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Abstract

Aim In line with the publication of clinical information related to the therapeutic process of repetitive transcranial
magnetic stimulation (rTMS) and the updating of relevant treatment guidelines, the present meta-analysis study
was designed and conducted to determine the effect of repetitive transcranial magnetic stimulation (\TMS) on the
Hamilton Depression Rating Scale-17 (HDRS-17) criterion in patients with major depressive disorder (MDD) without
psychotic features.

Methods In this study, a systematic search was conducted in electronic databases such as PubMed [Medline],
Scopus, Web of Science, Embase, Ovid, Cochrane Library, and ClinicalTrials. gov using relevant keywords. The search
period in this study was from January 2000 to January 2022, which was updated until May 2023. Randomized
controlled trials (RCTs) that determined the effect of repetitive transcranial magnetic stimulation (rTMS) on the
Hamilton Depression Rating Scale-17 (HDRS-17) criterion in patients with major depressive disorder (MDD) without
psychotic features were included in the analysis. The quality of the included RCTs was assessed using the Cochrane
Risk of Bias checklist. Statistical analyses were performed using STATA (Version 16) and RevMan (Version 5).

Results Following the combination of results from 16 clinical trial studies in the present meta-analysis, it was found
that the mean Hamilton Depression Rating Scale-17 (HDRS-17) in patients with major depressive disorder (MDD)
decreases by an average of 1.46 units (SMD: -1.46; % 95 Cl:-1.65, -1.27, I ¢ 516t 45.74%; P heterogeneity: 0-56). Subgroup
analysis results indicated that the standardized mean difference of Hamilton Depression Rating Scale-17 (HDRS-17)
varied based on the number of treatment sessions: patients receiving 10 or fewer repetitive transcranial magnetic

stimulation (rTMS) sessions showed a mean Hamilton Depression Rating Scale-17 (HDRS-17) reduction of 2.60 units
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(SMD: -2.60; % 95 Cl: -2.86,-2.33, | :55.12%;

square

39.91%; P pererogeneity: 0-89).

disorder, Evidence synthesis

0.55), while those receiving 11 to 20 sessions showed a
mean Hamilton Depression Rating Scale-17 (HDRS-17) reduction of 0.28 units (SMD: -0.28; % 95 Cl: -0.65, -0.09, |

P heterogene'\ty:

Conclusion In conclusion, our meta-analysis demonstrates the efficacy of repetitive transcranial magnetic
stimulation (rTMS) in reducing depressive symptoms in major depressive disorder (MDD) patients. The complex results
of subgroup analysis revealed insight on the possible benefits of a more focused strategy with fewer sessions, as

well as the impact of treatment session frequency. These findings add to our understanding of repetitive transcranial
magnetic stimulation (rTMS) as a therapeutic intervention for the treatment of major depressive illnesses.

Keywords Repetitive transcranial magnetic stimulation, Hamilton depression rating scale-17, Major depressive

square*

Introduction

Depression is a common and growing mental disorder
that affected more than 264 million people worldwide in
2020 [1, 2]. Depression is classified as a mood disorder
and encompasses a wide range of symptoms, from fatigue
and loss of energy to decreased interest, significant
weight loss or gain, changes in sleep patterns, and even
suicidal thoughts. It affects the individual’s cognitive,
emotional, physical, and social aspects of life. Depression
is a common and growing mental disorder that will affect
over 264 million people worldwide in 2020. Depression
is classified as a mood disorder and encompasses a wide
range of symptoms, from fatigue and decreased energy
to decreased interest, significant changes in weight and
sleep patterns, and suicidal thoughts, which affect the
individual’s cognitive, emotional, physical, and social life
[3—6]. Previous studies have shown that the global preva-
lence of major depressive disorder (MDD) increased by
approximately 13% from 2007 to 2017 [7]. The World
Health Organization (WHO) ranks MDD as the 11th
leading cause of disability and death in the world [8].
Although patients may have relatively better occupa-
tional and social functioning between episodes, the risk
of relapse is high. Without treatment, a depressive epi-
sode lasts about 6 months to 1 year, and with appropri-
ate treatment, it can be reduced to about three months.
Currently, the treatment of depression primarily involves
three methods: medication therapy, psychotherapy, and
electroconvulsive therapy. Antidepressant medications
play a major role in the treatment of depression. The
most commonly used drugs in depression treatment
include the drug classes SSRI (selective serotonin reup-
take inhibitor), TCA (tricyclic antidepressant), and SNRI
(selective serotonin-norepinephrine reuptake inhibitor).
To choose the appropriate antidepressant drug, drug side
effects, its compatibility with the patient’s age, physical
condition, and target symptoms should be considered.
For example, in elderly depressed individuals or those
with heart disease, due to anticholinergic side effects of
drugs and changes in blood pressure status, the use of
SSRI and SNRI is preferred over TCA because they have

fewer side effects. In psychotherapy, various methods,
such as cognitive therapy, interpersonal psychotherapy,
and behavioral therapy, are used to treat depression.
These methods are usually much more effective in com-
bination with medication therapy [9-12]. Currently,
depression is primarily treated through three methods:
medication therapy, psychotherapy, and electroconvul-
sive therapy. Antidepressant medications play a crucial
role in the treatment of depression. Many patients with
MDD do not respond to standard treatment with medi-
cation therapy and psychotherapy [13, 14]. Neuromodu-
lation techniques, including non-invasive methods such
as repetitive transcranial magnetic stimulation (rTMS)
and invasive methods such as electroconvulsive therapy
(ECT), are being considered as potential treatments for
depression [15, 16]. ECT is a method that uses a low elec-
trical current to induce a generalized cerebral seizure
under general anesthesia. This method is mainly used for
the treatment of severe depression, but it is also used for
other conditions such as bipolar disorder, schizophrenia,
schizoaffective disorder, catatonia, and malignant neuro-
leptic syndrome [17]. rTMS is a non-invasive neuromod-
ulatory technique that is used in the treatment of a wide
range of neurological disorders, including depression.
This technique involves the application of a magnetic field
to specific areas of the brain outside the skull in order to
modify neural excitability [18]. In rTMS, magnetic pulses
with different shapes and frequencies (usually between 1
and 20 Hz) are delivered to specific regions of the brain
to determine changes in excitability. The standard rTMS
method typically involves high-frequency (HF) stimula-
tion of the left dorsolateral prefrontal cortex (DLPFC) of
the frontal lobe. However, this standard method is not
beneficial for all patients with depression [7]. Evidence
shows that the response rate in patients who receive stan-
dard treatment is, on average, 29.3% [19, 20]. Therefore,
new forms of rTMS are necessary to increase the rate
of improvement in patients with depression, especially
treatment-resistant depression [19, 20]. rTMS is typically
used when standard treatments such as medications and
psychotherapy are not effective. This method does not
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require surgery or electrode implantation, and unlike
electroconvulsive therapy (ECT), which is routinely used
for depression, it does not cause seizures and does not
require anesthesia. Generally, rTMS is considered a safe
and well-tolerated method. However, it can cause some
side effects. The side effects are usually mild to moder-
ate and improve shortly after a session and decrease over
time with additional sessions. Common side effects of
this method include headaches, discomfort at the site
of stimulation on the scalp, tingling, muscle spasms or
contractions of facial muscles, and light-headedness [21—
23]. Recently, the use of rTMS for MDD and treatment-
resistant depression has gained considerable attention.
Although rTMS is considered a promising therapeutic
option for MDD, the clinical response to it is partial, indi-
cating the need for a more comprehensive understand-
ing of the pathophysiology of MDD and the mechanisms
involved in the therapeutic process of rTMS. Therefore,
in order to disseminate clinical information regarding the
therapeutic process of rTMS and update related treat-
ment guidelines, the present meta-analysis was designed
and conducted to determine the effect of rTMS on
assessment measures of non-psychotic MDD.

Methods
The present study was a systematic review and meta-
analysis conducted according to the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [24].

Search strategy and selection process

At the beginning of the study, relevant keywords were
determined based on the study’s title and objectives, and
a search strategy was developed and designed for each
database by combining these keywords using the AND/
OR operators. The primary keywords included “repetitive
transcranial magnetic stimulation’, “Hamilton Depres-
sion Rating Scale’, “major depression disorder’, and
related synonyms were found using Thesaurus, Emtree,
and Mesh. In this study, the following databases were
searched: PubMed [Medline], Scopus, Web of Science,
Embase, Ovid, Cochrane Library, and ClinicalTrials. gov.
The search period in this study was from January 2000
to January 2022, which was updated until May 2023. In
addition to the electronic databases, a manual search was
conducted using reference checking and selected related
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studies to ensure that no relevant studies were missed.
After completing the search, all retrieved studies were
imported into Endnote software version 8, and screening
of studies was performed based on title, abstract, and full
text. The search strategy process was conducted by two
independent reviewers (EH and GH), and any discrep-
ancies were resolved through discussion or consultation
with a third reviewer (YM).

Eligibility criteria

The inclusion criteria for this study were determined
based on the PICOT structure. Therefore, studies
included in this systematic review and meta-analysis
were those that included populations with MDD, used
rTMS as the main intervention, compared it with pla-
cebo (sham stimulation), and had outcomes that included
improvement in the HDRS assessment of MDD (Table 1).
The studies considered were randomized controlled tri-
als with an intervention design. The exclusion criteria
included duplicate citations, review articles, cross-sec-
tional studies, case-control or cohort studies, books, con-
ference papers, and clinical trials with different primary
outcomes and interventions.

Data extraction process

Finally, data extraction was performed considering items
related to the studies (authors’ names, year of publica-
tion, study design, sample size, and country of study),
items related to the target population (type of depres-
sion in the patients under study), items related to the
intervention (number of sessions, frequency used), the
comparison group, and the outcomes of interest (level
of improvement in HDRS score). The selection and data
extraction process was conducted by two independent
reviewers (EH and GH/MA), and any discrepancies were
resolved through discussion or consultation with a third
reviewer (YM).

Studies risk of bias

After screening, the selected studies were assessed for
quality or risk of bias using Version 2 of the Cochrane
risk-of-bias tool for randomized trials (RoB 2) [25]. The
RoB 2 tool evaluates the risk of bias in five domains,
including randomization process, deviations from
intended interventions, missing outcome data, measure-
ment of the outcome, and selection of the reported result.

Table 1 The criteria for inclusion of studies in the present meta-analysis

Type of study (T) Outcomes (O)

Comparison (C)

Intervention (I) Population (P)

The mean of total bilirubin
and phototherapy length

All clinical trial studies

The comparison group included The desired intervention in the
other drugs or placebo.

The target
population in
this meta-analy-
sis was neonatal
with hyperbili-
rubinemia.

present meta-analysis was albumin
administration before pre-exchange
plasma




Hassanzadeh et al. BMC Psychology (2024) 12:480

For each domain, the study was rated as low, high, or
unclear risk of bias. By using the RoB 2 tool, the authors
were able to assess the quality of the selected studies and
ensure that the study findings were reliable and accurate.
The selection and data extraction process was conducted
by two independent reviewers (YM and GH).

Synthesis method

In this study, STATA software version 17 was used to
conduct the meta-analysis. The desired index for the
analysis was the standardized mean difference (SMD).
To calculate this index, the mean and standard deviation
(SD) before and after the intervention in each group of
the selected studies were extracted, and their difference
was calculated. Then, using the fixed-effect model (FEM)
in STATA software, this index was calculated. Addition-
ally, for outcomes in which the baseline mean was not
reported in both intervention and comparison groups,
the weighted mean difference (WMD) index was used.
In this index, the mean and SD of the outcome in the
intervention and comparison groups were compared, and
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their difference was calculated by considering the weight
of each study. To evaluate publication bias, the Egger’s
test was used, and to assess heterogeneity, the I-square
and Q Cochrane test were used. Subgroup analyses were
also performed based on the number of treatment ses-
sions, device power, and study population. A significance
level of less than 0.05 was considered in this meta-analy-
sis. In addition, the Revman software version 5 was also
used to assess the risk of bias and draw related figures.

Results

At the beginning of the study, a total of 3,889 articles
were retrieved through the search process. In the screen-
ing stage, based on the title and abstract, 1,780 and
1,062 articles were excluded, respectively. In the full-text
screening stage, 157 articles were reviewed, of which 133
were excluded due to unrelated outcome (79 articles),
unrelated effect size (23 articles), and unrelated meth-
odology (21 articles). Finally, 24 relevant clinical trials
remained for analysis [26—50] (Fig. 1). Clinical and basic
information, the target population, and other relevant

[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
—
s Records identified from: Recolrds removed before screerlmg: Records identified from:
2 Databases (Web of Sciences, Duplicate records removed (n = 890) Websites (n = 0)
S Scopus, PubMed, CINHAL, Records marked as ineligible by - _
& O . _ Organizations (n = 0)
= Cochrane and Embase) (n = automation tools (n = 0) Citation searching (n = 0)
35 3889) Records removed for other reasons ” J
Registers (n = 0) (n=0) e
—
Records screened by Title (n »| Records excluded by Title
=2999) (n=1780)
o Records screened by Abstract | Records excluded by Abstract Reports sought for retrieval
g (n=1219) (n=1062) (n=0)
3
o
G
(77
Rc‘ap.or.ts. assessed for Reports excluded by full text Rf:p.or‘ts‘ assessed for
eligibility (n = 157) Unrelated outcomes (n = 79) eligibility (n = 0)
Unrelated indexes and effect
sizes (n = 23)
Unrelated methods (n=21)
® Studies included in review (n
3| | =29
‘_:':’ Reports of included studies (n
=24)

Fig. 1 A flow diagram demonstrating the study selection process based on PRISMA 2020 flow diagram
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information for the selected studies are reported in
Table 2. Among the selected studies, four clinical trials
did not report the SMD index (Table 2).

Out of the 24 selected studies, 16 effect sizes were
extracted in terms of SMD and combined together. The
largest and smallest effect sizes reported in these stud-
ies were from F. Leblhouber et al. and P. E. P Van Eijind-
hoven et al., respectively. After combining these studies,
the meta-analysis results showed that the use of rTMS
in patients with MDD without psychotic symptoms can
reduce the mean HDRS score by 1.46 (SMD: -1.46; % 95
CI: -1.65, -1.27) (Fig. 2). The results indicated that the
level of heterogeneity was significantly low in this analy-
sis, indicating high homogeneity of the combined studies
(I square’ 45.74%; P heterogeneity 0-56) (Fig. 2).

Heterogeneity and publication bias analyses were
examined and reported using Galbraith and Funnel plots
(Fig. 3). The results showed that publication bias was
associated with the use of rTMS on mean HDRS scores
in patients with MDD without psychotic symptoms (B:
-9.21; SE: 1.445; P value: 0.0001). A trim and fill analy-
sis was also performed due to the significant publication
bias, but the results showed that this bias did not have a
significant impact on the overall results (Fig. 3).

Subgroup analyses were conducted to determine the
effect of rTMS on mean HDRS scores in patients with
MDD without psychotic symptoms based on the num-
ber of treatment sessions, device power, and study popu-
lation. The results are presented in Table 3. The results
showed that the SMD in HDRS scores varied significantly
depending on the number of treatment sessions, with a
decrease of 2.60 units (SMD: -2.60; % 95 CI: -2.86, -2.33,
I quare’ 551295 P peierogencity: 0-55) for patients receiv-
ing 10 or fewer treatment sessions, a decrease of 0.28
units (SMD: -0.28; % 95 CI: -0.65, -0.09, I jret 39-91%;
P eterogencity: 0-89) for patients receiving 11 to 20 treat-
ment sessions, and a decrease of 0.25 units (SMD: -0.25;
% 95 CI: -0.64, -0.01, I i re! 55.80%; P hegerogeneity: 0-08) for
patients receiving more than 21 treatment sessions.

Based on the frequency of the rTMS device, the mean
HDRS score decreased by 3.12 units (SMD: -3.12; % 95
CL -4.05, -2.19, 1 : 44.32%; 0.60), 0.49

square* p heterogeneity

units (SMD: -0.49; % 95 CI: -0.77, -0.21, I i 0ret 72-20%;
P jeterogeneity: 0-04), and 2.97 units (SMD: -2.97; % 95 CL:
-3.31, -2.62, I jare’ 66.09%; P pererogencity 0-04) in patients
with MDD without psychotic symptoms when the device
frequency was 1 Hz, 10 Hz, and over 10 Hz, respectively
(Table 3).

Based on the overall analysis, the results showed that
in patients with MDD, rTMS reduces the mean HDRS
score more than other patients such as those with TDR,
etc. (SMD: -2.02; % 95 CI: -2.28, -1.77, 1 : 63.34%; P

square*
:0.05) (Table 3).

heterogeneity*
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Figure 4 presents a summary graph of the risk of bias
assessment, indicating the number of studies judged to
be at low, unclear, or high risk of bias in each domain or
overall (Fig. 4). In the analysis of risk of bias using the
Cochrane checklist for assessing intervention studies,
the results indicated that most of the studies included
in the current meta-analysis were of adequate quality
and were categorized as low risk of bias in terms of bias
occurrence. A small number of studies were placed in the
high risk of bias category for incomplete outcome data,
selective reporting, and other bias, but they constituted
a small percentage of the selected studies. Regarding the
examination of individual clinical trial studies, the stud-
ies by Dal, L. L., Dunlop, K., Siddigi, S. H., and Tsal, Y.
C. were biased in terms of incomplete outcome data and
selective reporting (Fig. 4).

Discussion

The results of this study, as demonstrated by the meta-
analysis, indicate that the use of rTMS in patients with
MDD without psychotic symptoms significantly reduces
the mean HDRS score. The low level of heterogene-
ity observed in this analysis suggests high homogeneity
among the combined studies and a definitive effect of
rTMS. This study suggests that rTMS could be consid-
ered an effective therapeutic method for patients with
primary depression without psychotic symptoms, as
meta-analysis can provide more precise results. How-
ever, the mechanism of rTMS effect is still unknown.
One hypothesis is that stimulation of specific areas of the
brain cortex alters pathological activity in a network of
gray matter regions involved in regulating mood. Addi-
tionally, rTMS may act through neuroplasticity, leading
to increased expression of neurotrophic factors derived
from the brain and structural changes, such as increased
hippocampal volume. Further research, including ran-
domized controlled trials and long-term investigations
of the effects of rTMS on patients, is needed to better
understand the mechanism of rTMS and to provide more
accurate results [51-54].

A large number of studies have been conducted on the
use of rTMS in the treatment of major depression, but
they have shown different results. Some of these studies
have shown similar results to the present meta-analysis,
while others have reached different conclusions [55-61].
Generally, the results of studies indicate that rTMS can
be an effective therapeutic method for patients with
major depression, but this method is not effective for
all patients and each patient needs to be evaluated sep-
arately. Additionally, the method of using rTMS and its
various parameters are very important for optimizing the
desired outcomes. In this study, different criteria such
as the number of sessions, rTMS frequency and study
population were considered to evaluate the effectiveness
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rTMS Group Comparison Group SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
A. Holczer, 2021 10 -10.8 1.87 10 -10.28 1.45 = -031[ -1.19, 0.57] 4.54
P. H. Chou, 2020 27 -62.7 18.1 26 -36.6 21.2 ] -1.33[ -1.92, -0.73] 9.99
C. Li, 2021 35 -7.7 1.34 35 -3.1 1.14 - -3.70[ -4.47, -2.93] 5.94
Y.C. Tsai, 2021 20 -30.19 6.26 22 -14.75 2.94 - -3.21[ -4.12, -2.29] 4.22
F. Leblhuber, 2021 21 -56 .31 17 A .38 -16.62 [ -20.42, -12.83] 0.25
C. Li, 2021 35 -7.3 1.37 35 -3 1.14 - -3.41[ -4.15, -2.68] 6.56
Y.C. Tsai, 2021 19 -40.85 6.7 22 -14.75 2.94 —— -5.18[ -6.46, -3.90] 2.16
F. Leblhuber, 2019 19 2.7 .25 10 A1 .65 —e -6.55[ -8.41, -4.70] 1.03
C. Li, 2021 35 -9 1.26 35 -3 1.14 - -499[ -5.94, -4.04] 3.91
C. Li, 2021 35 -48 1.14 35 -3.1 1.14 || -1.49[ -2.02, -0.96] 12.60
J. H. Hwang, 2020 6 -7.4 3.66 7 -5.6 5.51 = -0.38[ -1.48, 0.72] 2.92
K. Jang, 2019 19 -5.53 1.86 16 -3.93 2.17 = -0.80[ -1.49, -0.11] 7.41
P. F. P. van Eijndhoven, 2020 15 -3.1 1.76 16 4.1 1.41 & 0.63[ -0.09, 1.35] 6.79
D. R. Kim, 2019 11 -13.9 2.11 9 -9.09 238 —— -1.97 [ -3.04, -0.90] 3.08
J. Persson, 2020 11 6.3 9.1 12 3.8 6.2 = 0.32[ -0.50, 1.15] 5.21
P. E. Croarkin, 2021 48 -11.1 2.03 55 -10.6 2 M -025[ -064, 0.14] 23.40
Overall } -1.46[ -1.65, -1.27]
Heterogeneity: I> = 45.74%, H® = 3.47
Test of 6, = 8;: Q(15) = 10.09, p = 0.56
Testof 8 =0: z=-1.20, p = 0.00
20 15 -0 5 0

Fixed-effects inverse-variance model

Fig. 2 Forst plot of the effect of rTMS intervention on the Hamilton Depression Rating Scale (HDRS) in patients with major depressive disorder (MDD)
without psychotic features evaluation scales (SMD: standardized mean differences, N: sample size, SD: standard deviation)

Galbraith plot

lo -
’0?
2
) .
-‘?’O o o
5 °
S °
o
o] °
S .
'E 1
]
I ° °
]
) 0 y

o o*

T ® T ]

0 2 4 6
Precision (1/se;)
95% Cl 0  Studies
Regression line No effect

se;: estimated o;

Funnel plot
oA
[ ’
o L
°
© * el
§ °
0
o °
SR
T
c
8
)
0 |
N -
T T T T T
-15 -10 -5 0 5
Cohen's d
Pseudo 95% CI @ Studies
Estimated By

Fig. 3 Galbraith and funnel plot of the effect of rTMS intervention on the Hamilton Depression Rating Scale (HDRS) in patients with major depressive

disorder (MDD) without psychotic features evaluation scales

of r'TMS on patients with MDD without psychotic symp-
toms. The analysis shows that with an increase in the
number of rTMS sessions, the improvement in the HDRS
score decreases, indicating a decrease in the patient’s

response to rTMS with an increase in the number of ses-
sions. Additionally, the effect of rTMS varies at different
frequencies, which may be due to errors in measuring the
outcome or the method of analysis chosen for this study.



Hassanzadeh et al. BMC Psychology (2024) 12:480

Page 10 of 13

Table 3 The effect of rTMS intervention on the Hamilton Depression Rating Scale (HDRS) in patients with major depressive disorder
(MDD) without psychotic features evaluation scales based on Sessions, Power, and study population

Variables Categories SMD (% 95 CI) Heterogeneity assessment
|1 Square Pvalue Qtest
HDRS Sessions <10 Session -2.60 (-2.86,-2.33) 55.12% 0.55 8.60
11-20 Session -0.28 (-0.65,-0.09) 39.91% 0.89 9.99
>21 Session -0.25 (-0.64,-0.01) 55.80% 0.08 19.91
Power 1HZ -3.12 (-4.05,-2.19) 44.32% 0.60 5.79
10HZ -049 (-0.77,-0.21) 72.20% 0.04 11.36
>10HZ -2.97 (-3.31,-262) 66.09% 0.04 22.10
Not Reported -1.10(-1.51,-0.70) 55.80% 0.09 1291
Study Population MDD -2.02(-2.28,-1.77) 63.34% 0.05 15.11
TDR -0.98 (-1.29,-0.68) 29.00% 032 1.00
Others 0.07 (-0.59,0.73) 37.46% 043 77

HZ: Hertz; MDD: major depressive disorder; TRD: treatment resistant depression, SMD: Standardized Mean Differences, Cl: Confidence Interval, Q: Q Cochrane Test

The next category is the study population, which has
shown that rTMS has the greatest effect on patients with
MDD compared to patients with TRD and other patients.
rTMS is a non-invasive method that uses a magnetic
field to affect specific regions of the brains of individu-
als with MDD. This method can influence the activity
of brain neurons and thereby help alleviate depressive
symptoms [62—-64]. In patients with MDD, the activ-
ity of neurons in specific regions of the brain that are
involved in emotional regulation is altered. By applying
the magnetic field of rTMS to these regions and alter-
ing the activity of neurons, it can help reduce symp-
toms [65, 66]. Some studies have shown that rTMS can
lead to an increase in the levels of neurotransmitters
such as serotonin and dopamine, which play a role in
improving emotional state and depression [67-70].

It should be noted that the exact mechanism by
which rTMS affects neuronal activity is not yet fully
understood, and due to the high complexity of brain
function, different methods of investigating the effects
of rTMS on depression are available, each of which
yields different results. However, rTMS is recognized
as an effective therapeutic method for some patients
with depression. It appears that the effect of rTMS
varies depending on the frequency used. It is believed
that high-frequency stimulation of the superficial cor-
tex stimulates the target neurons and is usually used
to activate the left prefrontal cortex. In contrast, low-
frequency stimulation of the superficial cortex inhibits
brain cortical activity and is usually directed towards
the right prefrontal cortex [71].

The previous meta-analysis conducted by M. T. Ber-
lim et al. in 2013 had included fewer clinical trial stud-
ies to determine the effect of rTMS on patients with
MDD compared to the current meta-analysis. Addi-
tionally, subgroup analyses based on important and
influential patient variables were not performed in
the meta-analysis by M. T. Berlim et al. [72] due to
the insufficient number of studies. On the other hand,
in the current meta-analysis, subgroup analyses based
on these variables were conducted. The results of the
meta-analysis published in 2013 showed that the use of
rTMS on patients with MDD may be effective, which is
consistent with the results of the current meta-analysis
[72]. However, the current meta-analysis specifically
considered the change in the mean HDRS score as the
outcome. In the overall analysis, the results of the cur-
rent meta-analysis showed that the mean change in
this outcome for patients with MDD was a reduction
of 1.46 units on average, indicating an improvement
in this measure in patients. The strengths of the cur-
rent meta-analysis include screening of a large num-
ber of articles and considering a specific outcome and
performing subgroup analyses based on important and
influential variables. One of the major limitations of the
current meta-analysis is the small number of interven-
tion studies on the effects of rTMS on other outcomes
or other assessment criteria for major depressive dis-
order (MDD), which should be considered in future
studies.
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Blinding of outcome assessment (detection bias)
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Fig. 4 Risk of bias graph summary (review authors’judgement about each risk of bias item presented as percentages across all included studies)

Conclusion

The use of rTMS has a significant and acceptable effect
on mean HDRS in patients with MDD, according to
the results of the current meta-analysis. In view of the
inconsistent results of previous studies, this study has
the potential to have a significant positive impact on the
updating of treatment and care guidelines and on clini-
cal decision-making. These findings suggest that treat-
ment parameters like session frequency and power level
should be considered to determine rTMS effectiveness in

MDD. Our analysis identifies the optimal category (<10
sessions) and power (1 Hz) for rTMS treatment design.
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