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ARTICLE INFO ABSTRACT

Keywords: Objectives: We re-analysed data from published meta-analyses testing the effects of Transcranial Magnetic
Transcranial magnetic stimulation Stimulation (TMS) on Major Depressive Disorder (MDD) in adults. We applied up-to-date meta-analytic tech-
Major depressive disorder niques for handling heterogeneity including the random-effects Hartung-Knapp-Sidik-Jonkman method and

Systematic review
Meta-analysis
Prediction intervals
Heterogeneity

estimated 95% prediction intervals. Heterogeneity practices in published meta-analyses were assessed as a
secondary aim.

Study design and setting: We performed systematic searches of systematic reviews with meta-analyses that
included randomised controlled trials assessing the efficacy, tolerability, and side effects of TMS on MDD. We
performed risk of bias assessment using A MeaSurement Tool to Assess Reviews (AMSTAR) 2 and re-analysed
meta-analyses involving 10 or more primary studies.

Results: We included 29 systematic reviews and re-analysed 15 meta-analyses. Authors of all meta-analyses
interpreted findings to suggest TMS is safe and effective for MDD. Our re-analysis showed that in 14 out of 15
meta-analyses, the 95% prediction intervals included the null and captured values in the opposite effect direc-
tion. We also detected presence of small-study effects in some meta-analyses and 24 out of 25 systematic reviews
received an AMSTAR 2 rating classed as critically low.

Conclusion: Authors of all included meta-analyses interpreted findings to suggest TMS is safe and effective for
MDD despite lack of comprehensive investigation of heterogeneity. Our re-analysis revealed the direction and
magnitude of treatment effects vary widely across different settings. We also found high risk of bias in the
majority of included systematic reviews and presence of small-study effects in some meta-analyses. Because of
these reasons, we argue TMS for MDD may not be as effective and potentially less tolerated in some populations
than current evidence suggests.

1. Introduction symptomatology (Berlim, Van den Eynde, & Daskalakis, 2013a; Berlim,
Van den Eynde, & Daskalakis, 2013b; Kozel & George, 2002; Leggett

The application of Transcranial Magnetic Stimulation (TMS) for the et al., 2015; Valiengo et al., 2022). Some authors argue the evidence
management of mood disorders has been investigated extensively. supporting the efficacy and safety of the TMS treatment for depression is
Several meta-analyses support its safety and effectiveness in treating “substantive and unequivocal” (Fitzgerald et al., 2021; Fitzgerald et al.,
Major Depressive Disorder (MDD) documenting improvements in MDD 2021; Fitzgerald, George, & Pridmore, 2021). Although the use of TMS
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for treating MDD was approved in 2008 by the United States Food and
Drug Administration (McClintock et al., 2018), and it is now used in
healthcare settings worldwide for this condition (Bolu et al., 2021;
Carpenter et al., 2012; Dowling, Bonwick, Dharwadkar, & Ng, 2020;
Janicak et al., 2013), there are also authors who have challenged the
clinical utility of this intervention (Amad & Fovet, 2022; Malhi et al.,
2021).

There is some evidence to suggest that poorly designed and under-
powered trials may have resulted in excess rates of false positives in TMS
literature for mood disorders, including MDD (Amad et al., 2019),
possibly skewing the results of some meta-analyses toward favouring
TMS over controls. Indeed, some meta-analyses have indicated that TMS
for depression may not be beneficial in all populations (Couturier, 2005;
Martin et al., 2003; Rodriguez-Martin et al., 2002). The 2020 Royal
Australian and New Zealand College of Psychiatrists clinical practice
guidelines for the management of mood disorders, among other authors,
are concerned the estimates from meta-analyses in this field may not be
representative of the true value (Amad et al., 2019; Malhi et al., 2021a;
Malhi et al., 2021b). The application of prediction intervals (PI), as
opposed to confidence intervals (CI) which represent the degree of
precision around the average treatment effect, provides an additional
index of heterogeneity (true differences among studies) that describe the
direction and magnitude of TMS treatment effects across different set-
tings. Because of this reason, PI should be routinely reported in meta-
analysis addressing clinical questions such as in the TMS literature for
depression (Borenstein, 2019; Deeks, Higgins, & Altman, 2019; IntHout,
Ioannidis, Rovers, & Goeman, 2016).

Despite their relevance for clinical practice, PIs are seldom calcu-
lated in random-effects meta-analyses (Aytug, Rothstein, Zhou, & Kern,
2012; Borenstein, 2019; Carlson & Ji, 2011; IntHout et al., 2016; Moher,
1995; Paterson, Harms, Steel, & Credé, 2016; Riley, Higgins, & Deeks,
2011) across different scientific fields such as anaesthesiology (Umber-
ham et al., 2017), exercise science (Impellizzeri, McCall, & van Smeden,
2021), and mixed medical settings (IntHout et al., 2016). Studies that
have re-analysed existing meta-analysis whilst reporting the PIs have
often found that the width of the PI tends to be wider than the width of
the CI in the original results. For example, in a re-analysis of Cochrane
meta-analyses involving mixed medical settings the inclusion of 95% PIs
revealed that in 347 out of 479 meta-analyses the intervals overlapped
the null and occasionally favoured the opposite effect direction (IntHout
et al., 2016). This indicates that some individuals may experience no
effect or even adverse outcomes. The findings from the Cochrane re-
analyses (IntHout et al., 2016) are in line with results of other re-
analyses of existing meta-analyses (Aytug et al., 2012; Carlson & Ji,
2011; Chiolero, Santschi, Burnand, Platt, & Paradis, 2012; Graham &
Moran, 2012; Kelley & Kelley, 2009; Paterson et al., 2016).

Methodological simulation studies have also found that standard
random-effects meta-analysis using the DerSimonian and Laird method
of pooling effect sizes from primary studies is often unreliable when non-
trivial heterogeneity is present (Langan et al., 2019). Authors perform-
ing random-effects meta-analyses often apply this method in estimating
the weighted pool effect (DerSimonian & Laird, 1986; Follmann &
Proschan, 1999; IntHout, loannidis, & Borm, 2014; Rover, Knapp, &
Friede, 2015). This approach, particularly in meta-analysing with a
small number of studies with varied sample sizes, or in the presence of
non-trivial heterogeneity, can lead to more false-positive results (Der-
Simonian & Laird, 1986; Follmann & Proschan, 1999) than the Hartung-
Knapp-Sidik-Jonkman (HKSJ) method, for example (IntHout et al.,
2014; Rover et al., 2015). The HKSJ is more likely to generate wider CI
around the weighted pool estimate increasing precision and lowering
the risk of type I error (Follmann & Proschan, 1999; Langan et al., 2019;
Sanchez-Meca & Marin-Martinez, 2008). Since most random-effects
meta-analyses are likely to detect presence of non-trivial heterogeneity
and to include fewer than 20 studies, the application of the HKSJ, rather
than other methods, is strongly recommended (IntHout et al., 2014;
Thorlund, Wetterslev, Awad, Thabane, & Gluud, 2011). The frequency
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in which the HKSJ method is applied in meta-analyses investigating the
efficacy and safety of TMS for MDD, however, is currently not known.

To our knowledge, there are no studies exploring the assessment of
heterogeneity, the application of PI, or whether the HKJS method is
routinely used in meta-analyses assessing the efficacy and safety of TMS
in treating MDD. We aimed to apply robust meta-analytic methods and
re-analyse published meta-analyses in this field. Specifically, we aimed
to re-analyse meta-analyses by applying the HKSJ method and by esti-
mating 95% PI (Borenstein, 2019; Graham & Moran, 2012; Guddat,
Grouven, Bender, & Skipka, 2012; IntHout et al., 2016). The primary
aims of the re-analyses were to explore any potential changes in the
interpretation of meta-analytic results between the original published
findings with our re-evaluation of the same evidence. Heterogeneity
practices and risk of bias were assessed as secondary aims.

2. Methods
2.1. Protocol and registration

We followed a protocol registered a priori in PROSPERO
(CRD42020165516).

2.2. Eligibility criteria

We included studies published as systematic reviews with meta-
analyses of randomised controlled trials (RCTs) that assessed the
application of TMS in participants aged 18 years or older. At least 50% of
participants had to have a current diagnosis of MDD according to any
standardised diagnostic criterion [(e.g., Diagnostic and Statistical
Manual of Mental Disorders (DSM-V) (American Psychiatric Association,
2013) and International Statistical Classification of Diseases and Related
Health Problems (ICD-10)] (World Health Organization, 1992). We
defined systematic reviews with meta-analysis as reviews that apply
systematic and reproducible methods to identify, select, critically
appraise relevant studies, and synthesize data from the studies that are
included in the review (Higgins et al., 2019). No limit on the number of
primary studies included in the meta-analysis was imposed as a cut-off
point for the inclusion of the systematic reviews.

A concurrent secondary diagnosis of another neuropsychiatric dis-
order (e.g., dementia, epilepsy) in participants was not considered a
limit. We included meta-analyses assessing the efficacy (e.g., remission,
response, change in depression), safety, and/or tolerability of any type
of TMS, irrespective of the protocol type, against any comparator (e.g.,
sham stimulation, active stimulation, pharmacotherapy). Meta-analyses
that included any other clinical outcomes (e.g., anxiety, treatment-
emergent adverse events) were also considered. Measures of the effi-
cacy outcome had to be evaluated for each group through specific
standardised scales [e.g., Hamilton Depression Rating Scale (HAMD)
(Hamilton, 1960), Montgomery-Asberg Depression Rating Scale
(MADRS) (Montgomery & /isberg, 1979), Beck Depression Inventory
(BDI)] (Beck, Steer, & Brown, 1996). Tolerability and safety had to be
measured for each group by withdrawal from the trial and by the inci-
dence of adverse effects (e.g., headaches, nausea, hospitalisation),
respectively.

2.3. Information sources, search strategy and study selection

An electronic search was performed on the 14th of January 2020 and
was updated on the 5th of September 2021, and again on the 3rd of April
2022 in the following databases: MEDLINE, Embase, Cochrane Library
(CENTRAL), Web of Science, PsycINFO, Database of Abstracts of Re-
views of Effects, National Health Service Economic Evaluation Database,
and Health Technology Assessment. The search strategy was adapted for
each database. No restrictions, such as language or date were applied.
We used EndNote and Covidence to manage the selection process
(Lefebvre et al.,, 2019). Study selection was undertaken by two
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independent reviewers at each step of identification and full-text
assessment using Covidence (DS, APD, SB, NIB). Titles and abstracts
for all records were screened and irrelevant papers were excluded. For
the potentially eligible studies, the full text was examined for compli-
ance with the inclusion criteria. We also screened the reference lists of
the records that met the inclusion criteria. At each step, disagreements
were resolved by discussion and, if required, in consultation with a third
independent reviewer (MMB, SB, DS).

2.4. Data extraction and coding

A customized fully pilot-tested data extraction sheet in Microsoft
Excel was used to collect information from each included systematic
review and meta-analysis. We extracted the following data: 1) summary
measures with the 95% CI, 2) the statistical method for pooling (i.e.
fixed/random), and the weighting approach if fixed-effects (i.e., Inverse
Variance or Mantel-Haenszel) or method of estimating 7% if random-
effects (i.e. DerSimonian-Laird, HKSJ, empirical Bayes, or other), 3)
the methods for quantifying heterogeneity and between-study variance
(i.e., Q-statistic and its p-value, 12, 7%, 4) the methods for calculating
small study effects, together with the tool used, if any, 5) number of
RCTs included in the meta-analysis, total sample size, participant de-
mographic (age, gender), type of TMS protocol frequency, intensity,
brain region, outcome including methods for diagnosis, results, and
interpretation of results were also collected if reported in the included
systematic reviews. Data collection about demographics was performed
by two independent reviewers (KK, AW, PJ, DS) and for outcomes,
extraction was performed by one reviewer (DS or PJ) and independently
checked by a 2nd reviewer (NIB or DS). Disagreements were resolved by
discussion and, if required, in consultation with a 3rd independent
reviewer (DS). Three authors were contacted for supplementary mate-
rials (Hung et al., 2020; Leggett et al., 2015; Zhang et al., 2015) and
further data was received from one author (Leggett et al., 2015).

2.5. Risk of bias

The methodological quality of the identified studies was assessed
using the current version of A MeaSurement Tool to Assess Reviews tool
(AMSTAR 2) (Shea et al., 2017). The tool consists of 16 items covering
domains relevant to the quality of systematic reviewing, for which
possible assessment responses include Yes, Partial Yes, or No. In our as-
sessments, we followed available guidance documents (Shea et al.,
2017), where items number 2 (protocol), 4 (literature search), 7 (justi-
fication for study exclusions), 9 (assessment of risk of bias in individual
studies), 11 (methods of synthesis), 13 (incorporation of risk of bias
assessment in the interpretation of the results), and 15 (assessment of
publication bias) were identified as critical domains. Following the
guidance, we classified overall confidence in the results of the review as
high (maximum of one non-critical weakness), moderate (> one non-
critical weakness), low (one critical flaw), or critically low (> one crit-
ical flaw). The assessment of methodological quality and risk of bias was
carried out along with the extraction process by two reviewers inde-
pendently (KK, AW, PJ, DS). Disagreements were resolved by discussion.

2.6. Data synthesis and analysis

All analyses were carried out in R version 4.0.5 (R Foundation for
Statistical Computing) using the packages (meta, metafor). For the re-
analysis with the 95% PI and to investigate small-study effects we fol-
lowed published recommendations (Borenstein, 2019; Hedges & Vevea,
1998; Lau, Ioannidis, Terrin, Schmid, & Olkin, 2006). The re-analysis
was only performed in meta-analyses with at least 10 RCTs to ensure
accuracy when applying HKSJ random-effects and calculation of the PI
(Borenstein, 2020; Partlett & Riley, 2017). Before re-analysis, we
transformed the individual study effects extracted from each meta-
analysis using the statistical software Comprehensive Meta-Analysis
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Version 3. This meant that meta-analysis reporting relative risk (RR),
risk difference (RD), or odds ratio (OR) study effects, were transformed
to the corresponding log scale (i.e., log RR, log OR, or log RD) with their
associated standard error (SE) estimates. For studies reporting the in-
dividual study effects as standardised mean difference (SMD) or the raw
mean difference (MD), the SE was calculated by using the standard
formula given the 95% CI (Higgins, Li, & Deeks, 2019).

Once the data were transformed and ready with the required effect
size measure and corresponding SE, the re-analysis of the meta-analysis
was done firstly by repeating the exact pooling method used in the
original published study. Then, we re-analysed the meta-analysis using
HKSJ adjustment reporting the new effect estimate (95% CI), ? (95%
CD), 7%, and the Pls. For OR and RR pooled estimates the predicted
probabilities were also reported using the margins package in R (Leeper,
2021). Small-study effects were examined visually through funnel plots
and using Egger’s statistical test. Our results of the re-analysis were
presented in Table 4 to enable a full methodological critique of the
findings of our re-analysis in light of the original findings.

3. Results
3.1. Study selection

The database search retrieved a total of 543 references. After 201
duplicates were removed, a further 291 articles were excluded after
screening the title and abstract. A total of 45 studies were retained for
full-text screening, of which 29 systematic reviews with meta-analysis
met the eligibility criteria. The study selection process is presented in
Fig. 1.

The included systematic reviews were published between 2001 and
2022. The majority (k = 25, 86%) of studies (Berlim et al., 2013a; Berlim
et al., 2013b; Berlim, Van den Eynde, Tovar-Perdomo, & Daskalakis,
2014; Chen et al., 2013; Chen, Zhao, Liu, Fan, & Xie, 2017; Chu et al.,
2021; Couturier, 2005; Gaynes et al., 2014; Gellersen & Kedzior, 2019;
Hung et al., 2020; Kedzior, Azorina, & Reitz, 2014; Kozel & George,
2002; Lam, Chan, Wilkins-Ho, & Yatham, 2008; Liu, Zhang, Zhang, & Li,
2014; McNamara, Ray, Arthurs, & Boniface, 2001; Schutter, 2009;
Schutter, 2010; Slotema, Blom, Hoek, & Sommer, 2010; Sonmez et al.,
2019; Valiengo et al., 2022; Voigt, Leuchter, & Carpenter, 2021; Wang
etal., 2022; Wei et al., 2017; Xie, Chen, & Wei, 2013; Zhang et al., 2015)
did not specify the setting for the treatment and four studies (Kedzior,
Reitz, Azorina, & Loo, 2015; Leggett et al., 2015; Martin et al., 2003;
Rodriguez-Martin et al., 2002) which provided such information
included studies in patients both hospitalised and in outpatient clinics.
Patient demographic and clinical characteristics were not reported in all
systematic reviews (Table 1). Ethnicity was not reported in any of the
studies. The different types of mood disorders participants had been
diagnosed with, included: primary MDD, depression in bipolar disorder,
major depressive episode, dysthymia, treatment-resistant depression,
and minor depression, which were diagnosed with Diagnostic and Sta-
tistical Manual of Mental Disorders or International Classification of
Diseases, Chinese Classification of Mental Disorders, or Mini-Mental
State Examination. Most primary studies eligible in the reviews
included patients with treatment-resistant depression which generally re-
fers to “inadequate response to at least one antidepressant trial of adequate
doses and duration among patients suffering from unipolar depressive dis-
orders” (Fava, 2003).

3.2. Methodological quality of included studies

Most included systematic reviews (28/29; 97%) received a rating
classed as critically low quality due to more than one flaw in critical items
(Berlim et al., 2013a; Berlim et al., 2013b; Berlim et al., 2014; Chen
et al., 2013; Chen et al., 2017; Chu et al., 2021; Couturier, 2005; Gaynes
et al., 2014; Gellersen & Kedzior, 2019; Hung et al., 2020; Kedzior et al.,
2014; Kedzior et al., 2015; Kozel & George, 2002; Lam et al., 2008;
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[ Identification of studies via databases and registers ]
Records identified from*: Records removed before screening:
Databases (n = 543) Duplicate records removed (n = 201)
.E Medline = 129 ——> Records marked as ineligible by
G Embase =116 automation tools (n = 0)
!é" PsycINFO =21 Records removed for other reasons (n = 0)
5 Cochrane = 70
= Web of Science = 163
DARE, NHSEED, HTA =44
)
Records screened > Records excluded**
(n=342) (n=291)
Reports sought for retrieval Reports not retrieved
) (n=51) ' (n=5)
=
g
5
@n
s Reports excluded:
Reports assessed for eligibility Y Wrong patient population (n = 3)
(n=46) Wrong study design (n = 9)
Wrong outcomes (n = 5)

Studies included in review
(n=29)

Reports of included studies
(n=29)

Retained meta-analyses
(n=15)

Fig. 1. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) PRISMA 2010 statement.

DARE: Database of Abstracts of Reviews of Effects.
NHSEED: National Health Service Economic Evaluation Database.
HTA: Health Technology Assessment.

Leggett et al., 2015; Liu et al., 2014; Martin et al., 2003; McNamara
et al., 2001; Schutter, 2009; Schutter, 2010; Slotema et al., 2010; Son-
mez et al., 2019; Valiengo et al., 2022; Voigt et al., 2021; Wang et al.,
2022; Wei et al., 2017; Xie et al., 2013; Zhang et al., 2015), only one
study received a rating classed as low quality (with one flaw in critical
item) (Rodriguez-Martin et al., 2002). The majority (26/29; 90%) of
included systematic reviews did not meet criteria for item 2 (did not
refer to the existence of the protocol) and did not fully meet criteria for
item 4 (comprehensive search strategy; 27/29;93%), did not use satis-
factory tool for risk of bias assessment of primary studies (item 9-80%)
and did not account for risk of bias in the interpretation of the results
(item 13-88%), did not perform adequate investigations of publication
bias (item 15-76%), and more thna half did not report information on
excluded studies (item 7-56%). Most included systematic reviews used
appropriate methods for statistical combination of the results (item
11-88%). Among non-critical items of the AMSTAR 2 tool, the most
common concerns in the included systematic reviews were: missing in-
formation about sources of funding of primary studies (item 10-100%),

insufficient description of included studies (item 8-88%), assessment of
the potential impact of risk of bias on the results (item 12-84%), missing
explanation of the selection of study designs (item 3-80%), did not
report on duplicate study selection and data extraction (item 5-76% and
item 6-64%). Most studies specified the research question and inclusion
criteria using the Population, Intervention, Control, Outcome (PICO)
format (item 1-96%), reported on conflict of interest (item 16-96%),
and provided satisfactory explanation and discussion of heterogeneity
(item 14-72%).

3.3. Re-analysis of the meta-analyses

3.3.1. Efficacy

Of the 12 meta-analyses that were eligible for re-analyses involving
efficacy as an outcome, the median number of studies included was 15
(interquartile range (IQR): 7) and the median number of patients
involved was 817 (interquartile range: 650) (Table 2). The RR was re-
ported as the summary measure of response rates in three articles
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Table 1
Demographic and clinical characteristics of participants within each systematic review.
Study Setting Mean Total: 1rTMS: Controls: Mood disorder Diagnostic tool Number of studies with Number of
age % % % women type patients on medication / all studies with
(SD) in women  women studies TRD
years participants
(Berlim 485
et al., NR . 57.0 56.2 58.1 MDD, BD DSM, ICD-10 6/7 — augmentation 7
(NR)
2013a)
(Berlim 499
et al., NR i 66.0 65.6 66.4 MDD, BD DSM, ICD-10 6/8 - augmentation 7
. (NR)
2013b)
(Berlim
etal, NR 47.5 56.6 58.6 54.4 MDD DSM-LV o later, 21/29 - augmentation 23
(NR) ICD-10
2014)
(CIZ]ST ;)l al., NR ?1313) 62.7 61.1 64.3 MDD, BD NR 6/7 - augmentation 6
(Che;()i;;l" NR E‘sﬁ) 62.8 NR NR MDD, BD NR 19/25 - augmentation 21
(Cl;g;[)al" NR (ﬁzg) 60.8 59.6 64.8 MDD, BD DSM-1V, ICD-10 8/10 - augmentation 8
(Couturier, NR NR NR NR NR MDE DSM-IV NR 2
2005)
15/27 - augmentation, 6/27 -
(Gaynes switch strategy, 5/27 mixed
et al., NR NR NR NR NR MDD, BD NR . . 27
2014) (elthel'r switch or
augmentation), 1/27 - NR
(Gellersen & 45.1 5/8 - concurrent
Kedzior, NR . 52.9 NR NR MDD DSM-1V antidepressants; 1/8 - only 8
. (NR) . -
2019) some patients on medication
DSM-1V, DSM-IV-
TR, DSM-V, ICD-
10; diagnosis of
TRD based on
. previous
¢ I;(‘;zgogt al, NR g\% 496 48.9 50.2 MDD definition by Fava za/n ild;’;‘;‘;‘;‘: 3
et al. (Fava, 2003)
or Maudsley
staging method
Fekadu, Donocik,
and Cleare (2018)
11/14 - antidepressants
(stable doses), 1/14-
(Kedzior antidepressants were started
et al., NR ?I\?RS) 62.5 NR NR Dg?iﬁxzz’ DSM-IV, ICD-10 on day 1 concurrently with 12
2014) rTMS, 2/14- antidepressant
free (or only mood
stabilizers)
4 studies - 5/16- antidepressants were
(Kedzior inpatients; started concurrently with
et al., 5 studies - NR 62 NR NR MDD, MD.E’ DSM-1V, ICD-10 rTMS on day 1; 9/16 - 8
P X dysthymia X s
2015) outpatients; rest - continued medications
NR (stable doses)
(Kozel & 7/12 continued stable
George, NR NR NR NR NR unspecified NR medications;2/12 started NR
2002) medications (sertraline),
MDD with an 17/24 - patients stayed on
explicit same medications (stable
(Lam et al., definition of TRD doses); 1/24 - all patients
2008) NR NR NR NR NR that included at DSM, 1CD started on escitalopram 20 =
least one failed mg; 1/24 - all patients started
trial of an AD on sertraline 50 mg
15 studies
(Leggett outpatients, 5 45.4
et al., studies inpatients, (NI.{) 59.3 60.6 57.7 MDD, BD NR NR 70
2015) 7 studies both, 43
studies NR
6/7 — patients continued their
(Liu et al., treatment;1/7 — patients
2014) NR NR NR NR NR MDD DSM-1V, ICD-10 received Escitalopram (10- 7

20 mg/d)

(continued on next page)
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Study Setting Mean Total: rTMS: Controls: Mood disorder Diagnostic tool Number of studies with Number of
age % % % women type patients on medication / all studies with
(SD) in women women studies TRD
years participants
at?eizéfsst-tllrtliies MDD or BD
(Martin P out z;tientS' 9 (depressed 10/14 - patients continued
et al., R P ’ NR 60.5 NR NR phase), 1 study DSM-1V, ICD-10 their medications; 7
studies - both in- . . R
2003) X with minor 1/14 - all patients started on
and outpatients; 5 depression sertraline 50 m
studies - NR P g
MDE, 1 study - at
least three
(McNamara episodes of .
DSM-III-R, DSM- 4/5 - tati
et al., NR NR NR NR NR depression that v ’ (/antiillel:gr::rslaitls(;n 1
2001) had been P
resistant to
medication
10/14 - patients continued
4 studies their medication; 1/14 - same
(Rodriguez- tients: 2 MDD, BD medicament for all patients
Martin outpatients; > DSM-IV, DSM-III-  for 6 weeks before and then
studies inpatients; NR 61.74 NR NR (depressed . 8
et al., . R during the study; 1/14 study -
3 studies both; 5 phase) L. L
2002) . psychiatric medication
studies NR . .
discontinued, clonazepam
started for all patients
MDE without
(Schutter, 49.1 .
NR NR NR NR hot DSM-1V NR 17
2009) 7.5) pfsyc otie
eatures
(Schutter, 50.0
NR NR NR NR MDE DSM-1V NR 4
2010) (NR)
(Slotema 17/40 - Continuation of
etal, NR NR NR NR NR unspecified DSM, ICD antidepressants 5/40 NR
2010) antidepressants started
simultaneously with rTMS
(Sonmez 1/3 Psychotropic allowed
etal, NR NR NR NR NR MDE, unipolar DSM-IV, MINI (without Wash?ut perlod);‘2/ 9
2019) TRD (DSM-1V) 3 benzodiazepine only (with
washout period)
(Valiengo
etal, NR NR NR NR NR MDD DSM'I?C‘]’; later, NR 14
2022)
Voigt et al.
¢ B S o NR NR 59.0 NR NR MDD NR NR 4
(V\‘/un‘g‘ et al., NR NR NR NR NR MDD e.g. DSM-V, ICD- 17/53 augme.ntation; 8/53 - 21
2022) 10 mixed
Wei et al., 2 . DSM-1V, CCMD-3, .
( 2901 187)'1 NR ?I\:I)’R) 56.5 56.9 56 unspecified S IZD?lc 0 8 29/29 Antidepressants 3
3/9 - r'TMS as add-on
. strategy; 2/9 - mixed strategy
Xie et al. .
(Kie et al., NR 47.5 66 65 67 MDD, BD NR (some patients maintained 6
2013) (NR) . o
their usual medication
regimen)
Zhe tal. DSM-1V, ICD10.
(Zhang etal, NR NR NR NR NR MDD, BD SMLV, : NR 10

2015)

MINI

NR: not reported; BD: depression in bipolar disorder; MDD: major depressive disorder; MDE: major depressive episode; PTSD: post-traumatic stress disorder; SD:
standard deviation; TRD: treatment resistant depression; HKSJ: Hartung-Knapp-Sidik-Jonkman

* Ethnicity was not reported in any of the studies

(Gaynes et al., 2014; Leggett et al., 2015; Zhang et al., 2015) and of
remission rates in one (Leggett et al., 2015); SMD as a summary measure
of change in depression scores in four articles (Kedzior et al., 2014;
Valiengo et al., 2022; Wei et al., 2017; Zhang et al., 2015); OR as a
summary measure of response rates in two articles (Berlim et al., 2014;
Valiengo et al., 2022) and of remission rates in one article (Berlim et al.,
2014); and cumulative SMD of change in depression scores in one article
(Kozel & George, 2002). For three systematic reviews (30%) the statis-
tical method of pooling RCTs in their meta-analyses was not reported
(Gaynes et al., 2014; Kozel & George, 2002; Leggett et al., 2015) (30%).
Therefore, we made best efforts to try to determine the exact method
used by running multiple analysis with different pooling methods until
we obtained results close to the original results. Once this was achieved,
a re-analysis of 12 meta-analyses was performed and results were
compared to the original results of the original meta-analyses. In four

studies (Kedzior et al., 2015; Kozel & George, 2002; Leggett et al., 2015;
Wei et al., 2017), the re-analysis did not match the original published
meta-analysis results and deviated by more than one decimal place
based on the effect size (see Table 2; Fig. 2-4). Estimated heterogeneity
with the I? measure in six (Kedzior et al., 2014; Kedzior et al., 2015;
Leggett et al., 2015; Wei et al., 2017; Zhang et al., 2015) of the re-
analyses deviated by >1% compared with what was reported in the
journal publications.

The re-analysis using HKSJ random-effects did not alter the signifi-
cance in any of the re-analysed pooled effects when compared to the
original pooled effect estimates. The I? values also did not deviate by
>10% in either direction. In all meta-analyses, the width of the PI was
wider than the width of the CI and in 14 meta-analyses out of 15 the PI
included the null value and, which is in contrast with the corresponding
significant 95% Cls as calculated using HKSJ random-effects. In terms of
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Table 2
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Methods used for quantifying heterogeneity and between-study variance, use of prediction interval and HKSJ method in included reviews. Red colour represents the
method was not performed, while the green colour represents the method was performed.

Meta-analysis Tau

(Berlim et al., 2013a)
(Berlim et al., 2013b)
(Berlim et al., 2014)
(Chen et al., 2013)
(Chen et al., 2017)

(Chu et al., 2021)
(Couturier, 2005)
(Gaynes et al., 2014)
(Gellersen & Kedzior, 2019)
(Hung et al., 2020)
(Kedzior et al., 2014)
(Kedzior et al., 2015)
(Kozel & George, 2002)
(Lam et al., 2008)
(Leggett et al., 2015)
(Liu et al., 2014)
(Martin et al., 2003)
(McNamara et al., 2001)
(Rodriguez-Martin et al., 2002)
(Schutter, 2009)
(Schutter, 2010)
(Slotema et al., 2010)
(Sonmez et al., 2019)
(Valiengo et al., 2022)
(Voigt et al., 2021)
(Wang et al., 2022)
(Wei et al., 2017)

(Xie et al., 2013)
(Zhang et al., 2015)

Q

I-squared

PIL: prediction intervals
HKSJ: Hartung-Knapp-Sidik-Jonkman

the actual percentage increase in changes of response/remission, the
estimates were found to range from a 62% to 78% increase. Egger’s test
was statistically significant in six meta-analyses (Berlim et al., 2014;
Kedzior et al., 2014; Leggett et al., 2015; Zhang et al., 2015) indicating
presence of small-study effects. Visual inspection of these six funnel
plots also revealed slight asymmetry indicating small-study effects and
corroborating results from Egger’s test.

3.3.2. Acceptability

For acceptability, two reviews that involved a medium of 20 studies
and 1293 participants (IRQ: 102) were re-analysed (Berlim et al., 2014;
Wang et al., 2022) (Table 2). The re-analysis of this review complied
with the original results, the PI was non-significant following the non-
significant pooled effects from both the original results and re-analysis
using HKSJ (Fig. 5). Small-study effects was not detected with Egger’s
test. The actual percentage increase in drop-out over the two pooled
review estimates ranged from 47% to 68.2%.

3.3.3. Side effects

For patient side-effects only one review (Wei et al., 2017) involving
20 studies and 1353 participants was re-analysed. There was a greater
risk of side-effects after re-analysis (RR = 2.14 vs. RR = 1.96) and small-
study effects were detected with Egger’s test (p = 0.0196).

4. Discussion
4.1. Findings

We re-analysed 12 meta-analyses testing the efficacy of TMS on MDD
for three outcomes (i.e., change in depression scores, remission, and
response rates) presented in nine articles (Berlim et al., 2014; Gaynes
et al., 2014; Kedzior et al., 2014; Kedzior et al., 2015; Kozel & George,
2002; Leggett et al., 2015; Valiengo et al., 2022; Wei et al., 2017; Zhang
etal., 2015). Two meta-analyses assessed acceptability rate presented in
two articles (Berlim et al., 2014; Wang et al., 2022) and one meta-
analysis investigated the incidence rate of side effects of TMS

Tau-squared

PI Chi Chi-squared HKSJ

combined with antidepressants (Wei et al., 2017). Eleven out of the 12
original meta-analyses with efficacy outcomes favoured TMS over sham
TMS. One meta-analysis did not observe improvements in response rates
when an active TMS paradigm comparator (i.e., a combination of uni-
lateral repetitive-TMS, sham repetitive-TMS, or both) was used as
opposed to using an inactive comparator (Zhang et al., 2015). For the
side effects outcome, a higher incidence rate was found for the TMS
combined with antidepressants group as compared with sham (Wei
et al.,, 2017) (see Fig. 5). Authors of most included meta-analyses
interpreted findings in support of TMS being clinically beneficial in
improving symptoms of MDD (Berlim et al., 2014; Gaynes et al., 2014;
Kedzior et al., 2014; Kozel & George, 2002; Leggett et al., 2015;
Valiengo et al., 2022; Wei et al., 2017) (see Figs. 2, 3, 4). While the PIs of
most re-analysed meta-analyses showed a substantial portion of partic-
ipants with MDD likely achieving clinically relevant improvements in
their conditions (Turkoz et al., 2021), it remains unclear how much
improvement can be expected in future patients since the magnitude of
the effect varied substantially across the different re-analysed meta-
analyses.

No meta-analysis had applied the HKSJ method in estimating the
pooled treatment effect (Table 4), despite this being the recommended
method for synthesising primary studies especially in random effects
meta-analyses with a low number of studies and in the presence of non-
trivial heterogeneity (IntHout et al., 2014). In our re-analyses using the
HKSJ method, we found the width of the 95% CI around the pooled
estimates was generally wider compared to the width of the 95% CI in
the original meta-analyses (Table 4). This suggests the meta-analytic
point estimates had lower precision than previous evidence might
have suggested (Cumming, 2014). We also calculated the 95% PIs
around each pooled estimate and found the width of these intervals
exceeded the width of the CI we had calculated using the HKSJ method
in our re-analysis (Fig. 2-5). In all meta-analyses, except for one
assessing response rate (Gaynes et al., 2014), the PIs crossed over the
line of no difference and included values favouring the control condi-
tion. Therefore, the PIs cannot exclude the possibility of TMS being
associated with high rates of drop-out and side-effects in some
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Changes in symptoms of depression
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Fig. 2. Forest plots showing the weighted pooled average estimates in standardised mean difference (SMD) and their corresponding 95% confidence intervals (CI) for
each study assessing changes in symptoms of depression. Each forest plot also includes the 95% prediction intervals (PI) beneath their corresponding weighted pooled
average estimates. The 95% PIs show the distribution of treatment effects across different settings. The stacked vertical line represents the null hypothesis.

populations (IntHout et al., 2016).

Our results are in line with several previous similar studies. One
published meta-analysis showed pharmacists’ interventions were on
average useful in lowering systolic/diastolic blood pressure (Santschi,
Chiolero, Burnand, Colosimo, & Paradis, 2011). In a later report, the
inclusion of PIs in the same meta-analysis showed the same in-
terventions likely had no effect on diastolic blood pressure in some
populations (Chiolero et al., 2012). In another study, authors re-
analysed Cochrane meta-analyses exploring whether applying 95% PI
would produce different results compared to the original CI of the meta-
analyses (IntHout et al., 2016). Out of 479 meta-analyses with non-
trivial heterogeneity, in 347 meta-analyses the 95% CI excluded the
null indicating a beneficial effect for the average participant. However,
in the same meta-analyses, the 95% PI included the null value indicating
that some individuals may experience no effect or an adverse outcome

relative to controls despite the original CI indicating average benefit
(IntHout et al., 2016). In another study, authors re-analysed data from
existing meta-analyses of RCTs testing the effects of Nordic hamstring
exercise on hamstring injury (Impellizzeri et al., 2021). Similar to our
study, authors re-analysed existing meta-analyses in this field by
applying the HKSJ method and 95% PI (Impellizzeri et al., 2021). In line
with our findings, the authors of the original meta-analyses had focused
on average point estimates without accounting for between-study het-
erogeneity and concluded Nordic hamstring exercise can reduce risk of
hamstring injury by 50% (Attar et al., 2017; Raya-Gonzalez, Castillo, &
Clemente, 2021; Van Dyk, Behan, & Whiteley, 2019). However, the re-
analysis of the same data did not support existing recommendations
(Impellizzeri et al., 2021).
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Response
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Fig. 3. Forest plots showing the weighted pooled average estimates in odds ratio (OR) relative risk (RR) and their corresponding 95% confidence intervals (CI) for
each study assessing response. Each forest plot also includes the 95% prediction intervals (PI) beneath their corresponding weighted pooled average estimates. The
95% PIs show the distribution of treatment effects across different settings. The stacked vertical line represents the null hypothesis.

4.1.1. Heterogeneity

We provide a summary table showing the reasons or lack thereof the
authors provided for exploring heterogeneity (Supplementary Table 1).
Most authors did not provide sufficient information why heterogeneity
had not been explored while others mentioned that presence of het-
erogeneity did not go beyond what is expected by chance and provided p
values for Q alongside the I? value. These indices, however, are insuf-
ficient to comprehensively quantify the amount of heterogeneity,
especially in meta-analyses investigating clinical questions that aim to
determine in what populations a treatment may be effective, ineffective,
or harmful (Borenstein, 2019). Our results, and that of others (Umber-
ham et al., 2017), suggest the lack of comprehensive investigation of
heterogeneity is prevalent among published random-effects meta-ana-
lyses in the field of TMS for treating MDD.

The majority of included meta-analyses reported I* and applied
terms including low, medium, or high heterogeneity to describe the

magnitude of I2 from 0 to 100% (Berlim et al., 2014; Gaynes et al., 2014;
Kedzior et al., 2014; Kedzior et al., 2015; Kozel & George, 2002; Leggett
et al., 2015; Wei et al., 2017; Zhang et al., 2015). However, these terms
can be misleading and offer no value to relevant clinical questions
(Borenstein, 2019; Borenstein, 2020; Borenstein, Higgins, Hedges, &
Rothstein, 2017; IntHout et al., 2016). This is because I? is an index of
proportion that describes the percentage of heterogeneity that is due to
true differences between studies rather than sampling error (Borenstein,
2019; Borenstein et al., 2017). Because of this reason, while “low”
heterogeneity could indeed indicate presence of non-trivial heteroge-
neity, the true effects may still vary widely across different populations.
By contrast, in the presence of “high” heterogeneity, the treatment ef-
fects may still be consistent across different populations (Borenstein,
2019; Borenstein, 2020). As such, the I does not provide useful clinical
information and should necessarily be reported alongside the PIs, which
can describe how wide or narrow the distribution of treatment effects
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Fig. 4. Forest plots showing the weighted pooled average estimates in odds ratio (OR) or relative risk (RR) and their corresponding 95% confidence intervals (CI) for
each study assessing remission from depression. Each forest plot also includes the 95% prediction intervals (PI) beneath their corresponding weighted pooled average
estimates. The 95% PIs show the distribution of treatment effects across different settings. The stacked vertical line represents the null hypothesis.
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Fig. 5. Forest plots showing the weighted pooled average estimates in odds ratio (OR) or relative risk (RR) and their corresponding 95% confidence intervals (CI) for
each study assessing rate of drop-out and side-effects. Each forest plot also includes the 95% prediction intervals (PI) beneath their corresponding weighted pooled
average estimates. The 95% PIs show the distribution of treatment effects across different settings. The stacked vertical line represents the null hypothesis.

may be across different settings (Borenstein, 2019; Borenstein et al.,
2017; IntHout et al., 2016).

4.2. Risk of bias and small-study effects
Risk of bias assessments showed several systematic reviews were of

10

critically low quality due to more than one flaw in critical items ac-
cording to the AMSTAR 2 tool (Shea et al., 2017). Specifically, these
reviews lacked information about pre-registration of study protocol
(which is necessary for reducing biases such as selective reporting),
literature searches, and of satisfactory application of risk of bias tools as
well as lack of interpreting results in light of risk of bias. Some
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systematic reviews did not perform study screening, data extraction, and
other relevant methodological processes in pairs of reviewers, which is
important to reduce error in extracting data from primary studies (Li,
Higgins, & Deeks, 2019). Many of the included reviews poorly reported
the details of their selection criteria and characteristics of included
studies. While results from our assessment indicated most systematic
reviews had adequately discussed and reported heterogeneity, the
AMSTAR 2 guidelines do not specifically state what indices of hetero-
geneity should be reported (Shea et al., 2017), despite clear reporting
and discussion of heterogeneity such as including PI are key to the
interpretation of meta-analytic results (Deeks et al., 2019). That the
AMSTAR 2 revealed most included systematic reviews carried low risk
of bias in addressing heterogeneity should be interpreted with caution.
Overall, out of the 29 systematic reviews identified, none could be
classed as high quality according to the AMSTAR 2 (Shea et al., 2017).

Small-study effects refers to the phenomenon whereby smaller
studies sometimes show greater effect sizes than larger studies
(Schwarzer, Carpenter, & Riicker, 2015; Sterne, Gavaghan, & Egger,
2000). Meta-analysts can apply Egger’s test or visually inspect funnel
plots to explore small-study effects within a meta-analysis (Riicker,
Carpenter, & Schwarzer, 2011). A significant Egger’s test or an asym-
metrical funnel plot may provide evidence for presence of small-study
effects (Riicker et al., 2011; Sterne & Harbord, 2004). These tests,
however, are often erroneously used to test for publication bias (Ioan-
nidis, 2008; Lau et al., 2006; Sterne et al., 2011; Sterne & Harbord,
2004). This practice is erroneous because Egger’s test and funnel plots
cannot directly test for publication bias, rather they can test for small-
study effects (Borenstein, 2019). Publication bias is one of many
possible sources of small-study effects; others may include but are not
limited to selective reporting or presence of non-trivial heterogeneity
(Egger, Smith, Schneider, & Minder, 1997; Ioannidis, 2008; Sterne &
Harbord, 2004; Sterne et al., 2011). We found most meta-analyses did
not specifically investigate small-study effects but applied Egger’s test or
visually inspected funnel plots to explore publication bias.

Results from the AMSTAR 2 revealed multiple systematic reviews did
not adequately address small-study effects (Table 3). We analysed small-
study effects using Egger’s test in meta-analyses that included 10 or
more RCTs (Lau et al., 2006). Five meta-analyses met this criterion and
Egger’s test revealed that within these meta-analyses the RCTs with
smaller samples showed larger effect sizes than RCTs with larger sam-
ples indicating that some sources of bias such as publication bias or
selective reporting may have biased the treatment effects (Lau et al.,
2006). That selective reporting in this field may be one source of small-
study effects is not surprising since our quality assessment revealed a
lack of information regarding pre-registration of study protocol for
several of our included systematic reviews. Moreover, small sample sizes
tend to inflate the effect size and increase the risk of type I error
(loannidis, 2005; Pereira, Horwitz, & loannidis, 2012). Sample sizes
tend to be small in neuroscience (Button et al., 2013), psychology and
cognitive neuroscience (Szucs & Ioannidis, 2017; Szucs & Ioannidis,
2021), and the possible presence of excess of significant findings in the
field of TMS research in neuropsychiatric disorders (Amad et al., 2019)
may be one source of small-study effects.

4.3. Limitations

We acknowledge there are several limitations to our study. We could
not further explore study-level factors that might have contributed to the
unexplained heterogeneity. This is because our included systematic re-
views did not provide sufficient data to perform subgroup analyses or
meta-regression. We also did not narratively discuss potential sub-group
differences (e.g., differences between men and women, severity in MDD,
etc.) that might have explained differences in the magnitude and di-
rection in the meta-analytic point-estimates. The lack of sufficient de-
mographic and clinical information about participants in the included
systematic reviews would have rendered a narrative discussion of
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Table 3
Results of methodological quality using the A MeaSurement Tool to Assess
Reviews tool (AMSTAR 2) of included systematic reviews.

Study

10
11
12
13
14
15
16

No. of

9a (RCT)
9b
Overall

(Berlim et
al., 2013a)
(Berlim et
al., 2013b)
(Berlim et
al., 2014)
(Chenetal.,
2013)

(Chen et al.,
2017)
(Chuetal.,
2021)
(Couturier,
2005)
(Gaynes et
al., 2014)
(Gellersen &
Kedzior,
2019

(Hung et al.,
2020)
(Kedzior et
al., 2014)
(Kedzior et
al., 2015)
(Kozel &
George,
2002

(Lam et al.,
2008)
(Leggett et
al., 2015)
(Liuetal.,
2014)
(Martin et
al., 2003)
(McNamara
etal., 2001)
(Rodriguez-
Martin et al.,
2002
(Schutter,
2009)
(Schutter,
2010)
(Slotema et
al., 2010)
(Sonmez et
al., 2019)
(Valiengo et
al., 2022)
(Voigt et al.,
2021)
(Wang et al.,
2022)
(Weietal.,
2017)
(Xieetal,
2013)
(Zhang et al.,
2015)

T(No or Partial Yes response for Q2, Q4,Q7, Q9, Q11, Q13, Q15); 2
Ql6

* only RCTs

Items

1. Did the research questions and inclusion criteria for the review include the components of PICO?

2. Did the report of the review contain an explicit statement that the review methods were established prior to conduct of the
review and did the report justify any significant deviations from the protocol?*

3. Did the review authors explain their selection of the study designs for inclusion in the review?

4. Did the review authors use a comprehensive literature search strategy? *

5. Did the review authors perform study selection in duplicate?

6. Did the review authors perform data extraction in duplicate?

7. Did the review authors provide a list of excluded studies and justify the exclusions? *

8. Did the review authors describe the included studies in adequate detail?

9a. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were
included in the review?* RCT

9b. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were
included in the review? nonRC’

10. Did the review authors report on the sources of funding for the studies included in the review?

11a. If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results? *RCT
11b. If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?*

12. If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results
of the meta-analysis or other evidence synthesis?

13. Did the review authors account for RoB in individual studies when interpreting/ discussing the results of the review? *

14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of
the review?

15. If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small
study bias) and discuss its likely impact on the results of the review? *

16. Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting
the review?

* Critical domain

Yes

Il EHEEE b EE E BB EEEs o

No or Partial Yes for Q1, Q3, Q5, Q6, Q8, Q10, Q12, Q14,

L: Low

—

11
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Table 4
Comparison of the original published results with re-analysis of each meta-analysis including the prediction intervals for efficacy, acceptability, and side effects outcomes.

Results of original published meta- Re-analysis using original method Re-analysis with HKSJ and 95% CI and prediction interval (PI),
analysis 12, 7% and assessment of Small-Study effects
Meta- Outcome No. of Total no. of Effect measure Effect cI ? (t) Meta-analytic Effect 1? (t) Effect estimate, with (95% 12 (95% Assessment of
analysis studies patients estimate method used estimate CD) [PI] and % change QD) (v%%) small-study
95% CI based on outcome effects
Efficacy
. 3.31 3.62 (2.43, 5.48) [0.68,
(Berlim et al., 2.35, 2.97% 3% o 3 (0, 43)
2014) Response 29 1371 OR 3.31 4.64 (NR) DL-REs (2.35, 0.027) 19.51] 78.4% (70.8, 84.6) % (0.63) P < 0.0001
4.64) %
. 3.30 3.50 (2.16, 5.68) [0.83,
(Berlim et al., L. 2.04, 0% o o 0 (0, 54) _
2014) Remission 15 975 OR 3.30 533 (NR) DL-REs (2.04, 0% (0) 14.81] 77.8% (68.4, 85.0) % (0.39) P =0.395
5.33) %
(Gaynes 2.94 0% NR (but assumed 3.109 3.09 (2.07, 4.60) [1.27, 0 (0, 55)
et al., Response 14 653 RR 3.38 510’ (le) they had used DL- (1.99, 0% (0) 7.52] o (6 12) P =0.092
2014) : REs) 4.86) 75.6% (67.4, 82.1) % e
(Kedzior _ . ~0.43 . 54 (16,
etal, g:ar‘g;;‘l 14 659 SMD ~0.42 7%2% S\? I{‘; IV-RE (-0.67, ?gfl/; 0‘4[37(1 3%73’ 47(])‘15) 75) % P =0.042
2014) P : ~0.19) : o o (0.15)
(Kedzior . —-0.43
Change in -0.70, 27% 25.3% —0.43 (—0.65, —0.21) 25 (0, 59)
et al., . 16 496 SMD —0.48 IV-RE (—0.65, o P =0.443
2015) depression -0.25 (NR) _0.22) (0.045) [-1.05, 0.19] % (0.07)
(Kgizlrge Change in 12 230 cumulative effect 0.53 0.24, NR (NR) NR but assumed £Z§ 80.3% 0.52 (0.23, 0.80) [-0.41, 8;8)(60/6" NA
s . . s . g .29, 0)
2002) depression size of Hedges’ d 0.82 MH-FEs 0.78) (0.1627) 1.44] 0.15)
(Leggett o 2.25 o 2.43 (1.81, 3.27) [0.71,
et al., Response 31 1377 RR 2.35 ;72(;’ 3&;;] NR but assumed (1.67, (i6i55f) 8.33] 20/7 Eg’:j’)) P < 0.0001
2015) . DL-REs 3.03) ) 70.8% (64.4, 76.6) % e
(Leggett o 2.23 2.73 (1.73, 4.31) [0.66,
etal, Remission 18 1010 RR 2.24 132?; L\}R/;’ NR b]‘)li ;S;‘slmed (1.54, 0% (0) 11.32] g(?(; ig; P =0.0298
2015) ) 3.23) 73.2% (63.3, 81.2) % e
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potential subgroup differences limited. In addition, we only re-analysed
meta-analyses including at least 10 primary randomised controlled trials
because this is the least number of studies needed to generate reliable PI
estimates (Borenstein, 2019; Borenstein, 2020). Because of this reason,
we drew a smaller number of meta-analyses from all the available evi-
dence in TMS literature for mood disorders. This might have potentially
introduced bias in our conclusions.

4.4. Implications and suggestions for future research

The clinical management of MDD is complex with several first-line
treatments currently available including psychotherapy and pharma-
cotherapy with the application of TMS for MDD typically considered for
cases of MDD-treatment resistant (Kiebs, Hurlemann, & Mutz, 2019;
Lefaucheur et al., 2020; Malhi, Bell, Bassett, et al., 2021b; Milev et al.,
2016). The selection and implementation of the most appropriate
treatment for the management of mood disorders and indeed MDD
should align with the clinical features the patient is manifesting.
Tailoring the treatment of MDD with the individual’s clinical profile is
complicated by the multifaceted pathophysiological nature of mood
disorders and the individual’s demographic characteristics. For
example, psychotherapy may be more appropriate for patients whose
mood disorder likely arose from a traumatic life event where habitual
negative thinking exacerbates depressive symptoms (Malhi et al., 2021).

Selecting the correct treatment for MDD therefore, requires a thor-
ough assessment of the biopsychosocial mechanisms that may be
responsible for the clinical manifestations of the mood disorder (Malhi,
Bell, Murray, et al., 2021a; Malhi, Bell, Outhred, et al., 2021). The
available meta-analyses, however, do not provide sufficient information
that would allow clinicians to discern at which stage to position TMS in
the clinical management of MDD (Malhi, Bell, Outhred, et al., 2021).
This is because primary studies in this field have not provided sufficient
demographic and clinical information (Malhi, Bell, Mannie, et al., 2021)
that would allow meta-analysts to critically explore presence of het-
erogeneity when pooling treatment effects from primary studies. This, in
turn, can result in authors of meta-analyses relying on the average
pooled treatment effects, which by default, precludes the interpretation
of meta-analytic results to all populations, therefore limiting the
external validity and clinical utility of the findings (Borenstein, 2019).

Creating homogenous groups of patients based on demographic and
clinical factors including age, sex, disease severity, brain chemistry and
electrophysiology would allow clinicians to biotype patients and
personalise TMS interventions to achieve greater efficacy and reduce
risk of harm (Modak & Fitzgerald, 2021). For example, an individual’s
neural signature may be used in selecting patients with MDD who are
more likely to benefit from TMS (Modak & Fitzgerald, 2021). Different
neural connectivity patterns in the frontostriatal and limbic brain sys-
tems may predict which patients with depression may derive greater
benefit from receiving TMS. In one study, a larger proportion of in-
dividuals (82.5%) with depression classed as biotype 1, as opposed to
biotype 2, 3, and 4, experienced >25% improvement on the Hamilton
Depression Rating Scale after receiving TMS on the dorsomedial pre-
frontal cortex (Drysdale et al., 2017). The available evidence from our
included meta-analyses and primary RCTs however, do not currently
provide such levels of demographic or clinical detail necessary to
biotype patients and personalise TMS for treating MDD. In the absence
of evidence necessary to tailor the delivery of TMS to patients with
greater probability of achieving clinically relevant outcomes, clinicians
may wish to adopt alternative treatments such as electroconvulsive
therapy (Espinoza & Kellner, 2022), ketamine or esketamine (McIntyre
etal., 2021), or antidepressants (Suchting et al., 2021) for treating MDD.

4.5. Overadll interpretation and conclusion

The PIs describe the magnitude of the effect across different settings
and provide information on what effect may be expected in future
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patients (Borenstein, 2019; Borenstein, 2020; Guddat et al., 2012;
IntHout et al., 2016). Clinicians are interested in knowing whether a
treatment effect is consistently beneficial across different populations or
whether it is null or harmful in some individuals. The weighted pooled
average of meta-analysis and its CIs cannot address this relevant clinical
question, while PIs can provide information about the extent to which
the treatment may in some cases produce no benefit or harm in some
patients. We found that TMS is likely ineffective in treating MDD in some
populations and may even be associated with the opposite intended
effect such as elevated symptoms of MDD. Moreover, the critically low
methodological quality in the included systematic reviews questions
whether the observed treatment effect estimates in the original meta-
analyses are close to the true value. The view that substantial hetero-
geneity such as differences in study methodology, underpowered trials,
and excess significance in this field of research are serious limitations
that question the extent to which TMS should be applied to the average
patient to treat MDD is shared by some authors (Malhi, Bell, Outhred,
etal., 2021). We also share these concerns and argue that future research
should address the observed limitations while aiming to identify which
populations with MDD are more likely to benefit from TMS and which
are less likely or are at risk of harmful effects.
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