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ABSTRACT
Introduction  As a prevalent psychiatric disease, 
depression is a life-threatening mental disorder that 
may cause work disability and premature death. 
Transcranial magnetic stimulation (TMS) is a non-invasive 
neuromodulation procedure, which has been reported 
to have a significant effect on antidepressant treatment 
in recent years. However, the parameters of TMS for 
depression that can produce the best clinical benefits 
remain unknown. In the present study, we will evaluate 
the effect of TMS treatment for depression from the 
perspective of functional neuroimaging by performing a 
meta-analysis based on included studies.
Methods and analysis  Two independent reviewers will 
search published studies in the following five databases: 
PubMed, Web of Science, Embase, China National 
Knowledge Infrastructure and WANGFANG DATA from 
inception to 1 June 2020. Then we will select studies 
according to predesigned inclusion and exclusion criteria. 
After extracting data from included studies, activation 
likelihood estimation will be applied to data synthesis. Any 
disagreement will be checked by the third reviewer who 
will also make the final decision.
Ethics and dissemination  This work does not require 
ethics approval as it will be based on published studies. 
This review will be published in peer-reviewed journals.
PROSPERO registration number
CRD42020165436.

INTRODUCTION
Depression is a highly prevalent, long-lasting 
and recurrent mental disorder, from which 
over 300 million people are suffering at 
the global level.1 As one of the most debili-
tating mental illnesses, depression is a strong 
predictor of work disability and premature 
death, related to cognitive impairment and 
long-term memory dysfunction.2 3

Although there are a range of antide-
pressant therapies, about a third of patients 
do not respond to any pharmacotherapy 
or psychotherapy treatment and instead 
remain symptomatic and functionally 

impaired.4 5 Moreover, cognitive impairment 
is also frequently observed in patients with 
depression, and the relationship between 
depression and cognition is bidirectional. 
Both depressive mood and cognition may 
be associated with impaired brain plasticity, 
presenting with impaired cortical activity and 
the dysregulation of the connectivity.6 On the 
other hand, some studies performed single-
pulse and paired-pulse tanscranial magnetic 
stimulation (TMS) both before and after the 
repetitive TMS (rTMS), in order to objec-
tively assess any change of cortical excitability 
and found significant hemispheric asym-
metry in MDD (Major Depressive Disorder); 
that is, compared with the right hemisphere, 
the excitability of both inhibitory and facilita-
tory inputs of the left hemisphere was found 
to be reduced.7

Current clinical treatments for resistant 
depression usually involve progressively 
empirical attempts for more complex forms 
of medication therapy, which may diminish 
the likelihood of achieving remission as the 

Strengths and limitations of this study

►► Equipped with advanced data processing tech-
niques, this could be the first systematic review and 
meta-analysis that uniquely explore brain functional 
changes after transcranial magnetic stimulation for 
depression in neuroimaging.

►► Quantitative evaluation will be applied to data pro-
cessing in this meta-analysis.

►► Only studies in English and Chinese will be included, 
which may cause language bias.

►► A customised checklist will be used to evaluate the 
quality of the included studies.

►► There may be heterogeneity among the included 
studies due to the variety of participants’ character-
istics and study design.
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number of failed attempts increase.4 TMS, a method of 
stimulating the brain through the scalp and skull without 
causing any pain at the surface, can be a safe and effective 
option for depression treatment.4 8 In particular, rTMS, 
a TMS technique commonly used in clinical treatment, 
provides a long-lasting therapeutic benefit on mood 
and cognitive performance of depression related to 
its intrinsic ability to modulate cortical excitability and 
connectivity of the areas underlying mood and affect 
regulation by causing plastic remodelling of the synaptic 
connections.6 9 Limited to the attenuation with distance 
from the coil surface and the site of stimulation without 
focal point, technical parameters of TMS produce the 
best clinical benefit remain unknown.8 10 Therefore, it 
is essential to evaluate neuropsychiatric effects when 
applying several sets of frequently used coil placements, 
coil distances and other parameters (eg, frequency, inten-
sity, duration, rate, time per session, pulses per condition 
and total stimulation sessions) of TMS. Functional neuro-
imaging provides a distinctive perspective to explore 
neuropsychiatric change after TMS treatment.

In recent years, researchers have begun to focus on 
the effect of TMS therapy on functional neuroimaging 
changes for patients with depression. A recent study 
has demonstrated that patients’ blood-oxygen level-
dependent signal power was significantly reduced in clus-
ters localised in the medial prefrontal cortex, caudate, 
putamen, thalamus and anterior cingulate after receiving 
TMS antidepression treatment, targeted at the dorso-
lateral prefrontal cortex (DLPFC).11 Another trial has 
demonstrated higher significant functional connectivity to 
the left ventromedial prefrontal cortex in a left-lateralised 
set when stimulating the dorsomedial prefrontal cortex 
(DMPFC) for those patients with depression responding 
to TMS treatment, proving that DMPFC may be a prom-
ising and complementary target different from DLPFC, 
which has been recognised as a typical region of TMS 
therapy for depression.12–14

However, the results of these studies are inconsis-
tent. There is no systematic review or meta-analysis that 
summarises the effect of antidepression TMS treatment 
on brain functional changes. Therefore, synthesising 
previous studies may offer a better understanding of 
brain functional mechanisms of TMS for depression.

OBJECTIVE
In the present meta-analysis, we will comprehensively 
assess previous studies to evaluate the effect of TMS treat-
ment on brain functional changes for patients with major 
depression.

METHODS AND ANALYSIS
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses Protocols will be set as a guide book for the 
protocol (see online supplemental material).15

ELIGIBILITY CRITERIA
The inclusion and exclusion criteria will be revealed as 
follows.

Study types
Case–control studies, cohort studies and randomised 
controlled trials will be included, whose original func-
tional neuroimaging data are available to extract. While 
case reports, systematic reviews, meta-analyses, letters and 
other second-hand studies will be excluded.

Study characteristics
We will include peer-reviewed original studies. Reviews, 
meta-analyses, anecdotal case reports, conference 
proceedings and unpublished theses will be excluded. 
We will also exclude studies with subjects that overlap 
and those that employed the same task. All appropriate 
studies published before 1 June 2020 will be included. 
Language will be restricted to English and Chinese.

Study design
We aim to investigate patients’ brain functional activity and 
functional connectivity changes after receiving antidepres-
sant TMS treatment. Functional neuroimaging data before 
and after treatment are necessary. Both resting-state and task 
neuroimaging studies will be included. Only studies that 
reported coordinates in either the Talairach or Montreal 
Neurological Institute (MNI) space will be included. Studies 
that investigate structural imaging changes will be excluded. 
Also, we will include peer-reviewed original articles of clinical 
trials investigating the effects of TMS as monotherapy or in 
combination with other treatments in patients with depres-
sion. Both controlled studies (compared with sham treat-
ments) and uncontrolled studies (without sham treatments) 
will be included.

Participants
Patients with depressive disorder diagnosed by ICD-10 (Inter-
national Classification of Diseases) or DSM-5 (The Diag-
nostic and Statistical Manual of Mental Disorders) will be 
included. Both unipolar depression and bipolar depression 
will be included. Mixed studies that had participants coini-
tiate another form of treatment, such as different pharmaco-
therapy or psychotherapy treatment will be included. Patients 
limited to a specific subtype of depression (eg, postpartum 
depression, vascular depression or poststroke depression) or 
in which a major depressive episode was a secondary diagnosis 
(eg, fibromyalgia and major depression) will be excluded.16 
The race and age of participants will not be restricted.

Exposure
The studies that only applied TMS treatment for patients 
with depression disorder rather than other antidepressant 
treatment will be included.

Outcome measures
The primary outcomes of the included studies should be 
depression patients’ functional brain’s alterations after TMS 
treatment. Brain functional outcomes are related to the 
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whole brain functional activity and functional connectivity, 
whose coordinates in either the MNI or Talairach space are 
reported in included studies. Functional MRI data (eg, soft-
ware, statistical threshold, correction step, task and source of 
coordinate) and the characters of the region of interest (eg, 
coordinates in MNI or Talairach space, cluster size and t-sta-
tistic) will be extracted from the included studies.

The secondary outcome pertaining to these studies may 
be extracted as mean change in scores for depression and 
TMS treatment parameters. We extracted the data on the 
levels of depression according to the most commonly used 
scales (eg, The Hamilton Depression Rating Scale and the 
Beck Depression Inventory) in the included studies. As for 
TMS parameters, related frequency, intensity, duration, rate, 
time per session, pulses per condition and total stimulation 
sessions of treatment will be extracted.

Searching strategy
The relevant articles will be identified by searching the elec-
tronic bibliographic databases: PubMed, Web of Science, 
EMbase, Wanfang Data, China National Knowledge Infra-
structure (CNKI). Medical subject heading terms will be 
used. The searching strategies of PubMed (English) and 
CNKI (Chinese) are shown in table 1 as examples to replicate 
for the other databases.

Selection process
We will use EndNote V.X7 software (Thomson Reuters, 
New York, USA) to manage the search results and perform 
screening. After removing duplicates, two independent 
reviewers will examine the titles and abstracts of the identi-
fied studies and will exclude those which are irrelevant. Then 
full articles will be obtained and checked again in more detail 
for the final inclusion. Any conflict will be solved by discus-
sion, in which the third reviewer will participate. Final selec-
tion will be checked and determined by the third reviewer. 
This process will be completed on 10 July 2020.

Data collection
Data will be extracted independently by two reviewers from 
the selected studies based on standardised pilot-tested data 
forms. The third reviewer will check and decide the final 
extraction in case of any disagreement. Extracted data are as 
follows:

Study characteristics: study name, author(s), year of 
publication, study location and study setting.

Study design: treatment parameters, mean treatment 
duration, imaging modalities, software.

Study population: basic demographics of participants, 
methods of depression diagnosis and other relevant 
information.

Details of the interventions and comparators: relevant 
outcome data for the primary outcome (sample size, 
numbers of coordinates reported, threshold, peak).

All measures will be collected before and after antidepres-
sant TMS treatment. If there is any missing data, we will try 
to contact the author. We will not record data missing until 
we wait for a week. Completion time for this process will be 
tentatively fixed by 31 July 2020.

Quality assessment
No standard checklist for assessing the quality of individual 
functional neuroimaging studies is available in previous 
studies. Based on related studies, we will employ an adapted 
checklist to assess included trial.17 Checklist is shown in box 1.

Data synthesis
A table will be created to process extract data. We will calcu-
late total and average sample size, age range of participants 
and patients’ mean course of disease of the included studies. 
TMS parameters, functional neuroimaging and other signif-
icant clinical scales will be summarised. A quantitative, 
random-effects meta-analytic method known as activation 
likelihood estimation will be conducted to synthesis brain 
functional activity and connection changes after receiving 

Table 1  Searching strategy

1.1 PubMed searching strategy 1.2 CNKI searching strategy

#1 depression (MeSH Terms) #1抑郁症 (主题词)

#2 deprression (All Fields) #2磁共振成像 (主题词)

#3 deprress* (All Fields) #3 MRI (主题词）
#4 #1OR #2 OR #3 #4 #2 OR #3

#5 Transcranial magnetic stimulation (MeSH Terms) #5经颅磁刺激 (主题词)

#6 Transcranial magnetic stimulation (All Fields) #6 TMS (主题词)

#7 #5 OR #6 #7 #5 OR #6

#8 magnetic resonance imaging (MeSH Terms) #8 Final search terms: #1 AND #4 AND #7

#9 magnetic resonance imaging (All Fields)

#10 MRI (All Fields)

#11 #8 OR #9 OR #10

#12 Final search terms: #4 AND #7 AND #11

CNKI, China National Knowledge Infrastructure .
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TMS treatment for depression.18 19 In order to clarify major 
factors underlying any high heterogeneity, subgroup anal-
yses and meta-regression will be performed according to 
the placement, distance, frequency, rate, duration, time per 
session, pulses per condition and total stimulation sessions of 
TMS. A test of interaction will be used to address whether 
chance can explain the differences between subgroups. Also, 
moderation and mediation factor analysis will be conducted 
when performing subgroup analyses. We will attempt to 
adjust covariates before the analysis when they are not compa-
rable across studies. Adjusting incomparable covariates after 
analysis will not be performed unless it is really necessary. 
All adjusting incomparable covariates will be illustrated. If 
modest heterogeneity exists, we will discuss the origin of the 
variation and whether it is methodological, clinical or statis-
tical. We will conduct a jack-knife sensitivity analysis to test for 
study heterogeneity. This method assumes that those brain 
regions where the jackknife sensitivity analysis demonstrates 
significant difference are more replicable and robust. After 
excluding any unusual result, we will restart the meta-analysis 
or consider performing a multilevel meta-analysis. If hetero-
geneity is substantial, we might explore the sources of vari-
ation and trade the meta-analysis for a narrative review. As 
for publication bias, a funnel plot may be created according 
to effect size of any treatment-related changes in scores for 
depression to evaluate whether the findings are largely influ-
enced by small studies, which in turn provides insight into 

publication bias or robustness against publication bias.20 Data 
synthesis and analysis will be completed by 20 August 2020.

PATIENT AND PUBLIC INVOLVEMENT
This work will be based on published studies; therefore, 
patient or public involvement will be not required. Relevant 
results will be published in peer-reviewed journals.

ETHICS AND DISSEMINATION
Ethical approval is not required as primary data will not 
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