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Abstract

Background: Poststroke cognitive impairment (PSCI) is a chronic form of poststroke cognitive dysfunction that affects
approximately one-third of the survivors of stroke. PSCI significantly increases the rates of mortality and functional disabilities,
such aslimitationsin motor function, speech, and activities of daily living. Therefore, effective treatments are needed for patients
with PSCI. Repetitive transcranial magnetic stimulation (rTMS) has been shown to exert beneficial behavioral effectsin patients
with PSCI. More importantly, a limited number of neuroimaging studies with small sample sizes have reported the beneficial
effects of rTMS on brain plasticity and its reciprocal influence on cognitive and behaviora performance. Resting-state functional
magnetic resonanceimaging (rs-fMRI) has been widely used to study changesin brain activity, but thereisno consensus regarding
which brain regions play pivotal rolesin rTMS for patients with PSCI.

Objective: This study aims to explore the therapeutic effects of rTMS on changes in the brain activity of patients with PSCI,
thereby providing robust evidence to elucidate its neuroimaging mechanisms.

Methods: Inthis meta-analysis, we will systematically search the PubMed, Embase, Cochrane Library, Web of Science, China
Biology Medicine, and China National Knowledge Infrastructure databases, VIP Chinese Science and Technology Periodical
Database, and the China WanFang Database up to December 2024 to identify randomized controlled trials comparing active
rTMS with sham stimulation conditions or conventiona control conditions in patients with PSCI. The primary outcomes will
include the amplitude of low-frequency fluctuation, fractional amplitude of low-frequency fluctuation, regional homogeneity,
and functional connectivity across the whole brain. The secondary outcomes will include the Montreal Cognitive Assessment
and Mini-Mental State Examination scores. Statistical analyseswill be conducted via Review Manager (version 5.4), Seed-based
d Mapping with Permutation of Subject Images (version 6.23), and Stata (version 18.0) software to assess study quality, evaluate
therisk of bias, and analyze the outcome measures.

Results: The study will offer a comprehensive analysis of the available evidence on the use of rTMS to improve cognitive
impairment in patients with stroke based on rs-fMRI findings. The meta-analysiswill be conducted from July 2024 to April 2026,
following this predefined protocol. The process encompasses database searching and study screening (to be concluded by October
2025), dataextraction and synthesis (to be compl eted by December 2025), and subsequent manuscript preparation and submission
(anticipated by April 2026).

Conclusions: This meta-analysiswill provide insights into the therapeutic potential of rTMS to improve cognitive impairment
in patientswith stroke. It will also highlight the strengths and limitations of the existing literature and suggest directionsfor future
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research. Ultimately, our study may aid future clinical decision-making concerning PSCI rehabilitation programs and provide
evidence-based medical insights into the neuroimaging mechanisms of rTMS treatment for PSCI.
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Introduction

Background

Stroke isaserious neurological disease. According to the 2022
release of the China Stroke Report, the incidence rate of stroke
in China is 2022.0 per 100,000, with an annual incidence of
276.7 per 100,000 and amortality rate of 153.9 per 100,000 [1].
Poststroke cognitive impairment (PSCI) is defined asasustained
cognitive deficit for at least 6 months after a stroke [2], which
affects about one-third of patients with stroke [3]. PSCI
significantly elevates mortality risk [4], impedes the recovery
of motor and speech functions and activities of daily living [5],
and substantially increases the caregiver burden and
socioeconomic costs [6]. Therefore, focusing on the
rehabilitation of patients with PSCI is of crucia clinical
importance.

Repetitive transcranial magnetic stimulation (rTMS) is a safe,
efficient, and well-tolerated noninvasive neuromodulation
technique [7]. It induces cortical excitability changes through
electromagnetic induction [8]. For PSCI, 2 primary therapeutic
models exist: the interhemispheric inhibition model and the
compensation model. The interhemispheric inhibition model
posits that stroke disrupts callosal balance, suppressing the
affected hemisphere while hyperactivating the unaffected
hemisphere [9]. rTMS counteracts this by upregulating the
affected hemisphere excitability (viahigh-frequency stimulation)
or downregulating the unaffected hemisphere activity (via
low-frequency stimulation) [10]. The compensation model
proposes neuroplastic reorganization around lesions or in
contralesional regions to compensate for deficits [11]. These
models are integrated in the bimodal balance-recovery model,
which recommends selecting rTMS strategies based on the
structural preservation in the affected hemisphere [12].

Studies indicate that rTMS can modulate neural activity in
specific brain regions [13,14] and improve PSCI behavioral
indicators [15-23]. Numerous meta-analyses have consistently
supported the effectiveness of rTMSintervention for improving
cognitive function in patients with stroke [15-23]. Multiple
meta-analyses consistently demonstrate r'TM S-induced cognitive
improvement in patients after stroke across diverse assessment
tools (the Montreal Cognitive Assessment [MoCA], the
Mini-Mental State Examination [MMSE], the Loewenstein
Occupational Therapy Cognitive Assessment, and the
Repeatable Battery for the Assessment of Neuropsychological
Status) [16,17]. Significant global cognitive benefits have been
observed with both high-frequency rTMS (HF-rTMS) and
low-frequency rTMS (LF-rTMS) protocols targeting the
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dorsolateral prefrontal cortex (DLPFC) [16,17]. Enhanced
executivefunction and working memory (although not memory
or attention) have also been observed when rTMSis combined
with cognitive training, with optimal effects from HF-rTMS
over the left DLPFC or LF-rTMS over the right DLPFC [18].
The superior efficacy of HF-rTMS compared with LF-rTMS
for DLPFC stimulation in improving cognition and functional
independence (as measured by the Modified Barthel Index) has
also been reported [ 19]. Although these studies have confirmed
the behavioral efficacy of rTMS in improving PSCI, the
potential neuroi maging mechanismsunderlying thisbehavioral
effect remain unclear.

Resting-state functional magnetic resonanceimaging (rs-fMRI)
provides a noninvasive tool for mapping rTM S-induced neural
changes in PSCI [24,25]. Evidence indicates that rTMS can
modulate the excitability and functional connectivity (FC) in
cognition-related networks (eg, enhanced
DL PFC-frontotemporal coupling [26], and increased amplitude
of low-frequency fluctuation [ALFF] in the media prefrontal
cortex [27]). Concurrently, cognitive scores (MoCA, MMSE,
and Modified Barthel Index) and neural activity have aso
improved [26-31]. However, systematic evidence quantifying
the consistent neuroimaging effects of rTMS remains limited,
which hindersthe clarification of its mechanistic pathways and
clinical optimization. Existing findings are predominantly
derived from small-sampl e, single-center randomized controlled
trials (RCTs), resulting in insufficient statistical power and
generalizability [27,28]. Although narrative reviews
acknowledge the potential of functional magnetic resonance
imaging (fMRI) for elucidating rTMS mechanisms, they rely
on the qualitative synthesis of methodologically heterogeneous
studies and cannot integrate spatial patterns of neural change
[32]. Crucialy, no quantitative meta-analysis has yet synthesized
coordinate-based neuroimaging datato identify robust, spatially
convergent neural targets of rTMSin PSCI.

Objectives

This coordinate-based meta-analysis (CBMA) aims to (1)
guantitatively synthesize evidence regarding the effectsof rTMS
on cognitive function in patients with PSCI, (2) identify
consistent patterns of rTMS-induced neural changes using
voxel-wise meta-analysis of fMRI data, (3) explore the effects
of intervention parameters—including stimulation frequency,
target location, and intensity—as potential moderators of
efficacy, and (4) explore whether rTMS sham stimulation
intervention has a placebo effect. This study will pioneer the
application of CBMA in rTMS neuromodulation research for
PSCI, with the goal of advancing mechanistic understanding
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and supporting evidence-based optimization of stimulation
protocols.

Methods

The protocol of this meta-analysis will be conducted and
reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocol s (PRISMA-P)
statement guidelines [33]. The PRISMA-P checklist is shown
in Multimedia Appendix 1. This meta-analysis protocol was
registered in PROSPERO (CRD42024562477).

Study Inclusion and Exclusion Criteria

Types of Studies

This meta-analysis will include RCTs reporting rTMS
interventions based on rs-fMRI for improving PSCI. Studies
comparing rTMS with conventional treatments or sham
stimulation will be eligible. All eligible rs-fMRI studies that
meet these criteria will be included, regardless of language or
publication type. Non-RCTS, such as case reports, conference
papers, animal experiments, systematic reviews, and
meta-analyses, will be excluded.

Types of Participants

The participantsin the study will consist of patients with PSCI,
withinclusion criteriaindependent of sex, nationality, ethnicity,
or treatment setting.

Types of I nterventions

I nterventions

We will consider trialswhere rTMSis administered for at least
1 session. Interventions include HF-rTMS, LF-rTMS,
intermittent theta burst stimulation, continuous theta burst
stimulation, and single-pul se stimulation, or comparisonsamong
these 5 rTMS modalities.

Comparators

The control group will receive conventional treatments or sham
stimul ation.

Combination I nterventions

We plan to include combination interventions where rTMS
treatment is combined with pharmacol ogical treatment or other
clinical intervention methods. Wewill only includetrialswhere
both the intervention and control groups receive identical
pharmacological trestments or other clinical intervention
methods.

Outcome Measures

Primary Outcomes

Studies reporting any fMRI analysis method capable of
effectively assessing changes in brain activity and functional
states, such as the ALFF, fractiona ALFF (fALFF), regional
homogeneity (ReHo), and FC across the whole brain, will be
considered eligible for inclusion. The ALFF and fALFF are
validated rs-fMRI analysis methods that evaluate neuronal
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activity by measuring low-frequency oscillations (0.01-0.08
Hz) in the blood oxygen level—dependent (BOLD) signal [34].
The ALFF and fALFF accurately reflect spontaneous neuronal
activity in theresting state from an energy perspective; increased
ALFF and fALFF indicate heightened spontaneous activity
within a brain region, whereas decreased ALFF and fALFF
suggest reduced spontaneous activity [35]. ReHo assesses
regional synchronization of BOLD signal fluctuationsbased on
local correlations [36]. This analysis method provides stable
insights into the temporal coherence of local neuronal activity.
FC is defined as the temporal correlation between
neurophysiological (functional) measurements obtained from
distinct brain regions [37]. FC can revea the key roles and
regulatory influences on the activity of the target brain area of
the whole network.

These methods can be used to explore the characteristics and
patterns of changesin brain activity in patients with PSCI after
rTM Streatment, revealing their neuroimaging mechanisms. All
evaluations are conducted viafMRI and reported in the standard
stereotaxic space of Talairach or the Montreal Neurological
Ingtitute with 3D coordinates (X, y, and z).

Secondary Outcomes

Any study reporting an assessment scale that can effectively
reflect cognitive function in patients with PSCI, such as the
MoCA and MM SE, will be considered eligible. Boththe MoCA
score and the MM SE score have been shown to correlate with
age and years of education. The MoCA isasimple, stand-alone
cognitive screening tool known for its high sensitivity. It
assesses important cognitive domains and is a 30-point test. It
also has excellent test-retest reliability [38,39]. The MMSE is
aconcise, standardized assessment tool used to eval uate patients
cognitive status. The maximum score is 30 points. It measures
orientation, attention, immediate and short-term memory,
language, and the ability to follow basic verbal and written
instructions. The test yields a cumulative score that indicates
anindividua’slevel of cognitive functioning on a standardized
scale [39,40].

Search M ethods for the | dentification of Studies

Electronic Searches

Our search will include databases such asthe PubMed, Embase,
Cochrane Library, Web of Science, China Biology Medicine,
and China National Knowledge Infrastructure databases, the
V1P Chinese Science and Technology Periodical Database, and
the China WanFang Database from their inception up to
December 31, 2024. Our search strategy will incorporate key
terms such as “stroke,” “transcranial magnetic stimulation,”
“cognition,” and “magnetic resonance imaging.” To ensure
comprehensiveness, wewill conduct an exhaustive search within
each database across all relevant fields (eg, titles, abstracts, and
keywords) using both Medical Subject Headings (MeSH) and
free-text terms. Taking the PubMed database as an example,
theretrieval strategy is shown in Table 1. The search strategies
for al the databases are described in detail in Multimedia
Appendix 2.
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Table 1. Search strategy for PubMed.

Number Terms

1 Stroke [MeSH? Terms]

2 Strokes OR Cerebrovascular Accident OR Cerebrovascular Apoplexy OR Cerebrovascular Stroke OR Cerebral Infarction OR Cerebral
Hemorrhage

3 (Stroke [MeSH Terms]) OR (Strokes OR Cerebrovascular Accident OR Cerebrovascular Apoplexy OR Cerebrovascular Stroke OR
Cerebra Infarction OR Cerebral Hemorrhage)

4 Transcranial Magnetic Stimulation [MeSH Terms]

5 Transcranial Magnetic Stimulations OR Repetitive Transcranial Magnetic Stimulation OR rTMS® OR Intermittent Theta Burst Stim-
ulation OR Continuous Theta Burst Stimulation

6 (Transcranial Magnetic Stimulation [MeSH Terms]) OR (Transcranial Magnetic Stimulations OR Repetitive Transcranial Magnetic
Stimulation OR rTMS OR Intermittent Theta Burst Stimulation OR Continuous Theta Burst Stimulation)

7 Cognition [MeSH Terms)

8 Cognitive Dysfunction [MeSH Terms]

9 Cognition OR Cognitive Dysfunction OR Cognitive Impairment

10 ((Cognition [MeSH Terms]) OR (Cognitive Dysfunction [MeSH Terms])) OR (Cognition OR Cognitive Dysfunction OR Cognitive
Impairment)

11 Magnetic Resonance Imaging [MeSH Terms]

12 Magnetic Resonance Imaging OR Functional Magnetic Resonance Imaging OR fMRI® OR Resting-state Functional Magnetic Resonance
Imaging OR rs-fMRI d

13 (Magnetic Resonance Imaging [MeSH Terms]) OR (Magnetic Resonance Imaging OR Functional Magnetic Resonance Imaging OR
fMRI OR Resting-state Functional Magnetic Resonance Imaging OR rs-fMRI)

14 (((((Stroke [MeSH Terms]) OR (Strokes OR Cerebrovascular Accident OR Cerebrovascular Apoplexy OR Cerebrovascular Stroke

OR Cerebral Infarction OR Cerebral Hemorrhage)) AND ((Transcranial Magnetic Stimulation [MeSH Terms]) OR (Transcranial
Magnetic Stimulations OR Repetitive Transcranial Magnetic Stimulation OR rTMS OR Intermittent Theta Burst Stimulation OR
Continuous ThetaBurst Stimulation))) AND (((Cognition [MeSH Terms]) OR (Cognitive Dysfunction [MeSH Terms])) OR (Cognition
OR Cognitive Dysfunction OR Cognitive Impairment))) AND ((Magnetic Resonance Imaging [MeSH Terms]) OR (Magnetic Resonance
Imaging OR Functional Magnetic Resonance Imaging OR fMRI OR Resting-state Functional Magnetic Resonance Imaging OR rs-
fMRI))) AND ((1879/01/01 [Date - Publication] : 2024/12/31 [Date - Publication]))

3\eSH: Medical Subject Headings.

bTMmS: repetitive transcranial magnetic stimulation.

%MRI: functional magnetic resonance imaging.

drsfMRI: resting-state functional magnetic resonance imaging.

management of the search results from the aforementioned

Reference Lists
We will examine the reference lists of all included trias.

Data Collection and M anagement

Selection of Studies

The RCTs included will be reviewed by 2 independent
researchers (XX and L X). NoteExpress software (version 4.0.0;
Beijing Aegean Music Technology) will be used for independent
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databases. Initially, duplicate publications will be removed.
After reviewing titles and abstracts, studiesthat do not meet the
criteriawill be excluded. Finally, the full texts of the remaining
studies will be downloaded and reviewed to exclude those that
do not meet the criteria. Any discrepancies related to study
selection outcomes will be discussed and resolved by a third
researcher (NZ) following cross-checking. The flowchart
detailing all the study screening proceduresis shownin Figure
1.
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Figure 1. Literature screening process.

Xiang et a

Irrelevant records excluded
(n=XX)

Full-text articles excluded:
» Do not use rs-fMRI: n=XX
« Participants do not meet inclusion criteria: n=XX

J « Intervention does not meet inclusion criteria: n=XX

Records identifed through
,S‘ database searching (n=XX)
E (PubMed: n=XX; Web of Science: n=XX;
£z EMBASE: n=XX; Cochrane: n=XX; CNKI: n=XX;
§ VIP: n=XX; WF: n=XX; SinoMed: n=XX)
4
‘ Records after duplicates removed (n=XX) ‘
2 1
=
§ | Records screened (n=XX) ’—*
A
Full-text articles assessed for eligibility
= (n=XX)
2
o
m
=
S — , — ;
= Studies included in quantitative synthesis
§ (meta-analysis) (n=XX)

Data Extraction

Two researchers (XX and FL) will independently extract data
according to the designed data extraction table. To ensure the
consistency of the dataextraction process, 2 researcherswill be
specidly trained in advance. Disagreements will be resolved
by consulting athird researcher (NZ). The basic information to
be extracted will include the following: the essentia
characteristics of theincluded literature (first author, publication
year, sample size, duration of illness, age, sex, intervention
measures, fMRI analysis methods, and secondary outcome
mesasures); specific parametersand trestment protocolsof rTMS
(stimulation freguency, stimulation intensity, stimulation site,
total pulse number, coil type, and duration); and fMRI-related
information (peak coordinates, effect sizes [t test values, or
equivalent z scores or P values], analysis software, and standard
space).

Quality Assessment

On the basis of the assessment approaches adopted in prior
neuroimaging meta-analyses [41,42], the methodol ogical quality
of theincluded fMRI studieswill be evaluated using amodified
checklist. This tool comprises 2 categories and 13 items that
assess key aspects such as sample size, methodological rigor,
and reporting completeness, with a total possible score of 20
points. Higher scoresindicate superior methodological quality.
The checklist is shown in Multimedia Appendix 3. In addition,
2 researchers (XX and YR) will independently use the refined
risk of biasin randomized trialstool to systematically evaluate
the risk of bias across specific domains. bias arising from the
randomization process, bias due to deviations from intended
interventions, bias due to missing outcome data, bias in the
measurement of the outcome, and bias in the selection of the
reported result. The assessment of each domain will berated as
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“low risk,” “some concerns,” or “high risk” [43]. Assessments
will be conducted independently and then cross-checked.
Disagreementswill beresolved by consulting athird researcher
(N2).

Data Synthesis and Meta-Analysis

The outcome measures will be statistically analyzed using the
following software: Seed-based d Mapping with Permutation
of Subject Images (SDM-PSI; version 6.23) and Stata (version
18.0; StataCorp).

Imaging Data

The SDM-PSI will be used to analyze differences in brain
activity between groups and within groups. Initialy, peak
coordinates and effect sizes (t test values, equivalent z scores
or P values) from each study report will be extracted to prepare
text files of peak values. During preprocessing, the software
will usethesefilesto recreate the effect size Clswithin studies.
A meta-analysis will then be conducted to determine the mean
effects of ALFF, fALFF, ReHo, and FC coordinates, weighted
by sample size and variance, for each study. Findly, a
meta-regression analysis will be conducted to identify
relationships between ALFF, fALFF, ReHo, and FC changes
and MoCA, MMSE, age, and course of disease.

Behavioral Data
Stata software will be used to analyze behaviora data.

Continuous Outcomes

For outcomes assessed using the same scale, we will summarize
the data with mean differences and 95% CIs. For outcomes
assessed using different but conceptually similar scales, wewill
use standardized mean differences and 95% Clsto summarize
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the data. Forest plotswill be generated to display the hypothesis
test results.

Dichotomous Outcomes

We will summarize dichotomous outcomes using odds ratios,
risk ratios, or risk differences, along with their corresponding
95% Cls.

Dealing With Missing Data

We will contact the study authors to obtain the missing data. If
we cannot obtain these data, wewill directly report the outcomes
of these studies rather than include them in the meta-analysis.

Assessment of Heterogeneity

The methodological heterogeneity inherent in fMRI studies
presents a challenge for meta-analytic synthesis. To evaluate
between-study heterogeneity, we will extract peak coordinates
reported in the Montreal Neurological Institute space and

quantify statistical inconsistency using the I? statistic [44]. An
1> value <50% will be interpreted as indicating low
heterogeneity. For behavioral data, depending on trial

homogeneity (P>.10, 1°<50%), fixed-effects or random-effects
models will be used for data synthesis. If high levels of
heterogeneity are indicated by visual inspection of the forest

plots or an |2 statistic of >50%, we will explore the sources of
heterogeneity via predefined subgroup analyses or sensitivity
analyses.

Assessment of Reporting Bias

Funnel plotswill be used to assess publication biasfor outcomes
that are reported in more than 10 studies. Symmetrical funnels
will indicate no publication bias, whereas asymmetry will
suggest its presence. For outcomes that are reported in fewer
than 10 studies, the Egger test will be used to assess publication
bias, and the P value will be reported accordingly.

Analysis of Subgroups

We will perform subgroup anaysis according to the following
hierarchy: tier 1 (effect modifiers)—intervention strategies (pure
rTMS interventions or combination interventions) and type of
control intervention (sham rTMS or non-rTMS); tier 2
(stimulation parameters)—stimulation site (DLPFC  or
non-DLPFC), frequency (low frequency or high frequency),
intensity (Y%oMotor Threshold) and pattern (HF-rTMS, LF-rTMS,
intermittent theta burst stimulation, continuous theta burst
stimulation, or single-pulse stimulation); and tier 3 (clinical
characteristics)—age (<60 y or =60 y), sex (male or female),
disease course (acute: <3 mo, subacute: 3-6 mo or chronic: >6
mo), hemiplegic side (left, right or bilateral), type of stroke
(ischemic or hemorrhagic), and lesion location (cortical,
subcortical or mixed).

This study will also evaluate the differencein efficacy between
pure rTMS interventions and combination interventions using
a subgroup interaction test (P<.05 indicates significant
interaction), and calculate the E value to quantify how strong
residual confounding would need to be to overturn the
conclusion (E value >2.0 indicates robustness).
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These analyses aim to (1) identify potential effect modifiers
contributing to heterogeneity, (2) quantify the magnitude of
effect size variations across clinically relevant subgroups, (3)
delineate optimal stimulation parameters for specific patient
phenotypes, and (4) assess the robustness of primary outcomes
by controlling for confounding variables.

Sensitivity Analysis

We will investigate the robustness of our findings using
sensitivity analysis. Specifically, wewill apply the leave-one-out
method. This processinvolves systematically excluding specific
studies to assess their individual impact on the results. We will
evaluate the influence of biasrisk (excluding studies with high
bias risk), data synthesis methodology, and significant
heterogeneity (excluding trials identified as major sources of
heterogeneity).

Grading of Recommendations Assessment,
Development, and Evaluation Assessment

The certainty of the evidence will be evaluated using the
Grading of Recommendations Assessment, Devel opment, and
Evaluation (GRADE) framework [45]. This systematic approach
assigns 1 of 4 grades, “high,” “moderate,” “low,” or “very low,”
to each outcome, considering limitations in design and
implementation, indirectness of evidence, unexplained
heterogeneity, imprecision of results, and high probability of
reporting bias[46]. Two independent researchers (XX and YR)
will use the “GRADEprofiler” software to assess the evidence
and then import the findingsinto the Review Manager software
(version 5.4; The Nordic Cochrane Centre, The Cochrane
Collaboration). In case of discrepancies between theresearchers
assessments, athird researcher (NZ) will arbitrate.

The GRADE framework was originally designed to assess the
quality of evidence for clinical outcomes (eg, mortality,
symptom severity, and functional status) and is not directly
applicable to neuroimaging-derived biomarkers such as ALFF,
ReHo, and FC, which serve as mechanistic or surrogate end
points. Therefore, in this study, the GRADE tool will be applied
exclusively to behavioral measures (eg, MoCA and MM SE) for
evaluating the certainty of evidence.

Results

The results of this meta-analysis will offer a comprehensive
analysis of the available evidence on the use of rTMStoimprove
cognitive impairment in patients with stroke based on rs-fMRI
findings. The meta-analysis process began with protocol
development and registration in July 2024. A structured
literature search and database screening will follow. Title and
abstract screening, along with full-text review and eligibility
assessment, will be completed by October 2025. Dataextraction,
synthesis, and analysis of findings will be completed by
December 2025. Manuscript drafting will beginin January 2026,
and the final review and submission of the completed
meta-analysis are anticipated by April 2026.
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Discussion

Anticipated Findings

The study aims to investigate how rTMS improves cognitive
function in patients with PSCI at the neuroimaging level. We
plan to integrate relevant studies and introduce CBMA to
quantitatively synthesi ze findings from individual neuroimaging
studies [47]. In this study, we will apply SDM-PSI, whichisa
new algorithm for CBMA used for analyzing rs-fMRI imaging
data [48,49]. First, we will use CBMA to explore patterns of
neuroimaging biomarker changes in patients with PSCI
following rTMSintervention. Second, wewill use CBMA maps
to compare differencesin brain region changes before and after
interventions and between groups. Third, we will use
meta-regression analysis methods to investigate correlations
between changes in neuroimaging indicatorsin different brain
regions and behaviora and demographic variables. The
importance of this study is that it will provide intuitive and
visual imaging evidence for the efficacy of rTMS and may aid
in clinical decision-making regarding PSCI rehabilitation
programs through CBMA.

Limitations of This Study Design

A potential limitation of this study is that studiesusing rTMS
for the treatment of animals were excluded from our
meta-analysis. In addition, our study only reports imaging
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metrics such as ALFF, fALFF, ReHo, and FC. Other imaging
metrics from rs-fMRI, such as effective connectivity and
small-world properties, were not considered. Imaging metrics
that reflect white matter and gray matter structure, such as
diffusion tensor imaging and voxel-based morphometry, were
also excluded. Moreover, the field of rsfMRI still faces
challenges. First, temporal variability includes susceptibility to
physiological noise (eg, respiratory and cardiac artifacts) and
state-dependent fluctuations [50]. Second, interpretive ambiguity
arises from difficulty in distinguishing neural from vascular
contributions to the BOLD signal [51]. Third, analytical
heterogeneity resultsfromissueswith cross-study comparability
arising from inconsistent preprocessing pipelines and
connectivity metrics[52]. Theselimitations heed to be addressed
in future related studies.

Conclusions

Our protocol, based on rs-fMRI findings, will summarize the
beneficial role of neuroimaging metric changes after rTMS
intervention in cognitive-related brain regions compared with
the baseline level and the control conditions. Moreover, this
meta-analysis will investigate the relationship between
neuroimaging changes and behavioral outcomes. In summary,
our study may aid future clinical decision-making concerning
PSCI rehabilitation programs and provide evidence-based
medical insights into the neuroimaging mechanisms of rTMS
treatment for PSCI.

The project received funding from the M edi cal-Engineering Interdisciplinary Research Foundation of Shenzhen University (grant
2024Y G006), the Municipal Financial Subsidy of Nanshan District Medical Key Discipline Construction, the Medical Research
Project of Shenzhen Nanshan District Science and Technology Innovation Bureau (grants NS2023007 and NS2023017), and the
Traditional Chinese Medicine Research Project of Guangdong Provincial Administration of Traditional Chinese Medicine (grant
20241278). The funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Data Availability
Data sharing is not applicable to this article as no data sets were generated or analyzed during this study.

Authors Contributions

Authors HZ and NZ are co—corresponding authors with equal status in the paper. They made important contributions to the
conceptual design, implementation, revision, and improvement of this study and had shared corresponding responsibilities
throughout the process. XX, HZ, and NZ designed the research. XX, LX, FL, and Y R completed the data sel ection and extraction.
XX participated in writing the original draft. XX, HZ, NZ, HL, LL, YC, and CL were responsible for revising the manuscript.
All authors contributed to editorial changesin the manuscript; read and approved the final manuscript; and participated sufficiently
in the work and agreed to be accountable for all aspects of the work.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

PRISMA-P (Preferred Reporting Itemsfor Systematic Review and Meta-Analysis Protocols) 2015 checklist: recommended items
to address in a systematic review protocol.
[DOCX File, 20 KB-Multimedia Appendix 1]

https://www.researchprotocols.org/2025/1/e77931 JMIR Res Protoc 2025 | vol. 14 | €77931 | p. 7

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v14i1e77931_app1.docx&filename=7d7c648b2b80030a5fdca1c93fce9fd2.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e77931_app1.docx&filename=7d7c648b2b80030a5fdca1c93fce9fd2.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Xiang et a

Multimedia Appendix 2

Search strategy.
[DOCX File, 29 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Criteriafor objective assessment of the methodological quality of individual studies.
[DOCX File, 13 KB-Multimedia Appendix 3]

References

1. WangYJ LizZX, GuHQ, Zha Y, Zhou Q, Jiang Y, et a. China stroke statistics: an update on the 2019 report from the
National Center for Healthcare Quality Management in Neurological Diseases, China National Clinical Research Center
for Neurological Diseases, the Chinese Stroke Association, National Center for Chronic and Non-Communicable Disease
Control and Prevention, Chinese Center for Disease Control and Prevention and Institute for Global Neuroscience and
Stroke Collaborations. Stroke Vasc Neurol. Oct 2022;7(5):415-450. [FREE Full text] [doi: 10.1136/svn-2021-001374]
[Medline: 35443985]

2. WangK, Dong Q, Yu JT, Hu PP. Experts consensus on post-stroke cognitive impairment management 2021. Chin J Stroke.
2021;16(04):376-389. [EREE Full text]

3. Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors associated with pre-stroke and post-stroke dementia: a
systematic review and meta-analysis. Lancet Neurol. Nov 2009;8(11):1006-1018. [doi: 10.1016/S1474-4422(09)70236-4]
[Medline: 19782001]

4.  Tatemichi TK, Desmond DW, Paik M, FigueroaM, Gropen Tl, Stern Y, et al. Clinical determinants of dementia related
to stroke. Ann Neurol. Jun 1993;33(6):568-575. [doi: 10.1002/ana.410330603] [Medline: 8498836]

5. Yang SL, Cai SF, Wu JY, Cheng H, Hua Y, Zhang XM, et al. Clinical practice guidelinesin integrated traditional Chinese
and western medicine rehabilitation—cognitive impairment. Rehabil Med. 2020;30(05):343-348. [FREE Full text] [doi:
10.3724/SP.J.1329.2020.05003]

6. NysGM, van Zandvoort MJ, van der Worp HB, de Haan EH, de Kort PL, Jansen BP, et al. Early cognitive impairment
predicts long-term depressive symptoms and quality of life after stroke. JNeurol Sci. Sep 25, 2006;247(2):149-156. [doi:
10.1016/}.jns.2006.04.005] [Medline: 16716359]

7.  LiuXY, Zhen W, Zhang QC, Li HM. Treatment and prevention of post-stroke depression. Chin J Gerontol.
2018;38(04):1010-1014. [EREE Full text]

8.  Rossini PM, Burke D, Chen R, Cohen LG, DaskalakisZ, Di lorio R, et al. Non-invasive electrical and magnetic stimulation
of the brain, spinal cord, roots and peripheral nerves: basic principles and procedures for routine clinical and research
application. An updated report from an I.F.C.N. Committee. Clin Neurophysiol. Jun 2015;126(6):1071-1107. [FREE Full
text] [doi: 10.1016/j.clinph.2015.02.001] [Medline: 25797650]

9. Nowak DA, GrefkesC, Ameli M, Fink GR. Interhemispheric competition after stroke: brain stimulation to enhance recovery
of function of the affected hand. Neurorehabil Neural Repair. Sep 2009;23(7):641-656. [doi: 10.1177/1545968309336661]
[Medline: 19531606]

10. Lefaucheur JP, Aleman A, Baeken C, Benninger DH, Brunelin J, Di Lazzaro V, et al. Evidence-based guidelines on the
therapeutic use of repetitive transcranial magnetic stimulation (rTMS): an update (2014-2018). Clin Neurophysiol. Feb
2020;131(2):474-528. [EREE Full text] [doi: 10.1016/j.clinph.2019.11.002] [Medline: 31901449]

11. Brancaccio A, Tabarelli D, Belardinelli P. A new framework to interpret individual inter-hemispheric compensatory
communication after stroke. J Pers Med. Jan 06, 2022;12(1):59. [FREE Full text] [doi: 10.3390/jpm12010059] [Medline:
35055374]

12. Di Pino G, Pellegrino G, Assenza G, Capone F, Ferreri F, FormicaD, et al. Modulation of brain plasticity in stroke: anovel
model for neurorehabilitation. Nat Rev Neurol. Oct 2014;10(10):597-608. [doi: 10.1038/nrneurol.2014.162] [Medline:
25201238]

13. LednRuiz M, Rodriguez Sarasa ML, Sanjudn Rodriguez L, Benito-Ledn J, Garcia-Albea Ristol E, Arce Arce S. Current
evidence on transcranial magnetic stimulation and its potential usefulnessin post-stroke neurorehabilitation: opening new
doors to the treatment of cerebrovascular disease. Neurologia (Engl Ed). Sep 2018;33(7):459-472. [EREE Full text] [doi:
10.1016/j.nrl.2016.03.008] [Medline: 27161423]

14. Valero-Cabré A, Amengua JL, Stengel C, Pascual-Leone A, Coubard OA. Transcranial magnetic stimulation in basic and
clinical neuroscience: a comprehensive review of fundamental principles and novel insights. Neurosci Biobehav Rev. Dec
2017;83:381-404. [doi: 10.1016/j.neubiorev.2017.10.006] [Medline: 29032089]

15. LiuM,BaoG,Bai L, YuE. Therole of repetitive transcranial magnetic stimulation in the treatment of cognitiveimpairment
in stroke patients: a systematic review and meta-analysis. Sci Prog. 2021;104(2):368504211004266. [FREE Full text] [doi:
10.1177/00368504211004266] [Medline: 33827345]

https://www.researchprotocols.org/2025/1/e77931 JMIR Res Protoc 2025 | vol. 14 | €77931 | p. 8
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v14i1e77931_app2.docx&filename=0abc5d436fcf7d2639a1dba0dfaa8d81.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e77931_app2.docx&filename=0abc5d436fcf7d2639a1dba0dfaa8d81.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e77931_app3.docx&filename=1f298a2244f3a7840d39c250c9b656fb.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e77931_app3.docx&filename=1f298a2244f3a7840d39c250c9b656fb.docx
https://svn.bmj.com/lookup/pmidlookup?view=long&pmid=35443985
http://dx.doi.org/10.1136/svn-2021-001374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35443985&dopt=Abstract
https://med.wanfangdata.com.cn/Paper/Detail?id=PeriodicalPaper_zgzzzz202104011
http://dx.doi.org/10.1016/S1474-4422(09)70236-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19782001&dopt=Abstract
http://dx.doi.org/10.1002/ana.410330603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8498836&dopt=Abstract
http://kfxb.publish.founderss.cn/thesisDetails#10.3724/SP.J.1329.2020.05003&lang=en
http://dx.doi.org/10.3724/SP.J.1329.2020.05003
http://dx.doi.org/10.1016/j.jns.2006.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16716359&dopt=Abstract
https://doi.org/10.3969/j.issn.1005-9202.2018.04.095
https://linkinghub.elsevier.com/retrieve/pii/S1388-2457(15)00071-1
https://linkinghub.elsevier.com/retrieve/pii/S1388-2457(15)00071-1
http://dx.doi.org/10.1016/j.clinph.2015.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25797650&dopt=Abstract
http://dx.doi.org/10.1177/1545968309336661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19531606&dopt=Abstract
https://boris-portal.unibe.ch/handle/20.500.12422/185426
http://dx.doi.org/10.1016/j.clinph.2019.11.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31901449&dopt=Abstract
https://europepmc.org/abstract/MED/35055374
http://dx.doi.org/10.3390/jpm12010059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35055374&dopt=Abstract
http://dx.doi.org/10.1038/nrneurol.2014.162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25201238&dopt=Abstract
http://www.elsevier.es/en/linksolver/ft/pii/S0213-4853(16)30030-5
http://dx.doi.org/10.1016/j.nrl.2016.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27161423&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2017.10.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29032089&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/00368504211004266?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/00368504211004266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33827345&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Xiang et a

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Li KPR, SunJ, Wu CQ, An XF, Wu JJ, Zheng M X, et al. Effects of repetitive transcranial magnetic stimulation on post-stroke
patients with cognitive impairment: a systematic review and meta-analysis. Behav Brain Res. Feb 15, 2023;439:114229.
[doi: 10.1016/j.bbr.2022.114229] [Medline: 36442646]

Zhu M, Huang S, Chen W, Pan G, Zhou Y. The effect of transcranial magnetic stimulation on cognitive function in
post-stroke patients: a systematic review and meta-analysis. BMC Neurol. Jul 05, 2024;24(1):234. [EREE Full text] [doi:
10.1186/s12883-024-03726-9] [Medline: 38969994]

Gao Y, QiuY, Yang Q, Tang S, Gong J, Fan H, et al. Repetitive transcranial magnetic stimulation combined with cognitive
training for cognitive function and activities of daily living in patients with post-stroke cognitive impairment: a systematic
review and meta-analysis. Ageing Res Rev. Jun 2023;87:101919. [doi: 10.1016/j.arr.2023.101919] [Medline: 37004840]
YinY, Wang J, Sun J. Therapeutic effect of different-frequency repetitive transcranial magnetic stimulations on post-stroke
cognitive impairment: a meta-analysis. Chin J Tissue Eng Res. 2023;27(20):3274-3280. [FREE Full text]

Gong C, Hu H, Peng XM, Li H, Xiao L, Liu Z, et al. Therapeutic effects of repetitive transcranial magnetic stimulation on
cognitive impairment in stroke patients: a systematic review and meta-analysis. Front Hum Neurosci. 2023;17:1177594.
[FREE Full text] [doi: 10.3389/fnhum.2023.1177594] [Medline: 37250691]

Han K, LiuJ, Tang Z, SuW, Liu Y, Lu H, et al. Effects of excitatory transcranial magnetic stimulation over the different
cerebral hemispheres dorsolateral prefrontal cortex for post-stroke cognitive impairment: a systematic review and
meta-analysis. Front Neurosci. 2023;17:1102311. [ FREE Full text] [doi: 10.3389/fnins.2023.1102311] [Medline: 37260845]
Liu X, Li H, Yang S, Xiao Z, Li Q, Zhang F, et al. Efficacy of repetitive transcranial magnetic stimulation on post-stroke
cognitive impairment: a systematic and a network meta-analysis. Int J Geriatr Psychiatry. Jul 2024;39(7):e6117. [doi:
10.1002/gps.6117] [Medline: 38925887]

Yang Y, Chang W, Ding J, Xu H, Wu X, MalL, et a. Effects of different modalities of transcranial magnetic stimulation
on post-stroke cognitive impairment: a network meta-analysis. Neurol Sci. Sep 2024;45(9):4399-4416. [doi:
10.1007/s10072-024-07504-w] [Medline: 38600332]

Li J, Dong J, Zhang K. Therapeutic effect of rTMS on post-stroke cognitive dysfunction: an analysis using functional MRI.
Chin JMed Phys. 2023;40(07):872-875. [FREE Full text]

Li M, Li Z, Zhuang Z, Yu L, Liang J, Fang J. Study on the effect of resting-scale functional magnetic resonance imaging
on rTMS treatment of cognitive dysfunction in stroke patients. JMed Imaging. 2023;33:670-673. [FREE Full text]

Wang X, Liu JL, Wang D. Resting state fMRI study on therapeutic effect of rTMS for cognitive dysfunction in patients
with hemorrhagic stroke. Chin J Rehabil. 2021;36(08):451-455. [FREE Full text]

YinM, LiuY, Zhang L, Zheng H, Peng L, Ai Y, et a. Effects of rTMS treatment on cognitive impairment and resting-state
brain activity in stroke patients: arandomized clinical trial. Front Neural Circuits. 2020;14:563777. [FREE Full text] [doi:
10.3389/fncir.2020.563777] [Medline: 33117131]

ChaB, Kim J, Kim JM, Choi JW, Choi J, Kim K, et al. Therapeutic effect of repetitive transcranial magnetic stimulation
for post-stroke vascular cognitive impairment: a prospective pilot study. Front Neurol. 2022;13:813597. [FREE Full text]
[doi: 10.3389/fneur.2022.813597] [Medline: 35392634]

Chen YP, Xu SJ, Wang P, Xing RT, Liu K, Sun L. Study on the mechanism of high-frequency repetitive transcranial
magnetic stimulation in improving memory function of stroke patients by functional magnetic resonance imaging. Chin J
Magn Reson Imaging. 2023;14(03):128-133. [FREE Full text]

Mei HN, MaJ, Shi WY, Li H, Zhang J, Tao XL, et a. Analysis of rehabilitation effect of repetitive transcranial magnetic
stimulation based on resting state fMRI in post stroke cognitive impairment patients with low thyroid hormonelevels. Chin
J Contemp Neurol Neurosurg. 2022;22(11):932-939. [FREE Full text] [doi: 10.3969/j.issn.1672 6731.2022.11.004]
LiY,LuoH,YuQ,YinL,LiK,LiY,etal. Cerebral functional manipulation of repetitive transcranial magnetic stimulation
in cognitive impairment patients after stroke: an fMRI study. Front Neurol. 2020;11:977. [FREE Full text] [doi:
10.3389/fneur.2020.00977] [Medline: 33013646]

Cheng SM, XinR, Zhao Y, Liu Q, Xie JL, Liu P, et a. Functional magnetic resonance imaging study about repetitive
transcranial magnetic stimulation for dysfunction after stroke: a scoping review. Chin J Rehabil Theory Pract.
2023;29(02):193-204. [FREE Full text]

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et a. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. Jan 02, 2015;350:97647. [FREE Full
text] [doi: 10.1136/bmj.g7647] [Medline: 25555855]

Zang YF, HeY, Zhu CZ, Cao QJ, Sui MQ, Liang M, et a. Altered baseline brain activity in children with ADHD revealed
by resting-state functional MRI. Brain Dev. Mar 2007;29(2):83-91. [doi: 10.1016/j.braindev.2006.07.002] [Medline:
16919409]

Zou QH, Zhu CZ, Yang Y, Zuo XN, Long XY, Cao QJ, et al. An improved approach to detection of amplitude of
low-frequency fluctuation (ALFF) for resting-statefMRI: fractional ALFF. JNeurosci Methods. Jul 15, 2008;172(1):137-141.
[FREE Full text] [doi: 10.1016/j.jneumeth.2008.04.012] [Medline: 18501969]

Zang Y, Jiang T, Lu Y, HeYY, Tian L. Regiona homogeneity approach to fMRI data analysis. Neuroimage. May
2004;22(1):394-400. [doi: 10.1016/j.neuroimage.2003.12.030] [Medline: 15110032]

https://www.researchprotocols.org/2025/1/e77931 JMIR Res Protoc 2025 | vol. 14 | €77931 | p. 9

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.bbr.2022.114229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36442646&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-024-03726-9
http://dx.doi.org/10.1186/s12883-024-03726-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38969994&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2023.101919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37004840&dopt=Abstract
https://www.cjter.com/EN/10.12307/2023.150
https://europepmc.org/abstract/MED/37250691
http://dx.doi.org/10.3389/fnhum.2023.1177594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37250691&dopt=Abstract
https://europepmc.org/abstract/MED/37260845
http://dx.doi.org/10.3389/fnins.2023.1102311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37260845&dopt=Abstract
http://dx.doi.org/10.1002/gps.6117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38925887&dopt=Abstract
http://dx.doi.org/10.1007/s10072-024-07504-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38600332&dopt=Abstract
http://zgyxwlxzz.paperopen.com/oa/DArticle.aspx?type=view&id=202301016
https://xyxz.cbpt.cnki.net/portal/journal/portal/client/paper/a2313181e47839abf1b243ef2e89792a
http://www.zgkfzz.com/ch/reader/view_abstract.aspx?file_no=20210801&flag=1
https://europepmc.org/abstract/MED/33117131
http://dx.doi.org/10.3389/fncir.2020.563777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33117131&dopt=Abstract
https://doi.org/10.3389/fneur.2022.813597
http://dx.doi.org/10.3389/fneur.2022.813597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35392634&dopt=Abstract
https://doi.org/10.12015/issn.1674-8034.2023.03.022
http://www.cjcnn.org/index.php/cjcnn/article/view/2586
http://dx.doi.org/10.3969/j.issn.1672�6731.2022.11.004
https://europepmc.org/abstract/MED/33013646
http://dx.doi.org/10.3389/fneur.2020.00977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33013646&dopt=Abstract
https://www.cjrtponline.com/EN/abstract/abstract8416.shtml
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=25555855
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=25555855
http://dx.doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555855&dopt=Abstract
http://dx.doi.org/10.1016/j.braindev.2006.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16919409&dopt=Abstract
https://europepmc.org/abstract/MED/18501969
http://dx.doi.org/10.1016/j.jneumeth.2008.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18501969&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2003.12.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15110032&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Xiang et a

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

Kelly C, Castellanos FX. Strengthening connections: functional connectivity and brain plasticity. Neuropsychol Rev. Mar
2014;24(1):63-76. [FREE Full text] [doi: 10.1007/s11065-014-9252-y] [Medline: 24496903]

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin |, et al. The Montreal Cognitive Assessment,
MoCA: abrief screening tool for mild cognitive impairment. JAm Geriatr Soc. Apr 2005;53(4):695-699. [doi:
10.1111/j.1532-5415.2005.53221.x] [Medline: 15817019]

Khaw J, Subramaniam P, Abd Aziz NA, Ali Raymond A, Wan Zaidi WA, Ghazali SE. Current update on the clinical utility
of MM SE and MoCA for stroke patientsin Asia: a systematic review. Int J Environ Res Public Health. Aug 25,
2021;18(17):8962. [FREE Full text] [doi: 10.3390/ijerph18178962] [Medline: 34501552]

Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-based norms for the Mini-Mental State Examination by age
and educational level. JAMA. May 12, 1993;269(18):2386-2391. [Medline: 8479064]

Iwabuchi SJ, Krishnadas R, Li C, Auer DP, Radua J, Palaniyappan L. Localized connectivity in depression: ameta-analysis
of resting state functional imaging studies. Neurosci Biobehav Rev. Apr 2015;51:77-86. [doi:
10.1016/j.neubiorev.2015.01.006] [Medline: 25597656]

Pan P, Zhan H, XiaM, Zhang Y, Guan D, Xu Y. Aberrant regional homogeneity in Parkinson's disease: a voxel-wise
meta-analysis of resting-state functional magnetic resonanceimaging studies. Neurosci Biobehav Rev. Jan 2017;72:223-231.
[doi: 10.1016/j.neubiorev.2016.11.018] [Medline: 27916710]

Sterne JA, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: arevised tool for assessing risk of bias
in randomised trials. BMJ. Aug 28, 2019;366:14898. [FREE Full text] [doi: 10.1136/bm;j.I14898] [Medline: 31462531]
Radua J, Mataix-Cols D, Phillips ML, El-Hage W, Kronhaus DM, Cardoner N, et a. A new meta-analytic method for
neuroimaging studies that combines reported peak coordinates and statistical parametric maps. Eur Psychiatry. Nov
2012;27(8):605-611. [doi: 10.1016/j.eurpsy.2011.04.001] [Medline: 21658917]

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on
rating quality of evidence and strength of recommendations. BMJ. Apr 26, 2008;336(7650):924-926. [ FREE Full text] [doi:
10.1136/bmj.39489.470347.AD] [Medline: 18436948]

Guyatt GH, Oxman AD, Schiinemann HJ, Tugwell P, Knottnerus A. GRADE guidelines: anew series of articlesin the
Journal of Clinical Epidemiology. JClin Epidemiol. Apr 2011;64(4):380-382. [doi: 10.1016/j.jclinepi.2010.09.011] [Medline:
21185693]

Tahmasian M, Sepehry AA, Samea F, Khodadadifar T, Soltaningjad Z, Javaheripour N, et al. Practical recommendations
to conduct a neuroimaging meta-analysisfor neuropsychiatric disorders. Hum Brain Mapp. Dec 01, 2019;40(17):5142-5154.
[FREE Full text] [doi: 10.1002/hbm.24746] [Medline: 31379049]

Albgjes-Eizagirre A, Solanes A, Fullana M A, loannidis JP, Fusar-Poli P, Torrent C, et al. Meta-analysis of voxel-based
neuroimaging studies using seed-based d mapping with permutation of subject images (SDM-PSI). J Vis Exp. Nov 27,
2019;(153). [doi: 10.3791/59841] [Medline: 31840658]

Dugré JR, RaduaJ, Carignan-Allard M, Dumais A, RubiaK, Potvin S. Neurofunctional abnormalitiesin antisocial spectrum:
ameta-analysis of fMRI studies on five distinct neurocognitive research domains. Neurosci Biobehav Rev. Dec
2020;119:168-183. [doi: 10.1016/j.neubiorev.2020.09.013] [Medline: 32956690]

Hutchison RM, Womelsdorf T, Allen EA, Bandettini PA, Calhoun VD, CorbettaM, et al. Dynamic functional connectivity:
promise, issues, and interpretations. Neuroimage. Oct 15, 2013;80:360-378. [doi: 10.1016/j.neurcimage.2013.05.079]
[Medline: 23707587]

Logothetis NK. What we can do and what we cannot do with fMRI. Nature. Jun 12, 2008;453(7197):869-878. [doi:
10.1038/nature06976] [Medline: 18548064]

Luppi Al, GellersenHM, Liu ZQ, Peattie AR, Manktelow AE, AdapaR, et a. Systematic evaluation of fMRI data-processing
pipelines for consistent functional connectomics. Nat Commun. Jun 04, 2024;15(1):4745. [EREE Full text] [doi:
10.1038/s41467-024-48781-5] [Medline: 38834553]

Abbreviations

ALFF: amplitude of low-frequency fluctuation

BOLD: blood oxygen level-dependent

CBMA: coordinate-based meta-analysis

DLPFC: dorsolateral prefrontal cortex

fALFF: fractional ALFF

FC: functional connectivity

GRADE: Grading of Recommendations Assessment, Development, and Evaluation
HF-rTMS: high-frequency repetitive transcranial magnetic stimulation
LF-rTMS: low-frequency repetitive transcranial magnetic stimulation
MeSH: Medica Subject Headings

MMSE: Mini-Mental State Examination

MoCA: Montreal Cognitive Assessment

https://www.researchprotocols.org/2025/1/e77931 JMIR Res Protoc 2025 | vol. 14 | €77931 | p. 10

(page number not for citation purposes)


https://europepmc.org/abstract/MED/24496903
http://dx.doi.org/10.1007/s11065-014-9252-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24496903&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15817019&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18178962
http://dx.doi.org/10.3390/ijerph18178962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34501552&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8479064&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2015.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25597656&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.11.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27916710&dopt=Abstract
https://eprints.whiterose.ac.uk/150579/
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
http://dx.doi.org/10.1016/j.eurpsy.2011.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21658917&dopt=Abstract
https://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2010.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185693&dopt=Abstract
https://europepmc.org/abstract/MED/31379049
http://dx.doi.org/10.1002/hbm.24746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31379049&dopt=Abstract
http://dx.doi.org/10.3791/59841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31840658&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2020.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32956690&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2013.05.079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23707587&dopt=Abstract
http://dx.doi.org/10.1038/nature06976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18548064&dopt=Abstract
https://doi.org/10.1038/s41467-024-48781-5
http://dx.doi.org/10.1038/s41467-024-48781-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38834553&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Xiang et a

PSCI: poststroke cognitive impairment

RCT: randomized controlled trial

ReHo: regional homogeneity

rsfMRI: resting-state functional magnetic resonance imaging

rTMS: repetitive transcranial magnetic stimulation

SDM-PSI: Seed-based d Mapping with Permutation of Subject Images

Edited by J Sarvestan; submitted 23.May.2025; peer-reviewed by L Chen, P Wu; comments to author 25.Jun.2025; revised version
received 06.Aug.2025; accepted 03.Sep.2025; published 02.0ct.2025

Please cite as:

Xiang X, Li H, LuL, Cao Y, Li C, Xiao L, LiuF, Ran Y, Zhang H, Zhao N

The Use of Repetitive Transcranial Magnetic Stimulation to Improve Cognitive Impairment in Patients With Stroke Based on rs-fMRI
Findings: Protocol for a Meta-Analysis

JMIR Res Protoc 2025;14:e77931

URL: https://www.researchprotocols.org/2025/1/e77931

doi: 10.2196/77931

PMID:

©Xin Xiang, Hao Li, Lin Lu, Yuting Cao, Chunzhen Li, Lubo Xiao, Furong Liu, Yi Ran, Hong Zhang, Ning Zhao. Originally
published in IMIR Research Protocols (https.//www.researchprotocol s.org), 02.0ct.2025. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https.//www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2025/1/e77931 JMIR Res Protoc 2025 | vol. 14 | €77931 | p. 11
(page number not for citation purposes)

RenderX


https://www.researchprotocols.org/2025/1/e77931
http://dx.doi.org/10.2196/77931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

