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Abstract

Background: Patients with post-stroke memory disorder (PSMD) have poor quality of life and it is necessary to identify more beneficial
stimulation protocols for treatment with repetitive transcranial magnetic stimulation (rTMS). This meta-analysis was conducted to inves-
tigate the efficacy and safety of rTMS for improving memory performance, global cognition, and activities of daily living (ADL) among
patients with PSMD.Methods: The PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), Chinese Biomed-
ical Literature Database, Chinese National Knowledge Infrastructure, China Science and Technology Journal Database, and Wanfang
databases were screened to identify relevant randomized controlled trials. The primary outcome was memory performance; secondary
outcomes included global cognition, ADL, and adverse events. STATA software was used to perform data synthesis. Results: Five
articles with a total of 192 participants were included. The results indicated that rTMS was superior to control treatments for improving
memory performance (mean difference [MD] = 1.73, 95% CI [Confidence Interval] [0.85, 2.60], p < 0.001), global cognition (MD =
2.44, 95% CI [0.96, 3.93], p < 0.001), and ADL (MD = 10.29, 95% CI [5.10, 15.48], p < 0.001). No significant differences were
found between the low-frequency (LF) and high-frequency (HF) rTMS subgroups (p = 0.47, I2 = 0.00%) or between the sham rTMS and
non-rTMS subgroups (p = 0.94, I2 = 0.00%). Four studies did not reported adverse events. Conclusions: rTMS may improve memory
function, global cognition, and the ability to perform ADL in patients with PSMD. LF-rTMS and HF-rTMS may have equal efficacy for
treatment of PSMD. Future studies should consider extending the follow-up period to explore the safety and long-term efficacy of rTMS
for treatment of PSMD and the appropriate choice of placebo for clinical trials of this treatment.
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1. Introduction
Poststroke memory disorder (PSMD) is a common

outcome following a stroke [1,2]. PSMD is associated with
memory loss and the inability to learn and use skills [3].
A previous systematic review indicated that approximately
23–55% of poststroke patients without dementia experience
PSMD after three months [4]. This disorder has a detrimen-
tal effect on daily life [5], cognitive function [6], and speech
motor learning [7]. Regular cognitive rehabilitation (e.g.,
internal and external memory aids) has limited efficacy for
treating PSMD [2]. Several studies have indicated that
repetitive transcranial magnetic stimulation (rTMS) is use-
ful for restoring memory function [8–14]. This technique
modulates the excitability of the brain through stimulation
at different frequencies. Low-frequency rTMS (LF-rTMS,
0.2–1 Hz) decreases brain excitability and high-frequency
rTMS (HF-rTMS) (≥5Hz) increases brain excitability [15].

Nonetheless, the clinical efficacy of rTMS for improv-
ing memory function in patients with PSMD has yet to be
fully elucidated and study results have been inconsistent.
Rektorova et al. [16] revealed that 10-Hz rTMS of the

left dorsolateral prefrontal cortex (DLPFC) in an random-
ized clinical trial (RCT) with a crossover design had no
effect on memory function compared to baseline or con-
trols. Sedlackova et al. [17] found that both 1-Hz and
10-Hz rTMS of the left DLPFC failed to improve memory
performance on various subtests of the Wechsler Memory
Scale (WMS). Two previous descriptive reviews stated that
additional high-quality RCTs and sufficient data were still
needed to demonstrate the efficacy of rTMS for treatment
of PSMD [18,19].

Additionally, studies have found that rTMS effec-
tively enhanced memory in patients with poststroke cogni-
tive impairment (PSCI) [20–24]. LiW et al. [24] reported a
beneficial effect of intermittent theta burst stimulation (left
DLPFC, 50Hz repeated at 5Hz, 100% restingmotor thresh-
old (RMT), 600 pulses) on memory performance in patients
with PSCI by using the Oxford Cognitive Screen (OCS) in a
double-blind RCT. A systematic review also suggested that
rTMS improved Mini-Mental State Examination (MMSE)
scores in patients with PSCI [20]. However the efficacy of
rTMS for treating PSMD is still unclear. While memory
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Table 1. Inclusion and exclusion criteria.
Inclusion criteria

Design RCTs reported in English or Chinese with complete data available
Participants Diagnosed with PSMD with disease course more than two weeks
Intervention Active rTMS alone or combined with other treatments (drug therapy, cognition training, or others) in the intervention group
Comparators Sham rTMS or non-rTMS
Outcomes Including RBMT or WMS

Exclusion criteria

Design Conference papers, quasi-experimental studies, or editorials

Participants
History of psychiatric or neurological disorders or memory disorders
Metal dentures, pacemakers, intracranial metal implants, or cranial defects

Data Derived from the same trial

RCTs, randomized controlled trials; PSMD, patients with post-stroke memory disorder; rTMS, repetitive transcranial magnetic stimulation;
RBMT, rivermead behavioral memory test; WMS, wechsler memory scale.

function is an aspect of cognition, patients with PSCI do
not all necessarily have memory dysfunction. Moreover,
both the OCS and MMSE are suited for assessing cogni-
tive function but do not focus on memory [25,26]. Special
scales are needed, such as the WMS [27] and the River-
mead Behavioral Memory Test (RBMT), to test memory
performance specifically [28]. Furthermore, the stimula-
tion parameters are often different across studies (e.g., stim-
ulation frequency, sham rTMS, or non-rTMS in the con-
trol) [8,10,21]. The optimal rTMS stimulation protocol for
PSMD remains unclear.

Therefore, the current quantitative meta-analysis was
conducted to evaluate the effect of rTMS on PSMD. The ob-
jectives were as follows: (1) to explore the effect of rTMS
on memory performance, (2) to assess differences in LF-
rTMS andHF-rTMS, and (3) to evaluate the impact of sham
rTMS versus non-rTMS controls on the apparent efficacy of
therapeutic rTMS.

2. Materials and Methods
This study was conducted in accordance with the

PRISMA guidelines [29] and its protocol was registered
with the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42021282439). PRISMA
checklist is shown in Supplementary Material 1.

2.1 Search Strategy and Selection Criteria

Seven databases (PubMed, Embase, Cochrane Cen-
tral Register of Controlled Trials (CENTRAL), Chinese
Biomedical Literature Database (CBM), Chinese National
Knowledge Infrastructure (CNKI), China Science and
Technology Journal Database (VIP), and Wanfang) were
searched from inception to August 2021 using explicit
search strategies combining MeSH terms and free text. The
search strategy for all databases is described in detail in
Supplementary Material 2. Inclusion and exclusion cri-
teria are shown in Table 1.

2.2 Data Selection and Extraction
The initial selection was conducted independently by

two researchers (DX and PZ) through independent screen-
ing and analysis of the titles and abstracts of the imported
studies. Another two researchers (JC and XT) read the full
text of the potentially eligible papers and conducted a sec-
ond round of selection. Additionally, the reasons for ex-
cluding papers were recorded and a third researcher (SYL)
was consulted to resolve disagreements during the screen-
ing process. Note Express 3.5.0 software (Beijing Aegean
Music Technology, Beijng, China) was used to manage all
the imported search records.

Data extraction was conducted by two researchers
(PZ and XT) using a standardized form. The following
data were extracted: study characteristics, trial methodolo-
gies, participant information, the stimulation parameters of
rTMS, sham or non-rTMS control, and outcomes. Further
details on data extraction are described in Supplementary
Material 3.

2.3 Quality Assessment
The Cochrane risk-of-bias tool from the Cochrane

Handbook for Systematic Reviews of Interventions was ap-
plied using Review Manager to evaluate the risk of bias for
each study [30]. The risk-of-bias tool consisted of seven
items, each of which was rated on a three-level scale. The
risk of bias was evaluated independently by two researchers
(PZ and JC), and a separate researcher (SYL) made the fi-
nal decision in the event of a disagreement. The quality of
the data was assessed by the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) [31],
which contained four criteria (inconsistency, indirectness,
imprecision, and publication bias). Each of these four cri-
teria were rated on a four-level scale: high, moderate, low,
or extremely low.
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Table 2. Characteristics of eligible studies.

Studies
Sample
size

Participants Intervention
Outcomes

Adverse
eventsMean age (T/C) Sex (M/F) Type of

stroke (I/H)
Disease course
(month/day)

Educational level
(year)

Stimulation parameters Type of
coil

Site of
stimulation

Sham
rTMS

Huang [13]
(2021)

24
T: 63.87 ± 6.31 T: 12/0

UC
T: 96.25 ± 29.11 d T: 10.15 ± 2.96 80%–120% RMT, 5 Hz,

20 min, 1 time/d, 5 d/week,
4 weeks

O-coil Left DLPFC No ¬®¯ No
C: 61.48 ± 9.08 C: 10/2 C: 105.83 ± 44.20 d C: 11.85 ± 4.91

Wen et al.
[14] (2020)

50
T: 58.52 ± 10.61 T: 14/11 T: 16/9 T: 1.07 ± 0.58 m T: 9.52 ± 3.49 80% RMT, 1 Hz, 30 min,

1 time/d, 5 d/week, 4
weeks

‘8’ coil
Contralesional
DLPFC

Yes ¬®¯° Unreported
C: 55.08 ± 10.05 C: 13/12 C: 14/11 C: 1.13 ± 0.66 m C: 10.96 ± 4.03

Zhou [12]
(2017)

40
T: 52.57 ± 8.53 T: 14/7

UC
T: 1.43 ± 0.68 m T: 9.48 ± 2.34 80%–120% RMT, 10 Hz,

15 min, 1 time/d, 5 d/week,
4 weeks

O-coil Bilateral DLPFC Yes ¬®¯± Unreported
C: 55.32 ± 7.58 C: 9/10 C: 1.63 ± 0.76 m C: 9.05 ± 2.59

Lu et al.
[11] (2015)

40
T: 42.5 ± 12.3 T: 12/7 T: 8/11 T: 67 (30, 365) d T: 12.8 ± 3.8 100% RMT, 1 Hz, 20

pulses/session, 30 sessions,
1 time/d, 5 d/week, 4 weeks

‘8’coil Right DLPFC Yes ¬®² Unreported
C: 47.3 ± 11.8 C: 13/8 C: 10/11 C: 56 (30, 296) d C: 11.5 ± 4.5

Ou et al.
[10] (2014)

38
T: 68.3 ± 2.30 T: 11/7 T: 13/5 T: 127.30 ± 34.93 d

UC
60% RMT, 20 Hz, 30
pulses/session, 1 session,
1 time/d, 5 d/week, 4 weeks

UC
Ipsilesional frontal
cortex

No ¬± Unreported
C: 69.2 ± 2.49 C: 13/7 C: 14/6 C: 155.55 ± 63.89 d

T/C, treatment group/ control group; UC: Unclear; I/H, Ischemic/ Hemorrhage; RMT, resting motor threshold; DLPFC, dorsolateral prefrontal cortex; MoCA, Montreal Cognitive Assessment; MBI, Modified
Barthel Index; MMSE, Mini-Mental State Examination; CAMPROMPT, Cambridge Prospective Memory Test Scale; LOTCA, Lovingston Homework Therapy Cognitive Assessment. ¬, RBMT; , P300;
®, MoCA; ¯, MBI; °, MMSE; ±, CAMPROMPT; ², LOTCA. Location of lesion and quality of outcomes reporting are not mentioned in original papers. Pulses of per session and number of session are
not mentioned in Huang, Wen et al, and Zhou.
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2.4 Baseline Differences

To reduce heterogeneity and improve comparability
between rTMS groups across studies, we extracted the
preintervention means and standard deviation of each study
to conduct baseline difference testing.

2.5 Heterogeneity and Publication Bias

Heterogeneity between eligible studies was mea-
sured using I2 statistics and Galbraith plots. I2
statisticswerecalculated to determine the magnitude
of study heterogeneity and Galbraith plots were used
to reflect the extent of heterogeneity. To confirm the
robustness of the conclusions and measure publication
bias, Egger’s test and Begg’s test were conducted.

2.6 Data Synthesis

Data was analyzed using STATA 17 (StataCorp
LLC4905 Lakeway Drive, College Station, TX, USA)
to determine whether rTMS can improve memory per-
formance, global cognition, and activities of daily living
(ADL). All data analyses were performed using postinter-
vention data from both the rTMS group and control group,
and the results are presented as the mean difference (MD)
and 95% confidence interval (CI). A random-effect model
or a fixed-effect model was applied to determine effect
sizes. When I2 = 0.00%, the fixed-effect model was em-
ployed; otherwise, the random-effect model was applied.

2.7 Subgroup Analysis and Sensitivity Analysis

We performed subgroup analysis based on stimulation
frequency (low frequency or high frequency), age (greater
or less than 60), sex (male or female), stimulation inten-
sity, duration of intervention (greater or less than 1 month),
and intervention in the control group (sham rTMS or non-
rTMS). Sensitivity analysis was performed to reduce the
level of heterogeneity. The leave-one-out method was used
to increase the reliability and credibility of the results.

3. Results
3.1 Study Identification

The databases initially yielded 1230 studies, 42 of
which were potentially eligible for the final selection.
Thirty-seven papers were subsequently excluded as a result
of participants not being diagnosed with memory dysfunc-
tion, data frommultiple studies being derived from the same
trial, lack of appropriate memory assessment scale, and in-
eligible article types. The remaining five articles were in-
cluded in the final analysis. The process of study selection
is presented in Fig. 1.

3.2 Study Characteristics

The relevant features of eligible papers are presented
in Table 2 (Ref. [10–14]). A total of 192 patients were in-
cluded in the meta-analysis, including 121 males (63.0%)
and 71 females (37.0%). The number of subjects in the eli-

gible studies varied from 24 to 50 per study. The mean age
range of the participants was 42.5 to 68.3 in the rTMS group
and 47.3 to 69.2 in the control group. Three studies reported
the prevalence rates of ischemic and hemorrhagic stroke;
the number of ischemic strokes was 75 (58.6%) [10,11,14].
Participants’ average number of years of education ranged
from 9.48 to 12.8 in the rTMS group and from 9.05 to 11.85
in the control group [11–14].

The stimulation parameters are shown in Table 2. A
figure-eight coil was applied in two studies [11,14], an O-
coil was used in two studies [12,13], and the coil type was
not reported in the fifth study [10]. Two studies employed
1-Hz low-frequency stimulation [11,14], and the other three
employed 5-, 10-, or 20-Hz high-frequency stimulation
[10,12,13]. The stimulation intensity in all the studies
ranged from 60% to 120% of the resting motor threshold
(five sessions per week for four consecutive weeks). The
stimulation sites for rTMS included the left DLPFC [13],
the contralesional DLPFC [14], bilateral DLPFC [12], the
right DLPFC [11], and ipsilesional frontal cortex [10]. Re-
garding the interventions in the control group, three stud-
ies employed sham rTMS using three different approaches.
These included a sham coil, a real coil placed perpendicular
to the scalp that was not active, or stimulation stopped af-
ter 15 seconds. [11,12,14]. Non-rTMS interventions (drugs
and regular cognitive rehabilitations) were used in the other
two studies [10,13].

All papers that were included assessed memory func-
tion using the RBMT [10–14]. One study used the Cam-
bridge Prospective Memory Test Scale (CAMPROMPT) in
addition to the RBMT to evaluate memory performance
[10]. To assess global cognition, the Montreal Cognitive
Assessment (MoCA) was administered in four studies [11–
14], one of which used a combination of the MoCA and the
MMSE [14]. Ou et al. [10] did not assess global cognition.
The Modified Barthel Index (MBI) was utilized to assess
ADL in three studies [12–14]. Ou et al. [10] and Lu et al.
[11] did not assess ADL. No adverse events were reported
in these studies, except for Huang [13].

3.3 Quality Assessment

Three papers used a random number method to di-
vide participants into treatment groups [11,12,14]. One pa-
per used a computerized randomization method [13]. The
method of randomization was not specified in the fifth pa-
per [10]. In regard to allocation concealment, one paper
used sealed opaque envelopes [13] and the remaining four
papers did not report the details of allocation concealment
[10–12,14]. Regarding blinding, three papers were consid-
ered to have a low risk of bias as both the patients and ex-
aminers were blinded [11–13]. Two papers had potential
risk of performance and detection bias; only patients were
blinded in the study by Wen et al. [14], and the blinding
method was unspecified in the study by Ou et al. [10]. All
of the included studies had complete data (Fig. 2).
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Fig. 1. Flow diagram of study selection.

According to the GRADE, the level of evidence for
the primary (RBMT) and secondary outcomes (MoCA and
MBI) was moderate. The quality of this outcome was
downgraded because the method of allocation concealment
was unclear (Supplementary Material 4).

3.4 Baseline Difference

The results of data synthesis based on the baseline data
indicated no significant difference between the rTMS and
control groups in scores on the RBMT (MD = –0.76, 95%
CI [Confidence Interval] [–1.68, 0.15], p= 0.10, I2 = 0.00%,
Fig. 3A), MoCA (MD = –0.65, 95% CI [–2.07, 0.77], p =
0.37, I2 = 0.00%, Fig. 3B), and MBI (MD = –0.73, 95% CI
[–8.27, 6.80], p = 0.85, I2 = 37.93%, Fig. 3C).

3.5 Heterogeneity and Publication Bias

The Galbraith plot also did not indicate heterogeneity,
as all dots were distributed between the two regression lines
(Fig. 4A). There was no significant heterogeneity among
the studies onmemory performance (Q = 3.94, p= 0.41, I2=
0.00%, Fig. 5A). Neither Begg’s test (t = 0.73, p = 0.462,
Fig. 4B) nor Egger’s test (t = 1.00, p = 0.393, Fig. 4B) re-
vealed evidence of publication bias.

3.6 Meta-Analyses

As mentioned in the Methods and published protocol
section [32], a random-effect model or a fixed-effect model
was applied to determine effect sizes. When I2 = 0.00%, the
fixed-effect model was employed; otherwise, the random-
effect model was applied.

3.6.1 Primary Outcome

TheRBMTcontains 12 sub scores consisting of 10 ret-
rospective memory tasks and 2 prospective memory tasks.
This scale was used to evaluate memory for details. All in-
cluded papers used the RBMT to assess the impact of rTMS
on memory function. The results based on the fixed-effect
model indicated that the RBMT scores of the rTMS group
were significantly greater than those of the control group
(MD = 1.73, 95% CI [0.85, 2.60], p < 0.001, I2 = 0.00%,
Fig. 5A).

As shown in Fig. 6A, subgroup analysis revealed no
significant difference between the effects of the LF-rTMS
and HF-rTMS on memory performance (Q = 0.52, p = 0.47,
I2 = 0.00%). Regarding low-frequency versus control, sub-
group analysis demonstrated that the effect of LF-rTMS on
memory function in participants with PSMD was signifi-
cantly greater than that of control treatment (MD = 2.12,
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Fig. 2. Risk-of-bias graph and summary of the included studies.

95% CI [0.90, 3.33], p < 0.001, I2 = 0.00%). Regarding
high-frequency versus control treatment, there was no sig-
nificant difference in memory performance between these
two conditions (MD = 1.42, 95% CI [–0.07, 2.90], p = 0.06,
I2 = 18.87%, Fig. 6A).

As shown in Fig. 6B, the sham rTMS group and the
non-rTMS did not significantly differ according to sub-
group analysis (Q = 0.01, p = 0.94, I2 = 0.00%). Regard-
ing sham rTMS versus rTMS, an analysis with three studies
[11,12,14] indicated rTMS group was superior to the sham
rTMS group in RBMT (MD = 1.96, 95% CI [0.84, 3.07], p
< 0.001, I2 = 0.00%). Regarding non-rTMS versus rTMS,
the analysis with two studies [10,13] reported that there was
no significant difference between the non-rTMS and rTMS
groups (MD = 1.85, 95% CI [–0.80, 4.50], p = 0.17, I2 =
58.96%, Fig. 6B).

Regarding the duration of intervention, a subgroup
analysis could not be conducted because all the interven-
tions examined herein lasted for one month. Regarding sex,
all included studies recruited both males and females and
did not assess the data separately by sex. Regarding stimu-
lation intensity, two studies had the same stimulation inten-
sity but the intensity was different in the remaining three

studies. Regarding age, both younger and older patients
were simultaneously included in four studies. Therefore,
subgroup analyses could not be performed based on the
duration of intervention, age, sex, or stimulation intensity
(Supplementary Material 5).

3.6.2 Secondary Outcomes
The MoCA is a rapid screening tool for cognitive ab-

normalities and tests eight cognitive domains, including de-
layed memory, visuospatial function, executive function,
attention, numeracy, language function, temporal orienta-
tion, and place orientation. By including these domains,
the MoCA is thought to measure overall cognitive function
[33]. The MBI is an 11-item scale used to evaluate the abil-
ity to perform basic ADL [34].

The results showed that rTMS was superior to con-
trol treatments for improving global cognition (MD = 2.44,
95% CI [0.96, 3.93], p < 0.001, I2 = 20.23%, Fig. 5B) and
ADL (MD = 10.29, 95% CI [5.10, 15.48], p < 0.001, I2 =
0.00%, Fig. 5C). According to subgroup analysis, the LF-
rTMS and HF-rTMS group did not significantly differ in
either MoCA (Q = 1.41, p = 0.23, I2 = 20.23%, Supple-
mentary Material 6) or MBI scores (Q = 0.26, p = 0.61,
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Fig. 3. Comparison of pre-intervention clinical data between the rTMS and control groups. (A) Comparison of differences in
RBMT between the rTMS and control groups. (B) Comparison of differences in MoCA between the rTMS and control groups. (C)
Comparison of differences in MBI between the rTMS and control groups. rTMS, repetitive transcranial magnetic stimulation; RBMT,
Rivermead Behavioral Memory Test; MoCA, Montreal Cognitive Assessment; MBI, Modified Barthel Index; WMD, Weighted Mean
Difference; 95% CI, 95% Confidence Interval.

I2 = 0.00%, Supplementary Material 7). Furthermore,
there was no significant difference in effect size observed
between the sham rTMS group and the control group with-

out sham rTMS in either MoCA (Q = 0.52, p = 0.47, I2
= 20.23%, Supplementary Material 8) or MBI scores (Q
= 0.22, p = 0.64, I2 = 0.00%, Supplementary Material
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Fig. 4. Series assessments for heterogeneity and publication bias for the effect of rTMS on memory function. (A) Galbraith plot
indicating no heterogeneity. (B) Begg’s test and Egger’s test suggesting no publication bias.

9). One study stated that there were no adverse effects af-
ter rTMS intervention [13]; the other studies did not men-
tion adverse events [10–12,14]. As we were unable to ana-
lyze the data quantitatively, a descriptive analysis was con-
ducted for adverse events.

3.7 Sensitivity Assessment
The leave-one-out method revealed that the effect

sizes fell within the original confidence interval regardless
of which study was left out. This result suggested that
the assessment of memory evaluation is stable and reliable
(Fig. 7).

4. Discussion
To our knowledge, this is the first meta-analysis to ex-

plore the efficacy of rTMS for treatment of patients with
PSMD. Our results revealed that the impact of rTMS on
memory performance in patients with PSMD was superior
to that of control treatment. Additionally, we found that
rTMS enhanced general cognition and ADL scores. Fur-
thermore, subgroup analysis revealed that LF-rTMS and
HF-rTMSmay have similar efficacy for treating PSMD. Fi-
nally, there was no impact of sham rTMS and non-rTMS on
efficacy. Based on these results, our study strongly supports
the application of rTMS to treat PSMD in clinical settings.

4.1 Efficacy of rTMS on Memory Performance
rTMS is a noninvasive technique used to modulate

cortical activity. Its effects on memory performance among
stroke patients may be associated with its influence on long-
term depression (LTD) and long-term potentiation (LTP),
processes that are required for memory formation [35]. LF-
rTMS decreases cortical excitability by influencing LTD,
while HF-rTMS facilitates cortical excitability through LTP
[36]. Studies have demonstrated that the effectiveness of
TMS is related to the activation of brain regions such as

the prefrontal cortex (PFC) [37,38]. and hippocampus [39].
Additionally, rTMS was shown to promote the recovery of
damaged nerves and the production of new neurons through
upregulation of brain-derived neurotrophic factors [40].

Our findings that rTMS treatment was effective at im-
proving memory performance in patients with PSMD is
consistent with previous studies [8,21,23,41]. Conversely,
it differs from the studies of Sedlackova et al. [17] and
Rektorova et al. [16], that found rTMS to have no effect
on memory performance. There are several tenable reasons
for these inconsistent findings. It may be associated with
differences in sample size between studies. Their studies
included 7 participants [16,17], whereas our study included
192 patients. Additionally, their studies compared baseline
and post-intervention data, while we compared the perfor-
mance of the two groups after the intervention in the ab-
sence of differences at baseline. The latter approach may be
more appropriate for demonstrating the efficacy of rTMS.
Stimulation parameters also varied across different studies,
possibly affecting the clinical efficacy of rTMS.

Subgroup analyses revealed that the LF-rTMS con-
dition was superior to the control condition, whereas HF-
rTMS was not different from the control condition. These
findings contradict those of other studies [21,42,43] that
have reported HF-rTMS as being superior to control treat-
ments. This inconsistency may be a result of different stim-
ulation sites, frequency, and intensity. There was also het-
erogeneity detected, which may affect the final effect size.
Therefore, additional studies are required to investigate the
efficacy of HF-rTMS on memory performance.

In addition, stimulation frequency indicated similar
efficacy between LF-rTMS and HF-rTMS subgroups, re-
sults that are consistent with previous studies [42,44–46].
For instance, Ying-Hui Chou and coworkers reported that
both LF-rTMS and HF-rTMS over the right DLPFC and
the left DLPFC, respectively, were effective at enhanc-
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Fig. 5. Comparison of postintervention clinical data between the rTMS and control groups. (A) Comparison of differences in
RBMT between the rTMS and control groups. (B) Comparison of differences in MoCA between the rTMS and control groups. (C)
Comparison of differences in MBI between the rTMS and control groups.

ing memory performance in patients with mild cognitive
impairment (MCI) and Alzheimer’s disease (AD) [42].
Another meta-analysis showed that both low- and high-
frequency rTMS could significantly enhance memory per-
formance [44]. Additionally, several studies have shown
that low-frequency and high-frequency rTMS have simi-

lar effects in the treatment of poststroke motor disorder
[45,46]. Xiang H et al. [46] conducted a meta-analysis
to investigate how the adjustable parameters of rTMS in-
fluence its efficacy as a treatment for poststroke motor dis-
order and found that stimulation frequency did not have an
effect on the efficacy of rTMS. Du J et al. [45] reported that
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Fig. 6. Forest plots of subgroup analysis. (A) Stimulation frequency (low frequency or high frequency). (B) Intervention in the control
group (sham rTMS or non-rTMS).

both 10 Hz HF-rTMS and 1 Hz LH-rTMS were superior to
sham rTMS for poststroke motor disorder as measured by

the Fugl–Meyer Assessment (FMA), while similar efficacy
was observed between HF-rTMS and LH-rTMS.
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Fig. 7. Sensitivity analysis for the RBMT.

Furthermore, our findings revealed no significant dif-
ference between the effects of the sham and non-rTMS con-
trol conditions on memory function. This suggests that
rTMS does not have a placebo effect on memory rehabilita-
tion. Accordingly, Jelić MB et al. [47], also did not report
a placebo effect of rTMS on motor learning. This supports
our conclusion as memory function is essential for motor
learning. However, the placebo effect was not confirmed
due to the considerable heterogeneity. Thus, further stud-
ies are required to explore the placebo effect of sham rTMS.

4.2 Efficacy of rTMS on Secondary Outcomes
The comparison of the rTMS group versus the con-

trol group revealed that rTMS was effective at enhancing
global cognition and ADL in patients with PSMD. These
results are consistent with those reported in previous pub-
lications [20,24,38,41]. For instance, Mengting Liu and
colleagues reported positive effects of rTMS on cognitive
function among stroke patients [20]. Another study found
that intermittent theta-burst stimulation significantly en-
hanced cognition and quality of life among patients with
PSCI [38]. Additionally, studies have shown that rTMS
improves quality of daily life and general cognition among
patients with AD [48], Parkinson’s disease [49], and MCI
[42]. Nevertheless, our results should be followed up with
additional evidence as there was mild heterogeneity in our
meta-analysis.

Only one article included in our review reported that
there were no adverse effects, while the others did not men-
tion them. Thus, no firm conclusions can be drawn from
our meta-analysis regarding possible adverse events. Pre-
viously studies have reported that rTMS is safe for treat-
ing both poststroke motor disorder and aphasia [50,51].
However, several articles have reported that patients experi-
enced dizziness [52], headache [45], anxiety [53], and other
discomforts after rTMS treatment. These adverse events
may be related to the high stimulation intensity of rTMS
and individual participant differences. Therefore, it is nec-
essary to conduct additional studies to determine the safety
of rTMS for treatment of patients with PSMD.

4.3 Limitations and Future Perspectives

One limitation of our study was the small number of
eligible papers on patients with PSMD. As a result, we
did not examine funnel plots to evaluate publication bias.
While our findings support the use of rTMS in clinical prac-
tice for improving memory performance, MoCA and MBI
scores among patients with PSMD, the duration of its ef-
ficacy is still unknown as long-term follow-up studies are
limited. Future studies should extend the follow-up obser-
vation period to explore the time point at which the best
long-term outcomes can be obtained and to provide new
insights into the long-term benefits of rTMS treatment for
PSMD. Additionally, mechanical embolectomy is closely
associated with stroke outcomes and future analyses should
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control for the impact of this factor on results. Future clin-
ical trials should control for confounding factors and strat-
ify patients according to the type of PSMD to improve data
quality and determine the best stimulation strategy. Fur-
thermore, future studies need to improve clarity of method-
ological details regarding trial design by including informa-
tion about allocation concealment and blinding to decrease
the risk of bias.

5. Conclusions
In conclusion, the results of our meta-analysis sug-

gest that rTMS is effective for improving memory perfor-
mance, global cognition, and ADL in patients with PSMD.
LF-rTMS and HF-rTMS may have similar efficacy in treat-
ment of PSMD. Additional studies are required to explore
the safety, placebo effect, and long-term effect of rTMS.
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