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Objectives: This study aimed to systematically review the efficacy of transcranial
magnetic stimulation treatment in reducing suicidal ideation in depression.

Methods: PubMed, Web of Science, CBMdisc, WanFang, Chongaging VIP, and CNKI
databases were electronically searched for randomized controlled trials of transcranial
magnetic stimulation (TMS) intervention in the management of suicidal ideation from
inception to February 24, 2021. Two reviewers independently screened studies,
extracted data, and assessed the quality of included studies. Meta-analysis was then
performed using STATA 15.1 software.

Results: A total of eight articles involving 566 patients were included. The meta-analysis
results showed that the suicidal ideation scores of the group who received TMS treatment
were significantly lower [standardized mean difference (SMD) = —0.415, 95% confidence
interval (Cl): —0.741 to —0.090, P = 0.012] than those of the control group. Subgroup
analysis showed that age, TMS pattern, frequency of intervention, and stimulation
threshold altered the TMS efficacy.

Conclusions: Evidence showed that TMS achieved superior results in reducing suicidal
ideation. Because of the limited quality and quantity of the included studies, more
high-quality studies are required to verify the conclusions.

identifier:

Systematic Review https://inplasy.com/,

INPLASY202180065.

Keywords: transcranial magnetic stimulation, suicidal ideation, meta-analysis, depression, TMS

Registration:

INTRODUCTION

Major depressive disorder (MDD) is a serious, worldwide mental issue, influencing millions
of individuals (1). More than 50% of Chinese patients with MDD have suicidal ideation (2).
Suicide is not only a major health problem but also a social problem (3). According to global
data released by the World Health Organization in 2012, more than 800,000 people die by
suicide every year, accounting for 1.4% of the worlds death toll and making it the 15th
leading cause of death (4, 5). The lifetime prevalence of suicide ideation is approximately
9.2% on a global scale (6). Suicidal ideation is defined as thinking about, considering, or
planning suicide (6). In a review of the ECT intervention literature, Fink et al. found that ECT
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was effective for individuals with major depression and suicide,
and for follow-up (7). Cipriani et al. found that the Li
intervention group reduced suicide deaths by at least 60%
compared to the control group (8). Accessible psychological and
pharmacological interventions have meant that advancements
have been made in reducing suicide (9); however, these are not
without side effects, which influences their effectiveness and may
further negatively affect those already at high risk of suicide (10).
Hence inventive treatment procedures to prevent suicide, for use
alongside existing treatments, are fundamentally required.

There is a growing interest in the use of non-invasive brain
incitement techniques to decrease suicidal intent and behavior.
Transcranial magnetic stimulation (TMS) is a non-invasive
magnetic stimulation technology in which a pulsed magnetic field
acts on the central nervous system (mainly the brain) to change
the membrane potential of cortical nerve cells to produce induced
current, which affects brain metabolism and nerve electrical
activity, and causes a series of physiological and biochemical
reactions (11). A form of TMS, intermittent TBS (iTBS), actuates
a long-term potentiation (LTP)-like impact by expanding the
postsynaptic concentration of calcium particles (12). Both TBS
and traditional patterned TMS can induce plastic changes in a
parameter-dependent manner (e.g., inhibit or excite as a function
of frequency). The physiological and therapeutic antidepressant
magnitude of the effect seem to be similar. Physiological studies
have shown that the duration of the physiological modulation
on the motor cortex may be longer for TBS than patterned
TMS. It is not clear that this translates to clinical efficacy though
(in fact, the antidepressant benefits may be shorter) (13-16).
TBS has been shown to be safe and well-tolerated, and to have
antidepressant properties (17). A recent study (18) suggests that
TBS is efficacious in suicide.

Other studies have discussed that rTMS can affect the
emotional and cognitive state of patients (19), and that patients
with suicidal ideation and behavior often have damage to areas of
the brain that are involved in cognitive and emotional control
functions (20, 21), and that the targets of TMS happen to be
implicated in these brain areas (22), which lends support to the
idea that TMS would be expected to be an effective treatment for
suicide and its potential use as a treatment for suicidal ideation.

Some studies (23) have not demonstrated a significant
difference in the reduction of suicide scores between active TMS
stimulation and sham stimulation. By comparing the effects
of epilepsy treatment and non-invasive brain stimulation on
suicide, Chen et al. supported the effect of ECT on acute suicidal
ideation, but they could not suggest the same for MST, rTMS,
or tDCS (24). Bozzay et al. review (25) supports the ongoing
use of TMS as a new medium to reduce suicide risk; Serafini
et al. analyzed the relationship between rTMS interventions
and suicidal behavior, one of multiple suicidal dimensions
(e.g., suicidal ideation, intensity of suicidal thoughts, suicidal
behavior, and suicidal intent), in a systematic study (26). A Meta-
analysis (27) concluded that the efficacy and efficiency of high
frequency was higher than that of the sham stimulation group;
Brunoni et al. (28) included nearly 100 studies and showed that
low frequency stimulation was the most effective, while high
frequency stimulation was the least effective, bilateral stimulation

was intermediate, and bilateral stimulation and low frequency
stimulation were the most acceptable of the stimulation modes;
Dell'Osso et al. (29) showed that high-frequency stimulation and
low-frequency stimulation were similarly effective. The treatment
is also effective in special populations, especially adolescents, but
the follow-up and delayed effects of the treatment are also of
concern in adolescents who are not fully neurologically mature.
However, few meta-analyses support the use of TMS for suicidal
ideation (one of multiple suicidal dimensions) interventions
or provide insight into how best to develop and utilize such
interventions. To fill this knowledge gap, we conducted a
meta-analysis on the efficacy of TMS in the treatment of
suicidal ideation, with subgroup analyses of TMS patterns, age,
stimulation frequency and intensity.

METHODS

The study has been registered on INPLASY website.
The registration number of this meta-analyses protocol
is INPLASY202180065.

Search Strategy

Six electronic databases were searched for relevant studies:
PubMed, Web of Science, WanFang, Chinese National
Knowledge Infrastructure, Chongqing VIP, and CBMdisc,
from their establishment to February 24, 2021, with no
restrictions on the publication year. The word “suicide” was
combined with “transcranial magnetic stimulation” and the
search strategy of combining subject words with free words
was adopted (Supplementary Materials). Studies were assessed
by the inclusion and exclusion criteria below and sorted first
by examination of title, then abstract, then the full text. The
final search of each database was performed independently and
separately by two reviewers.

Inclusion Criteria

The selected studies were those that met the following eligibility
criteria: (1) randomized controlled trials published in English
or Chinese; (2) the age of participants ranged from 13- to
80-years-old; (3) the study group was treated with TMS or a
physical intervention with a definite treatment plan, including a
different sequence and frequency of neurophysical stimulation;
(4) the control group had no restrictions in the treatment they
received (except other physical treatments such as ECT,TDCS,
etc.), including conventional treatment, placebo treatment, and
waiting for treatment; and (5) the evaluation results were of
suicidal ideation and suicidal behavior.

Data Extraction

Information was extracted independently by two reviewers in a
standardized manner. Any disagreements were discussed with
another reviewer, to reach consensus. Engauge Digitizer 12.1 was
used to obtain more information [Only one study (30) in the
included studies did not give the data we needed, but we extracted
them from the figure by means of the tool]. The following
data were extracted for each study: first author’s name, year
of publication, location, sample size, psychometric instruments
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FIGURE 1 | PRISMA flow diagram of the systematic review phases.
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and mean and standard deviation of suicide ideation score. We
also extracted information on sample size, age, type of TMS,
intervention frequency, and intensity threshold, in order to
estimate TMS efficacy for suicidal ideation by subgroups.

Quality Assessment

Cochrane risk of bias assessment (31) was used to evaluate the
study quality according to the following criteria: random
sequence generation, allocation concealment, blinding,
incomplete outcome data, selective reporting, and other sources
of bias. Each area was ranked for high, low, or unknown bias
risk. We also calculated the Jadad score for each of the included
studies (32). In calculating the Jadad score, each study was
evaluated according to the quality of randomization, blinding
procedures, and description of withdrawals and dropouts.
Jadad scores ranged from 0 to 5, with trials scoring 3 or greater
considered good quality trials.

Statistical Analysis

WPS Office 3.0.2 software was used to organize the incorporated
literature and data, and statistical analysis was completed using
STATA version 15.1 software. The Q test was used to explore

the variation between studies. The I* statistic reflected the
proportion of heterogeneity in the total variation of effect. If
the heterogeneity test results were P > 0.1 and I* < 50%,
the homogeneity of the included studies was considered to be
good, and a fixed effects model was used; otherwise, a random
effects model was used. Publication bias was assessed by a
funnel plot and Egger’s test. Subgroup analysis was conducted
to explore the potential heterogeneity between studies and the
efficacy of TMS intervention for suicidal ideation according to
different characteristics.

RESULTS

Characteristics of Eligible Studies

Through searching, 145 potentially related articles were found.
After the title and abstract were screened, a remaining 29
documents were screened for full text. Finally, eight articles met
the inclusion criteria for meta-analysis. Two studies within one
article met the inclusion criteria, making a total of nine studies
for meta-analysis. The document screening process and results
are shown in Figure 1.
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The baseline information from the included studies is
presented in Table1. Nine sham-controlled clinical trials,
including a total of 566 patients, 7 rTMS-controlled clinical trial
including a total of 490 patients, 2 iTBS-controlled clinical trial
including a total of 76 patients were included in the present
systematic review. Clinical samples included predominantly
patients with suicidal ideation and one of the following
psychiatric diagnoses: MDD, treatment resistant depression
(TRD). Subjects in all studies were taking antidepressants during
treatment, except for Stefanie et al. Chris et al. (Only habitual
benzodiazepine agents were allowed), two studies went through
a drug washout period.The control group in all studies was
given a sham stimulation treatment, i.e., the same coil also
emits a tapping sound on the surface of the patient’s scalp,
but without pulses. The Jadad score for all the included studies
was >3. The results of the bias risk assessment are shown
in Table 2.

Overall Efficacy of TMS

Suicidal Ideation

The efficacy of TMS intervention for reducing suicidal ideation
was calculated for each study, as shown in Figure 2. The results
of the meta-analysis showed that the suicidal ideation scores of
the group who received TMS treatment for suicidal ideation were
statistically significantly lower [standardized mean difference
(SMD) = —0.415, 95% confidence interval (CI): —0.741 to
—0.090, P = 0.012] than those of the control group. The
heterogeneity of the studies was high [heterogeneity chi-squared
(x?) = 26.90, P = 0.001; I*> = 70.3%)]. The funnel plot shown
in Figure 3 reflects the publication bias by visual inspection. The
results of Egger’s test revealed no potential risk of publication bias
(t = —1.25, P =0.252).

Depression

Seven studies provided scores for depression after the
intervention. As shown in Figure 4, the meta-analysis results
showed that the depression scores of the TMS group were
statistically significantly lower than those of the control group
(SMD = —0.885, 95% CI: —1.361 to —0.409, P = 0.012). The
heterogeneity of the studies was high (heterogeneity y? = 35.67,
P <0.001; I* = 83.2%).

Subgroup Analysis

TMS Pattern

Meta-analysis using a random effects model showed that
compared with iTBS (SMD = —0.207, 95% CI: —1.041 to 0.627, P
= 0.627), the scores for suicidal ideation in patients who received
rTMS intervention (SMD = —0.47, 95% CI: —0.849 to —0.091, P
= 0.015) were significantly lower than those in the control group
(Table 3).

Age

Meta-analysis using a random effects model showed that
compared with age >50 years (SMD = —0.213, 95% CI —0.460
to 0.035, P = 0.092), suicidal ideation scores in the group aged
<50 years who received the intervention (SMD = —0.498, 95%

CIL: —0.972 to —0.025, P = 0.039) were statistically significantly
lower than those in the control group (Table 3).

Intensity Threshold

In three subgroups of intensity threshold 120%, 110%, and
<100%, the efficacy of TMS intervention for suicidal ideation was
represented by SMDs of —0.087 (95% CI: —0.371 to 0.198, P =
0.551), —0.207 (95% CI: —1.041 to 0.627, P = 0.627), and —0.681
(95% CI: —1.191 to —0.171, P = 0.009), respectively (Table 3).

Frequency
Meta-analysis using a random effects model showed that
compared with the high frequency group (SMD = —0.382,

95% CI: —0.782 to 0.018, P = 0.061), the scores for suicidal
ideation in the group who received a low frequency of rTMS
(SMD = —0.516, 95% CI. —0.958 to —0.074, P = 0.022)
were statistically significantly lower than those in the control
group (Table 3).

Cumulative Meta-Analysis

No obvious time trend was observed when applying the “initial
vs. follow-up” strategy (P = 0.087) and regression strategy
analysis (regression coefficient = —0.05585, P < 0.001). These
results remained robust when the first study was removed and
the results recalculated (regression coeflicient = —0.04770, P <
0.001; Figure 5).

Sensitivity Analysis

Sensitivity analysis of the included studies showed that the point
effect values fell within the 95% CI of the final effect values, which
were stable and had no significant effect on the final conclusions
(Figure 6).

DISCUSSION

The present study systematically reviewed the efficacy of TMS
in reducing suicidal ideation in depression. The results showed
that compared with the control group, the suicidal ideation
scores of the group receiving TMS treatment were statistically
significantly lower. The results showed that TMS was also
significantly effective in alleviating depression. In summary, our
survey of the existing research demonstrated that the use of
TMS in managing suicide risk was promising, providing new
evidence of the effectiveness and safety of TMS for alleviating
suicidal ideation.

Our results showed moderate heterogeneity among the
included studies. To explore possible influences on the
effectiveness of TMS for reducing suicidal ideation, we performed
subgroup analyses according to TMS pattern, age, threshold
output rate, and frequency. The results show that these variables
are indeed also a source of heterogeneity in this study.
Heterogeneity was high (I> = 70.3%), and the funnel plot
showed that the outliers appeared to be from the same source
(Figure 3). We found the article (38) that was the main source
of heterogeneity and used it to draw a Galbraith star plot
(Figure 7), and the SMD after excluding it was —0.252 (95%
CL: —0.439 to —0.066, P = 0.008), with lower heterogeneity
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TABLE 1 | Characteristics of eligible studies included in the meta-analysis.

References Participants Sample Age TMS Target Frequency Intensity (% Sessions/day Number of Total Control Psychometric
size (T/C) pattern MT) Pulses per number of group instruments
session TMS
sessions
Mark et al. Depressed Adults 20/21 <50 rTMS L DLPFC high 120% 3 sessions/day 6,000 9 sessions Sham SSI
(30) hospitalized for stimulation
suicidality with PTSD and TAU
and/or mild TBI
Stefanie MDD unipola, 14/18 <50 iTBS L DLPFC high 110% 5 sessions/day 1,620 20 sessions Sham BSI
et al. (33) antidepressant-free stimulation
patients
Chris et al. TRD, 18/26 <50 iTBS L DLPFC high 110% 5 sessions/day 1,620 20 sessions Sham SSI
(34) antidepressant-free stimulation
patients and TAU
Jerome et al.  inpatients with TRD, 73/77 >50 rTMS L DLPFC high 120% 2—6 sessions/day 4,000 20-30 Sham BSI
(23) taking sessions stimulation
antidepressants. and TAU
Qi (35) MDD, taking 30/30 <50 rTMS L DLPFC high 100% 1 sessions/day 1,500 10 sessions Sham SSI
antidepressants. stimulation
and TAU
Qi (35) MDD, taking 32/30 <50 rTMS R DLPFC Low 100% 1 sessions/day 1,500 10 sessions Sham SSI
antidepressants. stimulation
and TAU
Junbo (36) adolescents with 16/16 <50 rTMS R DLPFC Low 80% 1 sessions/day 1,000 10 sessions Sham BSI
depression, taking stimulation
antidepressants
Lilei et al. elderly patients with 48/55 >50 rTMS L DLPFC high 100% 1 sessions/day 800 20 sessions Sham SIOSS
(37) depression and stimulation
suicidal ideation, and TAU
taking
antidepressants
Fen et al. MDD, taking 21/21 <50 rTMS L DLPFC high 100% 1 sessions/day 6,000 7 sessions Sham BSI
(38) antidepressants stimulation

rTMS, repetitive transcranial magnetic stimulation; iTBS, intermittent Theta Burst Stimulation; SIOSS, self-rating idea of suicide scale; BSI/SSI, Beck Scale for Suicide Ideation; DLPFC, Dorsolateral prefrontal cortex; L, Left; R, Righ;
MDD, major depressive disorder; TRD, Treatment-Resistant Depression; TAU, Treatment As Usual.
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TABLE 2 | Quality assessment of included studies.

References Random sequence Blinding Allocation Incomplete Selective Other sources
generation concealment outcome data reporting of bias
Fen et al. (38) Low risk Low risk Unclear Low risk Low risk Low risk
Jerome et al. (23) Low risk Low risk Low risk Low risk Low risk Low risk
Lilei et al. (37) High risk Low risk Unclear Low risk Low risk Low risk
Junbo (36) Low risk Low risk Unclear Low risk Low risk Low risk
Qi (35) Low risk Unclear Unclear Low risk Low risk Low risk
Chris et al. (34) High risk Low risk High risk Low risk Low risk Low risk
Stefanie et al. (33) High risk Low risk High risk Low risk Low risk Low risk
Mark et al. (30) High risk Low risk Low risk Low risk Low risk Low risk
Study %
D SMD (95% Cl) Weight
i
Mark S. G (2014) -:—-0— 0.14 (-0.48, 0.75) 10.47
:
Stefanie D (2016) :——0— 0.24 (-0.46, 0.94) 9.40
|
Chris B (2017) —_— -0.62 (-1.23, -0.00) 10.45
1
1
Jerome AY (2018) -I‘—#-— -0.15 (-0.47, 0.17) 14.35
1
1
Qi W a (2019) —_—— -0.28 (-0.78, 0.23) 11.85
1
1
Qi W b (2019) +— -0.35 (-0.86, 0.15) 11.93
i
Junbo G (2020) —_————— -0.83 (-1.55, -0.10) 9.14
;
Lilei D (2020) —— -0.31 (-0.70, 0.08) 13.46
1
1
Fen P (2020) —_—— 1 -1.94 (-2.68, -1.20) 8.96
1
Overall (I-squared = 70.3%, p = 0.001) @ -0.42 (-0.74, -0.09) 100.00
1
:
NOTE: Weights are from random effects analysis :
T : T
268 0 268
FIGURE 2 | Forest plot of transcranial magnetic stimulation intervention for suicidal ideation.

(I> = 10.6%). A possible explanation for this might be that
a novel neuro-navigation technique was used in that study to
determine the coil location for TMS treatment, rather than using
the traditional 5 cm method. This did not have an impact on the
overall effect.

Although subgroup analyses were performed in our study,
due to the limitations of the study size (non-significant groups
are always small). Unfortunately, the results of subgroup
analyses are likely to be unreliable in terms of bias. Of

concern, this also suggests that future studies of TMS research
interventions for suicide should pay more attention to the age
of the subjects, different intervention modalities, and different
parameter settings.

Cumulative analyses were performed in our study according
to the time sequence of the studies, and meta-analysis
repeated for each study added, reflecting dynamic trends in
study results over time. The intervention effect was shown
to be robust, and sensitivity analysis also indicated good
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Study %
ID SMD (95% Cl) Weight
Chris B (2017) — -1.79 (-2.50, -1.07) 12.77
Jerome AY (2018) : e 0.05 (-0.28, 0.37) 16.53
Qi W a (2019) —0— -0.78 (-1.31, -0.26) 14.67
Qi Wb (2019) — -0.77 (-1.29, -0.26) 14.76
Junbo G (2020) —0—!— -1.15 (-1.90, -0.40) 12.36
Lilei D (2020) -f—’— -0.62 (-1.02, -0.22) 15.90
Fen P (2020) — -1.49 (-2.18, -0.80) 13.02
Overall (I-squared = 83.2%, p = 0.000) <> -0.88 (-1.36, -0.41) 100.00
NOTE: Weights are from random effects analylsis
: i
-3 0 3
FIGURE 4 | Forest plot of transcranial magnetic stimulation intervention for depression.

stability (Sensitivity analyses were conducted by sequentially
excluding studies with multiple daily sessions, and the
results were that the apparent efficacy of TMS on suicidal
ideation did not vary with the number of daily sessions and

was robust).

TBS is a form of rTMS and these stimulation paradigms have
been found to be safe in normal subjects and capable of producing
consistent, rapid, and controllable electrophysiological, and
behavioral changes (16, 39). However, no studies have shown that

iTBS was a more effective intervention than rTMS in reducing
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TABLE 3 | Subgroup analysis of included studies.

Subgroup No. of studies Meta-analysis Heterogeneity
SMD (95% CI) P 2 (%) P
TMS pattern rTMS 7 —0.47 (—0.849, —0.091) 0.015 74.50% 0.001
iTBS 2 —0.207 (—1.041, 0.627) 0.627 68.80% 0.073
Age <50 7 —0.498 (—0.972, —0.025) 0.039 75.70% <0.001
>50 2 —0.213 (-0.460, 0.035) 0.092 0.00% 0.527
Intensity (% MT) <100% 5 —0.681 (—1.191, —0.171) 0.009 76.90% 0.002
110% 2 —0.207 (—1.041, 0.627) 0.627 68.80% 0.073
120% 2 —0.087 (-0.371, 0.198) 0.551 0.00% 0.424
Frequency High 7 —0.382 (-0.782, 0.018) 0.061 76.00% <0.001
Low 2 —0.516 (—0.958, —0.074) 0.022 10.50% 0.291
SMD, Standard Mean Difference. Italic values represent statistically significant results.
Including first study === ————- Excluding first study
1 -
o 5 _
2
[&]
D
(o))
ke]
& 0
(0]
=
8
=
E
=]
o -5
-1 -
T T T
0 5 10
Rank of the studies
Cumulative meta-analysis plot
FIGURE 5 | Cumulative meta-analysis plot. ES, Effect Size.

suicidal ideation. Qin et al. who found that rTMS could achieve
effective outcomes for older adults with depression, but that
treatment outcomes were not as good as in young and middle-
aged patients. In the study by wall et al., three adolescents
had suicidal ideation and improved during TMS treatment
(40). Stimulus intensity also influences the effectiveness of TMS
interventions, as demonstrated by previous studies (41, 42).
The rTMS may actuate, inhibit, or somehow otherwise interfere
with the action of neuronal cortical networks, depending on
stimulus frequency and intensity, and brain-induced electric
field setup (43). But the relationship between the frequency and
intensity of stimulation and the induced excitability change has
not been extensively explored. In our study, the low frequency
target was always on the right DLPFC, while the high frequency
treatment target was always on the left DLPFC and low frequency
treatment was more beneficial in reducing suicidal ideation

scores in depressed patients than the higher frequencies. The
effects of different stimulation frequencies on the cortex are not
clear. It is commonly assumed that high frequency stimulation
increases neuronal activity and cortical excitability in brain
regions (44), and that low frequency stimulation decreases them
(45). However, no consistent conclusions have been drawn about
the therapeutic effects of different stimulation frequencies, and
our conclusions on this were similar to those described by Chen
et al. (46) and Lana et al. (47).

Compared to other physical interventions, such as ECT
interventions, TMS interventions do not seem to be very effective
(48). The most encouraging results supporting transcranial
magnetic stimulation are those of studies (49-51). In a further
study, DTMS was used in patients with severe TRD, via a
new “H1” coil daily for 4 weeks. DTMS was associated with
improvements in suicidal behavior (ideation and behavior),
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depression and related anxiety symptoms. The clinical safety of
DTMS was also confirmed (52). Subjects in all included studies
were depressed, and patients in two studies (33, 34) (iTBS)
received physical interventions without medication. Combined

with the results of the subgroup analysis of the TMS model,
this seems to imply that the TMS intervention is promising
as an adjunctive treatment. In one study, improvements were
found in both suicidal ideation (especially in the first week of
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treatment) and depressive symptoms (50). An improvement in
depressive symptoms was also shown in our meta-analysis of the
results in depression (Figure 4). In a previous study, a reduction
in suicide risk was found to be mediated by improvements in
depressive symptoms (49). While in another study, changes in
suicidal ideation were found to be unrelated to improvements in
depression (33), Weissman et al. concluded that the correlation
between depression and changes in suicidal ideation was 0.38
and suggested that suicidal ideation could be a specific target
symptom construct for rTMS (53).

This study was designed to determine the effect of TMS
treatment for reducing suicidal ideation in depression. Based
on the above discussion, as well as the outcome indicators after
our quantitative analysis, we believe that transcranial magnetic
stimulation is promising in reducing suicidal ideation. The
findings suggested that future research should focus more on low-
intensity, low-frequency TMS interventions for suicidal ideation
in middle-aged youth. However, due to the limitations of this
study, this conclusion may warrant a serious warning, except to
say that this study adds to the evidence for TMS interventions for
suicidal ideation and provides a promising direction for future
research on TMS interventions in large samples.

There were many limitations to this study. The unpublished
literature was not searched, smaller sample subgroup analysis and
the funnel plot suggested that publication bias may have resulted
in an exaggeration of positive results. This study focused on
suicidal ideation rather than suicidal behavior or attempts, and
although SI is important, it is not the only factor that contributes
to suicide. It is hoped that more future research will focus on
the effects of TMS interventions on suicidal behavior or attempts.
Finally, many studies have primarily included targeted treatment-
resistant depression, and it is unclear whether SI in patients
without TRD will show similar results. Despite its limitations,

REFERENCES

1. Ferrari AJ, Charlson FJ, Norman RE, Patten SB, Whiteford HA.
Burden of depressive disorders by country, sex, age, and year: findings
from the global burden of disease study 2010. PLoS Med. (2013)
10:e1001547. doi: 10.1371/journal.pmed.1001547

2. FangX, Zhang C, Wu Z, Peng D, Xia W, Xu J, et al. Prevalence, risk factors and
clinical characteristics of suicidal ideation in Chinese patients with depression.
J Affect Disord. (2018) 235:135-41. doi: 10.1016/j.jad.2018.04.027

3. Junfeng H, Guo L, Baihui G, Yuanyuan Z, Xumei W. Research progress of
suicide risk assessment scale abroad. Int ] Psychiatry. (2015) 042:135-8.

. Fleischmann A, De Leo D. The World Health Organization’s report on suicide:
a fundamental step in worldwide suicide prevention. Crisis. (2014) 35:289-91.
doi: 10.1027/0227-5910/2000293

5. WHO. First WHO Report On Suicide Prevention. (2014). Available online
at: http://www.who.int/mediacentre/news/releases/2014/suicide- prevention-
report/en/. (accessed March 15, 2021).

6. Klonsky ED, May AM, Saffer BY.
and suicidal ideation. Ann Rev Clin
30. doi: 10.1146/annurev-clinpsy-021815-093204

7. Fink M, Kellner CH, McCall WV. The role of ECT in suicide prevention. J Ect.
(2014) 30:5-9. doi: 10.1097/YCT.0b013e3182a6ad0d

8. Cipriani A, Hawton K, Stockton S, Geddes JR. Lithium in the prevention of
suicide in mood disorders: updated systematic review and meta-analysis. BMJ.
(2013) 346:3646. doi: 10.1136/bmj.f3646

suicide
(2016)

Suicide,
Psychol.

attempts,
12:307-

this is, to our knowledge, the first meta-analysis to quantitatively
analyze the efficacy of transcranial magnetic stimulation on
suicidal, which is arguably a strength of this study. And the
study certainly added to our understanding of the efficacy of
TMS intervention in reducing suicidal ideation in depression and
provided valuable advice and direction for clinical treatment.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

YC wrote the first draft of this manuscript and edited the
subsequent versions. YC, HE, and XL are responsible for the data
collection and analysis. CB, WG, XL, and FY gave critical revision
for the manuscript. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (31771222) and the Natural Science
Foundation of Anhui Province (KJ2016A355).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2021.764183/full#supplementary-material

9. Zalsman G, Hawton K, Wasserman D, Heeringen KV, Zohar J. Suicide
prevention strategies revisited: 10-year systematic review. Lancet Psychiatry.
(2016) 3:646-59. doi: 10.1016/S2215-0366(16)30030-X

Brown GK, Karlin BE, Trockel M, Gordienko M, Yesavage J, Taylor CB.
Effectiveness of cognitive behavioral therapy for veterans with depression
and suicidal ideation. Arch Suicide Res Offi ] Int Acad Suicide Res. (2016)
20:677-82. doi: 10.1080/13811118.2016.1162238

. Lefaucheur JP, Aleman A, Baeken C, Benninger DH, Ziemann U. Evidence-
based guidelines on the therapeutic use of repetitive transcranial magnetic
stimulation (rTMS): an update (2014-2018). Clin Neurophysiol. (2020)
131:474-528. doi: 10.1016/j.clinph.2019.11.002

Oberman L, Edwards D, Eldaief M, Pascual-Leone A. Safety of theta burst
transcranial magnetic stimulation: a systematic review of the literature.
J Clin Neurophysiol. (2011) 28:67-74. doi: 10.1097/WNP.0b013e3182
05135f

Di Lazzaro V, Dileone M, Pilato F, Capone F, Musumeci G, Ranieri F, et al.
Modulation of motor cortex neuronal networks by rTMS: comparison of local
and remote effects of six different protocols of stimulation. J Neurophysiol.
(2011) 105:2150-6. doi: 10.1152/jn.00781.2010

. Chung SW, Hoy KE, Fitzgerald PB. Theta-burst stimulation: a new form of
TMS treatment for depression? Depress Anxiety. (2015) 32:182-92.

Prasser J, Schecklmann M, Poeppl TB, Frank E, Kreuzer PM, Hajak G, et al.
Bilateral prefrontal rTMS and theta burst TMS as an add-on treatment for
depression: a randomized placebo controlled trial. World | Biol Psychiatry.
(2015) 16:57-65. doi: 10.3109/15622975.2014.964768

Frontiers in Psychiatry | www.frontiersin.org

10

January 2022 | Volume 12 | Article 764183


https://www.frontiersin.org/articles/10.3389/fpsyt.2021.764183/full#supplementary-material
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1016/j.jad.2018.04.027
https://doi.org/10.1027/0227-5910/a000293
http://www.who.int/mediacentre/news/releases/2014/suicide-prevention-report/en/
http://www.who.int/mediacentre/news/releases/2014/suicide-prevention-report/en/
https://doi.org/10.1146/annurev-clinpsy-021815-093204
https://doi.org/10.1097/YCT.0b013e3182a6ad0d
https://doi.org/10.1136/bmj.f3646
https://doi.org/10.1016/S2215-0366(16)30030-X
https://doi.org/10.1080/13811118.2016.1162238
https://doi.org/10.1016/j.clinph.2019.11.002
https://doi.org/10.1097/WNP.0b013e318205135f
https://doi.org/10.1152/jn.00781.2010
https://doi.org/10.3109/15622975.2014.964768
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Cui et al.

Review of the Suicide Treatment

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lazzaro VD, Pilato E, Dileone M, Profice P, Rothwell JC. The physiological
basis of the effects of intermittent theta burst stimulation of the human motor
cortex. ] Physiol. (2010) 586:3871-9. doi: 10.1113/jphysiol.2008.152736

Li CT, Chen MH, Juan CH, Huang HH, Chen LE Hsieh JC, et al. Efficacy
of prefrontal theta-burst stimulation in refractory depression: a randomized
sham-controlled study. Brain. (2014) 137:2088-98. doi: 10.1093/brain/awul09
Tien Y, Huang CW, Chan CH. Rapid antisuicidal effects of prolonged
iTBS on treatment-resistant depression: a case report. Psychiatry Res. (2021)
305:114264. doi: 10.1016/j.psychres.2021.114264

Sher L, Mindes J, Novakovic V. Transcranial magnetic stimulation
and the treatment of suicidality. Exp Rev Neurother. (2010) 10:1781-
4. doi: 10.1586/ern.10.166
Bredemeier K, Miller
systematic  qualitative review.
83. doi: 10.1016/j.cpr.2015.06.005
Allen K, Bozzay ML, Edenbaum ER. Neurocognition and suicide risk in adults.
Curr Behav Neurosci Rep. (2019) 6:151-65. doi: 10.1007/s40473-019-00189-y
Luber B, Lisanby SH. Enhancement of human cognitive performance
using transcranial magnetic stimulation (TMS). Neuroimage. (2014) 85:961-
70. doi: 10.1016/j.neuroimage.2013.06.007

Yesavage JA, Fairchild JK, Mi Z, Biswas K, Davis-Karim A, Phibbs CS, et al.
Effect of repetitive transcranial magnetic stimulation on treatment-resistant
major depression in US veterans: a randomized clinical trial. JAMA Psychiatry.
(2018) 75:884-93. doi: 10.1001/jamapsychiatry.2018.1483

Chen Y, Magnin C, Brunelin J, Leaune E, Fang Y, Poulet E. Can seizure
therapies and noninvasive brain stimulations prevent suicidality?
A systematic review. Brain Behav. (2021) 11:¢02144. doi: 10.1002/
brb3.2144

Bozzay ML, Primack J, Barredo ], Philip NS. Transcranial magnetic
stimulation to reduce suicidality — a review and naturalistic outcomes.
J Psychiatric Res. (2020) 125:106-12. doi: 10.1016/j.jpsychires.2020.
03.016

Serafini G, Canepa G, Aguglia A, Amerio A, Bianchi D, Magnani
L, et al. Effects of repetitive transcranial magnetic stimulation on

IW. Executive function and
Clin  Psychol ~ Rev.

suicidality: a
(2015)  40:170-

suicidal behavior: a systematic review. Prog Neuropsychopharmacol
Biol  Psychiatry. ~ (2021)  105:109981.  doi:  10.1016/j.pnpbp.2020.1
09981

Berlim MT, van den Eynde F, Tovar-Perdomo S, Daskalakis ZJ. Response,
remission and drop-out rates following high-frequency repetitive transcranial
magnetic stimulation (rTMS) for treating major depression: a systematic
review and meta-analysis of randomized, double-blind and sham-
controlled trials. Psychol Med. (2014) 44:225-39. doi: 10.1017/S00332917130
00512

Brunoni AR, Chaimani A, Moffa AH, Razza LB, Gattaz WE, Daskalakis ZJ,
et al. Repetitive transcranial magnetic stimulation for the acute treatment of
major depressive episodes: a systematic review with network meta-analysis.
JAMA Psychiatry. (2017) 74:143-52. doi: 10.1001/jamapsychiatry.2016.3644
Dell'Osso B, Oldani L, Camuri G, Dobrea C, Cremaschi L, Benatti B, et al.
Augmentative repetitive transcranial magnetic stimulation (rTMS) in the
acute treatment of poor responder depressed patients: a comparison study
between high and low frequency stimulation. Eur Psychiatry. (2015) 30:271-
6. doi: 10.1016/j.eurpsy.2014.12.001

George MS, Raman R, Benedek DM, Pelic CG, Grammer GG, Stokes
KT, et al. A two-site pilot randomized 3 day trial of high dose left
prefrontal repetitive transcranial magnetic stimulation (rTMS) for suicidal
inpatients. Brain Stimulation. (2014) 7:421-31. doi: 10.1016/j.brs.2014.
03.006

Higgins J, Thompson SG, Deeks JJ, Altman DG. Cochrane handbook
for systematic reviews of interventions version 5.1.0. the cochrane
collaboration. Naunyn-Schmiedebergs Archiv fexperimentelle Pathologie und
Pharmakologie (2008) 5:S38.
Jadad A. Assessing the
clinical trials: is blinding necessary?
17:1-12. doi: 10.1016/0197-2456(95)00134-4
Desmyter S, Duprat R, Baeken C, Van Autreve S, Audenaert K, van Heeringen
K. Accelerated intermittent theta burst stimulation for suicide risk in therapy-
resistant depressed patients: a randomized, sham-controlled trial. Front Hum
Neurosci. (2016) 10:480. doi: 10.3389/fnhum.2016.00480

of randomized
(1996)

quality  of
Control

reports

Clin  Trials.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Backen C, Duprat R, Wu GR, De
K. Subgenual anterior cingulate-medial
connectivity in medication-resistant major depression: a neurobiological
intermittent  theta
Neurosci  Neuroimaging.

Raedt R, van Heeringen
orbitofrontal  functional

stimulation
(2017)

marker  for  accelerated burst
treatment?  Biol  Psychiatry  Cogn
2:556-65. doi: 10.1016/j.bpsc.2017.01.001
Qi W. The Effect of High and Low Frequency Repetitive Transcranial Magnetic
Stimulation on Clinical Symptoms and Suicidal Ideation in Patients With
Depression. Hebei: Hebei University (2019).

JunBo G. Effect of Repetitive Transcranial Magnetic Stimulation on Self Harm of
Adolescent Depression: A Study on the Efficacy of Low Frequency Stimulation of
Right Dorsolateral Prefrontal Lobe. Chengdu: University of Electronic Science
and Technology (2020).

Dai L, Wang P, Zhang P, Guo Q, Du H, Li E, et al. The therapeutic effect
of repetitive transcranial magnetic stimulation in elderly depression patients.
Medicine. (2020) 99:21493. doi: 10.1097/MD.0000000000021493

Pan E Shen Z, Jiao J, Chen J, Li S, Lu J, et al. Neuronavigation-Guided rTMS
for the treatment of depressive patients with suicidal ideation: a double-blind,
randomized, sham-controlled trial. Clin Pharmacol Ther. (2020) 108:826-
32. doi: 10.1002/cpt.1858

Huang YZ, Ed Wards M]J, Rounis E, Bhatia KP, Rothwell JC. Theta
burst stimulation of the human motor cortex. Neuron. (2005) 45:201-
6. doi: 10.1016/j.neuron.2004.12.033

Wall CA, Croarkin PE, Sim LA, Husain MM, Janicak PG, Kozel FA, et al.
Adjunctive use of repetitive transcranial magnetic stimulation in depressed
adolescents: a prospective, open pilot study. J Clin Psychiatry. (2011) 72:1263-
9. doi: 10.4088/JCP.11m07003

Todd, G. Low-intensity repetitive transcranial magnetic stimulation decreases
motor cortical excitability in humans. J Appl Physiol. (2006) 101:500-
5. doi: 10.1152/japplphysiol.01399.2005

Lang N, Harms J, Weyh T, Lemon RN, Paulus W, Rothwell JC, et al.
Stimulus intensity and coil characteristics influence the efficacy of rTMS
to suppress cortical excitability. Clin Neurophysiol. (2006) 117:2292-
301. doi: 10.1016/j.clinph.2006.05.030

Lefaucheur JP. Transcranial magnetic stimulation. Handbook Clin Neurol.
(2019) 160:559-80. doi: 10.1016/B978-0-444-64032-1.00037-0

Dockx R, Baeken C, Duprat R, Vos FD, Saunders JH, Polis I, et al. Changes
in canine cerebral perfusion after accelerated high frequency repetitive
transcranial magnetic stimulation (HF-rTMS): a proof of concept study. Vet J.
(2018) 66:66-71. doi: 10.1016/j.tvjl.2018.02.004

Milev RV, Giacobbe P, Kennedy SH, Blumberger DM, Daskalakis ZJ, Downar
J, et al. Canadian network for mood and anxiety treatments (CANMAT)
2016 clinical guidelines for the management of adults with major depressive
disorder: section 4. Neurostimulation treatments. Can ] Psychiatry. (2016)
61:561-75. doi: 10.1177/0706743716660033

Chen J, Zhou C, Wu B, Wang Y, Li Q, Wei Y, et al. Left versus right repetitive
transcranial magnetic stimulation in treating major depression: a meta-
analysis of randomised controlled trials. Psychiatry Res. (2013) 210:1260-
4. doi: 10.1016/j.psychres.2013.09.007

Donse L, Padberg F, Sack AT, Rush AJ, Arns M. Simultaneous rTMS
and psychotherapy in major depressive disorder: clinical outcomes and
predictors from a large naturalistic study. Brain Stimul. (2018) 11:337-
45. doi: 10.1016/j.brs.2017.11.004

Keshtkar M, Ghanizadeh A, Firoozabadi A. Repetitive transcranial magnetic
stimulation versus electroconvulsive therapy for the treatment of major
depressive disorder, a randomized controlled clinical trial. J Ect. (2011)
27:310-4. doi: 10.1097/YCT.0b013e318221b31c

Croarkin PE, Nakonezny PA, Deng ZD, Romanowicz M, Voort
JLV, Camsari DD, et al. High-frequency repetitive TMS for suicidal
ideation in adolescents with depression. ] Affect Disord. (2018)
239:282-90. doi: 10.1016/j.jad.2018.06.048

Hadley D, Anderson BS, Borckardt JJ, Arana A, Li X, Nahas Z,
et al. Safety, tolerability, and effectiveness of high doses of adjunctive
daily left prefrontal repetitive transcranial magnetic stimulation for
treatment-resistant depression in a clinical setting. J Ect. (2011) 27:18-
25. doi: 10.1097/YCT.0b013e3181cela8c

Abdelnaim MA, Langguth B, Deppe M, Mohonko A, Kreuzer PM, Poeppl TB,
et al. Anti-suicidal efficacy of repetitive transcranial magnetic stimulation in

Frontiers in Psychiatry | www.frontiersin.org

January 2022 | Volume 12 | Article 764183


https://doi.org/10.1113/jphysiol.2008.152736
https://doi.org/10.1093/brain/awu109
https://doi.org/10.1016/j.psychres.2021.114264
https://doi.org/10.1586/ern.10.166
https://doi.org/10.1016/j.cpr.2015.06.005
https://doi.org/10.1007/s40473-019-00189-y
https://doi.org/10.1016/j.neuroimage.2013.06.007
https://doi.org/10.1001/jamapsychiatry.2018.1483
https://doi.org/10.1002/brb3.2144
https://doi.org/10.1016/j.jpsychires.2020.03.016
https://doi.org/10.1016/j.pnpbp.2020.109981
https://doi.org/10.1017/S0033291713000512
https://doi.org/10.1001/jamapsychiatry.2016.3644
https://doi.org/10.1016/j.eurpsy.2014.12.001
https://doi.org/10.1016/j.brs.2014.03.006
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.3389/fnhum.2016.00480
https://doi.org/10.1016/j.bpsc.2017.01.001
https://doi.org/10.1097/MD.0000000000021493
https://doi.org/10.1002/cpt.1858
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.4088/JCP.11m07003
https://doi.org/10.1152/japplphysiol.01399.2005
https://doi.org/10.1016/j.clinph.2006.05.030
https://doi.org/10.1016/B978-0-444-64032-1.00037-0
https://doi.org/10.1016/j.tvjl.2018.02.004
https://doi.org/10.1177/0706743716660033
https://doi.org/10.1016/j.psychres.2013.09.007
https://doi.org/10.1016/j.brs.2017.11.004
https://doi.org/10.1097/YCT.0b013e318221b31c
https://doi.org/10.1016/j.jad.2018.06.048
https://doi.org/10.1097/YCT.0b013e3181ce1a8c
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Cui et al.

Review of the Suicide Treatment

depressive patients: a retrospective analysis of a large sample. Front Psychiatry.
(2019) 10:929. doi: 10.3389/fpsyt.2019.00929

Berlim MT, Van den Eynde E, Tovar-Perdomo S, Chachamovich E, Zangen
A, Turecki G. Augmenting antidepressants with deep transcranial magnetic
stimulation (DTMS) in treatment-resistant major depression. World ] Biol
Psychiatry. (2014) 15:570-8. doi: 10.3109/15622975.2014.925141

Weissman CR, Blumberger DM, Brown PE, Isserles M, Rajji TK,
Downar J, et al. Bilateral repetitive transcranial magnetic stimulation
decreases suicidal ideation in depression. ] Clin Psychiatry. (2018)
79. doi: 10.4088/JCP.17m11692

52.

53.

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.

Copyright © 2022 Cui, Fang, Bao, Geng, Yu and Li. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychiatry | www.frontiersin.org

12

January 2022 | Volume 12 | Article 764183


https://doi.org/10.3389/fpsyt.2019.00929
https://doi.org/10.3109/15622975.2014.925141
https://doi.org/10.4088/JCP.17m11692
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Efficacy of Transcranial Magnetic Stimulation for Reducing Suicidal Ideation in Depression: A Meta-Analysis
	Introduction
	Methods
	Search Strategy
	Inclusion Criteria
	Data Extraction
	Quality Assessment
	Statistical Analysis

	Results
	Characteristics of Eligible Studies
	Overall Efficacy of TMS
	Suicidal Ideation
	Depression

	Subgroup Analysis
	TMS Pattern
	Age
	Intensity Threshold
	Frequency

	Cumulative Meta-Analysis
	Sensitivity Analysis

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


