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To evaluate the symptoms improvement of major depressive disorder (MDD) by transcranial magnetic 
stimulation (TMS) the PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure 
(CNKI), and SinoMed (a biomedical literature service system managed by the Institute of Medical 
Information [IMI] and Library of the Chinese Academy of Medical Sciences [CAMS]) library databases 
were searched. A total of 12 studies involving 1318 patients were included. It was found that the 
Hamilton Depression rating scale (HAMD) score decreased after TMS (-4.47, 95% CI: -7.10 to -1.84, 
P < 0.00001). It showed a decreased grade of Montgomery-Asberg Depression Rating Scale (MADRS) 
after TMS treatment (-2.72, 95% CI: -4.75 to -0.70, P=0.0004) compared to the control. The difference 
in the Involvement-Detachment scale (IDS) score was not statistically significant between the groups 
(-2.40, 95% CI: -7.42 to 2.62, P=0.05). The Clinical Global Impression (CGI) score decreased after  
TMS treatment (-1.12, 95% CI: -2.43 to -0.20, P < 0.00001) compared to the control group. The  
HAMD, MADRS, and CGI scores showed an improvement trend after TMS treatment, indicating TMS 
has a therapeutic effect on major depression.
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Major depression disorder (MDD) is a common 
illness that severely limits psychosocial functioning 
and reduces the quality of life. In 2008, the World 

Health Organization (WHO) ranked MDD as the third leading 
cause of the global burden of disease and projected it would 
rank first by 2030.1 Detection, diagnosis, and management of 
MDD often pose challenges to clinicians due to its diverse 
manifestations, unpredictable course, prognosis, and variable 
treatment response.2

The first-line treatment of MDD is a single therapy using 
appropriate antidepressants, such as selective serotonin 
re-uptake inhibitor (SSRI), serotonin-norepinephrine 
re-uptake inhibitor (SNRI), or norepinephrine and specific 

serotonin antidepressants (NaSSA). However, when depression 
is resistant to first-line treatment, two types of drugs can be 
used in combination to strengthen the antidepressant effect. If 
it is still resistant, electroconvulsive therapy (ECT) can be 
used.3 However, some patients do not achieve sufficient 
remission with the existing first-line treatment, or they have 
difficulty tolerating the side effects of antidepressants and 
seizures caused by ECT.4 Thus, identifying alternative 
treatments for MDD is a research hotspot worldwide. 

Transcranial magnetic stimulation (TMS) has emerged in the 
last few decades as one such potential option for treatment-
resistant depression.5 Unlike ECT, TMS does not require 
anesthesia and generally does not cause seizures. If correct 
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procedures and safety guidelines are followed, TMS can be 
conducted relatively painlessly to conscious patients and can 
be used for outpatients or inpatients.6 The aim of TMS 
treatment is to stimulate brain regions involved in emotional 
regulation. TMS works by passing a high-intensity current 
through a copper coil, creating a magnetic field that can be 
used to generate an electric field when in contact with the 
surface of the brain. This electric field is sufficient to generate 
action potentials and alter network activation within the 
cortex.7 It is unclear how TMS exerts an antidepressant effect. 
The possible mechanism is that TMS exerts an antidepressant 
effect by altering neurochemical levels, blood flow, and other 
brain activity.7 The anti-depressant effects of TMS were 
studied using single pulses, paired pulses, repeated pulses, 
and low-frequency or high-frequency pulses of repeated 
pulses.

However, different studies have shown inconsistent results on 
the efficacy of TMS in MDD. Previous reviews have 
highlighted key limitations of TMS for MDD, namely, the 
heterogeneity in methodology and the variable quality of 
included studies.8-10 These issues remain unresolved and have 
been emphasized in recent studies, which point out concerns 
about trial design, stimulation parameters, and adjunctive 
treatments. Given the persistence of these challenges and the 
evolving nature of TMS research (such as the emergence of 
accelerated TMS and combined therapeutic strategies), a new 
meta-analysis is warranted to synthesize the latest evidence 
and provide updated insights into the efficacy of 
TMS for MDD. Hence, this study systematically 
reviewed existing studies on TMS for the 
treatment of MDD, analyzed the study design, 
treatment options, efficacy, and tolerability, and 
performed a meta-analysis to determine the 
level of effectiveness of TMS in treating MDD.

Methods
Retrieval Strategy
Two reviewers (TWJ and YXJ) independently 
searched the China Journal Full-Text Database, 
Wanfang Data Knowledge Service Platform, 
Wipro Chinese Journal Full-text Database, 
PubMed, Embase, and Cochrane Library 
databases from 2000-01-01 to 2024-01-01. The 
search terms used were as follows: #1 TS= 
(“Major Depressive Disorder” OR “MDD” OR 
“Depressive”); #2 TS= (“Transcranial Magnetic 
Stimulation” OR “TMS”); #3 #1 AND #2 AND.

Inclusion and Exclusion Criteria
Inclusion criteria were as follows: (1) 
randomized controlled trials (RCTs) and self-
control trials for TMS for depression; (2) 
patients with primary depression who met the 
diagnostic criteria for depression, without 

restrictions in age, gender, course and severity; (3) the 
experimental group (TMS) and the control group (sham 
stimulation); and (4) primary outcome measures included the 
Hamilton depression rating scale (HAMD), secondary 
outcome measures included the Montgomery-Asberg 
Depression Rating Scale (MADRS), the Involvement-
Detachment Scale (IDS), the Montgomery-Asberg Depression 
Rating Scale (MADRS), or Clinical Global Impression (CGI). 
Exclusion criteria were as follows: (1) secondary depression 
patients, such as postpartum depression and other related 
conditions; (2) duplicate publications; (3) literature where the 
original study data were lost or unsuitable for meta-analysis; 
(4) the treatment group was given treatment other than TMS, 
or the design of the group was not reasonable.

Literature Screening and Data Extraction
Two researchers independently read the titles and abstracts of 
all the studies. Thereafter, duplicate and unqualified literature 
(such as reviews, animal experiments, etc.) were excluded. 
The full-text of the remaining studies were read, and studies 
with unclear outcomes, unclear diagnoses, and unreasonable 
experimental design were excluded. Finally, the two 
researchers cross-checked the included studies with each 
other, and if it was difficult to determine whether to include 
any study, a third researcher was consulted to decide. If the 
data provided by the study were not comprehensive, it was not 
included. The outcome measures included the HAMD, the 
MADRS, the IDS, or the CGI scale. Remission was defined as 

Figure 1. Flowchart of study selection process.
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the HAMD score ≤7 , the MADRS score ≤10,11 the IDS score 
<14,12 and the CGI scale <1.13 

Quality Assessment
The methods in Cochrane Handbook 5.1.0 were used for 
quality evaluation and risk assessment, mainly from the 
aspects of random number generation, scheme allocation 
concealment, blinding implementation, completeness of 
outcome data, selective reporting of outcomes and other 
biases, and low-risk bias, unclear and high-risk bias 
evaluations.

Statistical Methods
Meta-analysis was performed using Review Manager 5.4 
software from the International Collaborative Network for 
Evidence-Based Medicine. The mean and standard deviation 
(SD) was used as the effect quantities, and the estimated 
values of each point and the 95% confidence interval (CI) 
were given. Heterogeneity analysis was performed using the 
χ2 test. If the P ≥0.10 and I2 ≤ 50%, the heterogeneity was 
considered to be small, and the fixed-effects model was used 
for meta-analysis; If the P <0.10 and the I2 >50%, heterogeneity 
was considered as large and analyzed using a random-effects 

model. Finally, the forest map was used for descriptive 
analysis, and the funnel diagram was used to determine 
publication bias.

Results
Study Selection and Characteristics
A total of 12 studies were included from 1,312 retrieved 
studies. The detailed study selection process is shown in 
Figure 1. We summarized the demographic data of 685 
patients in the experimental group and 633 patients in the 
control group. Descriptive statistics were used to identify the 
demographic information, including intervention, age, gender, 
subject, and outcomes (Table 1). Additionally, we used the 
Cochrane handbook, published research, and registration trials 
to assess the risk-of-bias (Supplementary Figure S1 and Figure 
S2, available online).

HAMD
The evaluation indicators of 11 studies13-23 included HAMD. The 
heterogeneity test results showed P < 0.1, I2 > 50%, so the 
random-effects model was used. Comparison of the HAMD 
score of the two groups showed the score decreased after TMS 
(-4.47, 95% CI: -7.10 to -1.84, P <0.00001 ) (Figure 2).

Table 1. Characteristics of the studies included in the present meta-analysis

Year Group Sample
Subjects 
(N)

Age 
(mean (SD))

Gender 
M/F Intervention Outcomes

2020 I
C

153
153

153 I=42.8(17.57)
C=42.8(17.57)

I=42/111
C=42/111

I=Post-TMS
C=Pre-TMS

HAMD

2018 I
C

10
8

18 I=30.13 (5.78)
C=42.8(17.57)

-
-

I=active TMS
C=sham TMS

HAMD, CGI

2020 I
C

15
16

31 I=47.3 (11.5)
C=49.7 (11.0)

I=6/9
C=3/13

I=active TMS
C=sham TMS

HAMD

2007 I
C

155
146

301 I=47.9±11.0
C=48.7±10.6

I=14%
C=26%

I=active TMS
C=sham TMS

MADRS

2018 I
C

81
83

164 I=55.6 (12.2)
C=54.8 (12.6)

I=67%
C=65%

I=active TMS
C=sham TMS

MADRS, HAMD

2009 I
C

15
15

30 52.3 ± 11.9 18/12 I=Real-TMS
C=Sham-TMS

MADRS, HAMD

2015 I
C

59
61

120 46.2(11.9) 66/54 I=active TMS
C=sham TMS

HAMD, MADRS, IDS

2010 I
C

92
98

190 47.1(11.5) 82/108 I=active TMS
C=sham TMS

HAMD, MADRS, IDS, CGI

2013 I
C

12
10

22 53.05(8.75) 14/8 I=active TMS
C=sham TMS

HAMD, MADRS

2012 I
C

28
28

56 32.06(7.35) 17/39 I=active TMS
C=sham TMS

HAMD, MADRS

2020 I 50 50 43.0±15.4 35/15 I=TMS HAMD, CGI
2011 I

C
15
15

15 I=47 (8.51)
C=47 (8.51)

7/8
7/8

I=TMS
C=sham

HAMD, IDS, CGI

Abbreviations: I, Experimental group; C, Control group; TMS, transcranial magnetic stimulation; HAMD, Hamilton Depression rating  
scale; CGI, Clinical Global Impression; MADRS, Montgomery-Asberg Depression Rating Scale; IDS, Involvement-Detachment Scale 
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Seven studies14,16-19,22,24 were included. We found that P < 0.1, I2 
> 50%, so we evaluated MADRS using a random-effects model. 
Importantly, the MADRS grade decreased after the TMS 
treatment (-2.72, 95% CI: -4.75 to -0.70, P=0.0004) compared 
to the control (Figure 3).

IDS
Three studies16,19,23 were included. Based on P < 0.1, I2 > 50%, 
we chose to use a random-effects model. There was no statistical 
difference in the IDS score between the two groups (-2.40, 95% 
CI: -7.42 to 2.62, P=0.05) (Figure 4).

CGI
CGI effect changed after treatment. Three studies13,15,19,23 were 
included. The heterogeneity test showed that P < 0.1, I2 > 50%, 
so the random-effects model was selected. Compared with the 
control group, the CGI grade decreased after TMS treatment 
(-1.12, 95% CI: -2.43 to 0.20, P<0.00001) (Figure 5).

Publication Bias
We used Review Manager 5.4 to make funnel plots for the 

studies involved in the four outcome indicators (Supplementary 
Figures S3, available online). 

Discussion
The core characteristics of MDD are “low mood” and “loss of 
interest or pleasure in almost all activities,” which may be 
accompanied by symptoms such as anxiety, sleep disturbances, 
apathy, and cognitive dysfunction.25 Tricyclic antidepressants 
and ECT have been recommended in the past to treat patients 
with depression.26 In addition, deep brain stimulation, although 
in the early stages of research, could become a therapy for 
treatment-resistant depression, and TMS has been approved by 
the FDA for the treatment of major depression.27 

In 2008, Kennedy showed that HAMD-17 or MADRS was more 
sensitive to drug placebo separation and established optimal 
doses than the full scale.25 Therefore, in this meta-analysis, we 
used HAMD as the first outcome variable, and MADRS, IDS, 
and CGI as secondary variables to analyze the results. The 
purpose was to explore the improvement effect of TMS on the 
scale score of MDD, to infer the efficacy of TMS on MDD. 

Effects of TMS on patients with MDD

Figure 2. Forest plot showing mean difference and 95% CI of HAMD score between the two groups. MADRS 

Figure 3. Forest plot showing mean difference and 95% CI of MADRS score between the two groups.
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Outcome indicators in this meta-analysis were the objective 
outcome variable scale, which made our results more objective 
and avoided human emotional bias from affecting the 
outcome. We reviewed numerous studies on TMS for the 
treatment of MDD and included clinical research data from 
the United States, Australia, China, and other countries to 
analyze the efficacy of TMS objectively and comprehensively. 
The results showed HAMD, MADRS, and CGI scores had an 
improvement trend after TMS treatment, indicating TMS had 
a therapeutic effect on major depression. There were 17 
experts representing the National Network of Centers for 
Depression (NNDC) and the American Psychiatric Association 
Research Council (APA CoR) who said multiple randomized 
controlled trials and published literature supported the safety 
and efficacy of TMS antidepressant treatment,28 which was 
consistent with our results. 

Giron et al.8 reported synergistic effects when TMS was 
combined with cognitive behavioral therapy in treatment-
resistant depression (standard mean difference [SMD] = 
-0.62),8 whereas our focus on TMS monotherapy demonstrated 
significant standalone efficacy (HAMD: mean difference 
[MD] = -4.47). Further, Vida et al.10 focused on TMS as an 
adjunctive therapy for MDD after two antidepressant treatment 
failures, with their meta-analysis of randomized sham-
controlled trials showing moderate efficacy in this specific 
population (MADRS reduction: SMD = -0.58). In contrast, 
our study included a broader MDD spectrum (not limited to 

treatment-failure cases) and still observed robust symptom 
improvement (MADRS: MD = -2.72). Sonmez et al.9 
specialized in accelerated TMS protocols (e.g., high-frequency, 
short-course stimulation), reporting faster symptom relief but 
with higher heterogeneity due to varied stimulation frequencies. 
While our study did not explicitly include accelerated TMS 
(focusing primarily on standard rTMS protocols), our findings 
of consistent efficacy across diverse standard TMS parameters 
(e.g., varying frequencies, durations) imply TMS benefits are 
not strictly dependent on “acceleration.” However, Sonmez’s 
work highlights a critical direction: optimizing protocols (e.g., 
through accelerated delivery) may enhance outcomes for 
time-sensitive cases—a gap future research should address to 
complement our study’s focus on standard rTMS efficacy.9

This meta-analysis had several limitations. First, the literature 
between some groups was small. More relevant literature 
should be included in the future. Second, there was substantial 
heterogeneity in studies included in this meta-analysis, which 
may be explained by the following reasons: (1) among the 12 
clinical trials included, 3 articles did not mention the 
implementation of blinding method, and many articles did not 
report the concealment of allocation scheme; (2) although the 
included studies used TMS for treatment, we did not restrict 
the specific stimulation intensity, stimulation site, and other 
parameters of TMS; (3) the age range of the subjects was 
large, and there was difference of years included. Last, while 
the study adds value through the synthesis of data across 

Huang, et al.

Figure 4. Forest plot showing mean difference and 95% CI of IDS score between the two groups.

Figure 5. Forest plot showing mean difference and 95% CI of CGI scores between the two groups.
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unexplained, atypical, or complex symptoms. Greater 
awareness of AM can reduce diagnostic delays, limit 
unnecessary investigations, and improve patient outcomes.
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