of the study type; 4, Use a comprehensive search strategy; 5, Two-person repeated literature screening was used; 6, Two-person repetitive data extraction was adopted; 7, Provide a list of ex-
clusions and reasons; 8, Describe in detail the basic features included in the study; 9, Use appropriate tools to assess bias risk; 10, Report on funding sources included in the study; 12, Assess the im-
pact of the risk of bias on the outcome; 13, Consider the risk of bias included in the study; 14, Heterogeneity of the findings was assessed; 15, Evaluate the possibility of publication bias; 16, Report rel-

evant conflicts of interest.
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Figure 1 PRISMA flow diagram chart for systematic review.
Full-size Gal DOI: 10.7717/peerj.17773/fig-1

exercise interventions on MMSE scores in patients with mild cognitive impairment, 13 of
which showed that exercise was effective in improving MMSE scores, with only two not

significantly different from controls.

Alzheimer’s disease assessment scale-cognitive subscale (ADAS-cog)

The ADAS-cog evaluates cognitive function in patients with MCI and MD and is second
only to the MMSE in clinical trials. Seven studies (Biazus-Sehn et al., 2020; Ahn & Kim,
2023; Zhou et al., 2020; Zhu et al., 2020; Pisani et al., 2021; Song et al., 2018; Zhang et al.,
2020) examined the effects of exercise interventions on ADAS-Cog scores in patients with
mild cognitive impairment. All seven studies demonstrated that exercise effectively reduced

ADAS-Cog scores.
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MoCA

The MoCA scale is a rapid screening tool for mild cognitive impairment (MCI) that
assesses eight cognitive domains: attention and concentration, executive function, memory,
language, visual-constructive skills, abstract thinking, calculation, and orientation. Eleven
studies (Biazus-Sehn et al., 2020; Song et al., 2022; Han et al., 2023; Lin, Chen & Cheng,
2023; Yuan, Li & Liu, 2022; Zhou et al., 20205 Zou et al., 2019; Cai et al., 2023; Song et al.,
2018; Zhang et al., 20205 Yu et al., 2021) investigated the effect of exercise interventions on
MoCA scores in patients with MCI. Ten of these studies showed that exercise effectively
improved MoCA scores, while one study found no significant effect.

Neurobehavioral cognitive status examination (NCSE)

The NCSE is a standardized cognitive assessment scale that allows the initial screening and
evaluation of patients based on their cognitive status. The NCSE covers the domains of
orientation, concentration, language (comprehension, repetition, and naming), structural
organization, memory, numeracy, and reasoning (similarity and judgment) and can more
sensitively reflect problems in cognitive function and the degree of cognitive impairment.
Law et al. (2020), in examining the effects of an exercise intervention on NCSE scores in
patients with mild cognitive impairment, showed that exercise was effective in improving
NCSE scores.

Chinese older adults’ cognitive screening test (COR-SOG)

The COR-SOG scale was used to measure cognitive reserves. Cognitive reserve refers to
an individual’s ability to cope with cognitive decline and neurological impairment, which
allows them to maintain better cognitive function in the face of cognitive impairment. Law
et al. (2020), in examining the effects of an exercise intervention on COR-SOG scores in
patients with mild cognitive impairment, showed that exercise was effective in improving
COR-SOG scores.

DISCUSSION

Although several systematic reviews have confirmed the effects of exercise on cognitive
function in older adults with MCI, few studies have explored the methodological quality of
the corresponding studies or the certainty of evidence. All 18 meta-analyses were published
after 2018, highlighting the recent and growing interest in this field. Notably, despite
each meta-analysis employing corresponding risk-of-bias tools to assess the quality of the
included original studies, the overall quality of evidence from these studies typically ranged
from “verylow” to “low.” The limited quality of evidence considerably affects the reliability
of current clinical recommendations regarding exercise interventions for mild cognitive
impairment (MCI). This scenario underscores the need for cautious interpretation of the
existing data and suggests that any recommendations made based on these meta-analyses
should be regarded as preliminary.

Methodological quality assessment of the meta-analytic literature
Methodological quality assessment of the 18 meta-analyses using the AMSTAR?2 scale
revealed that the overall methodological quality of the included trials was low. This
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indicated that individual meta-analytic studies had varying degrees of methodological
deficiencies in terms of topic selection, design, registration, data extraction, and statistical
analysis. These deficiencies are mainly attributed to the following aspects.

(1) The included studies did not explain whether they had drafted a research proposal,
and only a few studies were registered on the systematic review platform in advance.
To effectively reduce the risk of selective reporting bias and avoid being affected by
arbitrary decisions in data extraction and use, it is necessary to write a plan or pre-register
in advance. In addition, registration on registration platforms (such as The Cochrane
Library and PROSPERO) is also conducive to improving the transparency of meta-analysis
research.

(2) None of the included studies provided a detailed description of the reasons for
excluding the literature. Although the included studies reported a two-person search,
screening, and data extraction, it is unknown whether this was performed with strict
compliance, which increases the risk of bias. It is recommended that journals require
authors to provide a list of excluded studies to ensure transparency during the screening
process.

(3) The meta-analysis implementation process was not sufficiently rigorous. Seventeen
studies did not adequately consider the potential impact of the risk of bias in the
included studies on the analysis of results and did not provide satisfactory answers to the
heterogeneity in the meta-analysis results. Additionally, three studies did not adequately
evaluate publication bias. Meta-analysis is recognized as the best method by which research
evidence on a particular issue can be objectively evaluated and synthesized. The risk of
bias analysis, interpretation of sources of heterogeneity, and evaluation of publication bias
during the implementation of the meta-analysis determined the reliability of the results.
When randomized controlled trials or non-randomized intervention studies with different
risks of bias are included, the investigator should conduct an in-depth analysis of the
risk of bias in the included literature and discuss its impact on the results (qualitative
analysis results or pooled effect sizes). In addition, when heterogeneity tests suggest the
presence of heterogeneity, researchers should make every effort to find potential causes of
heterogeneity and explore the probable causes of heterogeneity in the discussion section.

(4) Ten studies did not specify the funding sources for the studies included in the
meta-analysis production process, which may have led to potential bias, opacity, and
weakened trust. The source of funding for a study may have an impact on the findings, as
funders may have their own interests and preferences. Lack of information on the source of
funding may cause readers to doubt the reliability and transparency of the study. Knowing
the source of funding can help readers to understand the context of the study and the
interests of the researcher. Simultaneously, if readers suspect that the results of the study
are influenced by the source of funding, they may be skeptical about the results of the study
and reduce trust in the study.

These findings have significant implications for future research methodologies and
clinical practices in exercise interventions for MCI. Our results underscore the importance
of adhering to rigorous research protocols and pre-registering studies to enhance
transparency and replicability in the design and implementation of exercise interventions
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for MCI. Detailed documentation of excluded literature and clear disclosure of funding
sources will contribute to the credibility of the research and public trust in the findings. More
stringent analyses of bias risk and heterogeneity in the studies included in the meta-analysis
will improve the accuracy and practicality of exercise intervention recommendations in
clinical practice.

Interpretation of heterogeneity in included studies

In conducting the methodological quality assessment of the included meta-analyses,
we observed significant heterogeneity among the studies, which notably impacted our
evaluation results. The heterogeneity manifested in several key aspects.

(1) Diversity in study design

The meta-analyses varied in their underlying study designs, encompassing differences in
the types of exercise interventions, baseline cognitive status of participants, and the duration
and frequency of the interventions. This diversity could lead to varying interpretations of
the effects of exercise interventions.

(2) Participant characteristics

Variations in participant demographics such as age, gender, and stage of disease could
influence the effectiveness of the exercise interventions. Different studies may focus on
distinct populations, affecting the perceived efficacy of exercise on cognitive functions.

(3) Methodological variability

Inconsistencies in data extraction, statistical analysis approaches, and bias risk assessment
across studies could contribute to variability in conclusions. For instance, the methods for
handling missing data and the choice of effect size models varied, potentially leading to
different outcomes.

In summary, the heterogeneity of the studies played a significant role in our
methodological assessment. Future methodological evaluations of similar meta-analyses
should delve deeper into these heterogeneity factors, detailing them in the study design
and reporting to enhance the clarity and comprehensiveness of the findings.

Recommendations for improvement
Based on the results of this study, the author makes the following recommendations were
made to inform future research and evaluation criteria:

(1) Meta-analysis authors should adhere to the appropriate guidelines for study design,
implementation, and reporting. Essential strategies include (a) Consulting the Cochrane
Handbook for Systematic Reviews of Interventions to grasp meta-analysis fundamentals,
applications, and advantages/disadvantages of relevant software (e.g., RevMan, Stata, R,
CMA, and OpenMetaAnalyst). For instance, despite RevMan’s suitability for exercise
intervention trials, it has limitations in publication bias testing, and authors should
be familiar with comprehensive tests such as Egger’s regression analysis and Begg’s
rank correlation method available in CMA and Stata. Additionally, increasing the pre-
registration of protocols is vital. Authors are encouraged to pre-register their study
protocols in registries such as PROSPERO, detailing the planned methods and analyses to
enhance transparency and aid in reducing publication bias. Furthermore, enhancing the
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thorough reporting of study screening and reasons for exclusion is critical for improving
transparency and reproducibility. Authors must provide detailed accounts of study selection
processes, including clear documentation of screening procedures, criteria for inclusion and
exclusion, and explicit reasons for excluding studies, especially those that might influence
the meta-analysis outcomes. Better handling of heterogeneity is also essential. Authors
should not only report the presence of heterogeneity but explore and explain its sources.
This can be achieved by conducting subgroup analyses or meta-regression to investigate
potential moderators of effect sizes. A detailed interpretation of how variations between
studies might impact the overall findings and conclusions will significantly enhance the
quality and credibility of the meta-analysis. (b) Refining and pre-registering study plans
based on AMSTAR2 and PRISMA checklists, ensuring detailed reporting, particularly in
the AMSTAR2 Methods section, to minimize bias. (c) Emphasizing both the theoretical
and practical implications of meta-analyses, high-quality studies should provide reliable
evidence, adhere to reporting standards, and advance research fields while offering practical
guidance.

(2) To improve the quality of meta-analyses, journal editorial boards and departments
should strengthen the reporting requirements through review policies. We suggest the
following measures: (a) Develop self-checking report guidelines for meta-analysis authors
based on AMSTAR2 and PRISMA checKklists tailored to specific situations and establish
meta-analysis topics to enhance their impact and standardization. (b) Journal editors
should refer to meta-analysis reporting guidelines when initially screening manuscripts
or conducting peer-expert reviews to ensure the accuracy and coherence of the report.
(c) It should be noted that the AMSTAR2 and PRISMA checklists mainly apply to trial
(intervention)-type meta-analyses; some entries may not be applicable to meta-analyses of
sports science correlation studies.

(3) Universities need to enhance their theoretical and practical courses on systematic
reviews and meta-analyses. While some medical schools or comprehensive colleges
have already introduced “evidence-based medicine” or “systematic review/meta-
analysis” courses, sports colleges often lack such offerings, hindering the development
of professionals in the field. Therefore, we suggest that sports colleges and universities
incorporate meta-analysis theory and practice courses into their postgraduate training
programs or integrate relevant lectures on systematic review/meta-analysis topics into
existing “research methods” and “statistics” courses. This approach can better cultivate
professionals with systematic review/meta-analysis expertise and improve the overall
educational quality.

Limitations

There are some limitations to this study: (1) only English literature was included, and the
search results may not be comprehensive; (2) there is inevitably some subjectivity in the
evaluation and analysis process, which may also lead to bias; (3) a lack of discrimination
capacity of the AMSTAR 2.0 tool may affect the ability to achieve moderate or high
methodological quality in systematic reviews; (4) the NCSE and COR-SOG scales were
only administered once, and the results should be treated with caution.
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CONCLUSION

Meta-analyses of exercise interventions for mild cognitive impairment generally exhibit
quality levels ranging from “verylow” to “low.” Key deficiencies are noted in the registration
of preliminary design plans, transparency in the rationale for including specific study types,
and the assessment of bias risks that significantly affect the outcomes—most studies fail to
meet the requisite standards in these areas. Additionally, the widespread lack of reporting
on funding sources could lead to undeclared biases and conflicts of interest, potentially
compromising the interpretation and credibility of the findings. Overall, the existing
research lacks methodological rigor, and the quality of reporting is notably poor.

Abbreviations
MCI Mild Cognitive Impairment
AD Alzheimer’s Disease
GABA Gamma-Aminobutyric Acid
WMS Wechsler Memory Scale
MMSE Mini-Mental State Examination
MoCA Montreal Cognitive Assessment
ADAS-cog Alzheimer’s Disease Assessment Scale-Cognitive Subscale
NCSE Neurobehavioral Cognitive Status Examination
COR-SOG Chinese Older Adults” Cognitive Screening Test
BDNF Brain-Derived Neurotrophic Factor
VEGF Vascular Endothelial Growth Factor
ADDITIONAL INFORMATION AND DECLARATIONS
Funding

This work was funded by the Basic Scientific Research Business Fee Project of Provincial
Undergraduate Universities in Heilongjiang Province (2021KYYWE-FCO02). The funders
had no role in study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:

Basic Scientific Research Business Fee Project of Provincial Undergraduate Universities in
Heilongjiang Province: 2021KYYWEF-FC02.

Competing Interests
The authors declare there are no competing interests.

Author Contributions

e Wanli Zang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

Zang et al. (2024), PeerdJ, DOI 10.7717/peerj.17773 16/20


https://peerj.com
http://dx.doi.org/10.7717/peerj.17773

Peer

Qinghai Zou conceived and designed the experiments, analyzed the data, prepared

figures and/or tables, and approved the final draft.

e Ningkun Xiao performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

e Mingging Fang performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

e Su Wang conceived and designed the experiments, performed the experiments, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

e Jingjing Chen conceived and designed the experiments, performed the experiments,

authored or reviewed drafts of the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
This is a systematic review/meta-analysis.

Supplemental Information
Supplemental information for this article can be found online at http:/dx.doi.org/10.7717/
peerj.17773#supplemental-information.

REFERENCES

Aarsland D, Brennick K, Larsen JP, Tysnes OB, Alves G. 2009. Cognitive impairment
in incident, untreated Parkinson disease: the Norwegian ParkWest study. Neurology
72:1121-1126 DOI 10.1212/01.wnl.0000338632.00552.cb.

Ahn J, Kim M. 2023. Effects of exercise therapy on global cognitive function and,
depression in older adults with mild cognitive impairment: a systematic re-
view and meta-analysis. Archives of Gerontology and Geriatrics 106:104855
DOI 10.1016/j.archger.2022.104855.

Bai W, Chen P, Cai H, Zhang Q, Su Z, Cheung T, Jackson T, Sha S, Xiang Y-T. 2022.
Worldwide prevalence of mild cognitive impairment among community dwellers
aged 50 years and older: a meta-analysis and systematic review of epidemiology
studies. Age and Ageing 51:afacl73.

Biazus-Sehn LF, Schuch FB, Firth J, Stigger FS. 2020. Effects of physical exercise on
cognitive function of older adults with mild cognitive impairment: a systematic
review and meta-analysis. Archives of Gerontology and Geriatrics 89:104048
DOI 10.1016/j.archger.2020.104048.

Cai H, Zhang K, Wang M, Li X, Ran F, Han Y. 2023. Effects of mind-body exercise
on cognitive performance in middle-aged and older adults with mild cognitive
impairment: a meta-analysis study. Medicine 102(34):e34905
DOI 10.1097/MD.0000000000034905.

Curlik 2nd D, Shors T. 2013. Training your brain: do mental and physical (MAP)
training enhance cognition through the process of neurogenesis in the hippocampus?
Neuropharmacology 64:506-514 DOI 10.1016/j.neuropharm.2012.07.027.

Zang et al. (2024), Peerd, DOI 10.7717/peerj. 17773 17/20


https://peerj.com
http://dx.doi.org/10.7717/peerj.17773#supplemental-information
http://dx.doi.org/10.7717/peerj.17773#supplemental-information
http://dx.doi.org/10.1212/01.wnl.0000338632.00552.cb
http://dx.doi.org/10.1016/j.archger.2022.104855
http://dx.doi.org/10.1016/j.archger.2020.104048
http://dx.doi.org/10.1097/MD.0000000000034905
http://dx.doi.org/10.1016/j.neuropharm.2012.07.027
http://dx.doi.org/10.7717/peerj.17773

Peer

Eshkoor SA, Hamid TA, Mun CY, Ng CK. 2015. Mild cognitive impairment and
its management in older people. Clinical Interventions in Aging 2015:687—-693
DOI110.2147/CIA.S73922.

Gauthier S, Cummings J, Ballard C, Brodaty H, Grossberg G, Robert P, Lyketsos C.
2010. Management of behavioral problems in Alzheimer’s disease. International
Psychogeriatrics 22:346-372 DOI 10.1017/51041610209991505.

Gomez-Soria I, Marin-Puyalto J, Peralta-Marrupe P, Latorre E, Calatayud E, Zhou
Y, Li LD. 2022. Effects of multi-component non-pharmacological interven-
tions on cognition in participants with mild cognitive impairment: a systematic
review and meta-analysis. Archives of Gerontology and Geriatrics 103:104751
DOI 10.1016/j.archger.2022.104751.

Han C, Sun W, Zhang D, Xi X, Zhang R, Gong W. 2023. Effects of different aerobic exer-
cises on the global cognitive function of the elderly with mild cognitive impairment:
a meta-analysis. BMJ Open 13(6):¢067293 DOI 10.1136/bmjopen-2022-067293.

Heras-Sandoval D, Pérez-Rojas JM, Hernandez-Damian J, Pedraza-Chaverri J.

2014. The role of PI3K/AKT/mTOR pathway in the modulation of autophagy
and the clearance of protein aggregates in neurodegeneration. Cellular Signalling
26:2694-2701 DOI 10.1016/j.cellsig.2014.08.019.

Jicha G, Schmitt F, Abner E, Nelson P, Cooper G, Smith C, Markesbery W. 2010. Pro-
dromal clinical manifestations of neuropathologically confirmed Lewy body disease.
Neurobiology of Aging 31:1805-1813 DOI 10.1016/j.neurobiolaging.2008.09.017.

Jongsiriyanyong S, Limpawattana P. 2018. Mild cognitive impairment in clinical prac-
tice: a review article. American Journal of Alzheimer’s Disease ¢ Other Dementias®
33:500-507 DOI 10.1177/1533317518791401.

Knopman DS, Petersen RC. 2014. Mild cognitive impairment and mild dementia: a
clinical perspective. In: Mayo clinic proceedings. Amsterdam: Elsevier, 1452—1459.

Koyanagi A, Lara E, Stubbs B, Carvalho AF, Oh H, Stickley A, Veronese N, Vancamp-
fort D. 2018. Chronic physical conditions, multimorbidity, and mild cognitive
impairment in low-and middle-income countries. Journal of the American Geriatrics
Society 66:721-727 DOI 10.1111/jgs.15288.

Krance SH, Cogo-Moreira H, Rabin J§S, Black SE, Swardfager W. 2019. Reciprocal
predictive relationships between amyloid and tau biomarkers in Alzheimer’s
disease progression: an empirical model. Journal of Neuroscience 39:7428—7437
DOI 10.1523/JNEUROSCI.1056-19.2019.

Law CK, Lam FM, Chung RC, Pang MY. 2020. Physical exercise attenuates cognitive
decline and reduces behavioural problems in people with mild cognitive im-
pairment and dementia: a systematic review. Journal of Physiotherapy 66:9—18
DOI 10.1016/j.jphys.2019.11.014,

Leclercq V, Hiligsmann M, Parisi G, Beaudart C, Tirelli E, Bruyere O. 2020. Best-worst
scaling identified adequate statistical methods and literature search as the most
important items of AMSTAR?2 (A measurement tool to assess systematic reviews).
Journal of Clinical Epidemiology 128:74—-82 DOI 10.1016/].jclinepi.2020.08.011.

Zang et al. (2024), Peerd, DOI 10.7717/peerj. 17773 18/20


https://peerj.com
http://dx.doi.org/10.2147/CIA.S73922
http://dx.doi.org/10.1017/S1041610209991505
http://dx.doi.org/10.1016/j.archger.2022.104751
http://dx.doi.org/10.1136/bmjopen-2022-067293
http://dx.doi.org/10.1016/j.cellsig.2014.08.019
http://dx.doi.org/10.1016/j.neurobiolaging.2008.09.017
http://dx.doi.org/10.1177/1533317518791401
http://dx.doi.org/10.1111/jgs.15288
http://dx.doi.org/10.1523/JNEUROSCI.1056-19.2019
http://dx.doi.org/10.1016/j.jphys.2019.11.014
http://dx.doi.org/10.1016/j.jclinepi.2020.08.011
http://dx.doi.org/10.7717/peerj.17773

Peer

Lin JC, Chen IH, Cheng FY. 2023. Review articles (meta-analyses) effects of walking
on cognitive function in individuals with mild cognitive impairment: a systematic
review and meta-analysis. BMC Geriatrics 23:500
DOI10.1186/512877-023-04235-z.

MaZ, QiJ, Meng S, Wen B, Zhang J. 2013. Swimming exercise training-induced left
ventricular hypertrophy involves microRNAs and synergistic regulation of the
PI3K/AKT/mTOR signaling pathway. European Journal of Applied Physiology
113:2473-2486 DOI 10.1007/500421-013-2685-9.

Malkiewicz MA, Szarmach A, Sabisz A, Cubala W], Szurowska E, Winklewski PJ. 2019.
Blood-brain barrier permeability and physical exercise. Journal of Neuroinflamma-
tion 16:1-16 DOI 10.1186/s12974-018-1391-2.

Mormino EC, Smiljic A, Hayenga AO, Onami SH, Greicius MD, Rabinovici GD, Janabi
M, Baker SL, Yen IV, Madison CM. 2011. Relationships between beta-amyloid and
functional connectivity in different components of the default mode network in
aging. Cerebral Cortex 21:2399-2407 DOI 10.1093/cercor/bhr025.

Petersen RC, Lopez O, Armstrong MJ, Getchius TS, Ganguli M, Gloss D, Gronseth GS,
Marson D, Pringsheim T, Day GS. 2018. Practice guideline update summary: Mild
cognitive impairment: report of the Guideline Development, Dissemination, and
Implementation Subcommittee of the American Academy of Neurology. Neurology
90:126-135 DOI 10.1212/WNL.0000000000004826.

Pisani S, Mueller C, Huntley J, Aarsland D, Kempton MJ. 2021. A meta-analysis of
randomised controlled trials of physical activity in people with Alzheimer’s disease
and mild cognitive impairment with a comparison to donepezil. International
Journal of Geriatric Psychiatry 36:1471-1487 DOI 10.1002/gps.558]1.

Sachdev PS, Blacker D, Blazer DG, Ganguli M, Jeste DV, Paulsen JS, Petersen RC.
2014. Classifying neurocognitive disorders: the DSM-5 approach. Nature Reviews
Neurology 10:634—-642 DOT 10.1038/nrneurol.2014.181.

Simon SS, Yokomizo JE, Bottino CM. 2012. Cognitive intervention in amnestic mild
cognitive impairment: a systematic review. Neuroscience & Biobehavioral Reviews
36:1163-1178 DOI 10.1016/j.neubiorev.2012.01.007.

Song D, Yu DSF, Li PWC, Lei Y. 2018. The effectiveness of physical exercise on cognitive
and psychological outcomes in individuals with mild cognitive impairment: a
systematic review and meta-analysis. International Journal of Nursing Studies
79:155-164 DOI 10.1016/j.ijnurstu.2018.01.002.

Song D, Yu D, Zhou J, Zeng L, Fan T. 2022. Effects of traditional Chinese medicine-
based exercises on cognitive function in older people with mild cognitive im-
pairment: a systematic review and meta-analysis. Geriatric Nursing 46:98—104
DOI 10.1016/j.gerinurse.2022.05.005.

Teixeira CVL, Gobbi LTB, Corazza DI, Stella F, Costa JLR, Gobbi S. 2012. Non-
pharmacological interventions on cognitive functions in older people with mild
cognitive impairment (MCI). Archives of Gerontology and Geriatrics 54:175-180
DOI 10.1016/j.archger.2011.02.014.

Zang et al. (2024), Peerd, DOI 10.7717/peerj. 17773 19/20


https://peerj.com
http://dx.doi.org/10.1186/s12877-023-04235-z
http://dx.doi.org/10.1007/s00421-013-2685-9
http://dx.doi.org/10.1186/s12974-018-1391-2
http://dx.doi.org/10.1093/cercor/bhr025
http://dx.doi.org/10.1212/WNL.0000000000004826
http://dx.doi.org/10.1002/gps.5581
http://dx.doi.org/10.1038/nrneurol.2014.181
http://dx.doi.org/10.1016/j.neubiorev.2012.01.007
http://dx.doi.org/10.1016/j.ijnurstu.2018.01.002
http://dx.doi.org/10.1016/j.gerinurse.2022.05.005
http://dx.doi.org/10.1016/j.archger.2011.02.014
http://dx.doi.org/10.7717/peerj.17773

Peer

Venegas-Sanabria LC, Martinez-Vizcaino V, Cavero-Redondo I, Chavarro-Carvajal
DA, Cano-Gutierrez CA, Alvarez-Bueno C. 2021. Effect of physical activity
on cognitive domains in dementia and mild cognitive impairment: overview of
systematic reviews and meta-analyses. Aging ¢ Mental Health 25(11):1977-1985
DOI10.1080/13607863.2020.1839862.

Wang YQ, Jia RX, Liang JH, Li J, Qian S, LiJY, Xu Y. 2020. Effects of non-pharmacological
therapies for people with mild cognitive impairment. A Bayesian network meta-
analysis. International Journal of Geriatric Psychiatry 35:591-600
DOI 10.1002/gps.5289.

YuL, LiuF, Nie P, Shen C, Chen J, Yao L. 2021. Systematic review and meta-analysis of
randomized controlled trials assessing the impact of Baduanjin exercise on cognition
and memory in patients with mild cognitive impairment. Clinical Rehabilitation
35:492-505 DOI 10.1177/0269215520969661.

Yuan Y, Li X, Liu W. 2022. Dance activity interventions targeting cognitive functioning
in older adu‘lts with mild cognitive impairment: a meta-an alysis. Frontiers in
Psychology 13:966675 DOI 10.3389/fpsyg.2022.966675.

Zhang Q, HuJ, Wei L, Cao R, Ma R, Song H, Jin Y. 2019. Effects of traditional Chi-
nese exercise on cognitive and psychological outcomes in older adults with mild
cognitive impairment: a systematic review and meta-analysis. Medicine 98:e14581
DOI 10.1097/MD.0000000000014581.

ZhangL, Li B, Yang J, Wang F, Tang Q, Wang S. 2020. Meta-analysis: resistance training
improves cognition in mild cognitive impairment. International Journal of Sports
Medicine 41:815-823 DOI 10.1055/a-1186-1272.

Zhou Y, Li LD. 2022. Exercise training for cognitive and physical function in patients
with mild cognitive impairment: a PRISMA-compliant systematic review and meta-
analysis. Medicine 101:e30168 DOI 10.1097/MD.0000000000030168.

Zhou XL, Wang LN, Wang J, Zhou L, Shen XH. 2020. Effects of exercise interventions
for specific cognitive domains in old adults with mild cognitive impairment: a meta-
analysis and subgroup analysis of randomized controlled trials. Medicine 99:e20105
DOI 10.1097/MD.0000000000020105.

ZhuY, Zhong Q,JiJ, Ma ], Wu H, Gao Y, Ali N, Wang T. 2020. Effects of aerobic
dance on cognition in older adults with mild cognitive impairment: a system-
atic review and meta-analysis. Journal of Alzheimer’s disease: JAD 74:679-690
DOI10.3233/JAD-190681.

Zott B, Konnerth A. 2023. Impairments of glutamatergic synaptic transmission in
Alzheimer’s disease. In: Seminars in cell & developmental biology. Amsterdam:
Elsevier, 24-34.

Zou L, Loprinzi PD, Yeung AS, Zeng N, Huang T. 2019. The beneficial effects of mind-
body exercises for people with mild cognitive impairment: a systematic review with
meta-analysis. Archives of Physical Medicine and Rehabilitation 100:1556—1573
DOI 10.1016/j.apmr.2019.03.009.

Zang et al. (2024), Peerd, DOI 10.7717/peerj. 17773 20/20


https://peerj.com
http://dx.doi.org/10.1080/13607863.2020.1839862
http://dx.doi.org/10.1002/gps.5289
http://dx.doi.org/10.1177/0269215520969661
http://dx.doi.org/10.3389/fpsyg.2022.966675
http://dx.doi.org/10.1097/MD.0000000000014581
http://dx.doi.org/10.1055/a-1186-1272
http://dx.doi.org/10.1097/MD.0000000000030168
http://dx.doi.org/10.1097/MD.0000000000020105
http://dx.doi.org/10.3233/JAD-190681
http://dx.doi.org/10.1016/j.apmr.2019.03.009
http://dx.doi.org/10.7717/peerj.17773

