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Background: Schizophrenia is a mental disorder with significant socioeconomic burden. Although current phar-
macological treatments are effective for treating positive symptoms, medications have little-to-no effect in the
treatment of negative symptoms.
Objective: To assess the efficacy of non-invasive brain stimulation (NIBS) for negative symptoms in schizophrenia
in randomized clinical trials (RCTs).
Methods:A systematic review inMedline and Cochrane Library databaseswas performedup toMay 31, 2017. The
primary outcome was Hedges' g for continuous scores in a random-effects model. Heterogeneity was evaluated
with the I2 and χ2 tests. Publication bias was assessed using Begg's funnel plot.
Results: 31 RCTs (n=1272)were included,mostwith small-to-modest sample sizes. Both repetitive transcranial
magnetic stimulation (rTMS) and transcranial direct current stimulation (tDCS) were superior to sham (Hedges'
g=0.19; 95% CI 0.07–0.32; and 0.5; 0.02–0.97, respectively). Only one study evaluated the use of transcutaneous
auricular vagus nerve stimulation (taVNS). The funnel plot and Eggers test showed that the risk of publication
bias was low. In relation to heterogeneity, we found an I2 of 0% (p = 0.749) and 51.3% (0.055) for rTMS and
tDCS, respectively.
Conclusion: Both rTMS and tDCS were superior to sham stimulation for ameliorating negative symptoms in
schizophrenia. We found no considerable heterogeneity or publication bias in our analysis, corroborating the
strength of our findings. Not enough studies on other NIBS techniques, such as taVNS, were found for an isolated
analysis. Further RCTswith larger sample sizes are needed to clarify the specific impact ofNIBS onnegative symp-
toms in schizophrenia.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Negative symptoms in schizophrenia consist of affective flattening,
anhedonia, alogia, asociality, and avolition. These symptoms are the
main predictors of functional outcomes resulting in poorer social and
occupational functioning, in particular for patients with a young age of
onset of the disorder (Immonen et al., 2017). Antipsychotic pharmaco-
logical treatment has evolved in the last five decades, resulting in
harmacology Unit, University
ronto, ON M5T 2S8, Canada.
. Trevizol).
significant control over positive symptoms but yielding small to no ef-
fective results for negative symptoms (Green and Harvey, 2014; Kahn
and Keefe, 2013; Robinson et al., 2015). Non-invasive brain stimulation
(NIBS) techniques include repetitive transcranial magnetic stimulation
(rTMS) (Farzan et al., 2012; Rabany et al., 2014), transcranial direct cur-
rent stimulation (tDCS) (Gomes et al., 2015), trigeminal nerve stimula-
tion (TNS) (Trevizol et al., 2016b), transcutaneous vagus nerve
stimulation (tVNS) (Trevizol et al., 2016d), deep transcranial magnetic
stimulation (dTMS), and transcranial alternating current stimulation
(tACS).

Developments in functional neuroimaging and biomarkers have re-
sulted in better understanding of the cortical and subcortical areas
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involved in the pathophysiology of the negative symptoms of schizo-
phrenia. The idea ofmodulating such dysfunctional areas in amore con-
trolled, focused way, in contrast to electroconvulsive therapy (ECT),
enabled the rise of NIBS in the last decades. Both rTMS and tDCS have
proved efficacious for neuroplasticity enhancement, boosting treatment
response for refractory symptoms in different neurological and psychi-
atric disorders (Fusar-Poli et al., 2015; Brunoni et al., 2017). Although
promising results have been previously reported for the effects of
rTMS and tDCS on negative symptoms in schizophrenia (Shi et al.,
2014), they are still controversial (Fusar-Poli et al., 2015).With the pur-
pose of reviewing all randomized controlled trials of NIBS for negative
symptoms in schizophrenia, we conducted a systematic review and
meta-analysis. We hypothesized that active NIBS is superior to sham
NIBS for the treatment of negative symptoms in schizophrenia.

2. Materials and methods

The systematic review was performed following the PRISMA guide-
lines (Moher et al., 2009). Two authors (CO and JG) performed indepen-
dent selections of the articles, without knowing what choice one or the
other had, using the Rayyan platform (Ouzzani et al., 2016). The open
access to independent selection was conducted after data extraction,
and consensus resolved any discrepancy. The present systematic review
andmeta-analysis is registered at the International Prospective Register
of Ongoing Systematic Reviews (systematic review registration – PROS-
PERO 2017: CRD42017064238).

2.1. Literature review

We reviewed the following references and databases:
(a) MEDLINE and Cochrane Library using the following keywords:

(1) “Schizophrenia Spectrum and Other Psychotic Disorders”; (2)
“Schizophrenia, Paranoid”; (3) “Schizophrenia, Disorganized”; (4)
“Schizophrenia, Catatonic”; (5) “Schizophrenia, Childhood”; (6)
“Schizotypal Personality Disorder”; (7) “transcranial direct current
stimulation”; (8) “transcranial magnetic stimulation”; (9) “tDCS”; (10)
“rTMS”; (11) “VNS”; (12) “vagus nerve stimulation”; (13) “transcranial
vagus nerve stimulation”; (14) “taVNS”; (15) “trigeminal nerve stimula-
tion”; (16) “TNS”; (17) repetitive transcranial magnetic stimulation
(19) “brain stimulation”; (20) “non-invasive brain stimulation”; (21)
“NIBS”; (22) “tACS”; (23) “rTMS.” The following Boolean terms were
imputed: [(1) OR (2) OR (3) OR (4) OR (5) OR (6)] AND [(7) OR (8)
OR (9) OR (11) OR (12) OR (13) OR (14) OR (15) OR (16) OR (17) OR
(18) OR (19)OR (20) OR (21)OR (22)OR (23)].We searched for studies
listed in MEDLINE and Cochrane Library up to April 30, 2017.

(b) Study references in retrieved articles and reviews, particularly
those included in the meta-analyses by Fusar-Poli et al. (2015) and by
Shi et al. (2014).

2.2. Eligibility criteria

(1) Method of randomization specified in themanuscript; (2) use of
a validated method of blinding for the studied NIBS technique; (3) pro-
vided data (on themanuscript or upon request) for the estimation of the
outcomes, i.e., mean and standard deviation (SD) values. We excluded
case reports and series of cases, non-controlled trials, and trials
assessing conditions other than schizophrenia or interventions other
than rTMS, tDCS, TNS, transcutaneous vagus nerve stimulation (tVNS),
deep transcranial magnetic stimulation (dTMS), and transcranial alter-
nating current stimulation (tACS). We didn't exclude articles based on
language.

2.3. Data extraction

We extracted the following variables in accordance with a struc-
tured checklist previously elaborated by the authors: (1) metadata
(authorship, year of study, etc.); (2) demographics (sample size, age,
gender); (3) disorder characteristics (positive and negative syndrome
scale (PANSS), brief psychiatric rating scale (BPRS), and the scale for as-
sessment of negative symptoms (SANS); use ofmedication; psychomet-
ric scales, interviews, and checklists used for diagnosis and evaluation of
schizophrenia symptoms); (4) characteristics of the NIBS techniques
(cortical region targeted, frequency, motor threshold, duration of stim-
ulation, train and inter-train intervals, number of sessions, side of brain,
number of electrodes, intensity); (5) researchmethods (randomization
protocol, sham technique, blinding assessment).

Although categorical outcomes might be more readily interpretable
than continuous variables, we chose to analyze the primary outcome as
continuous, based on the scores of the negative symptoms assessments
from the PANSS, BPRS and SANS.We considered that a continuous effect
size better synthesized the included studies and enabledmore informa-
tion, which would otherwise be lost in a categorical analysis, to be used
for interpretation. To maintain homogeneity and to avoid data overlap-
ping, we prioritized the use of the scores from the PANSS. In case it was
not available, scores from other scales were used.

2.4. Quality assessment

We assessed the methodological quality of each trial by evaluating
(1) methods of randomization – whether the study was randomized,
and whether the authors reported the randomization method; (2)
how blinding and shamNIBS were performed; (3) whether the authors
reported an account of all patients; and (4) whether the authors report-
ed the stability of psychotropic medications or medication changes in
and around the period of NIBS, which could be a potential confounding
factor for the outcome of improvement of negative symptoms. The
Jadad scale was used for the quality assessment (JPT and A., 2008;
Jadad et al., 1996).

2.5. Quantitative analysis

2.5.1. Primary outcome
All analyses were performed using the statistical packages for meta-

analysis of Stata 13.1 for Mac OS X. For the primary outcome (negative
symptoms), we initially calculated the standardized mean difference
and the pooled standard deviation for each comparison. This procedure
is convenient, since it standardizes the effect sizes across all studies
based on the standard deviation of each study, enabling comparisons
among different measurement instruments. In the studies conducted
by Cordes et al. (2010) and Gomes et al. (2015), additional data were
provided by the authors upon request. In the studies conducted by
Rabany et al. (2014) and Rosenberg et al. (2012), data were extracted
graphically using graph digitizer software (GetData Graph Digitizer).
Three clinical trials performed by Brunelin and collaborators fit the in-
clusion criteria of our review (Brunelin et al., 2012; Mondino et al.,
2015, 2016). Due to partial overlap in the samples from these three
studies, data from the 44 subjects that were included in all three trials
were requested and made available by Brunelin and collaborators, and
they were grouped as one study in our analysis. Moreover, the studies
conducted by Jin et al. (2005) and Zheng et al. (2012) were factorial,
and the studies carried out by Jin et al. (2012), Fitzgerald et al. (2014),
and Bais et al. (2014) were triple-arm. In both types of study design,
each group was included as one independent study in comparison to
sham, so the study will appearmore than once in the graphs and tables,
with particular labels.

2.5.2. Quantitative assessment of heterogeneity and bias
Heterogeneity was evaluated using the I2 and χ2 tests, following

the recommendations from the Cochrane Handbook. We considered
p b 0.10 for heterogeneity per the Cochrane Handbook. Publication
bias was assessed utilizing Egger's test and the funnel plot, which dis-
plays confidence interval boundaries to assist publication bias through
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the visualization of the distribution of the studies in the limits of the
funnel (e.g., whether studies are distributed symmetrically and fall
within the funnel margins). We also evaluated the impact of each
study in the overall results by excluding one study at a time (sensi-
tivity analysis).
2.6. Meta-regression

Meta-regression was performed utilizing the random-effects model
modified by Knapp and Hartung (2003) (Knapp and Hartung, 2003)
using only one of the following variables at a time: (1) technique
(rTMS, tDCS, other), (2) brain region modulated, (3) age, (4) blinding,
(5) baseline scores, (6) duration of stimulation (in weeks), (7) number
of sessions, (8) duration of the illness, and (9) scale used to evaluate
negative symptoms. The protocol characteristics of rTMS and tDCS
were assessed separately to try to determine a better protocol for future
studies.
2.7. Safety evaluation

We used patients' dropouts for safety assessment (odds ratio).
Fig. 1. PRISMA flo
3. Results

3.1. Overview

Our systematic review yielded 440 studies after duplicates were re-
moved. In an initial eligibility evaluation, we excluded 366 articles
(Fig. 1). In a more detailed subsequent analysis, we excluded 43 that
did not meet our eligibility criteria for full-text evaluation. In the end,
31 studies, from 1999 to 2017, complied with inclusion criteria and
were selected for the quantitative analysis (total of 1272 subjects)
(Fig. 1). From the included studies, 24 focused on rTMS, including iTBS
(Bais et al., 2014; Barr et al., 2012; Cordes et al., 2010; de Jesus et al.,
2011; Dlabac-de Lange et al., 2014; Fitzgerald et al., 2008; Gan et al.,
2015; Hajak et al., 2004; Holi et al., 2004; Jin et al., 2005; Klein et al.,
1999; Li et al., 2016; Mogg et al., 2007; Novak et al., 2006; Prikryl et
al., 2013; Quan et al., 2015; Rabany et al., 2014; Rosa et al., 2007;
Rosenberg et al., 2012; Saba et al., 2006; Wobrock et al., 2015;
Wölwer et al., 2014; Zheng et al., 2012). From these, two studies used
deep rTMS and were included in the rTMS subgroup for the analysis of
effect size. The impact of including the dTMS research in the rTMS sub-
group was evaluated through meta-regression. Seven studies focused
on tDCS (Brunelin et al., 2012; Fröhlich et al., 2016; Fitzgerald et al.,
2014; Hoy et al., 2014; Palm et al., 2016; Smith et al., 2015; Gomes et
w diagram.
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al., 2015), and one on tVNS (Hasan et al., 2015). No included studies
evaluated the effects of TNS, DBS, tACS, or VNS.

Studies' sample sizes ranged from 11 to 157 subjects, with mean
ages of 38.8 years (SD = 7.27) and 39.93 years (SD = 7.75) for the
sham and active groups, respectively (Table 1).

Quality assessment revealed that all studies were properly random-
ized and sham-controlled, with patient and evaluator blinded. Also, all
studies scored at least 4 in the Jadad scale (ranging from 0 to 5)
(Moher et al., 1996). Sham rTMS was performed in four different
ways: (1) with a sham coil that produced an acoustic artifact and
scalp sensation similar to the real stimulation (Bais et al., 2014; Hajak
et al., 2004; Jin et al., 2012; Li et al., 2016; Mogg et al., 2007; Prikryl et
al., 2013; Rosenberg et al., 2012; Saba et al., 2006; Wobrock et al.,
2015); (2) with the coil held 90° vertically to the scalp (minimal mag-
netic field was induced, producing an auditory artifact) (Barr et al.,
2012; Dlabac-de Lange et al., 2014; Fitzgerald et al., 2008; Gan et al.,
2015; Holi et al., 2004; Klein et al., 1999; Quan et al., 2015; Zheng et
al., 2012); (3) with the coil placed at a 45-degree angle to the scalp, de-
livering the current to the face and scalp (de Jesus et al., 2011; Rabany et
al., 2014; Wobrock et al., 2015); and (4) with a deactivated coil
(Cordes et al., 2010; Hasan et al., 2015; Jin et al., 2005; Rosa et al.,
2007). All Sham tDCS protocols were performed in similar ways, with
reduced real stimulation time (Brunelin et al., 2012; Fitzgerald et al.,
2014; Fröhlich et al., 2016; Palm et al., 2016; Smith et al., 2015).
Table 1
Characteristics of the included studies.

TMS studies characteristics

Author Study design Scale Primary outcome Jadad

Klein et al., 1999 Parallel PANSS SO 5
Hajak et al., 2004 Parallel PANSS SO 5
Holi et al., 2004 Parallel PANSS SO 5
Jin et al., 2005 3 Hz Factorial PANSS PO 5
Jin et al., 2005 Alpha Factorial PANSS PO 5
Jin et al., 2005 20 Hz Factorial PANSS PO 5
Novak et al., 2006 Parallel PANSS PO 5
Saba et al., 2006 Parallel PANSS SO 5
Mogg et al., 2007 Parallel PANSS PO 5
Rosa et al., 2007 Parallel PANSS SO 5
Fitzgerald et al., 2008 Parallel PANSS PO 5
Cordes et al., 2010 Parallel PANSS SO 5
de Jesus et al., 2011 Parallel BPRS SO 5
Barr et al., 2012 Parallel PANSS PO 5
Jin et al., 2012 Frontal Factorial PANSS SO 4
Jin et al., 2012 Parietal Factorial PANSS SO 4
Rosenberg et al., 2012 Parallel SANS SO 5
Zheng et al., 2012 iTBS Factorial PANSS SO 4
Zheng et al., 2012 10 Hz Factorial PANSS SO 4
Zheng et al., 2012 20 Hz Factorial PANSS SO 4
Prikryl et al., 2013 Parallel SANS PO 5
Bais et al., 2014 Left Factorial PANSS SO 4
Bais et al., 2014 Bilateral Factorial PANSS SO 4
Dlabac-de Lange et al., 2014 Parallel PANSS PO 4
Rabany et al., 2014 Parallel SANS PO 2
Wölwer et al., 2014 Parallel PANSS SO 3
Quan et al., 2015 Parallel PANSS PO 5
Wobrock et al., 2015 Parallel PANSS PO 5
Gan et al., 2015 Parallel PANSS PO 4
Li et al., 2016 Parallel SANS PO 4

Study characteristics

Author Study design Scale Neg. symptoms

Brunelin et al., 2012 Parallel PANSS SO
Fitzgerald et al., 2014 Bilateral Factorial PANSS SO
Fitzgerald et al., 2014 Unilateral Factorial PANSS SO
Smith et al., 2015 Parallel PANSS SO
Palm et al., 2016 Parallel PANSS PO
Fröhlich et al., 2016 Parallel PANSS SO
Gomes et al., 2015 Parallel PANSS SO

N= number of subjects in each condition; PO= primary outcome; SO= secondary outcome;
sessment of negative symptoms; BPRS: brief psychiatric rating scale;
Please refer to Table 2 for the protocols of stimulation adopted for
each study.

Regarding the scales used, 83.9% of the studies used the PANSS
(Table 1) to evaluate negative symptoms (Bais et al., 2014; Barr et al.,
2012; Brunelin et al., 2012; Cordes et al., 2010; Dlabac-de Lange et al.,
2014; Fitzgerald et al., 2008; Fitzgerald et al., 2014; Fröhlich et al.,
2016; Gan et al., 2015; Hajak et al., 2004; Holi et al., 2004; Jin et al.,
2005, 2012; Klein et al., 1999; Mogg et al., 2007; Novak et al., 2006;
Palm et al., 2016; Quan et al., 2015; Rosa et al., 2007; Saba et al., 2006;
Wobrock et al., 2015; Wölwer et al., 2014; Zheng et al., 2012), 12.9%
used the SANS (Li et al., 2016; Prikryl et al., 2013; Rabany et al., 2014;
Rosenberg et al., 2012), and one study (3.2%) used the BPRS(de Jesus
et al., 2011).
3.2. Primary outcome

We calculated the effect size for the endpoint. We found that
both repetitive transcranial magnetic stimulation (rTMS) and
transcranial direct current stimulation (tDCS) were superior to sham
(Hedges' g= 0.19; 95% CI 0.07–0.32; and 0.5; 0.02–0.97, respectively,
considered small and medium-sized effect sizes as per the Cochrane
guidelines, respectively), but active taVNS was not (Hedges' g=0.44;
95% CI -0.53–1.41) (Fig. 2).
Active TMS Sham TMS

scale N Fem (N) Mean age (y) N Fem (N) Mean age (y)

18 7 30.2 17 6 29.5
10 2 37.9 10 4 41.7
11 NA 38.5 11 NA 34.8
9 NA NA 8 NA NA
9 NA NA 8 NA NA
11 NA NA 8 NA NA
8 1 35.3 8 3 32.8
9 NA 30.7 9 NA 30.6
8 1 50.8 9 0 33.6
6 2 29.8 5 3 33
12 2 37.2 8 2 33.2
20 4 34.3 15 3 34.4
8 3 46 9 2 36.5
13 6 40.4 12 2 47.9
16 NA NA 26 NA NA
16 NA NA 26 NA NA
9 2 40.8 9 1 38.4
19 NA 56.5 17 NA 55.6
19 NA 56.8 17 NA 55.6
18 NA 56.4 17 NA 55.6
23 NA 31.6 17 NA 33.9
15 7 33.9 16 6 37.3
16 7 37.2 16 6 37.3
16 2 32.3 16 4 41.8
20 7 33.1 10 2 35.9
18 4 34.3 14 3 34.4
78 34 46.8 39 11 46.8
76 14 36.2 81 25 34.9
33 NA NA 37 NA NA
25 13 45.2 22 11 44.9

Active tDCS Sham tDCS

N Fem (N) Mean age (y) N Fem (N) Mean age (y)

5 23 3 40.4 21 5 35.1
5 6 NA NA 5 6 NA
5 7 NA NA 6 7 NA
5 17 3 46.7 16 6 44.8
5 10 5 38.4 10 0 34.1
5 13 4 43.3 13 2 40
5 12 2 39.17 10 3 36.5

NA= not available; PANS: positive and negative syndrome scale; SANS: scale for the as-
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3.3. Quantitative assessment of heterogeneity and bias

In general, heterogeneity was low and not significant for NIBS (I2 =
2.3%, p= 0.429) and rTMS (I2 = 0%, p= 0.749). For tDCS, we observed
an I2 of 51.3% (p= 0.055). An I2 of 30% to 60% may represent moderate
heterogeneity, even though we the p-value is considered non-signifi-
cant using the conventional level of 0.05. For all the NIBS techniques in-
cluded, the funnel plot shows that the studies were evenly and
symmetrically distributed throughout the funnel, with no studies locat-
ed out of the funnelmargins (Fig. 3). The Egger's test was not significant
(p = 0.179), corroborating the small risk of publication bias
observed in the funnel plot. Similarly, the funnel plots for rTMS and
Table 2
Protocols of stimulation of the included studies.

TMS parameters

Author Brain cortex Stimulation or
inhibition

F
(Hz)

Pulses pe
session

Klein et al., 1999 Right PFC Inhibition 1 120
Hajak et al., 2004 Left DLPFC Stimulation 10 1000

Holi et al., 2004 Left DLPFC Stimulation 10 1000
Jin et al., 2005 A Bilateral DLPFC NA 3 120
Jin et al., 2005 B Bilateral DLPFC NA Alpha 320–520
Jin et al., 2005 C Bilateral DLPFC NA 20 800
Novak et al., 2006 Left DLPFC Stimulation 20 2000
Saba et al., 2006 Left TPJ Inhibition 1 300

Mogg et al., 2007 Left DLPFC Stimulation 10 2000

Rosa et al., 2007 Left TPJ Inhibition 1 960
Fitzgerald et al., 2008 Bilateral DLPFC Stimulation 10 1000
Cordes et al., 2010 Left DLPFC Stimulation 10 1000
De Jesus et al. 2011 Left TPJ Inhibition 1 NA
Barr et al., 2012 Bilateral DLPFC Stimulation 20 750
Jin et al., 2012 A Bilateral Parietal Cortex Stimulation Alpha NA
Jin et al., 2012 B Bilateral Frontal Cortex Stimulation Alpha NA
Rosenberg et al., 2012 Left TPJ Stimulation 1 600

Zheng et al., 2012 iTBS Left DLPFC Stimulation iTBS NA

Zheng et al., 2012 10 Hz Left DLPFC Stimulation 10 1200

Zheng et al., 2012 20 Hz Left DLPFC Stimulation 20 1200

Prikryl et al., 2013 Left DLPFC Stimulation 10 2000

Bais et al., 2014 A Left TPJ Inhibition 1 1200

Bais et al., 2014 B Bilateral TPJ Inhibition 1 1200

Dlabac-de Lange et al., 2014 Bilateral DLPFC Stimulation 10 2000
Rabany et al., 2014 Left DLPFC Stimulation 20 1680
Wölwer et al., 2014 Left DLPFC Stimulation 10 1000

Quan et al., 2015 Left DLPFC Stimulation 10 800
Wobrock et al., 2015 Left DLPFC Stimulation 10 1000
Gan et al., 2015 Left DLPFC Stimulation 10 NA
Li et al., 2016 Left DLPFC Stimulation 10 1500

tDCS Parameters

Author Anode Cathode Intensity D

Brunelin et al., 2012 Left DLPFC LTPJ 2 mA 1
Fitzgerald et al., 2014 A Both DLPC Both TPJ 2 mA 1
Fitzgerald et al., 2014 B Left DLPFC LTPJ 2 mA 1
Smith et al., 2015 Left DLPFC Contralateral supraorbital ridge 2 mA 1
Palm et al., 2016 Left DLPFC Contralateral supraorbital ridge 2 mA 1

Fröhlich et al., 2016 Left DLPFC LTPJ 2 mA 1

Gomes et al., 2015 Left DLPFC Right DLPFC 2 mA 1

F (Hz) = frequency in hertz; PFC = prefrontal corex; DLPFC = dorsolateral prefrontal corte
Blinding code: 1.0= 90°; 2.0= deactivate coil; 3.0 = reduced stimulation time; 4.0= similar a
tDCS showed a low risk of publication bias, with the Egger's test having
p = 0.8 and p = 0.392, respectively (Fig. 3). The sensitivity analysis
demonstrated that, when excluding one study at a time, the significant
difference is maintained for the overall and the rTMS studies' results
(Fig. 4-A and -B). Therefore, no particular study could be driving the re-
sults of our analysis overall or for rTMS. However, the sensitivity analy-
sis for the tDCS subgroup showed that the exclusion of the studies with
higher effect sizes, one at a time, resulted in the loss of the significance
of the superiority of active tDCS over sham tDCS (Fig. 4-C). Although this
finding reduces the robustness of the difference between active tDCS
and sham tDCS, the results are still positive, and the superiority of the
technique is, with the currently available data, significant.
r Total of
pulses

Number of
sessions

Duration of
sessions (s)

Weeks Blinding

1200 10 480 2 90°
10,000 10 NA 2 Similar accoustic and

scalp sensation effect
10,000 10 700 2 90°
1200 10 1200 2 Deactived coil
3200–5200 10 1200 2 Deactived coil
8000 10 1200 2 Deactived coil
20,000 10 13 2 90°
3000 10 600 2 Similar accoustic and

scalp sensation effect
20,000 10 1200 2 Similar accoustic and

scalp sensation effect
9600 10 960 2 Deactived coil
15,000 15 600 3 90°
10,000 10 1200 2 Deactived coil
23,040 20 1200 4 45°
15,000 20 NA 4 90°
NA NA NA NA Deactived coil+similar accoustic
NA NA NA NA Deactived coil+similar accoustic
6000 10 600 2 Similar accoustic and

scalp sensation effect
6000 5 900 NA Reverse side of coil

plane to the scalp
6000 5 900 NA Reverse side of coil

plane to the scalp
6000 5 900 NA Reverse side of coil

plane to the scalp
20,000 10 800 3 Similar accoustic and

scalp sensation effect
14,400 12 1200 2 Similar accoustic and

scalp sensation effect
14,400 12 1200 2 Similar accoustic and

scalp sensation effect
60,000 30 1200 3 90°
33,600 20 924 3 NA
10,000 10 1200 2 Similar accoustic and

scalp sensation effect
8000 10 1200 2 90°
15,000 15 NA 3 45°
NA 10 NA 2 NA
30,000 20 1050 4 Similar accoustic and

scalp sensation effect

uration of sessions (s) N of sessions Weeks Blinding

200 1 1 Reduced stimulation time (40s)
200 2 3 Reduced stimulation time (40s)
200 2 3 Reduced stimulation time (40s)
200 1 1 Reduced stimulation time (40s)
200 1 1 Sham dual mode tDCS: mimics

sensorial arctifacts
200 1 2 Sham dual mode tDCS: mimics

sensorial arctifacts
200 1 1 Reduced stimulation time (40s)

x; TPJ = temporoparietal junction; TBS = theta burst stimulation; NA= not available;
coustic and scalp sensation effect; 5.0 = Shamdualmode tDCS:mimics sensorial artifacts.
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3.4. Sub-analysis

Meta-regression showed no particular influence of any variable on
the results (Table 3), and there was no difference between protocols
of stimulation. Regarding rTMS studies, in most protocols, the dorsolat-
eral prefrontal cortex (DLPFC) was stimulated, with 12 studies using
Fig. 2. Forest plot of effect sizes (Hedges' g) CI, confidence interval. The forest plot graphically i
represents the overall effect.
rTMS to stimulate the left DLPFC (Cordes et al., 2010; Gan et al., 2015;
Hajak et al., 2004; Holi et al., 2004; Li et al., 2016; Novak et al., 2006;
Prikryl et al., 2013; Quan et al., 2015; Rabany et al., 2014; Wobrock et
al., 2015;Wölwer et al., 2014) andfive studies stimulating the DLPFC bi-
laterally (Barr et al., 2012; Dlabac-de Lange et al., 2014; Fitzgerald et al.,
2014; Fitzgerald et al., 2008; Jin et al., 2012). All tDCS studies applied the
llustrates the strength of treatment effects concerning each elected study; the vertical line
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anode over the left DLPFC, inducing excitability of this brain area. Cath-
ode positioning varied: (1) Three studies positioned it over the left
temporoparietal junction (Brunelin et al., 2012; Fitzgerald et al., 2014;
Fröhlich et al., 2016), (2) two over the right supraorbital area (Palm et
al.; Smith et al.), (3) and one over the right DLPFC (Gomes et al.,
2015). The exception was the study conducted by Fitzgerald et al.
(2014), in which the stimulation of the DLPFC was performed bilateral-
ly, and the cathode was positioned over the temporoparietal junction
bilaterally. The other protocols consisted of (1) inhibiting the
temporoparietal junction bilaterally (Bais et al., 2014); (2) stimulating
the temporoparietal junction (LTPJ) (Rosenberg et al., 2012), more spe-
cifically halfway between T3 and P3 (de Jesus et al., 2011; Rosa et al.,
2007; Saba et al., 2006); and (3) stimulating the parietal cortex bilater-
ally (Jin et al., 2012). The taVNS study stimulated the left auricular
branch of the vagus nerve (Hasan et al., 2015).

A categorical analysis of safety using dropout as the outcome
showed no difference between active NIBS and sham NIBS (Fig. 5)
(Odds Ratio = 1.02, 95% CI 0.94–1.11; 1.02, 0.93–1.11; and 1.03, 0.83–
1.27, for NIBS, rTMS, and tDCS, respectively).
4. Discussion

In this systematic review, we included 31 randomized sham-
controlled clinical trials (n = 1272). Active NIBS was superior
to sham NIBS for the treatment of negative symptoms in
schizophrenia (g = 0.23; 95% CI 0.11–0.34). Considering the different
techniques, active rTMS had robust positive results over sham stimula-
tion (g= 0.19), with a narrower interval (95% CI 0.07–0.32) than tDCS
(g= 0.5; 95% CI 0.02–0.97). Only one study evaluating the use of taVNS
met the eligibility criteria. The risk of publication bias was low, as
assessed by the funnel plot. Between-study heterogeneity was not con-
siderable (I2 = 2.3%; p = 0.429), strengthening the present results.
These are in line with previous meta-analytical studies that showed a
small-to-moderate effect of rTMS on the reduction of negative symp-
toms in schizophrenia (Dougall et al., 2015; Shi et al., 2014) and comple-
mentary to a previousmeta-analysis (Fusar-Poli et al., 2015), in which a
non-significant difference between sham NIBS and active NIBS was ob-
served. Ourmeta-analysis differs from these, sincewe included all types
of NIBS and compared the effect of active treatment over sham on neg-
ative symptoms in schizophrenia. Additionally, our rTMS included stud-
ies focused on prefrontal areas due to the outcome of this systematic
review (negative symptoms), emphasizing the knowledge in this
theme.
Fig. 3. Begg's funnel plot The funnel plot was used to assess the existence of publication
bias. Most studies are within the limits determined by the graphic for both
interventions, indicating a low risk of bias.

Fig. 4. Sensitivity analysis of the impact of the NIBS in the negative symptoms The figure
shows the sensitivity analysis of the studies conducted with A: rTMS, B: tDCS and C:
tDCS, rTMS, and taVNS. No study was able to modify the final results for rTMS and NIBS
in an overall analysis. However, the exclusion of one of the studies conducted by
Brunelin et al. (2012), Fitzgerald et al. (2014), and Palm et al. (2016) would result in a
non-significant difference. Although this finding reduces the robustness of the difference
between active tDCS and sham tDCS, the results are still positive, and the superiority of
the technique is, with the currently available data, significant.



Table 3
Metaregression.

Metaregression tDCS

β 95%CI t p-value

N of sessions 1.322 0.199; 8.774 0.38 0.72
N of weeks 1.426 0.607; 3.352 1.07 0.334

Metaregression tDCS

β 95%CI t p-value

N of sessions 1.068 0.835; 1.367 0.56 0.582
Duration of sessions 1 0.999; 1.000 0.64 0.528
Frequency of stimulation 1.025 0.725; 1.448 0.15 0.882
Stimulation of the left DLPFC or
inhibition of the right DLPFC

1.361 0.934; 1.984 0.104 0.104

Pulses per session 1.228 0.963; 1.565 0.092 0.092
Total N of pulses 1.057 0.897; 1.245 0.7 0.491
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Four different neuromodulation techniques (rTMS, tDCS, dTMS, and
tVNS) for the treatment of negative symptoms in schizophrenia were
evaluated. Subgroups analyses were performed to assess possible con-
founders related to each technique, such as the protocol of stimulation
used. It is noticeable that rTMS has been better studied in past decades
than other techniques. In this review, we included 23 trials using rTMS
since Klein et al. (1999) published the first randomized, sham-con-
trolled trial on the subject. The first tDCS randomized, sham-controlled
clinical trial was released only in 2012 by Brunelin et al., and we
were able to include six other studies with similar quality. The
increasing number of trials published in this area corroborate the
need for a more up-to-date meta-analysis comparing different NIBS
techniques.

Among the brain areas targeted in the included studies, the prefron-
tal cortex appears as themost frequently targeted. The prefrontal cortex
is associated with goal-directed behavior, working memory, executive
functioning, and social and emotional processing (Sakurai et al., 2015;
Zhou et al., 2015). Although the neural pathways involved in negative
symptomatology are not as well described as the ones involved in pos-
itive symptoms, evidence suggests prefrontal dysfunction in schizo-
phrenia and its association with negative symptoms and cognitive
deficits (Zhou et al., 2015). Among the reported dysfunctions, reduced
functional activation of the frontal cortex in cognitive tasks is the most
consistent finding (Sakurai et al., 2015). Furthermore, dysfunctional ac-
tivation of the ventrolateral prefrontal cortex and the DLPFC is associat-
ed with negative and disorganization symptoms, respectively, while
frontotemporal abnormalities have been linked to positive symptoms
(Goghari et al., 2010). Recently, the thickness of the prefrontal cortex,
more specifically the medial orbitofrontal cortex, was associated with
the severity of negative symptoms (Walton et al., 2017). Also, normali-
zation of the frontal cortex's excitability is one of the main conse-
quences of effective therapeutic approaches, including antipsychotic
medications (Kani et al., 2017), and the use of focal neuromodulation
techniques to increase excitability of the prefrontal areas was proposed
as a result. From a mechanistic point of view, rTMS works through the
creation of an electromagnetic field that can generate a current that
further depolarizes the targeted brain areas positioned under the coil
(e.g., the DLPFC) (Du et al., 2012). Low-frequency rTMS (1 Hz) inhibits
the area beneath the coil, reducing excitability, while higher frequencies
enhance it by stimulating the area. On the other hand, the tDCS device
delivers a continuous current through two electrodes, one positive
(cathode) and one negative (anode). The area located under the
anode is then stimulated, producing a reduction inmembrane potential.
Thus, the modulated neurons are more easily depolarized. On the other
hand, the area under the cathode is inhibited, with further elevation of
the membrane potential. Both techniques can modulate excitability
and promote neuroplasticity, which is fundamental for a better progno-
sis in schizophrenia. One important difference regards energy retention
in the scalp. In tDCS, a significant amount of energy is lost due to high
retention by the scalp. In rTMS, in contrast, the creation of the electrical
field takes place in the cortical area without the need for the current to
trespass the scalp. While the efficacy of rTMS is robust for multiple psy-
chiatric and neurological disorders, tDCS has some potential advan-
tages, such as its low costs and the possibility of at-home use, since it
is an easy-to-use technology that can be monitored remotely. Besides,
the continuous current is propagated from the cathode to the anode,
going through cortical and subcortical areas in its path. That feature en-
ables the modulation of different areas based on the montage used.
Computational modeling analysis allows for the creation of estimates
regarding the probably stimulated and inhibited structures using each
montage (Bikson et al., 2012).

In accordance with previous meta-analytical studies that reported
positive results using rTMS and tDCS for the treatment of patients
with other psychiatric disorders, such as PTSD, anxiety disorders, sub-
stance dependence/abuse, and major depression (Brunoni et al., 2017;
Enokibara et al., 2016; Trevizol et al., 2016a, 2016c),we present compel-
ling positive findings that substantiate the use of NIBS in the treatment
of negative symptoms in schizophrenia. Stimulation of the DLPFC seems
reasonable, given the underlying neurobiological model of cognitive
and negative symptoms, and our results support this. However, the
overall NIBS and rTMS Hedges' g (reflecting mean change in negative
symptom scores from baseline to treatment end point) are in the
small-to-moderate effect range, which may not be really substantial
clinically when we are talking about improvements in negative symp-
toms, which are quite disabling and in which a small improvement
may not mean much. The moderate effect size of 0.5 for tDCS has to
be considered cautiously, given the possible heterogeneity in the stud-
ies. A few large effect size studies may have over-inflated the effect
size, as demonstrated in the sensitivity analysis (Fig. 4). Though
metaregression has been performed as an attempt to look for the rea-
sons for inconsistency of results in tDCS trials, we found nothing signif-
icant. Inferences made through metaregression may have limitations
and may not be an accurate way of addressing heterogeneity (Murad
et al., 2014). However, we observed a trend for a positive impact on
the effect size when stimulating the left DLPFC or inhibiting the right
DLPFC (Table 3). In addition, the majority of the studies have looked at
the effects of NIBS over the left DLPFC. Depression scores were not re-
corded or controlled for in the included studies, and high-frequency
rTMS to the left DLPFC is an approved treatment for major depression.
Improvement in depressive symptoms could potentially confound the
results. Despite the positive results when comparing sham to active
rTMS, the effect size found in the pooled analysis is small in both TMS
and tDCS. Moreover, a substantial proportion of studies have resulted
in negative results. The clinical implication of these findings may seem
limited at first. However, given the long-lasting symptoms, the constant
decline, and the lack of efficacy for pharmacological treatments for neg-
ative symptoms in schizophrenia, the results may represent a fruitful
path to be followed in order to improve the efficacy of NIBS for negative
symptoms. One of the main gaps in our current knowledge has to do
with the longevity of the effect of NIBS. Although our findings point to
the superiority of NIBS in comparison to sham stimulation for negative
symptoms in schizophrenia, longer longitudinal studies are needed in
order to better understand the potential for clinical use. Another poten-
tial limitation is related to the Jadad scale used for assessing the risk of
bias of individual studies. The use of the Jadad scale has been discour-
aged lately, as it does not involve allocation concealment and puts
more emphasis on the reporting of studies than their actual conduct.
However, we have taken allocation concealment into consideration for
a proper blinding. The Jadad scale was not used as the sole quality as-
sessment, but each study was evaluated using both the scale and the
risk as assessed by two researchers. One limitation involved in our sys-
tematic review is that it has been done only from MEDLINE and the
Cochrane Library, whichmay not be exhaustive enough and does not in-
clude studies from the “gray literature” (Murad et al., 2014).



Fig. 5. Safety analysis We used patients' dropouts for safety evaluation. We performed a categorical analysis for the odds ratio assessment between groups. No difference between active
and sham rTMS or tDCS was observed.
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5. Conclusion

In conclusion, both active rTMS and tDCS treatments were signifi-
cantly superior to sham for the treatment of negative symptoms in
schizophrenia. The significance is especially robust for rTMS. We ob-
served a non-significant trend for a better response when stimulating
the left DLPFC or inhibiting the right DLPFC. The number of randomized,
controlled trials on tDCS and tVNS is still small, and further studies are
needed to clarify the impact of these strategies on the treatment of neg-
ative symptoms in schizophrenia.
Declaration of interest

We confirm that this manuscript has not been published elsewhere
and is not under consideration by another journal. All authors have ap-
proved themanuscript and agreedwith its submission to Schizophrenia
Research. We here declare no conflict of interest related to the present
manuscript.

Conflict of interest
We here declare no conflict of interest related to the present manuscript.



43C. Osoegawa et al. / Schizophrenia Research 197 (2018) 34–44
Contributors
Authors Osoeagawa, Gomes and Grigolon managed the literature searches and classi-

fication of the articles following the eligibility criteria. Authors Cordeiro, Trevizol, Ribeiro
and Laranjeira participated in the study design and inwriting theprotocol to be performed
and undertook the statistical analysis. Authors Brietzke, Gadelha, Lacerda and Dias partic-
ipated in writing the first drafts of the manuscript. Authors de Jesus, Daskalakis, Brunelin
and Cordes have considerable experience in the field of neuromodulation studies and par-
ticipated in the interpretation of the results and analyses. All authors contributed to and
have approved the final manuscript.

Role of funding source
We declare no funding related to the present manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2018.01.010.

References

Bais, L., Vercammen, A., Stewart, R., van Es, F., Visser, B., Aleman, A., Knegtering, H., 2014.
Short and long term effects of left and bilateral repetitive transcranial magnetic stim-
ulation in schizophrenia patients with auditory verbal hallucinations: a randomized
controlled trial. PLoS One 9 (10), e108828.

Barr, M.S., Farzan, F., Tran, L.C., Fitzgerald, P.B., Daskalakis, Z.J., 2012. A randomized con-
trolled trial of sequentially bilateral prefrontal cortex repetitive transcranial magnetic
stimulation in the treatment of negative symptoms in schizophrenia. Brain Stimul. 5
(3):337–346. https://doi.org/10.1016/j.brs.2011.06.003.

Bikson, M., Rahman, A., Datta, A., 2012. Computational models of transcranial direct cur-
rent stimulation. Clin. EEG Neurosci. 43 (3):176–183. https://doi.org/10.1177/
1550059412445138.

Brunelin, J., Mondino, M., Gassab, L., Haesebaert, F., Gaha, L., Suaud-Chagny, M.F., Saoud,
M., Mechri, A., Poulet, E., 2012. Examining transcranial direct-current stimulation
(TDCS) as a treatment for hallucinations in schizophrenia. Am. J. Psychiatry 169
(7):719–724. https://doi.org/10.1176/appi.ajp.2012.11071091.

Brunoni, A.R., Chaimani, A., Moffa, A.H., Razza, L.B., Gattaz, W.F., Daskalakis, Z.J., Carvalho,
A.F., 2017. Repetitive transcranial magnetic stimulation for the acute treatment of
major depressive episodes: a systematic review with network meta-analysis. JAMA
Psychiat. 74 (2):143–152. https://doi.org/10.1001/jamapsychiatry.2016.3644.

Cordes, J., Thunker, J., Agelink, M.W., Arends, M., Mobascher, A., Wobrock, T., Schneider-
Axmann, T., Brinkmeyer, J., Mittrach, M., Regenbrecht, G., Wolwer, W., Winterer, G.,
Gaebel, W., 2010. Effects of 10 Hz repetitive transcranial magnetic stimulation
(rTMS) on clinical global impression in chronic schizophrenia. Psychiatry Res. 177
(1–2):32–36. https://doi.org/10.1016/j.psychres.2009.01.014.

de Jesus, D.R., Gil, A., Barbosa, L., Lobato, M.I., Magalhães, P.V. da S., Favalli, G.P. de S.,
Marcolin, M.A., Daskalakis, Z.J., Belmonte-de-Abreu, P. da S., 2011. A pilot double-
blind sham-controlled trial of repetitive transcranial magnetic stimulation for patients
with refractory schizophrenia treated with clozapine. Psychiatry Res. 188 (2), 203–207.

Dlabac-de Lange, J.J., Bais, L., van Es, F.D., Visser, B.G.J., Reinink, E., Bakker, B., van den
Heuvel, E.R., Aleman, A., Knegtering, H., 2014. Efficacy of bilateral repetitive transcra-
nial magnetic stimulation for negative symptoms of schizophrenia: results of a mul-
ticenter double-blind randomized controlled trial. Psychol. Med. 45 (6):1263–1275.
https://doi.org/10.1017/S0033291714002360.

Dougall, N., Maayan, N., Soares-Weiser, K., McDermott, L., McIntosh, A., 2015. Transcranial
magnetic stimulation for schizophrenia. Cochrane Database Syst. Rev. (8) CD006081.
https://doi.org/10.1002/14651858.CD006081.pub2.www.cochranelibrary.com.

Du, Z., Wang, R., Prakash, R., Chaudhury, S., Dayananda, G., 2012. Transcranial magnetic
stimulation in schizophrenia: the contribution of neuroimaging. Curr. Top. Med.
Chem. 12 (21), 2452–2457.

Enokibara, M., Trevizol, A., Shiozawa, P., Cordeiro, Q., 2016. Establishing an effective TMS
protocol for craving in substance addiction: is it possible? Am. J. Addict. 25 (1):28–30.
https://doi.org/10.1111/ajad.12309.

Farzan, F., Barr, M.S., Sun, Y., Fitzgerald, P.B., Daskalakis, Z.J., 2012. Transcranial magnetic
stimulation on the modulation of gamma oscillations in schizophrenia. Ann. N. Y.
Acad. Sci. 1265:25–35. https://doi.org/10.1111/j.1749-6632.2012.06543.x.

Fitzgerald, P.B., Herring, S., Hoy, K., McQueen, S., Segrave, R., Kulkarni, J., Daskalakis, Z.J.,
2008. A study of the effectiveness of bilateral transcranial magnetic stimulation in
the treatment of the negative symptoms of schizophrenia. Brain Stimul. 1 (1):
27–32. https://doi.org/10.1016/j.brs.2007.08.001.

Fitzgerald, P.B., McQueen, S., Daskalakis, Z.J., Hoy, K.E., 2014. A negative pilot study of daily
bimodal transcranial direct current stimulation in schizophrenia. Brain Stimul. 7 (6):
813–816. https://doi.org/10.1016/j.brs.2014.08.002.

Fröhlich, F., Burrello, T.N., Mellin, J.M., Cordle, A.L., Lustenberger, C.M., Gilmore, J.H.,
Jarskog, L.F., 2016. Exploratory study of once-daily transcranial direct current stimu-
lation (tDCS) as a treatment for auditory hallucinations in schizophrenia. Eur. Psychi-
atry 33:54–60. https://doi.org/10.1016/j.eurpsy.2015.11.005.

Fusar-Poli, P., Papanastasiou, E., Stahl, D., Rocchetti, M., Carpenter, W., Shergill, S.,
McGuire, P., 2015. Treatments of negative symptoms in schizophrenia: meta-analysis
of 168 randomized placebo-controlled trials. Schizophr. Bull. 41 (4):892–899. https://
doi.org/10.1093/schbul/sbu170.

Gan, J., Duan, H., Chen, Z., Shi, Z., Gao, C., Zhu, X., Liang, X., 2015. Effectiveness and safety of
high dose transcranial magnetic stimulation in schizophrenia with refractory nega-
tive symptoms: a randomized controlled study. Zhonghua Yi Xue Za Zhi 95 (47),
3808–3812.

Goghari, V.M., Sponheim, S.R., MacDonald, A.W., 2010. The functional neuroanatomy of
symptom dimensions in schizophrenia: a qualitative and quantitative review of a
persistent question. Neurosci. Biobehav. Rev. 34 (3):468–486. https://doi.org/
10.1016/j.neubiorev.2009.09.004.

Gomes, J.S., Shiozawa, P., Dias, Á.M., Valverde Ducos, D., Akiba, H., Trevizol, A.P., Bikson,
M., Aboseria, M., Gadelha, A., de Lacerda, A.L., Cordeiro, Q., Dias, A.M., Valverde
Ducos, D., Akiba, H., Trevizol, A.P., Bikson, M., Aboseria, M., Gadelha, A., de Lacerda,
A.L., Cordeiro, Q., Dias, Á.M., Valverde, D.D., Akiba, H., Trevizol, A.P., Bikson, M.,
Aboseria, M., Gadelha, A., de Lacerda, A.L., 2015. Left dorsolateral prefrontal cortex an-
odal tDCS effects on negative symptoms in schizophrenia. Brain Stimul. 8 (5):
989–991. https://doi.org/10.1016/j.brs.2015.07.033.

Green, M.F., Harvey, P.D., 2014. Cognition in schizophrenia: past, present, and future.
Schizophr. Res. Cogn. 1 (1):e1–e9. https://doi.org/10.1016/j.scog.2014.02.001.

Hajak, G., Marienhagen, J., Langguth, B., Werner, S., Binder, H., Eichhammer, P., 2004.
High-frequency repetitive transcranial magnetic stimulation in schizophrenia: a
combined treatment and neuroimaging study. Psychol. Med. 34 (7), 1157–1163.

Hasan, A., Wolff, C., Sebastian, M., Peter, P., Weidinger, E., Jobst, A., Hoell, I., Malchow, B.,
Yeganeh, P., Wolfgang, D., Silke, S., Norbert, Q., 2015. Transcutaneous noninvasive
vagus nerve stimulation (tVNS) in the treatment of schizophrenia: a bicentric ran-
domized controlled pilot study. Eur. Arch. Psychiatry Clin. Neurosci. 265 (7):
589–600. https://doi.org/10.1007/s00406-015-0618-9.

Holi, M., Eronen, M., Toivonen, K., Toivonen, P., Marttunen, M., Naukkarinen, H., 2004. Left
prefrontal repetitive transcranial magnetic stimulation in schizophrenia. Schizophr.
Bull. 30, 429–434.

Hoy, K.E., Arnold, S.L., Emonson, M.R., Daskalakis, Z.J., Fitzgerald, P.B., 2014. An investiga-
tion into the effects of tDCS dose on cognitive performance over time in patients with
schizophrenia. Schizophr. Res. 155 (1–3):96–100. https://doi.org/10.1016/
j.schres.2014.03.006.

Immonen, J., Jaaskelainen, E., Korpela, H., Miettunen, J., 2017. Age at onset and the out-
comes of schizophrenia: a systematic review and meta-analysis. Early Interv. Psychi-
atry. 11 (6):453–460. https://doi.org/10.1111/eip.12412.

Jadad, A.R., Moore, R.A., Carroll, D., Jenkinson, C., Reynolds, D.J., Gavaghan, D.J., McQuay,
H.J., 1996. Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control. Clin. Trials 17, 1–12.

Jin, Y., Potkin, S.G., Kemp, A.S., Huerta, S.T., Alva, G., Thai, T.M., Carreon, D., Bunney, W.E.,
2005. Therapeutic effects of individualized alpha frequency transcranial magnetic
stimulation (αTMS) on the negative symptoms of schizophrenia. Schizophr. Bull.
32 (3):556–561. https://doi.org/10.1093/schbul/sbj020.

Jin, Y., Kemp, A.S., Huang, Y., Thai, T.M., Liu, Z., Xu, W., He, H., Potkin, S.G., 2012. Alpha EEG
guided TMS in schizophrenia. Brain Stimul. 5 (4):560–568. https://doi.org/10.1016/
j.brs.2011.09.005.

JPT, Higgins, A., D., 2008. Assessing risk of bias in included studies. In: JPT, Higgins, A., D.
(Eds.), Cochrane Handbook for Systematic Reviews of Interventions. The Cochrane
Collaboration. 2008.

Kahn, R.S., Keefe, R.S., 2013. Schizophrenia is a cognitive illness: time for a change in focus.
JAMA Psychiat. 70 (10):1107–1112. https://doi.org/10.1001/jamapsychiatry.2013.155.

Kani, A.S., Shinn, A.K., Lewandowski, K.E., Öngür, D., 2017. Converging effects of diverse
treatment modalities on frontal cortex in schizophrenia: a review of longitudinal
functional magnetic resonance imaging studies. J. Psychiatr. Res. 84:256–276.
https://doi.org/10.1016/j.jpsychires.2016.10.012.

Klein, E., Kolsky, Y., Puyerovsky, M., Koren, D., Chistyakov, A., Feinsod, M., 1999. Right pre-
frontal slow repetitive transcranial magnetic stimulation in schizophrenia: a double-
blind sham-controlled pilot study. Biol. Psychiatry 46 (10):1451–1454. https://
doi.org/10.1016/S0006-3223(99)00182-1.

Knapp, G., Hartung, J., 2003. Improved tests for a random effects meta-regression with a
single covariate. Stat. Med. 22:2693–2710. https://doi.org/10.1002/sim.1482.

Li, Z., Yin, M., Lyu, X.-L., Zhang, L.-L., Du, X.-D., Hung, G.C.-L., 2016. Delayed effect of repet-
itive transcranial magnetic stimulation (rTMS) on negative symptoms of schizophre-
nia: findings from a randomized controlled trial. Psychiatry Res. 240:333–335.
https://doi.org/10.1016/j.psychres.2016.04.046.

Mogg, A., Purvis, R., Eranti, S., Contell, F., Taylor, J.P., Nicholson, T., Brown, R.G.,
McLoughlin, D.M., 2007. Repetitive transcranial magnetic stimulation for negative
symptoms of schizophrenia: a randomized controlled pilot study. Schizophr. Res.
93 (1–3):221–228. https://doi.org/10.1016/j.schres.2007.03.016.

Moher, D., Jadad, A.R., Tugwell, P., 1996. Assessing the quality of randomized controlled
trials. Current issues and future directions. Int. J. Technol. Assess. Health Care 12
(2), 195–208.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., 2009. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA statement. PLoS Med. 6 (7), e1000097.
https://doi.org/10.1371/journal.pmed.1000097.

Mondino, M., Haesebaert, F., Poulet, E., Suaud-Chagny,M.F., Brunelin, J., 2015. Fronto-tem-
poral transcranial direct current stimulation (tDCS) reduces source-monitoring defi-
cits and auditory hallucinations in patients with schizophrenia. Schizophr. Res. 161
(2–3):515–516. https://doi.org/10.1016/j.schres.2014.10.054.

Mondino, M., Jardri, R., Suaud-Chagny, M.F., Saoud, M., Poulet, E., Brunelin, J., 2016. Effects
of fronto-temporal transcranial direct current stimulation on auditory verbal halluci-
nations and resting-state functional connectivity of the left temporo-parietal junction
in patients with schizophrenia. Schizophr. Bull. 42 (2):318–326. https://doi.org/
10.1093/schbul/sbv114.

Murad, M.H., Montori, V.M., Ioannidis, J.P.A., Jaeschke, R., Devereaux, P.J., Prasad, K.,
Neumann, I., Carrasco-Labra, A., Agoritsas, T., Hatala, R., Meade, M.O., Wyer, P.,
Cook, D.J., Guyatt, G., 2014. How to read a systematic review and meta-analysis and
apply the results to patient care: users' guides to the medical literature. JAMA 312:
171–179. https://doi.org/10.1001/jama.2014.5559.

https://doi.org/10.1016/j.schres.2018.01.010
https://doi.org/10.1016/j.schres.2018.01.010
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0005
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0005
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0005
https://doi.org/10.1016/j.brs.2011.06.003
https://doi.org/10.1177/1550059412445138
https://doi.org/10.1177/1550059412445138
https://doi.org/10.1176/appi.ajp.2012.11071091
https://doi.org/10.1001/jamapsychiatry.2016.3644
https://doi.org/10.1016/j.psychres.2009.01.014
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0035
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0035
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0035
https://doi.org/10.1017/S0033291714002360
https://doi.org/10.1002/14651858.CD006081.pub2.www.cochranelibrary.com
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0050
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0050
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0050
https://doi.org/10.1111/ajad.12309
https://doi.org/10.1111/j.1749-6632.2012.06543.x
https://doi.org/10.1016/j.brs.2007.08.001
https://doi.org/10.1016/j.brs.2014.08.002
https://doi.org/10.1016/j.eurpsy.2015.11.005
https://doi.org/10.1093/schbul/sbu170
https://doi.org/10.1093/schbul/sbu170
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0085
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0085
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0085
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0085
https://doi.org/10.1016/j.neubiorev.2009.09.004
https://doi.org/10.1016/j.neubiorev.2009.09.004
https://doi.org/10.1016/j.brs.2015.07.033
https://doi.org/10.1016/j.scog.2014.02.001
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0105
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0105
https://doi.org/10.1007/s00406-015-0618-9
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0115
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0115
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0115
https://doi.org/10.1016/j.schres.2014.03.006
https://doi.org/10.1016/j.schres.2014.03.006
https://doi.org/10.1111/eip.12412
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0130
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0130
https://doi.org/10.1093/schbul/sbj020
https://doi.org/10.1016/j.brs.2011.09.005
https://doi.org/10.1016/j.brs.2011.09.005
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0145
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0145
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0145
https://doi.org/10.1001/jamapsychiatry.2013.155
https://doi.org/10.1016/j.jpsychires.2016.10.012
https://doi.org/10.1016/S0006-3223(99)00182-1
https://doi.org/10.1016/S0006-3223(99)00182-1
https://doi.org/10.1002/sim.1482
https://doi.org/10.1016/j.psychres.2016.04.046
https://doi.org/10.1016/j.schres.2007.03.016
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0180
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0180
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0180
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.schres.2014.10.054
https://doi.org/10.1093/schbul/sbv114
https://doi.org/10.1093/schbul/sbv114
https://doi.org/10.1001/jama.2014.5559


44 C. Osoegawa et al. / Schizophrenia Research 197 (2018) 34–44
Novak, T., Horacek, J., Mohr, P., Kopecek, M., Skrdlantova, L., Klirova, M., Rodriguez, M.,
Spaniel, F., Dockery, C., Höschl, C., 2006. The double-blind sham-controlled study of
high-frequency rTMS (20 Hz) for negative symptoms in schizophrenia: negative re-
sults. Neuro. Endocrinol. Lett. 27 (1–2), 209–213.

Ouzzani, M., Hammady, H., Fedorowicz, Z., Elmagarmid, A., 2016. Rayyan—a web and mo-
bile app for systematic reviews. Syst. Rev. 5 (1):210. https://doi.org/10.1186/s13643-
016-0384-4.

Palm, U., Keeser, D., Hasan, A., Kupka, M.J., Blautzik, J., Sarubin, N., Kaymakanova, F., Unger,
I., Falkai, P., Meindl, T., Ertl-Wagner, B., Padberg, F., 2016. Prefrontal transcranial direct
current stimulation for treatment of schizophreniawith predominant negative symp-
toms: a double-blind, sham-controlled proof-of-concept study. Schizophr. Bull. 42
(5):1253–1261. https://doi.org/10.1093/schbul/sbw041.

Prikryl, R., Ustohal, L., Prikrylova Kucerova, H., Kasparek, T., Venclikova, S., Vrzalova, M.,
Ceskova, E., 2013. A detailed analysis of the effect of repetitive transcranial magnetic
stimulation on negative symptoms of schizophrenia: a double-blind trial. Schizophr.
Res. 149 (1–3), 167–173.

Quan, W.X., Zhu, X.L., Qiao, H., Zhang, W.F., Tan, S.P., Zhou, D.F., Wang, X.Q., 2015. The
effects of high-frequency repetitive transcranial magnetic stimulation (rTMS) on neg-
ative symptoms of schizophrenia and the follow-up study. Neurosci. Lett. 584:
197–201. https://doi.org/10.1016/j.neulet.2014.10.029.

Rabany, L., Deutsch, L., Levkovitz, Y., 2014. Double-blind, randomized sham controlled
study of deep-TMS add-on treatment for negative symptoms and cognitive deficits
in schizophrenia. J. Psychopharmacol. 28 (7):686–690. https://doi.org/10.1177/
0269881114533600.

Robinson, D.G., Schooler, N.R., John, M., Correll, C.U., Marcy, P., Addington, J., Brunette,
M.F., Estroff, S.E., Mueser, K.T., Penn, D., Robinson, J., Rosenheck, R.A., Severe, J.,
Goldstein, A., Azrin, S., Heinssen, R., Kane, J.M., 2015. Prescription practices in the
treatment of first-episode schizophrenia spectrum disorders: data from the national
RAISE-ETP study. Am. J. Psychiatry 172 (3):237–248. https://doi.org/10.1176/
appi.ajp.2014.13101355.

Rosa, M.O., Gattaz, W.F., Rosa, M.A., Rumi, D.O., Tavares, H., Myczkowski, M., Sartorelli,
M.C., Rigonatti, S.P., Elkis, H., Cabral, S.B., Teixeira, M.J., Marcolin, M.A., 2007. Effects
of repetitive transcranial magnetic stimulation on auditory hallucinations refractory
to clozapine. J. Clin. Psychiatry 68 (10), 1528–1532.

Rosenberg, O., Gersner, R., Klein, L.D., Kotler, M., Zangen, A., Dannon, P., 2012. Deep trans-
cranial magnetic stimulation add-on for the treatment of auditory hallucinations: a
double-blind study. Ann. General Psychiatry 11:13. https://doi.org/10.1186/1744-
859x-11-13.

Saba, G., Verdon, C.M., Kalalou, K., Rocamora, J.F., Dumortier, G., Benadhira, R., Stamatiadis,
L., Vicaut, E., Lipski, H., Januel, D., 2006. Transcranial magnetic stimulation in the
treatment of schizophrenic symptoms: a double blind sham controlled study.
J. Psychiatr. Res. 40 (2):147–152. https://doi.org/10.1016/j.jpsychires.2005.02.008.

Sakurai, T., Gamo, N.J., Hikida, T., Kim, S.H., Murai, T., Tomoda, T., Sawa, A., 2015. Converg-
ing models of schizophrenia—network alterations of prefrontal cortex underlying
cognitive impairments. Prog. Neurobiol. 134:178–201. https://doi.org/10.1016/
j.pneurobio.2015.09.010.

Shi, C., Yu, X., Cheung, E.F.C., Shum, D.H.K., Chan, R.C.K., 2014. Revisiting the therapeutic
effect of rTMS on negative symptoms in schizophrenia: a meta-analysis. Psychiatry
Res. 215:505–513. https://doi.org/10.1016/j.psychres.2013.12.019.

Smith, R.C., Boules, S., Mattiuz, S., Youssef, M., Tobe, R.H., Sershen, H., Lajtha, A., Nolan, K.,
Amiaz, R., Davis, J.M., 2015. Effects of transcranial direct current stimulation (tDCS) on
cognition, symptoms, and smoking in schizophrenia: a randomized controlled study.
Schizophr. Res. 168 (1–2):260–266. https://doi.org/10.1016/j.schres.2015.06.011.

Trevizol, A.P., Barros, M.D., Silva, P.O., Osuch, E., Cordeiro, Q., Shiozawa, P., 2016a. Trans-
cranial magnetic stimulation for posttraumatic stress disorder: an updated systemat-
ic review andmeta-analysis. Trends Psychiatry Psychother. 38:50–55. https://doi.org/
10.1590/2237-6089-2015-0072.

Trevizol, A.P., Sato, I.A., Cook, I.A., Lowenthal, R., Barros, M.D., Cordeiro, Q., Shiozawa, P.,
2016b. Trigeminal nerve stimulation (TNS) for panic disorder: an open label proof-
of-concept trial. Brain Stimul. https://doi.org/10.1016/j.brs.2015.10.010.

Trevizol, A.P., Shiozawa, P., Cook, I.A., Sato, I.A., Kaku, C.B., Guimaraes, F.B., Sachdev, P.,
Sarkhel, S., Cordeiro, Q., 2016c. Transcranial magnetic stimulation for obsessive-com-
pulsive disorder: an updated systematic review and meta-analysis. J. ECT 32:
262–266. https://doi.org/10.1097/YCT.0000000000000335.

Trevizol, A.P., Shiozawa, P., Taiar, I., Soares, A., Gomes, J.S., Barros, M.D., Liquidato, B.M.,
Cordeiro, Q., 2016d. Transcutaneous vagus nerve stimulation (taVNS) for major de-
pressive disorder: an open label proof-of-concept trial. Brain Stimul. https://doi.org/
10.1016/j.brs.2016.02.001.

Walton, E., Hibar, D.P., van Erp, T.G.M., Potkin, S.G., Roiz-Santiañez, R., Crespo-Facorro, B.,
Suarez-Pinilla, P., van Haren, N.E.M., de Zwarte, S.M.C., Kahn, R.S., Cahn, W., Doan,
N.T., Jørgensen, K.N., Gurholt, T.P., Agartz, I., Andreassen, O.A., Westlye, L.T., Melle, I.,
Berg, A.O., Morch-Johnsen, L., Færden, A., Flyckt, L., Fatouros-Bergman, H., Jönsson,
E.G., Hashimoto, R., Yamamori, H., Fukunaga, M., Jahanshad, N., De Rossi, P., Piras, F.,
Banaj, N., Spalletta, G., Gur, R.E., Gur, R.C., Wolf, D.H., Satterthwaite, T.D., Beard,
L.M., Sommer, I.E., Koops, S., Gruber, O., Richter, A., Krämer, B., Kelly, S., Donohoe,
G., McDonald, C., Cannon, D.M., Corvin, A., Gill, M., Di Giorgio, A., Bertolino, A.,
Lawrie, S., Nickson, T., Whalley, H.C., Neilson, E., Calhoun, V.D., Thompson, P.M.,
Turner, J.A., Ehrlich, S., Ehrlich, S., Karolinska Schizophrenia Project consortium
(KaSP), 2017. Prefrontal cortical thinning links to negative symptoms in schizophre-
nia via the ENIGMA consortium. Psychol. Med. 48 (1):82–94. https://doi.org/10.1017/
S0033291717001283.

Wobrock, T., Guse, B., Cordes, J., Wolwer, W., Winterer, G., Gaebel, W., Langguth, B.,
Landgrebe, M., Eichhammer, P., Frank, E., Hajak, G., Ohmann, C., Verde, P.E.,
Rietschel, M., Ahmed, R., Honer, W.G., Malchow, B., Schneider-Axmann, T., Falkai, P.,
Hasan, A., 2015. Left prefrontal high-frequency repetitive transcranial magnetic stim-
ulation for the treatment of schizophrenia with predominant negative symptoms: a
sham-controlled, randomized multicenter trial. Biol. Psychiatry 77 (11):979–988.
https://doi.org/10.1016/j.biopsych.2014.10.009.

Wölwer, W., Lowe, A., Brinkmeyer, J., Streit, M., Habakuck, M., 2014. Brain stimulation re-
petitive transcranial magnetic stimulation (rTMS) improves facial affect recognition
in schizophrenia. Brain Stimul. 7 (4):559–563. https://doi.org/10.1016/
j.brs.2014.04.011.

Zheng, L., Guo, Q., Li, H., Li, C., Wang, J.-J., 2012. Effects of repetitive transcranial magnetic
stimulation with different paradigms on the cognitive function and psychotic symp-
toms of schizophrenia patients. Beijing Da Xue Xue Bao 44, 732–736.

Zhou, Y., Fan, L., Qiu, C., Jiang, T., 2015. Prefrontal cortex and the dysconnectivity hypoth-
esis of schizophrenia. Neurosci. Bull. 31 (2):207–219. https://doi.org/10.1007/
s12264-014-1502-8.

http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0205
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0205
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0205
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1093/schbul/sbw041
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0220
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0220
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0220
https://doi.org/10.1016/j.neulet.2014.10.029
https://doi.org/10.1177/0269881114533600
https://doi.org/10.1177/0269881114533600
https://doi.org/10.1176/appi.ajp.2014.13101355
https://doi.org/10.1176/appi.ajp.2014.13101355
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0240
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0240
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0240
https://doi.org/10.1186/1744-859x-11-13
https://doi.org/10.1186/1744-859x-11-13
https://doi.org/10.1016/j.jpsychires.2005.02.008
https://doi.org/10.1016/j.pneurobio.2015.09.010
https://doi.org/10.1016/j.pneurobio.2015.09.010
https://doi.org/10.1016/j.psychres.2013.12.019
https://doi.org/10.1016/j.schres.2015.06.011
https://doi.org/10.1590/2237-6089-2015-0072
https://doi.org/10.1590/2237-6089-2015-0072
https://doi.org/10.1016/j.brs.2015.10.010
https://doi.org/10.1097/YCT.0000000000000335
https://doi.org/10.1016/j.brs.2016.02.001
https://doi.org/10.1016/j.brs.2016.02.001
https://doi.org/10.1017/S0033291717001283
https://doi.org/10.1017/S0033291717001283
https://doi.org/10.1016/j.biopsych.2014.10.009
https://doi.org/10.1016/j.brs.2014.04.011
https://doi.org/10.1016/j.brs.2014.04.011
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0305
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0305
http://refhub.elsevier.com/S0920-9964(18)30031-8/rf0305
https://doi.org/10.1007/s12264-014-1502-8
https://doi.org/10.1007/s12264-014-1502-8

	Non-�invasive brain stimulation for negative symptoms in schizophrenia: An updated systematic review and meta-�analysis
	1. Introduction
	2. Materials and methods
	2.1. Literature review
	2.2. Eligibility criteria
	2.3. Data extraction
	2.4. Quality assessment
	2.5. Quantitative analysis
	2.5.1. Primary outcome
	2.5.2. Quantitative assessment of heterogeneity and bias

	2.6. Meta-regression
	2.7. Safety evaluation

	3. Results
	3.1. Overview
	3.2. Primary outcome
	3.3. Quantitative assessment of heterogeneity and bias
	3.4. Sub-analysis

	4. Discussion
	5. Conclusion
	Declaration of interest
	Conflict of interest
	Contributors
	Role of funding source
	Appendix A. Supplementary data
	References


