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Acupuncture combined with 
repetitive transcranial magnetic 
stimulation for the treatment of 
post-stroke depression: a 
systematic evaluation and 
meta-analysis based on a 
randomised controlled trial
Keyuan Xiao , Xiang Li , Wenqing Hu  and Xinghua Li *

Changzhi People’s Hospital Affiliated to Changzhi Medical College, Changzhi, China

Objective: This study aimed to systematically assess the efficacy of combining 
acupuncture with repetitive transcranial magnetic stimulation (rTMS) in treating 
post-stroke depression (PSD).

Methods: We conducted a comprehensive search of eight major domestic 
and international databases, including the China Knowledge Network, from 
inception until December 2023. Included were randomized controlled trials 
that investigated acupuncture combined with rTMS for PSD. The screening 
process adhered to predetermined inclusion and exclusion criteria, and study 
quality was assessed using Cochrane Handbook 5.1 guidelines. Meta-analysis 
was conducted using RevMan 5.4 software.

Results: Twelve studies involving 800 patients were included in the analysis. 
The meta-analysis showed that acupuncture combined with rTMS significantly 
improved the clinical effectiveness rate (RR  =  1.19, 95% CI: 1.12 to 1.27, 
p  <  0.00001) and reduced scores on several scales: Hamilton Depression Scale 
(HAMD) (MD  =  −3.35, 95% CI: −3.79 to −2.90, p  <  0.00001), Self-Depression Scale 
(SDS) (MD  =  −9.57, 95% CI: −12.26 to −6.89, p  <  0.00001), Chinese Medicine 
Symptom Score (MD  =  −3.34, 95% CI: −3.76 to −2.91, p  <  0.00001), Pittsburgh 
Sleep Quality Scale (MD  =  −3.91, 95% CI: −4.58 to −3.25, p  <  0.00001), and 
National Institutes of Health Stroke Scale (NIHSS) (MD  =  −2.77, 95% CI: −3.21 to 
−2.32, p  <  0.00001). Furthermore, acupuncture combined with rTMS treatment 
improved cognitive functioning (MMSE, MoCA scores) (p  <  0.00001) and ability 
to perform activities of daily living scores (MD  =  10.40, 95% CI: 9.53 to 11.28, 
p  <  0.00001). Additionally, it was found to reduce interleukin 6, tumor necrosis 
factor alpha, interleukin 1β, and increase 5-hydroxytryptamine and brain-derived 
neurotrophic factor levels (p  <  0.001).

Conclusion: Acupuncture combined with rTMS therapy is recommended for 
treating PSD, as it effectively improves clinical outcomes, alleviates depressive 
symptoms, enhances cognitive function, and daily living capabilities, and 
modulates inflammatory responses and neurotransmitter levels. However, it 
is important to note that the limitations of the sample size and quality of the 
included studies warrant the need for more high-quality research to validate 
these conclusions.
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1 Introduction

Post-stroke depression (PSD) is a psychiatric disorder that often 
arises after a stroke, affecting even those without any prior mental health 
history. It is a frequent complication (1). A comprehensive global 
epidemiological survey indicates that PSD prevalence ranges from 17 to 
34.3% (2). The mechanisms underlying PSD remain unclear, though 
proposed theories include neurobiological aspects like the stroke focal 
mechanism hypothesis, neurotransmitter disruptions, reduced cerebral 
trophic factor activity, glutamate toxicity, and psychosocial factors (3).

The limited understanding of these mechanisms complicates the 
development of effective PSD treatments, maintaining a high 
incidence rate of around 30% (4). In Western medicine, the primary 
approach to treatment involves the use of antidepressant medications, 
such as selective serotonin reuptake inhibitors (SSRIs), selective 
serotonin and norepinephrine reuptake inhibitors (SNRIs), 
norepinephrine and specific serotonin antidepressants (NaSSAs), and 
tricyclic antidepressants. However, these medications often have 
significant side effects, a slow onset of action, a long treatment 
duration, and are ineffective in approximately one-third of patients 
(5). Additionally, non-pharmacological treatments such as 
electroconvulsive therapy (ECT), transcranial direct current 
stimulation (tDCS), transcranial alternating current stimulation 
(tACS), and repetitive transcranial magnetic stimulation (rTMS) are 
available (6). ECT, effective for refractory depression, includes 
non-convulsive and conventional forms. It involves the administration 
of brief, moderate electrical currents to the brain to induce temporary 
loss of consciousness or generalized convulsions, thereby alleviating 
psychiatric symptoms (7, 8). tDCS, a growing neuromodulation 
treatment for depression, applies mild electrical stimulation via scalp 
electrodes to modulate neural connectivity, cortical excitability, 
cerebral blood flow, and synaptic plasticity for antidepressant effects 
(9). tACS, avoiding sensory stimulation, potentially improves patient 
adherence compared to traditional techniques (10). The efficacy of 
traditional tDCS for treating depressive disorders is influenced by 
various factors, including the stimulation location (11, 12), intensity, 
duration, frequency (13), and combination with medication (14).

rTMS is a preferred, non-invasive, and clinically proven treatment 
for PSD (15). However, the use of rTMS therapy alone for PSD has 
certain limitations, given the chronic and recurrent nature of 
depression. Therefore, combining rTMS therapy with other treatment 
approaches has been clinically explored and found to be more effective 
(16). Acupuncture and moxibustion, traditional Chinese treatments, 
have a long history and have shown significant efficacy in treating PSD 
in China (17). As a safe and non-toxic alternative, acupuncture is 
gaining global recognition. This study aims to evaluate systematically 
the efficacy of combining acupuncture with rTMS in treating PSD 
through a comprehensive literature review. This study’s findings aim 
to offer valuable insights into treating PSD.

2 Methods

This systematic review and meta-analysis was conducted in strict 
adherence to the PRISMA guidelines (18). The study was duly 
registered with INPLASY (Registration ID INPLASY202430085), 
serving as an international prospective registry for systematic reviews 
(refer to Supplementary Table S1 for comprehensive details).

2.1 Literature search strategy

An exhaustive electronic search was executed across a range of 
databases including the China Knowledge Network (CNKI), Wanfang 
Database, VIP Database, PubMed, Embase, Cochrane Library, and 
China Biology Medicine disc (CBMD). The objective was to identify 
relevant randomized controlled trials (RCTs) that investigate the 
efficacy of acupuncture in conjunction with rTMS for the treatment 
of PSD. The search was conducted in both Chinese and English, 
spanning from the inception of the databases to December 2023. The 
methodology combined subject-specific terms with free-text 
keywords. Search terms for Chinese databases included “stroke,” 
“cerebral infarction,” “cerebral hemorrhage,” “post-stroke depression,” 
“depression,” “repetitive transcranial magnetic stimulation,” and 
“acupuncture.” Corresponding English terms were utilized similarly. 
Supplementary Table S1 detail the employed search strategies.

2.2 Literature inclusion criteria

(1) Study Subjects: inclusion criteria were based on standards 
prescribed by the Chinese Association of Cerebrovascular Diseases 
(19). Participants included patients diagnosed with cerebral 
hemorrhage or cerebral infarction verified by CT imaging. No 
restrictions were placed on age, gender, disease duration, or ethnicity, 
provided the baseline data were analogous. Diagnostic criteria from 
the Chinese Psychiatric Classification Scheme and Diagnostic Criteria 
(20) were also applied. (2) Interventions: participants in the 
experimental group received a combination of acupuncture and 
rTMS. (3) Control Group: control participants were administered 
either rTMS alone or in combination with conventional Western 
medicine. (4) Outcome Measures: primary outcome measures included 
the Hamilton Depression Scale (HAMD) and the Self-Depression Scale 
(SDS). Secondary outcomes assessed were clinical efficacy, scores on 
Chinese medicine symptomatology, the Pittsburgh Sleep Quality 
Inventory (PSQI), the National Institutes of Health Stroke Scale 
(NIHSS), cognitive function as evaluated by the Mini-Mental State 
Examination (MMSE) and the Montreal Cognitive Assessment 
(MoCA), and the Activities of Daily Living Scale (ADL). Inflammatory 
markers such as interleukin 6 (IL-6), tumor necrosis factor alpha 
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(TNF-α), interleukin 1β (IL-1β), along with neurotransmitters like 
5-hydroxytryptamine (5-HT) and brain-derived neurotrophic factor 
(BDNF), were also measured. (5) Study Type: the study included RCTs, 
whether blinded or unblinded, published in either Chinese or English.

2.3 Literature exclusion criteria

(1) Non-randomized controlled studies, such as literature reviews 
and case reports; (2) duplicate publications of data from the same trial; 
(3) studies with incomplete original data; (4) animal studies; and (5) 
studies lacking primary outcome measures.

2.4 Literature screening and data extraction

Literature was screened and verified according to the predefined 
inclusion and exclusion criteria by two independent researchers. The 
process included reviewing titles, abstracts, and full texts to identify 
studies that met the criteria. Discrepancies were resolved through 
discussion between the two reviewers or, if necessary, consultation with a 
third party. Data extraction was performed using a standardized Excel 
template, capturing details such as author names, year of publication, 
study characteristics, interventions used, and outcome measures.

2.5 Quality evaluation

The methodological quality of included studies was evaluated 
using the Cochrane Collaboration’s Risk of Bias Tool. This tool assesses 
various factors including random sequence generation, allocation 
concealment, blinding of participants and personnel, blinding of 
outcome assessment, completeness of outcome data, selective 
reporting, and other potential biases. Each factor was classified as 
high, low, or unclear risk. Two independent researchers conducted 
these assessments, with any disagreements resolved through 
discussion or a third-party consultation.

The Modified Jadad Rating Scale (21) was also employed to assess 
study quality, focusing on random sequence generation, 
randomization concealment, double-blinding, and the reporting of 
withdrawals and dropouts. Studies were scored on a scale from 0 to 7, 
with scores of 3 or lower indicating low quality and scores of 4 or 
higher indicating high quality.

2.6 Evidence quality evaluation

The GRADE profiler 3.6 tool was utilized to evaluate the quality of 
evidence, which is categorized into four levels: high (A), medium (B), low 
(C), and extremely low (D). During the evaluation process, the decision 
to downgrade the evidence was based on five key factors: research 
limitations, inconsistency, indirectness, imprecision, and publication bias.

2.7 Statistical methods

Meta-analyses were conducted using Review Manager (RevMan) 
5.4. Outcome measures were presented as odds ratios (OR) or risk 

ratios (RR) for dichotomous data, and mean differences (MD) or 
standardized mean differences (SMD) for continuous data. Confidence 
intervals (CIs) were calculated at the 95% level. Heterogeneity was 
assessed using the I2 statistic; a fixed-effects model was applied when 
p > 0.10 and I2 ≤ 50%, while a random-effects model was used for 
p ≤ 0.10 and I2 > 50%. Subgroup or sensitivity analyses were performed 
as needed. Publication bias was evaluated using funnel plots when the 
analysis included more than ten outcomes.

3 Results

3.1 Literature screening

In total, 433 literatures were retrieved. After removing duplicates 
using Endnote software, 220 literatures remained. Following the 
application of inclusion and exclusion criteria, 12 literatures were 
ultimately selected for inclusion (22–33). The literature screening 
process is illustrated in Figure 1.

3.2 Basic information on included studies

Twelve RCTs involving 800 patients were included, comprising 
400 patients in the treatment group and 400 in the control group. The 
baseline characteristics of the studies were comparable, detailed in 
Table 1.

3.3 Quality assessment of included studies

Eleven studies (22–33) employed the random number table 
method for randomisation. Only one study (28) reported concealed 
allocation and employed a double-blind methodology, thus it was 
assessed as low risk. The remaining ten studies did not specify these 
details and were therefore categorized as having unclear risk. All 
included studies provided complete outcome data with no evidence of 
selective reporting or other biases, and were thus assessed as low risk. 
These assessments are depicted in Figures 2, 3. Details of the Jadad 
scores for the included studies are provided in Supplementary Table S2.

3.4 Meta-analysis results

3.4.1 Clinical effectiveness rate
Ten studies (23–27, 29–33), involving 680 patients, reported on 

clinical efficacy. These studies showed homogeneity (p = 0.90, I2 = 0), 
permitting a fixed-effect meta-analysis. The results indicated a 
significantly higher clinical effectiveness rate in the experimental 
group compared to the control group [RR = 1.19, 95% CI (1.12, 1.27), 
p < 0.00001], as illustrated in Figure 4.

3.4.2 HAMD scores
Nine studies (22–25, 27, 29, 30, 32) involving 710 patients 

reported on HAMD scores. Homogeneity was observed (p = 0.72, 
I2 = 0), enabling a fixed-effect meta-analysis. There was a significant 
reduction in HAMD scores in the experimental group [MD = −3.35, 
95% CI (−3.79, −2.90), p < 0.00001], shown in Figure 5.

https://doi.org/10.3389/fneur.2024.1360437
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Xiao et al. 10.3389/fneur.2024.1360437

Frontiers in Neurology 04 frontiersin.org

3.4.3 SDS scores
Three studies (25, 30, 31), including 190 patients, reported SDS 

scores. These studies showed significant heterogeneity (p = 0.02, 
I2 = 75%), necessitating a random-effects meta-analysis. A significant 
reduction in SDS scores was found in the experimental group 
[MD = −9.57, 95% CI (−12.26, −6.89), p < 0.00001], as shown in 
Figure 6.

3.4.4 Chinese medicine symptom score
Four studies (25, 27, 28, 31) involving 258 patients reported on 

Traditional Chinese Medicine (TCM) symptom scores. These studies 
demonstrated homogeneity (p = 0.77, I2 = 0), and a fixed-effect meta-
analysis showed a significant decrease in TCM symptom scores 
[MD = −3.34, 95% CI (−3.76, −2.91), p < 0.00001], illustrated in 
Figure 7.

3.4.5 PSQI score
Six studies (22, 27, 28, 30, 32, 33) involving 370 patients reported 

PSQI scores. These studies were heterogeneous (p = 0.02, I2 = 64%) and 

a random-effects meta-analysis indicated a significant improvement 
in PSQI scores [MD = −3.91, 95% CI (−4.58, −3.25), p < 0.00001]. The 
results are depicted in Figure 8.

3.4.6 NIHSS score
Three studies (28–30), comprising 236 patients, reported NIHSS 

scores. Homogeneity was noted (p = 0.68, I2 = 0), and a fixed-effect 
meta-analysis revealed a significant reduction in NIHSS scores 
[MD = −2.77, 95% CI (−3.21, −2.32), p < 0.00001], shown in Figure 9.

3.4.7 Cognitive functions
MMSE scores were reported in two studies (22, 32) involving 132 

patients, demonstrating homogeneity (p = 0.82, I2 = 0) and enabling a 
fixed-effect meta-analysis. A significant improvement in MMSE scores 
was observed [MD = 3.15, 95% CI (2.60, 3.71), p < 0.00001]. 
Additionally, MoCA scores were reported in two studies (23, 26) 
involving 198 patients, with similar homogeneity (p = 0.21, I2 = 36%). 
A significant increase in MoCA scores was noted [MD = 5.79, 95% CI 
(4.94, 6.64), p < 0.00001], as detailed in Figure 10.

FIGURE 1

Literature screening process for acupuncture combined with rTMS in the treatment of PSD.
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3.4.8 Inflammatory factors
Three studies (24, 27, 30) reported on IL-6 and TNF-α levels, 

while two studies (24, 30) reported on IL-1β. A meta-analysis revealed 
significantly lower levels of these markers in the experimental group 
(p < 0.00001). These findings are presented in Figure 11.

3.4.9 Neurotransmitters
Five studies (24–27, 30) reported on 5-HT levels, while four 

studies (24, 27, 29, 31) reported on BDNF. Meta-analysis indicated 
significantly higher levels of 5-HT and BNF in the experimental group 
(p < 0.00001). The results are detailed in Figure 12.

3.4.10 Risk of publication bias assessment
The funnel plot for clinical validity suggests approximate 

symmetry, indicating minimal publication bias. This is visually 
represented in Figure 13. Further analysis using Egger’s test shows an 
even distribution of study points on both sides of the line, yielding a 
p-value of 0.583, which suggests no significant publication bias. This 
is visually represented in Figure 14.

3.5 Evidence quality evaluation

The results of the GRADE assessment, which evaluates the 
evidence for the effectiveness of combining acupuncture with rTMS 
in treating PSD, can be found in Supplementary Table S3. The primary 
reasons for downgrading were inadequate blinding and insufficient 
allocation concealment. Significant heterogeneity was observed in 
some studies without reasonable explanation, impacting the 
methodological rigour and reliability of the results. Additionally, 
imprecision required downgrading due to broad confidence intervals, 
affecting the precision of the evidence.

4 Discussion

Post-stroke residual trunk dysfunction and decreased language 
function are commonly addressed in clinical treatment; however, 
psycho-emotional changes such as depression are frequently 
overlooked. While the precise causes of PSD are not fully understood, 
existing research suggests that a combination of neurobiological 
factors and psychosocial aspects of stroke contribute to its 
development (34–37). PSD not only disrupts normal neurological 
functions but also prolongs recovery, reduces self-care capabilities, 
and can lead to extreme behaviours such as suicide and self-harm (38).

In Chinese medicine, PSD is categorized as an “affective disease” 
and falls under the domain of “depression evidence.” It is thought to 
arise from deficiencies in liver and kidney function, insufficient qi and 
blood, dietary imbalances, as well as emotional and psychological 
trauma. These deficiencies disrupt the flow of qi and blood, 
exacerbating post-stroke conditions and impairing the functionality of 
internal organs. The liver’s compromised ability to detoxify and regulate 
qi often manifests as depressive syndromes (39). Typically, acupuncture 
treatments for PSD focus on enhancing mental clarity, opening orifices, 
regulating liver function, and promoting the smooth flow of qi. 
Additional acupoints that strengthen the liver and kidney, activate 
blood circulation, and resolve blood stasis are also frequently employed 
(40). Experimental research has demonstrated that acupuncture and T
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moxibustion can regulate the 5-HT system and the functionality of 
5-HT1A receptors in depression model rats (41). Acupuncture has 
been shown to elevate levels of tryptophan and 5-HT in peripheral 
serum, enhance tryptophan in the blood and cerebrospinal fluid, and 
promote 5-HT synthesis in the brain (42). Additionally, it can increase 
peripheral serum BDNF levels and mitigate neuropathic diseases by 
modulating the BDNF signalling pathway, thus enhancing 5-HT 
synthesis in the brain (43).

The prevailing Western medical approach to PSD primarily 
employs pharmacological interventions, supplemented by 
non-pharmacological treatments. Common medications include 
benzodiazepines, tricyclic antidepressants, SSRIs, and SNRIs (3). 
However, the long-term use of antidepressants, potential for 
dependency, and various side effects have led to an increased focus on 
non-pharmacological options (44). These include psychotherapy, 
cognitive therapy, rTMS, tDCS, electroencephalographic biofeedback 
therapy, and TCM rehabilitation. rTMS, as a novel technology in 
targeted post-stroke rehabilitation, aims to stimulate or inhibit 
specific brain areas by adjusting stimulation parameters, thereby 
modulating cortical activity and facilitating functional mapping of 

corresponding cortical regions (45). The therapeutic potential of 
rTMS may be related to increased BDNF concentration, enhanced 
glucose metabolism, neuroplasticity, and modulation of neural 
biochemical effects within the cerebral cortex and specific neural 
networks (46).

In clinical practice, the emphasis is increasingly on the 
implementation of integrative treatment modalities for managing 
PSD. This approach seeks to discover more effective and safer 
therapeutic strategies (47, 48). In recent years, integrative 
medicine—an emergent medical system—has gained recognition 
and support within the community (49). By synergistically merging 
advanced theoretical knowledge with clinical practice and adapting 
it to consider social, psychological, and environmental factors, 
integrative medicine is positioned as the inevitable evolution of 
future medical practice, particularly from a holistic human 
health perspective.

Combining acupuncture with rTMS offers a reliable, safe, and 
well-tolerated physiotherapeutic approach for treating patients with 
PSD. Currently, studies and systematic evaluations examining the use 
of acupuncture and rTMS for PSD are limited. rTMS application in 

FIGURE 2

Acupuncture combined with rTMS for the treatment of depressive states after stroke proportion of risk of bias for inclusion in the literature.

FIGURE 3

Acupuncture combined with rTMS for the treatment of depressive states after stroke a methodological quality assessment of the included literature.
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China is primarily conducted in major tertiary hospitals, with few 
institutions employing both acupuncture and rTMS for treating 
PSD. This study conducted a meta-analysis and systematic review to 
assess the clinical efficacy and safety of combining acupuncture with 
rTMS for treating PSD, drawing on RCTs conducted both nationally 

and internationally. The aim is to offer clinicians a safe and effective 
alternative treatment.

This study analysed 12 papers involving 800 patients. The meta-
analysis indicated that integrating acupuncture with rTMS therapy 
could enhance clinical efficacy in patients with PSD. It exhibited 

FIGURE 4

Meta-analysis of the effectiveness of acupuncture combined with rTMS in the treatment of PSD.

FIGURE 5

Meta-analysis of HAMD scores in acupuncture combined with rTMS for PSD.

FIGURE 6

Meta-analysis of SDS scores in acupuncture combined with rTMS for PSD.
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superior effects on TCM symptom scores, HAMD scores, SDS scores, 
NIHSS scores, ADL scores, PSQI scores, cognitive functions (MMSE 
and MoCA scores), inflammatory factors (IL-6, TNF-α, IL-1β), and 
neurotransmitter levels (5-HT, BDNF) compared to the control 
group, thereby confirming its efficacy. Regarding safety, the study 
demonstrated that the combined use of acupuncture and rTMS is 
effective in treating PSD and merits further promotion.

However, this study has several limitations. Among the 12 included 
studies, only one reported allocation concealment and blinding, while 
the remaining 11 did not, leading to generally low-quality articles. 
Additionally, the study protocols and sample size estimations were not 
reported, suggesting a lack of rigour in clinical trial design and 
consequently reducing the reliability of the study results. Moreover, all 
12 studies were conducted in China, introducing potential geographical 

bias. Therefore, the conclusions of this study require validation through 
additional high-quality research.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Author contributions

KX: Writing – original draft, Writing – review & editing. XL: 
Data curation, Writing – review & editing, Software, Writing 

FIGURE 8

Meta-analysis of PSQI scores in acupuncture combined with rTMS for PSD.

FIGURE 9

Meta-analysis of NIHSS scores in acupuncture combined with rTMS for PSD.

FIGURE 7

Meta-analysis of Chinese medicine symptom scores in acupuncture combined with rTMS for PSD.

https://doi.org/10.3389/fneur.2024.1360437
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Xiao et al. 10.3389/fneur.2024.1360437

Frontiers in Neurology 09 frontiersin.org

– original draft. WH: Data curation, Formal analysis, 
Methodology, Writing – review & editing, Writing – original 
draft. XhL: Funding acquisition, Supervision, Writing – review & 
editing, Writing – original draft.

Funding

The author(s) declare financial support was received for the research, 
authorship, and/or publication of this article. This research was funded by 

FIGURE 10

Meta-analysis of cognitive function in acupuncture combined with repetitive transcranial magnetic stimulation for PSD.

FIGURE 11

Meta-analysis of inflammatory factors in PSD after acupuncture combined with repetitive transcranial magnetic stimulation in WisdomLink stroke.

https://doi.org/10.3389/fneur.2024.1360437
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Xiao et al. 10.3389/fneur.2024.1360437

Frontiers in Neurology 10 frontiersin.org

The Fund of Shanxi Provincial Health Commission Research Project 
(2023141), Changzhi People’s Hospital Innovative Research Project fund 
(202101C03), and the Natural Science Foundation of Shanxi Province  
(No: 202303021222376, No: 202303021212364).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1360437/
full#supplementary-material

FIGURE 12

Neurotransmitter meta-analysis of depression after acupuncture combined with repetitive transcranial magnetic stimulation in wise link stroke.

FIGURE 13

Funnel plot of clinical effectiveness of acupuncture combined with 
repetitive transcranial magnetic stimulation in the treatment of PSD.

FIGURE 14

The efficient Eggers test.

https://doi.org/10.3389/fneur.2024.1360437
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1360437/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1360437/full#supplementary-material


Xiao et al. 10.3389/fneur.2024.1360437

Frontiers in Neurology 11 frontiersin.org

References
 1. Medeiros GC, Roy D, Kontos N, Beach SR. Post-stroke depression: a 2020 

updated review. Gen Hosp Psychiatry. (2020) 66:70–80. doi: 10.1016/j.
genhosppsych.2020.06.011

 2. Zhan Q, Kong F. Mechanisms associated with post-stroke depression and 
pharmacologic therapy. Front Neurol. (2023) 14:1274709. doi: 10.3389/
fneur.2023.1274709

 3. Guo J, Wang J, Sun W, Liu X. The advances of post-stroke depression: 2021 update. 
J Neurol. (2022) 269:1236–49. doi: 10.1007/s00415-021-10597-4

 4. Devereux N, Berns AM. Evaluation & Treatment of psychological effects of stroke. 
Dela J Public Health. (2023) 9:62–9. doi: 10.32481/djph.2023.08.011

 5. Li M, Ding R, Yang X, Ran D. Study on biomarkers related to the treatment of post-
stroke depression and alternative medical treatment methods. Neuropsychiatr Dis Treat. 
(2022) 18:1861–73. doi: 10.2147/NDT.S370848

 6. Liang SI, Liu XY, Zhang L, Wang G. Research progress of non-invasive brain 
stimulation in precision medicine for depression. Neurol Diseases Mental Health. (2023) 
23:408–13.

 7. Kayser S, Bewernick BH, Grubert C, Hadrysiewicz BL, Axmacher N, Schlaepfer 
TE. Antidepressant effects, of magnetic seizure therapy and electroconvulsive therapy, 
in treatment-resistant depression. J Psychiatr Res. (2011) 45:569–76. doi: 10.1016/j.
jpsychires.2010.09.008

 8. Rong H, Xu SX, Zeng J, Yang YJ, Zhao J, Lai WT, et al. Study protocol for a parallel-
group, double-blinded, randomized, controlled, noninferiority trial: the effect and safety 
of hybrid electroconvulsive therapy (hybrid-ECT) compared with routine 
electroconvulsive therapy in patients with depression. BMC Psychiatry. (2019) 19:344. 
doi: 10.1186/s12888-019-2320-3

 9. Tsuiki S, Sasaki R, Miyaguchi S, Kojima S, Saito K, Inukai Y, et al. The effect of 
combined transcranial direct current stimulation and peripheral nerve electrical 
stimulation on corticospinal excitability. PLoS One. (2019) 14:e0214592. doi: 10.1371/
journal.pone.0214592

 10. Elyamany O, Leicht G, Herrmann CS, Mulert C. Transcranial alternating 
current stimulation (tACS): from basic mechanisms towards first applications in 
psychiatry. Eur Arch Psychiatry Clin Neurosci. (2021) 271:135–56. doi: 10.1007/
s00406-020-01209-9

 11. Bikson M, Datta A, Rahman A, Scaturro J. Electrode montages for tDCS and weak 
transcranial electrical stimulation: role of “return” electrode’s position and size. Clin 
Neurophysiol. (2010) 121:1976–8. doi: 10.1016/j.clinph.2010.05.020

 12. Slepian PM, France CR, Rhudy JL, Clark BC. Transcranial direct current 
stimulation of the dorsolateral prefrontal cortex alters emotional modulation of spinal 
nociception. J Pain. (2021) 22:509–19. doi: 10.1016/j.jpain.2020.10.007

 13. Zanão TA, Moffa AH, Shiozawa P, Lotufo PA, Benseñor IM, Brunoni AR. Impact 
of two or less missing treatment sessions on tDCS clinical efficacy: results from a 
factorial, randomized, controlled trial in major depression. Neuromodulation. (2014) 
17:737–42. doi: 10.1111/ner.12167

 14. Shamli Oghli Y, Grippe T, Arora T, Hoque T, Darmani G, Chen R. Mechanisms of 
theta burst transcranial ultrasound induced plasticity in the human motor cortex. Brain 
Stimul. (2023) 16:1135–43. doi: 10.1016/j.brs.2023.07.056

 15. Starkstein SE, Hayhow BD. Treatment of post-stroke depression. Curr Treat 
Options Neurol. (2019) 21:31. doi: 10.1007/s11940-019-0570-5

 16. Duan X, Yao G, Liu Z, Cui R, Yang W. Mechanisms of transcranial magnetic 
stimulation treating on post-stroke depression. Front Hum Neurosci. (2018) 12:215. doi: 
10.3389/fnhum.2018.00215

 17. Li C, Chen S, Liu S, Mu Y, Su M. Effect of acupuncture combined with 
antidepressants on post-stroke depression: a network meta-analysis of nine acupuncture 
therapy. Front Neurol. (2023) 14:979643. doi: 10.3389/fneur.2023.979643

 18. Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated 
guidance for trusted systematic reviews: a new edition of the Cochrane handbook for 
systematic reviews of interventions. Cochrane Database Syst Rev. (2019) 10:ED000142. 
doi: 10.1002/14651858.ED000142

 19. Gao Changyu W, Chenghan ZJ, Gao C, Wu C, Zhao J, Cao X, et al. Guidelines for 
combined Chinese and Western medicine diagnosis and treatment of cerebral infarction 
in China (2017). Chin J Integr Med. (2018) 38:136–44.

 20. Zhang T. Guidelines for stroke rehabilitation therapy in China (2011 complete 
edition). China Rehabil Theory Practice. (2012) 18:301–18.

 21. Zou Q. Adding the modified Jadad method to evaluate the reasonableness of over-
the-counter medication: taking naloxone as an example. Pharmacy Clin Res. (2021) 
29:61–4.

 22. Hu X, Li J. Acupuncture combined with repetitive transcranial magnetic 
stimulation for the treatment of mild-to-moderate post-stroke depression: a randomized 
controlled trial. Chin Acupuncture. (2024) 12:301–311.

 23. Fan L, Hongli Z. Effect of transcranial magnetic stimulation of cerebral circulation 
combined with waking up the brain and opening up the mind acupuncture method in 
the treatment of post-stroke depression and insomnia. Chin Contemp Med. (2023) 
30:92–5.

 24. Fanping M, Jingjue L, Yixin Z, Xubo W, Guohua J. Clinical randomized controlled 
trial of electroacupuncture combined with repetitive transcranial magnetic stimulation 
for the treatment of depression after moderate-to-severe stroke in the elderly. Geriatr 
Health Care. (2023) 29:696.

 25. Ya C, Haipeng D. Effects of acupuncture combined with repetitive transcranial 
magnetic stimulation on serum BDNF, IL-1β, IL-6, and TNF-α levels in the treatment 
of post-stroke depression. J Pract Chin Med. (2023) 39:1–3.

 26. Qin Na H, Guoqiang . Effect of acupuncture at Shentang and Cindu points with 
repetitive transcranial magnetic stimulation in the treatment of post-stroke depression. 
Chin Med Herald. (2023) 20:79.

 27. Jinpeng Z, Huijie C, Baolong L, Zhang J, Chen H, Li B, et al. Clinical efficacy of 
cephalic acupoint clustering combined with repetitive transcranial magnetic stimulation 
in the treatment of post-stroke anxiety disorder. J Tradit Chin Med. (2023) 51:79–83. doi: 
10.19664/j.cnki.1002-2392.230084

 28. Zhenglu Y, Sheng G, Linghui H, Xingxing C, Jiahao W. Acupuncture combined 
with repetitive transcranial magnetic stimulation for post-stroke depression: a 
randomized controlled trial. Chin Acupunct Moxibustion. (2022) 42:1216–20.

 29. Ru Z, Ping L, Yanru Z, Liu Y. Efficacy of acupuncture combined with wuling 
capsule and repetitive transcranial magnetic stimulation in the treatment of post-stroke 
depression and its effect on patients' neurotransmitters. Shaanxi Trad Chin Med. (2022) 
43:1114–7.

 30. Guisen N, Wang Q, Fengqi L, Niu G, Wang Q, Liu F, et al. Therapeutic efficacy of 
“waking up the brain and opening up the orifices” acupuncture combined with repetitive 
transcranial magnetic stimulation in the treatment of insomnia combined with mood 
disorders after cerebral infarction. Chinese medicine. Clin Res. (2022) 14:61–4.

 31. Niu Yulian W, Haiwei . Efficacy of low-frequency repetitive transcranial magnetic 
stimulation in the treatment of post-stroke depression. Chin Family Med. (2021) 
24:49–52.

 32. Liping C, Han Minmei F, Simei . Clinical study of electroacupuncture combined 
with repetitive transcranial magnetic stimulation in the treatment of post-stroke 
depression with insomnia. Guangzhou Med. (2021) 52:6.

 33. Hui T, Wenyi Z, Lan Z. A controlled clinical trial of repetitive transcranial 
magnetic stimulation combined with body acupuncture for the treatment of post-stroke 
depression. World Digest Recent Med Inf. (2018) 18:9–11.

 34. Liu L, Li X, Marshall IJ, Bhalla A, Wang Y, O’Connell MDL. Trajectories of 
depressive symptoms 10 years after stroke and associated risk factors: a prospective 
cohort study. Lancet. (2023) 402:S64. doi: 10.1016/S0140-6736(23)02111-6

 35. Phan A, Askim T, Lydersen S, Indredavik B, Wethal T. Accelerometer-measured 
physical activity at 3 months as a predictor of symptoms of depression and anxiety 1 year 
after stroke: a multicentre prospective cohort study in Central Norway. J Rehabil Med. 
(2023) 55:jrm12309. doi: 10.2340/jrm.v55.12309

 36. Krick S, Koob JL, Latarnik S, Volz LJ, Fink GR, Grefkes C, et al. Neuroanatomy of 
post-stroke depression: the association between symptom clusters and lesion location. 
Brain Commun. (2023) 5:fcad275. doi: 10.1093/braincomms/fcad275

 37. Sato M, Hyakuta T. Awareness and support for post-stroke fatigue among medical 
professionals in the recovery phase rehabilitation ward. Jpn J Compr Rehabil Sci. (2023) 
14:39–48. doi: 10.11336/jjcrs.14.39

 38. Jing D, Hou X, Guo X, Zhao X, Zhang K, Zhang J, et al. Astrocytes in post-stroke 
depression: roles in inflammation, neurotransmission, and neurotrophin signaling. Cell 
Mol Neurobiol. (2023) 43:3301–13. doi: 10.1007/s10571-023-01386-w

 39. Xia Z, Jing T, Chen K, Zhong X, Teng J, Kang C, et al. A system of post-stroke 
depression diagnosis and treatment based on the five gods theory of traditional Chinese 
medicine. Chin J Tradit Chin Med. (2023) 38:4653–6.

 40. Shuan-Nan L, Xin-Rui Z, Xue-Jie Z, Lv S, Zhao X, Zhang X, et al. Analysis of the 
efficacy of Tongduzhongshen acupuncture combined with lily Zhimu tang in treating 
post-stroke depression. Sichuan Trad Chin Med. (2023) 41:200–3.

 41. Ning D, Rui L, Huanhuan T. Effects of acupuncture and moxibustion on prefrontal 
cortex 5-hydroxytryptamine system in rats with chronic unpredictable mild stress 
depression. Acupuncture Res. (2016) 41:45–50.

 42. Benhua L, Yan W, Yafei Z, Luo B, Wang Y, Zhang Y, et al. Effects of three 
acupuncture methods on hippocampal 5-HT and 5-HIAA content in PCPA insomnia 
rats. Chin J Basic Chin Med. (2016) 22:1517–9.

 43. Zhongren S, Jianuo L, Hongna Y, Sun Z, Yin J, Li H, et al. Neuroprotective effect 
of acupuncture and mechanism of BDNF signalling pathway activation. Clin J Acupunct 
Moxibustion. (2021) 37:84–8.

https://doi.org/10.3389/fneur.2024.1360437
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.genhosppsych.2020.06.011
https://doi.org/10.1016/j.genhosppsych.2020.06.011
https://doi.org/10.3389/fneur.2023.1274709
https://doi.org/10.3389/fneur.2023.1274709
https://doi.org/10.1007/s00415-021-10597-4
https://doi.org/10.32481/djph.2023.08.011
https://doi.org/10.2147/NDT.S370848
https://doi.org/10.1016/j.jpsychires.2010.09.008
https://doi.org/10.1016/j.jpsychires.2010.09.008
https://doi.org/10.1186/s12888-019-2320-3
https://doi.org/10.1371/journal.pone.0214592
https://doi.org/10.1371/journal.pone.0214592
https://doi.org/10.1007/s00406-020-01209-9
https://doi.org/10.1007/s00406-020-01209-9
https://doi.org/10.1016/j.clinph.2010.05.020
https://doi.org/10.1016/j.jpain.2020.10.007
https://doi.org/10.1111/ner.12167
https://doi.org/10.1016/j.brs.2023.07.056
https://doi.org/10.1007/s11940-019-0570-5
https://doi.org/10.3389/fnhum.2018.00215
https://doi.org/10.3389/fneur.2023.979643
https://doi.org/10.1002/14651858.ED000142
https://doi.org/10.19664/j.cnki.1002-2392.230084
https://doi.org/10.1016/S0140-6736(23)02111-6
https://doi.org/10.2340/jrm.v55.12309
https://doi.org/10.1093/braincomms/fcad275
https://doi.org/10.11336/jjcrs.14.39
https://doi.org/10.1007/s10571-023-01386-w


Xiao et al. 10.3389/fneur.2024.1360437

Frontiers in Neurology 12 frontiersin.org

 44. Sebestova M, Lackner I, Inayat M, Ademaj A, Mikutta C. “Post stroke depression” 
[post stroke depression]. Therapeutische Umschau Revue therapeutique. (2021) 
78:299–304. doi: 10.1024/0040-5930/a001274

 45. Malhi GS, Bell E, Mannie Z, Boyce P, Hopwood M, Bassett D, et al. rTMS and 
treatment-resistant depression: the need to consider class action! Aust N Z J Psychiatry. 
(2022) 56:323–7. doi: 10.1177/00048674211025094

 46. Matsuda Y, Yamazaki R, Shigeta M, Kito S. A 12-month maintenance therapy 
using repetitive transcranial magnetic stimulation for treatment-resistant 
depression: a report of two cases. Asian J Psychiatr. (2022) 68:102970. doi: 
10.1016/j.ajp.2021.102970

 47. Volz M, Mundiyanapurath S, Schauenburg H, Meuth SG, Wild B, Werheid K, et al. 
Integrative-interpersonal dynamic therapy for poststroke depression (INID): study 
protocol of a randomized controlled pilot trial. BMJ Open. (2023) 13:e077656. doi: 
10.1136/bmjopen-2023-077656

 48. Chen J, Shen K, Fan L, Hu H, Li T, Zhang Y, et al. Integrative medicine in treating 
post-stroke depression: study protocol for a multicenter, prospective, randomized, 
controlled trial. Front Psychol. (2022) 13:923506. doi: 10.3389/fpsyg.2022.923506

 49. Shamabadi A, Akhondzadeh S. Advances in alternative and integrative medicine 
in the treatment of depression: a review of the evidence. Arch Iran Med. (2021) 
24:409–18. doi: 10.34172/aim.2021.59

https://doi.org/10.3389/fneur.2024.1360437
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1024/0040-5930/a001274
https://doi.org/10.1177/00048674211025094
https://doi.org/10.1016/j.ajp.2021.102970
https://doi.org/10.1136/bmjopen-2023-077656
https://doi.org/10.3389/fpsyg.2022.923506
https://doi.org/10.34172/aim.2021.59

	Acupuncture combined with repetitive transcranial magnetic stimulation for the treatment of post-stroke depression: a systematic evaluation and meta-analysis based on a randomised controlled trial
	1 Introduction
	2 Methods
	2.1 Literature search strategy
	2.2 Literature inclusion criteria
	2.3 Literature exclusion criteria
	2.4 Literature screening and data extraction
	2.5 Quality evaluation
	2.6 Evidence quality evaluation
	2.7 Statistical methods

	3 Results
	3.1 Literature screening
	3.2 Basic information on included studies
	3.3 Quality assessment of included studies
	3.4 Meta-analysis results
	3.4.1 Clinical effectiveness rate
	3.4.2 HAMD scores
	3.4.3 SDS scores
	3.4.4 Chinese medicine symptom score
	3.4.5 PSQI score
	3.4.6 NIHSS score
	3.4.7 Cognitive functions
	3.4.8 Inflammatory factors
	3.4.9 Neurotransmitters
	3.4.10 Risk of publication bias assessment
	3.5 Evidence quality evaluation

	4 Discussion
	Data availability statement
	Author contributions

	 References

