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Objectives: The objective of this study was to provide updated evidence on the efficacy of repetitive
transcranial magnetic stimulation in obsessive-compulsive disorder, to assess its sustained effects,
and to identify moderators of treatment response.
Methods: A systematic review and meta-analysis of randomized controlled trials was conducted of
publications up to September 2024. The searches included the Cochrane Library, MEDLINE, Web of
Science, Scopus, PsycINFO, and Embase databases. The risk of bias was assessed with RoB 2, and
effect sizes were calculated using mean differences (MD) in Yale-Brown Obsessive-Compulsive Scale
scores. Subgroup analyses were used to evaluate protocol variations, while the role of moderators was
explored through meta-regression.
Results: A total of 31 trials were included. The analysis revealed substantial reductions for treatment
over the left dorsolateral prefrontal cortex (MD: -4.63; 95%CI -7.73 to -1.52) and the medial prefrontal/
anterior cingulate cortex (MD: -3.92; 95%CI -6.93 to -0.90). Frequencies ranging from o 1 Hz to
4 5 Hz were found to be effective, whereas continuous theta burst stimulation was not as efficacious.
Repeated repetitive transcranial magnetic stimulation reduced Yale-Brown Obsessive-Compulsive
Scale scores (MD: -3.30; 95%CI -4.55 to -2.04), although below the minimal clinically important
difference (4.9 points). The number needed to treat for a response was 6, and the dropout rates were
comparable to those in the sham group, indicating good tolerability. There was no significant change in
scores from post-treatment through follow-up, indicating the effect was maintained (MD: 0.07; 95%CI
-0.60 to 0.75; I2 = 0%; p = 0.83). In contrast, analysis of the overall effect from baseline to follow-up
confirmed that the treatment had a significant and sustained benefit (MD: -3.17; 95%CI -4.68 to -1.65; I2

= 64%; po 0.0001). Baseline severity moderated outcomes, while coil type and neuronavigation did not.
Conclusion: According to our analysis, repetitive transcranial magnetic stimulation is an effective
treatment for obsessive-compulsive disorder, particularly when administered to specific targets and at
specific frequencies. Nevertheless, the mean clinical impact was negligible. These findings indicate
the need for optimized protocols and pragmatic maintenance strategies.
Systematic review registration: PROSPERO, CRD42022346493.
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Introduction

Obsessive-compulsive disorder (OCD) is a chronic and
debilitating psychiatric condition characterized by the
presence of obsessions and compulsions. The preva-
lence of this condition ranges from 1% to 3% in the adult

population. This condition can result in significant impair-
ments to functionality and quality of life.1,2 Neuroimaging
studies have indicated that OCD is triggered by a
dysfunction of the cortico-striatal-thalamo-cortical circuit
at both the anatomical and functional levels.2,3 Although
selective serotonin reuptake inhibitors and cognitive

Correspondence: Suellen Mary Marinho dos Santos Andrade,
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behavioral therapy are considered first-line treatments,
a significant proportion of patients remain unresponsive
to conventional approaches.4,5

In this context, repetitive transcranial magnetic stimula-
tion (rTMS) has been investigated as a promising, non-
invasive alternative therapeutic tool. rTMS modulates
neuronal activity through electromagnetic pulses applied
over specific cortical areas, potentially inducing excitatory
or inhibitory effects depending on the frequency and
protocol.6

In recent years, rTMS has been employed in the
treatment of various psychiatric disorders, especially
OCD. The efficacy of rTMS in this context has been a
subject of increasing interest among researchers. Recent
research has indicated that the stimulation of specific
brain areas, such as the dorsolateral prefrontal cortex
(DLPFC) and the medial prefrontal cortex/anterior cingu-
late cortex (mPFC/ACC),7,8 results in significant improve-
ment in obsessive-compulsive symptoms. However, it
should be noted that previous reviews have highlighted
significant methodological limitations, including the inclu-
sion of open-label studies, heterogeneous study proto-
cols, a lack of analysis on the durability and sustainability
of rTMS effects,7-12 and a paucity of moderator anal-
yses.10-12

In view of the aforementioned points, we conducted a
systematic review with meta-analysis and meta-regres-
sion to provide updated evidence on the efficacy of rTMS
in OCD treatment. Subgroup analyses of cortical targets,
frequencies, and protocols were conducted, and the
durability of intervention effects was assessed. A meta-
regression was then conducted to investigate potential
response moderators. Our results could help optimize
clinical use of rTMS and guide future research in this field.

Methods

Protocol and registration

A systematic review and meta-analysis was conducted in
accordance with Cochrane Collaboration and following
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines.13,14 The protocol was
registered in the International Prospective Register of
Systematic Reviews (CRD42022346493). The primary
outcome was change in OCD symptom severity, which
was measured with the Yale-Brown Obsessive-Compul-
sive Scale (Y-BOCS). Secondary outcomes included
changes in anxiety and depressive symptoms, which
were assessed with the Hamilton Anxiety Rating Scale
(HAM-A) and the Hamilton Depression Rating Scale
(HAM-D).

Eligibility

The inclusion criteria were randomized clinical trials
(single-blind or double-blind, parallel or crossover design)
with a minimum of five participants with OCD per
randomization arm. The eligibility criteria for participants
were adults aged X 18 years with a primary diagnosis of
OCD according to either the DSM-5 or the ICD-11.4

The intervention type was rTMS and protocol varia-
tions, such as continuous theta burst stimulation (cTBS),
intermittent TBS (iTBS), and deep TMS (dTMS), which
were administered in a series of five sessions as an
adjunct treatment for OCD, at either low frequency (o 1
Hz) or high frequency (X 5 Hz). No restrictions were
applied regarding sex or ethnicity.

The following studies were excluded from the analysis:
pilot studies, studies available only as abstracts, studies
presenting insufficient data even after contact with the
authors, studies that did not involve a sham comparator
group, and studies in which the participants had medica-
tion dosage adjustments or began cognitive behavioral
therapy o 2 months prior to rTMS intervention.

Search strategy

The database search was conducted from the earliest
publications until September 21, 2024. No restrictions were
imposed on publication date or language. The following
databases were included in the review: PubMed, Scopus,
Web of Science, Cochrane Library, PsycINFO, and
Embase (Supplementary Box S1). In addition to database
searches, a reference search of relevant previous meta-
analyses was performed. The search results were trans-
ferred to Rayyan Intelligent Systematic Review software
for study inclusion and exclusion based on the title and
abstract, as well as to remove duplicates.15

Collection data

Study data were independently extracted by three
researchers (BAA, DRO, and MHBSQ) and were entered
into RevMan 5 using a data extraction form. This process
was conducted in accordance with Cochrane Collabora-
tion recommendations.13 The following information was
collated: authors, year of publication, group distribution,
participant and OCD characteristics, outcomes, interven-
tion (rTMS technique parameters), research methods,
and results (Y-BOCS scores, anxiety, and depression).

Risk of bias assessment

The risk of bias was evaluated using the Cochrane
Collaboration RoB 2 tool, which classifies studies as high
risk, unclear risk, or low risk.13 The risk of bias for each
study was assessed independently by two researchers
(GNC, RAL). In cases of disagreement, consensus was
achieved through evaluation by a third researcher
(MMCF).

Statistical analysis

Statistical analyses were conducted using Comprehen-
sive Meta-Analysis Version 4 and RevMan 5.3.13,16 A
random-effects model with inverse variance was used to
calculate effect size using Hedge’s g for standardized
mean difference applied to secondary outcomes, and MD
for the outcome. Furthermore, frequency and protocol,
pre-treatment vs follow-up, and post-treatment vs follow-
up analyses were also performed.

Braz J Psychiatry. 2026;48:e20254515

2 MMC Figueiredo et al.



Treatment response and attrition rates were evaluated
using random-effects models with dichotomous data, with
the effect measure being the risk ratio (RR). Treatment
response was defined studies in which participant
Y-BOCS scores reduced X 35% or Clinical Global
Impression (CGI)-I scores reduced by 1-2 points. Parti-
cipants who met these criteria were designated as
responders. An RR of 1 indicated no difference in treat-
ment response between conditions, while an RR of
3 suggests a threefold higher probability that rTMS would
elicit a treatment response.

In addition to MDs, the relative percentage change was
calculated by dividing the pooled MD by the weighted
baseline Y-BOCS mean. Furthermore, the responder RRs
were converted to the number needed to treat (NNT)
using the control event rate.

The analyzed subgroups included cortical target areas.
The following areas of the brain were stimulated using
various protocols and frequencies: the DLPFC, the
supplementary motor area (SMA), the orbitofrontal cortex,
and the mPFC/ACC. The stimulation protocols included
rTMS, cTBS, iTBS, and dTMS, both accelerated and
standard. The stimulation frequencies ranged from p 1
Hz to X 5 Hz. The follow-up durations ranged from p 2
weeks to 12 weeks. The primary outcome measure was
change in Y-BOCS score between pre-treatment and
post-treatment, pre-treatment and follow-up, and post-
treatment and short- and medium-term follow-up.

In crossover studies, the use of initial data is imperative
to circumvent carryover effects, thereby conceptualizing
them as parallel studies.17-21

As the included studies did not report the correlation
between pre- and post-treatment measures, an estimated
value of r = 0.5 was used, as recommended in the
Cochrane Handbook. This value is considered a reason-
able estimate in the absence of specific data. Further-
more, the Cochrane Handbook stipulates that effect sizes
o 0.3 are to be considered as small, those ranging from
0.3 to 0.7 as moderate, and 4 0.7 as large.13

Heterogeneity among studies was assessed using the
chi-square test. The degree of heterogeneity (I 2) was
interpreted according to reference values: negligible or
low (o 25%), moderate (4 50%), substantial (4 75%).13

The funnel plot for publication bias was generated in
Comprehensive Meta-Analysis 4, while Egger’s test and
the trim and fill method were applied to assess asymmetry
in the funnel plot.

Meta-regression was used to investigate factors that
influenced rTMS effects, exploring moderators such as
mean age, the number of male and female participants,
disease duration, the presence of comorbidities, geographi-
cal location, study location, the acceptance of non-conven-
tional treatment modalities, the baseline Y-BOCS mean
score in the active group, and stimulation parameters
(frequency, intensity, number of sessions and pulses,
blinding, sham technique, coil type, targeting, provocation/
exposure and response prevention, and design).

Meta-regression or moderator modeling was exclu-
sively designated for cases in which an adequate number
of studies was available (i.e., X 10 per category) to
circumvent statistical instability.

Sensitivity analysis

To verify the robustness of the results, studies with a high
risk of bias were sequentially excluded. In instances
where change-score analyses required an assumption for
the correlation between repeated measures, the primary
assumption was r = 0.5. Sensitivity analyses were
conducted to assess the robustness of the model, with r
varying from 0.3 to 0.7.

Quality of evidence

GRADEpro 4 was used to evaluate the certainty of the
evidence22 based on researcher consensus (MMCF,
RMAF).

Results

Study selection

A total of 1,079 articles were identified through database
searches, of which 327 duplicates were removed. In the
initial screening process, the titles and abstracts of 752
articles were assessed, of which 707 were excluded.
Consequently, 45 articles underwent a comprehensive
full-text review.

The most prevalent reasons for exclusion were:
unavailability of the full text (six articles), lack of a sham
comparator group,23-25 introduction of medication or dose
adjustment during the study,26,27 duplicate data,28 and
unavailability of complete statistical data even after
contacting the authors.29,30 Following a comprehensive
examination of the literature and application of the
inclusion criteria, 31 articles were selected for inclusion
in the review (Supplementary Figure S1).

Risk of bias assessment

The risk of bias was assessed for all 31 studies. Twelve
studies (38.7%) were classified as low risk of bias; 13
(41.9%) as unclear risk; and six (19.4%) as high risk
according to the Cochrane RoB 2 tool14 (Supplementary
Figure S2).

Individual studies

The 31 included articles were single-blind or double-blind
randomized clinical trials with an average of 17 sessions
and a mean protocol duration of 3 weeks. A number of
studies were conducted in which participants were
assessed in either outpatient or laboratory settings. In
20 of these studies, the participants were treatment-
resistant, while in three studies, the participants were
non-resistant to conventional therapy. Prior to randomiza-
tion, all participants had been receiving standard treat-
ment with selective serotonin reuptake inhibitors or
cognitive behavioral therapy, irrespective of subsequent
allocation to the intervention or control group. Control
group participants received a sham treatment commonly
used in rTMS interventions (Supplementary Table S1).
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Of the 31 included trials, one used a per-protocol
analysis17 and six used an intention-to-treat app-
roach.31-36 Regarding comedication, 24 studies reported
the use of antidepressants, 12 reported the use of benzo-
diazepines, and 11 reported the concomitant use of both
(Supplementary Table S2).

Baseline to post-treatment effect according to cortical
target

When the results were analyzed according to cortical target,
active rTMS produced a mean reduction of -3.30 points
(95%CI -4.55 to -2.04) compared to sham, corresponding to
an average improvement of 12.2% relative to baseline
severity (baseline mean = 27.03). In addition to the pooled
MD, the 95% prediction interval was calculated, which
ranged from -8.28 to 1.45. Thus, while the mean effect
indicated that rTMS is beneficial, the true effect in future
individual studies may vary considerably, potentially ranging
from a clinically meaningful reduction to a null effect. rTMS
over the left DLPFC led to a substantial reduction in OCD
symptoms (-4.62 points on the Y-BOCS, 95%CI -7.73 to
-1.52; Z = 2.92; p = 0.004), with moderate heterogeneity
(I2 = 61%).

Significant efficacy was not found for the right DLPFC
(-1.32 points, 95%CI -3.18 to 0.53; p = 0.16), with
consistent homogeneity (I 2 = 0%). In studies that did not
specify a hemisphere, the largest effect was observed for
stimulation of the DLPFC (-6.42 points, 95%CI -8.90 to
-3.95; Z = 5.09; p o 0.00001), with no evidence of
heterogeneity (I 2 = 0%). No substantial benefit was
observed for the orbitofrontal cortex (-0.81 points, 95%CI
-2.45 to 0.83; p = 0.33), with minimal heterogeneity
(I 2 = 32%; p = 0.33).

No significant results were found for the SMA (-2.88
points, 95%CI -5.93 to 0.17; p = 0.06), with a high degree
of heterogeneity (I2 = 79%; p o 0.0001). A significant
reduction of 3.92 points was found for the mPFC/ACC
(95%CI -6.93 to -0.90; p = 0.01), with low heterogeneity
(I 2 = 40%) (Figure 1).

Baseline to post-treatment effects according to
stimulation frequency and protocol

In the subgroup analysis according to stimulation fre-
quency, the MD was -3.23 points (95%CI -4.47 to -2.00),
representing a 12% improvement relative to the weighted
baseline mean (27.02). The analysis according to
stimulation frequency revealed that both low (p 1 Hz)
and high (X 5 Hz) frequency protocols produced
significant reductions in Y-BOCS scores (-3.80; p =
0.0005 and -4.03 points; p = 0.001, respectively), with
greater heterogeneity in low-frequency studies (I 2 =
74%). dTMS was also efficacious (-3.92 points;
p = 0.01), but no significant effects were found for cTBS
(p = 0.56). The between-subgroup heterogeneity was
moderate (I 2 = 63.1%), suggesting variations in response
according to protocol (Figure 2).

In the analysis according to stimulation schedule,
accelerated protocols (X 2 sessions per day; five studies)
did not significantly differ from sham (MD = -1.40; 95%CI

-3.58 to 0.78; p = 0.21). Conversely, standard protocols
(1 session per day; 24 studies) resulted in a substantial
reduction in OCD symptoms, favoring rTMS (MD = -3.76;
95%CI -5.18 to -2.34; p o 0.00001). The test for
subgroup differences was not significant (w2 = 3.15; p =
0.08) (Supplementary Figure S3).

Effect maintenance between baseline and follow-up

Y-BOCS scores reduced significantly between baseline
and follow-up, with an overall effect MD of -3.17 points
(95%CI -4.68 to -1.65; p o 0.0001). Subgroup analysis
according to follow-up duration revealed that the effect was
particularly pronounced in 12-weeks of follow-up (-5.50
points; 95%CI -8.69 to -2.31), exceeding reductions
observed in p 2-weeks of follow-up. The results were
not significant in 4 weeks of follow-up, with 95%CI -4.68,
0.31 and moderate heterogeneity (I2 = 66%) (Figure 3).

Effect maintenance during follow-up

A thorough analysis of Y-BOCS scores revealed no
significant effect, which was consistent across all the
assessed periods. In the immediate follow-up (p 2
weeks), the MD was 0.04 points (95%CI -1.46 to 1.39;
p = 0.96), which remained similar in intermediate follow-
up (X 4 weeks) (95%CI -1.04 to 1.75; p = 0.61) and late
follow-up (12 weeks) (95%CI -1.27 to 2.35; p = 0.56), with
no significant variation among periods (p = 0.87; I 2 = 0%)
(Figure 4).

Effects on anxiety from baseline to post-treatment

Analysis of anxiety levels demonstrated a significant post-
treatment reduction, with a standardized mean difference
of -0.39 (95%CI -0.54 to -0.23; Z = 4.76; p o 0.00001),
corresponding to a small effect. The I 2 value of 0% and p-
value of 0.60 indicated a lack of heterogeneity, suggesting
the findings were consistent. The Egger regression
analysis showed no evidence of publication bias (inter-
cept = -0.09; p = 0.921; 95%CI -1.85 to 1.68). The overall
effect of rTMS on anxiety (standardized mean difference =
-0.39) corresponds to a 2.3-point reduction in Hamilton
Anxiety Rating Scale scores, based on the mean standard
deviation of control groups (Supplementary Figure S4).

Effects on depression from baseline to post-treatment

The analysis of depressive symptoms indicated a modest
yet significant reduction, with a standardized mean
difference of -0.34 (95%CI -0.50 to -0.18; Z = 4.13; p o
0.0001). The heterogeneity analysis indicated no hetero-
geneity among the included studies (I 2 = 0; p = 0.80). The
Egger regression analysis showed no evidence of
publication bias (intercept = -0.50; p = 0.39; 95%CI
-1.67 to 0.67). The overall effect of rTMS on depression
(standardized mean difference = -0.34) corresponded to a
1.84-point reduction in Hamilton Depression Rating Scale
scores, based on the mean standard deviation of control
groups (Supplementary Figure S5).
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Treatment response

The treatment response analysis indicated that active
rTMS was significantly more effective than placebo, with a
RR of 3.20 (95%CI 2.08 to 4.91; p o 0.00001),
suggesting that patients who received rTMS had more

than three times the likelihood of clinical response than
controls. There was no between-study heterogeneity (I2 =
0%), indicating consistency across disparate protocols
(Supplementary Figure S6).

Analysis of participant responses revealed that the
pooled RR of 3.20 was equivalent to a NNT of 6. This

Study or Subgroup

1.4.1 L-DLPFC

Active rTMS Mean Difference
IV, Random, 95%CI Year IV, Random, 95%CI

Mean Difference
Mean MeanSD SDTotal Total Weight

Sham rTMS

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Total (95%CI)

Figure 1 Baseline to post-treatment effects according to cortical target. Prepared by the authors using RevMan 5.3.16 ACC =
anterior cingulate cortex; Chi2 = chi-square test; df = degrees of freedom; DLPFC = dorsolateral PFC; Hz = Hertz; L-DLPFC =
left DLPFC; mPFC = medial PFC; OFC = orbitofrontal cortex; PFC = prefrontal cortex; R-DLPFC = right DLPFC; rTMS =
repetitive transcranial magnetic stimulation; Tau2 = between-study variance; Z = test for overall effect.
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indicates that a minimum of six patients would require
rTMS treatment to achieve one additional clinical
response in comparison with sham treatment. The 95%
CI for the NNT was derived from the RR CI; when the
adjusted RR CI included zero, the NNT CI was
considered imprecise.

The sensitivity analysis, which was restricted to the four
studies that used the combined response criterion (Y-
BOCS X 35% + Clinical Global Impression-I 1-2 points),
revealed no significant difference between rTMS and
sham (RR = 1.58; 95%CI 0.47, 5.26; p = 0.46). As the RR
was not significant and its CI included 1, it can be

deduced that the CI for the adjusted RR included zero.
Therefore, the non-nullity test NNT CI was unstable (i.e., it
includes infinity). Consequently, the NNT for this sensi-
tivity analysis was uninformative (Supplementary Figure
S7).

Egger’s regression indicated significant funnel plot
asymmetry (intercept = 1.42; 95%CI 0.29 to 2.55; p =
0.02), suggesting the presence of publication bias. The
trim and fill method estimated four missing studies on the
left side (smaller or negative effects). Following adjust-
ment, the effect size changed from 3.2 (95%CI 2.08 to
4.91) to 2.7 (95%CI 1.80 to 4.07).

Study or Subgroup

1.3.1 1Hz<

Active rTMS Mean Difference
IV, Random, 95%CI Year IV, Random, 95%CI

Mean Difference
Mean MeanSD SDTotal Total Weight

Sham rTMS

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Total (95%CI)

Figure 2 Baseline to post-treatment effects according to stimulation frequency and stimulation protocol. Prepared by the
authors using RevMan 5.3.16 Chi2 = chi-square test; cTBS = continuous theta burst stimulation; df = degrees of freedom;
DLPFC = dorsolateral prefrontal cortex; dTMS = deep TMS; Hz = Hertz; OFC = orbitofrontal cortex; rTMS = repetitive TMS;
Tau2 = between-study variance; TMS = transcranial magnetic stimulation; Z = test for overall effect.

Braz J Psychiatry. 2026;48:e20254515

6 MMC Figueiredo et al.



Dropout rate

There were no significant differences in dropout rate
between groups (RR = 1.19; 95%CI 0.70 to 2.02; I2 = 0%;
p = 0.53), indicating that the rTMS tolerability profile was
similar to that of placebo in the included studies
(Supplementary Figure S8).

Egger’s regression revealed no significant funnel plot
asymmetry (intercept = 0.66; 95%CI -1.04 to 2.36; p =
0.41), indicating that publication bias was not a contribut-
ing factor. The trim and fill method estimated two missing
studies on the left side. Following adjustment, the effect
size changed from 1.19 (95%CI 0.70 to 2.02) to 1.07
(95%CI 0.64 to 1.77).

Publication bias

Publication bias was assessed through Egger’s regres-
sion and the Duval and Tweedie trim and fill method, both
utilizing a random-effects model. When all studies were
included in the analysis, Egger’s regression indicated

significant funnel plot asymmetry (intercept = -1.71; 95%
CI -2.83 to -0.59; p = 0.004), suggesting publication bias.
The trim and fill method estimated 12 missing studies on
the right side (i.e., with less negative or positive effect),
suggesting potential bias because studies with smaller or
null effects may not have been published (Supplementary
Figure S9).

Following adjustment, the effect size was substantially
reduced, from -3.11 (95%CI -4.15 to -2.06) to -1.46 (95%
CI -2.61 to -0.31). This further substantiates the prevailing
suspicion of bias in the literature (Supplementary Figure
S10).

Sensitivity analysis

The studies by Badawy et al.,37 Mansur et al.,38 Jahangard
et al.,21 and Shayganfard et al.,19 classified as high risk of
bias, were excluded in a new analysis. Following their
exclusion, the active group consisted of 431 individuals,
while the placebo group consisted of 359 participants. The
heterogeneity was moderate (I2 = 69%), with a 95%CI

Study or Subgroup

1.1.1 2 weeks<

Active rTMS Mean Difference
IV, Random, 95%CI Year IV, Random, 95%CI

Mean Difference
Mean MeanSD SDTotal Total Weight

Sham rTMS

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Total (95%CI)

Figure 3 Baseline to follow-up effects according to protocol duration. Prepared by the authors using RevMan 5.3.16 Chi2 = chi-
square test; df = degrees of freedom; DLPFC = dorsolateral prefrontal cortex; Hz = Hertz; OFC = orbitofrontal cortex; rTMS =
repetitive transcranial magnetic stimulation; Tau2 = between-study variance; Z = test for overall effect.
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-4.66; -1.96; p o 0.00001; w2 = 77.46; Z = 2.55, and there
was an average reduction of 3.31 points in Y-BOCS score,
demonstrating the persistent efficacy of rTMS compared to
placebo in reducing OCD symptom severity.

Following the exclusion of studies deemed to be at high
risk of bias, Egger’s regression analysis nevertheless
suggested potential asymmetry (intercept = -1.77; 95%CI
-3.02 to -0.53; p = 0.007). However, the trim and fill
method did not identify missing studies, thus the effect
size remained unchanged (-3.29; 95%CI -4.46 to -2.13).
This suggests that publication bias had less influence
among studies with better methodological quality.

Although studies with a high risk of bias were included
in the present analyses, a sensitivity analysis without
them was conducted to assess their influence on the
results. It was observed that even with their exclusion, the
effect of rTMS on OCD symptoms remained significant
and of similar magnitude.

Furthermore, the trim and fill method failed to detect
missing studies when only higher-quality studies were

considered, thereby reinforcing the robustness of the
findings. We decided to include all studies in the main
analysis for greater statistical power and a more
representative sample of the available literature, without
compromising the validity of the conclusions.

To assess the impact of the assumed correlation
between repeated measures, the primary meta-analysis
was repeated using r = 0.3 and r = 0.7 (plausible bounds).
In the instance of r = 0.3, the MD was -3.25 (95%CI -4.39
to -2.11; p = 0.002). The standard error was calculated to
be 0.582, the variance to be 0.339, and the I2 to be
48.2%. The prediction interval was found to be from -7.54
to 1.04. In the instance of r = 0.7, the MD was -3.59 (95%
CI -4.72 to -2.45; p o 0.001), with a standard error of
0.581, a variance of 0.338, I 2 = 76.6%, and prediction
interval = -9.00 to 1.83.

Consequently, while the pooled effect magnitude and
statistical significance remain resilient to variation in r,
between-study heterogeneity and prediction interval width
escalate with elevated assumed correlations, signifying

Study or Subgroup

1.1.1 2 weeks<

Active rTMS Mean Difference
IV, Random, 95%CI Year IV, Random, 95%CI

Mean Difference
Mean MeanSD SDTotal Total Weight

Sham rTMS

Total (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Subtotal (95%CI)

Figure 4 Follow-up effects according to protocol duration. Prepared by the authors using RevMan 5.3.16 Chi2 = chi-square
test; df = degrees of freedom; DLPFC = dorsolateral prefrontal cortex; Hz = Hertz; OFC = orbitofrontal cortex; rTMS = repetitive
transcranial magnetic stimulation; Tau2 = between-study variance; Z = test for overall effect.
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heightened uncertainty about the observations of future
studies.

Meta-regression

The meta-regression was conducted using a parsimo-
nious model (one moderator at a time), as recommended.
Baseline Y-BOCS severity was found to be a significant
moderator of the effects of rTMS (coefficient = -0.46; 95%
CI -0.88 to -0.04; p = 0.031), accounting for 47% of the
observed between-study heterogeneity. This finding
suggests that higher baseline severity is associated with
smaller reductions in symptoms, a clinically relevant
finding.

Univariate meta-regression was used to assess the
impact of two moderators: the targeting method (neuro-
navigation vs. the 5 cm rule) and the coil type (figure-eight
vs. H7). No statistically significant associations were
observed (Supplementary Table S3).

In addition to our moderator analysis, previous meta-
analyses have also explored factors associated with
treatment response to rTMS in OCD. Supplementary
Table S4 provides a comparative overview of these
moderators, highlighting that only a few studies system-
atically evaluated baseline severity or targeting precision
as potential predictors.

Evidence quality assessment

For the primary outcome of OCD severity, measured
using the Y-BOCS and including 29 studies, with 474
participants in the active group and 403 in the placebo
group, the quality of evidence was significantly compro-
mised. The risk of bias was classified as serious, with 12
studies categorized as low risk, 13 studies as unclear risk,
and six studies as high risk.

There was also evidence of serious inconsistency, as
indicated by high heterogeneity (I2 = 68%), as well as
serious imprecision, given that the 95%CI -4.55 to -2.04
did not reach a minimum clinically important difference of
5-6 points on the Y-BOCS scale. Publication bias was
suspected (p = 0.004), and the effect size was considered
large. Due to these limitations, the quality of the evidence
for this outcome was rated as very low.

Regarding the anxiety outcome, which included 26
studies, with 357 participants in the active group and 293
in the placebo group, the risk of bias was also considered
substantial, with 10 studies categorized as unclear risk
and 2 as high risk. However, neither the inconsistency
(I2 = 0%) nor the imprecision (with a narrow 95%CI of
-0.54 to -0.23) were considered serious. A lack of
publication bias was confirmed (p = 0.921) and the effect
size was minimal. The quality of the evidence for this
outcome was considered moderate, primarily due to risk
of bias concerns.

Regarding the depression outcome, which included 27
studies, with 329 participants in the active group and 287
in the sham group, the risk of bias was again considered
serious, with 11 studies categorized as unclear risk and 4
as high risk. Neither the inconsistency (I2 = 0%) nor the
imprecision (with a narrow 95%CI -0.50 to -0.18) were

categorized as serious. There was no evidence of
publication bias (p = 0.39), and the effect size was
minimal.

Therefore, the quality of evidence for this outcome was
considered moderate, with the principal limiting factor
being the risk of bias (Supplementary Figure S11). The
findings, including absolute effects and NNT, in accor-
dance with GRADE recommendations, are summarized in
Supplementary Table S5.

Discussion

This systematic review has provided updated evidence
about the effects of rTMS on OCD symptoms. It
addressed a range of factors, including different frequen-
cies, modalities, overall effects, their sustainability, and
moderators of clinical response. The brain regions
associated with statistically significant effects were the
DLPFC and the mPFC/ACC.

Significant reductions in Y-BOCS scores were found for
frequencies o 1 Hz and 4 5 Hz, as well as for dTMS, but
not for cTBS. However, the MD was below the con-
temporary minimum clinically important difference of 4.9
points, suggesting that the average effect may be
clinically modest.39 This nuanced interpretation was
supported by a favorable NNT for treatment response.

The present analysis, which focused on the endpoint
and follow-up, an area not explored in earlier reviews,
showed no significant differences between follow-up
durations of o 2 weeks, 4 4 weeks, and 12 weeks.
However, the analysis that considered baseline in relation
to follow-up showed a significant effect at o 2 weeks and
12 weeks, but not at 4 4 weeks, suggesting that the
treatment effect neither decayed nor increased over time.

Regarding secondary outcomes, rTMS effectively
reduced anxiety and depression symptoms with narrow
CIs, indicating precise estimates of small but consistent
effects. Participants receiving active rTMS were 3.2 times
more likely to respond to treatment than those receiving
placebo, and there was no significant difference in
dropout rates between the groups, suggesting that the
treatment was well tolerated.

These results corroborate previous studies, such as
systematic reviews by Liang et al.40 and Thatikonda
et al.,12 in which rTMS over the DLPFC and mPFC/ACC
had significant effects. The left DLPFC has been
associated with executive control, thus reinforcing the
importance of fronto-striatal circuit modulation in OCD. In
contrast, the right DLPFC and orbitofrontal cortex have
been associated with mood regulation and a reduction in
depressive symptoms.41,42

Contrary to the findings of Dehghani-Arani et al.,9 who
reported an effect for the right DLPFC but not for the
orbitofrontal cortex, we found no significant results for the
right DLPFC. This discrepancy may be attributable to
methodological differences in the categorization of stimu-
lation targets18,19,21 and study selection, such as Alonso
et al.43 and Seo et al.,44 which were not included in the
primary analysis due to unavailable data.

A comprehensive network meta-analysis by Vinod
et al.45 categorized excitatory bilateral DLPFC and both
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excitatory and inhibitory mPFC/ACC protocols as the
most effective interventions, with very similar and high
surface under the cumulative ranking curve values,
suggesting comparable efficacy between these targets.
This convergence of evidence across methodologies is
further underscored by the earlier work of Liang et al.,40

who also found DLPFC stimulation to be highly effica-
cious. However, it is important to note a point of
divergence: while Vinod et al.45 found the mPFC/ACC to
be highly effective, while Liang et al.40 did not find HF-
rTMS over the ACC/mPFC to be superior to sham,
highlighting potential methodological or study selection
differences.

Dehghani-Arani et al.’s9 electrical field modeling pro-
vides a potential neurophysiological rationale for the
efficacy of these targets, demonstrating that DLPFC
stimulation generates strong electric fields in cognitive
circuits, while the pre-SMA modulates a wider array of
circuits implicated in OCD pathophysiology. The prepon-
derance of evidence suggests that both the DLPFC and
the mPFC/ACC are robust and leading targets for rTMS in
OCD, potentially resulting in superior outcomes to other
sites, such as the orbitofrontal cortex.

No significant effect was found for the SMA, which
contradicts the findings of previous meta-analyses.40,46

The lack of an effect may be explained by our inclusion of
only studies whose patients were on stable medication for
X 2 months and our exclusion of those involving
pharmacological changes during the protocol. This is in
contrast to earlier analyses, which included studies with
concomitant medication adjustments.47

Furthermore, our inclusion of three studies published
after 2022, which had not been included in previous
analyses, enhanced the robustness of the evidence.
Previous reviews have included open-label studies7 or
excluded cTBS protocols,9 which limits the possibility of
direct comparisons with the current review. We found that
protocols operating at frequencies o 1 Hz and 4 5 Hz
were efficacious.48 This finding is consistent with a clinical
trial by Elbeh et al.49 and a meta-analysis by Zhou et al.10

The meta-analysis reported significant improvements that
were sustained for up to 3 months, with no observed
difference between low and high frequency protocols.
This effect is associated with modulation of GABAergic
interneurons, which are essential for cortical inhibi-
tion.50,51 dTMS has also shown promising results, with
Carmi et al.32 reporting a response rate of 45.2% in the
active group vs. 17.8% in the sham group after 1 month.

More recently, Houben et al.52 replicated and extended
these findings in a multicenter RCT using deep TMS over
the dorsal medial PFC/ACC combined with symptom
provocation, reporting significant reductions in Y-BOCS
scores and sustained benefits at 4 weeks post-treatment,
thereby reinforcing the robustness of this target, which
has been approved by the U.S. Food and Drug
Administration.

In accordance with these findings, a recent meta-
analysis by Li et al.53 demonstrated that dTMS has robust
efficacy for treatment-resistant OCD. Patients receiving
active dTMS were 3.7 times more likely to respond than
those receiving sham stimulation, and sustained benefits

were observed at 1 month of follow-up. This evidence
reinforces that dTMS over the mPFC/ACC is a reliable
and well-tolerated protocol, a notion that is currently
supported by converging data from both individual
randomized clinical trials and aggregated analyses.

The ineffectiveness of cTBS for OCD is in accordance
with a meta-analysis by Perera et al.54 This may be
attributable to the reduced total stimulation load and the
selection of non-responsive cortical targets, such as the
SMA and the orbitofrontal cortex, which had previously
been identified as non-significant targets in previous
reviews9,12 and the present review. This is further
compounded by the reduced number of sessions and
the limited sample sizes.55-59

This finding aligns with Perera et al.,54 whose meta-
analysis revealed comparable improvements for low-
frequency rTMS and cTBS over the right DLPFC, with
no significant between-group difference. These results
suggest that cTBS may not offer any significant advan-
tage over conventional protocols,60 which is in contrast to
the emerging, albeit complex, evidence for its counter-
part, iTBS. The divergent clinical outcomes could be
rooted in their fundamental neurophysiological effects, in
which iTBS facilitates and cTBS inhibits cortical
excitability.61

In a randomized controlled trial, Akyol et al.62 used
an accelerated d-iTBS protocol, finding a significant
group x time interaction and a delayed therapeutic effect,
a pattern also hinted at in earlier pilot work.63 The
investigation of such accelerated iTBS protocols is
motivated by their success in other conditions, such as
treatment-resistant depression.64 Consequently, the null
findings for cTBS and the delayed efficacy for iTBS
emphasize that both the protocol type (inhibitory vs.
facilitatory) and the temporal assessment window are
critical.

In parallel with these protocol-specific findings, accel-
erated protocols have garnered attention for their capacity
to expedite symptom alleviation. Observational datasets
and small pilot trials have reported early responses and
high responder rates, but these are typically uncontrolled
and underpowered.65,66 To date, the most rigorous
randomized evidence has revealed significant post-treat-
ment improvements in both arms but no between-group
superiority.25 Future studies should directly compare
these TBS modalities using optimized targets, intensive
regimens, and extended follow-up to definitively establish
their distinct roles in OCD treatment.

Accordingly, in a meta-analysis, Joseph et al.67

reported a moderate pooled effect size for accelerated
TMS paradigms across psychiatric disorders, with pre-
liminary and inconsistent evidence specifically for OCD. It
is evident that uncontrolled studies may result in the
overestimation of between-group effects.

Despite promising results, there is currently a lack of
sufficient controlled evidence to conclude whether accel-
erated paradigms are superior to standard or sham
protocols. In the above mentioned meta-analysis, the
‘‘accelerated’’ subgroup included only five studies, which
resulted in limited power and considerable heterogeneity.
Consequently, despite their initial promise, there is
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currently insufficient controlled evidence to conclude that
accelerated paradigms are superior to standard protocols
or sham treatment.

Building upon these findings, accelerated TMS/TBS
protocols have emerged as a potential strategy to shorten
treatment and speed clinical response. Recent studies
have indicated favorable short-term efficacy and accep-
table tolerability across affective disorders, with prelimin-
ary support regarding OCD.25,68 However, it should be
noted that protocols remain heterogeneous and follow-up
data are scarce.

Carmi et al.’s32 multicenter randomized controlled trial
established dTMS over the mPFC/ACC as a Food and
Drug Administration-approved protocol for OCD, thereby
underscoring the importance of addressing maintenance
strategies. Pragmatic maintenance approaches inspired
by rTMS protocols for depression suggest that weekly
sessions during the first month, followed by biweekly
boosters for 2 to 4 months, may be reasonable methods
of consolidating treatment gains.69

Beyond innovations in stimulation frequency and
scheduling, an important aspect observed in our review
was that only two of the included studies32,33 incorporated
symptom provocation prior to stimulation in order to more
strongly engage hyperactivated fronto-striatal circuitry in
OCD. The available theoretical evidence suggests that
stimulating specific cortical regions during an activated
state may enhance neural plasticity and thereby improve
the clinical effects of rTMS/dTMS. The evidence base for
targeting the mPFC/ACC using the H7 coil in OCD is
supported by a mechanistically coherent rationale in the
cortico-striatal-thalamo-cortical circuit model.

Carmi et al.32 found that high-frequency dTMS over the
dorsal medial PFC/ACC led to a significant reduction in Y-
BOCS scores in comparison with sham stimulation, with
sustained effects during follow-up. This target is neuro-
biologically justified, as the ACC and dorsal medial PFC
are key nodes in the affective limbic loop of the cortico-
striatal-thalamo-cortical circuit, which is hyperactive in
patients with OCD and normalized following effective
treatment. The H7 coil’s capacity to modulate these
deeper structures, as evidenced by computational mod-
eling and physiological studies, enhances the interven-
tion’s specificity in comparison to superficial coils.70

In the effect maintenance analysis, the stability of
clinical gains achieved with rTMS emerged as the most
salient finding. A comparison of post-treatment and
follow-up assessments showed no significant decay in
effects across time windows. Interpreted from a non-
inferiority perspective, this indicates that symptom
improvement was maintained after treatment discontinua-
tion,51,71,72 a conclusion corroborated by the sustained
significance of baseline to follow-up comparisons at p 2
and 12 weeks.73 The loss of significance at 4 weeks is
likely attributable to dissipation of the acute effect and to
methodological variability,74 which does not invalidate the
overall stability pattern.

However, the lack of increased effects in subsequent
assessments serves to reinforce the finding that, without
structured reinforcement protocols (a limitation of most of
the included trials), the effects tend to plateau, with rTMS-

induced neural plasticity remaining temporary and without
consolidation.75-77

This perspective is corroborated by the findings of
recent studies: although randomized clinical trials have
investigated intensified protocols (e.g., twice-daily cTBS)
and extended reinforcement sessions, Dehghani-Arani
et al.9 concluded that such dosing does not inherently
amplify the magnitude of symptom improvement. The
present findings are consistent with this conclusion,
indicating that the primary function of reinforcement may
be to consolidate the effects and prevent their long-term
decay, rather than to induce further increases.78

As demonstrated by Thatikonda et al.,12 rTMS is
efficacious in reducing anxiety and depression symptoms,
which suggests benefits for core OCD symptoms and
emotional comorbidities. The findings of our meta-
analysis support the hypothesis that rTMS can function
as an adjuvant intervention for OCD, whilst simulta-
neously exposing its clinical limitations.

The mean improvement in Y-BOCS scores, while
statistically significant, falls below the contemporary mini-
mum clinically important difference threshold of 5-6 points,39

suggesting that the average effect may be clinically modest
for the general population. However, the responder analysis
indicated that a subgroup of patients experiences a clinically
robust benefit, which aligns with the recognized hetero-
geneity of OCD and the hypothesis that only certain cortico-
striatal circuits can be modulated by rTMS.

Beyond the quantitative findings, it is important to
examine the nature and meaning of these improvements
in anxiety and depressive symptoms. The effects on
anxiety and depression, although modest, are consistent
and clinically relevant. This is because anxious and
depressive comorbidities often worsen OCD prognosis,
increase avoidance behaviors, and limit therapeutic
adherence.79 However it is crucial to acknowledge the
inherent limitation of shared method variance.80 Given
that improvement in anxiety and depression symptoms
was assessed in the same individuals and within the
same context as the primary OCD intervention, it is
plausible that part of this effect reflects a secondary
artifact of the core reduction in obsessive-compulsive
symptoms, rather than a direct and independent effect of
rTMS on mood.

Network studies81 have indicated that symptoms such
as ‘‘panic’’ and ‘‘distress caused by compulsive beha-
viors’’ act as central and bridge nodes, potentiating
symptom interconnectivity and justifying the indirect
targeting of these domains by rTMS. Collectively, these
results suggest that rTMS should not be viewed as an
isolated therapy, but rather as part of a multimodal
strategy. It is particularly suited for patients with specific
symptom profiles or anxiety comorbidities, potentially
combined with pharmacological approaches and expo-
sure-based psychotherapies, which are crucial for redu-
cing avoidance.

Despite the fact that the moderator tests did not yield
significant associations with rTMS response, the expand-
ing corpus of literature on functional connectivity suggests
that targeting precision may be critically important.
Recent studies have demonstrated that resting-state
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networks and connectivity involving the thalamus, ACC,
and mPFC correlate with treatment response in OCD and
other psychiatric disorders.79,82 These findings support
the hypothesis that targeting methods based on functional
connectivity, as opposed to scalp heuristics or superficial
coil placement, have the potential to enhance the clinical
efficacy of rTMS.

The non-significant moderator analysis results could be
attributed to several factors, including an insufficient
number of study participants, variations in localization
protocols (e.g., the 5-cm rule83 vs. neuronavigation vs.
imaging-based identification), and heterogeneity in the
precise location of the target. In agreement with the
circuit-specific effects emphasized in the moderator
analysis, Postma et al.84 demonstrated that pretreatment
task-based fMRI activation and connectivity in cognitive
control and motor-inhibitory networks predict individual
response to rTMS over the DLPFC and pre-SMA when
combined with exposure therapy, thereby highlighting the
relevance of neuroimaging-informed personalization.

Our finding that higher baseline severity (according to
Y-BOCS score) is associated with less symptom improve-
ment is consistent with recent naturalistic studies.85

However, previous meta-analyses have not consistently
observed this effect,86 which may reflect differences in
studies, moderator coding, or power.

Conversely, Storch et al.87 found that patients with
elevated baseline severity had greater absolute improve-
ment following dTMS over the dorsal medial PFC/ACC.
This divergence is presumably attributable to methodolo-
gical differences, given that our meta-regression used
study-level data from heterogeneous protocols, whereas
Storch et al.87 analyzed individual-level outcomes from a
single RCT. Collectively, these findings imply that the role
of baseline severity in rTMS response may be contingent
on analytical level and clinical context, underscoring the
need for individual-participant data meta-analyses.

Contrary to previous meta-analyses by Zhou et al.10

and Pellegrini et al.,11 which found no significant relation-
ship, we found that greater baseline OCD symptom
severity (according to Y-BOCS scores) in the active
group was associated with poorer response to rTMS
treatment. This key finding may explain the previously
observed null results. It is conceivable that within their
cohorts, which mainly consisted of treatment-resistant
patients88 (a subgroup characterized by high severity and
low responsiveness), the ‘‘ceiling’’ effect of severity was
already in effect, thereby obscuring detection of a linear
gradient. The broader dataset, encompassing a wider
range of severity levels, revealed an inverse dose-
response relationship, indicating that patients recruited
for rTMS trials who begin treatment in a more severe state
are generally those who benefit the least.

Although earlier meta-analyses40,46,86 have provided
valuable evidence supporting the efficacy of rTMS for
OCD, the present review offers several methodological
and temporal advancements. Specifically, our study
included trials published until September 2024, thereby
extending the evidence base beyond that of previous

analyses. This was achieved by applying more stringent
inclusion criteria, such as stable medication use, and
excluding open-label designs. Furthermore, we con-
ducted quantitative assessments of treatment durability
and moderator effects, which had not been systematically
explored in previous reviews. These refinements con-
tribute to a more contemporary and rigorous under-
standing of the clinical profile of rTMS in OCD.

When interpreting these findings, it is imperative to
consider their methodological constraints. The present
study is subject to several limitations. First, the moderator
analyses were conducted at the study level rather than
the participant level, which could introduce a risk of
ecological bias. Despite re-running the meta-regression
using parsimonious models were restricted to one
moderator at a time, the restriction to more elementary
analytical approaches limited our ability to address
collinearity and interaction effects.

The limited number of studies conducted in specific
subgroups, such as accelerated protocols and symptom
provocation, precluded more robust analyses and may
have resulted in lower statistical power. The methodolo-
gical heterogeneity across the included trials, in terms of
stimulation parameters, response definitions, and blinding
integrity, may have influenced both the magnitude and the
consistency of the observed effects.

A final limitation pertains to the September 2024 search
cut-off. Subsequent randomized controlled trials52,60,62,84

were not included in the quantitative synthesis. These
studies explored novel paradigms, such as deep iTBS,
combined rTMS-exposure and response prevention
designs, and neuroimaging-based predictors, which
broaden the emerging evidence base.

In conclusion, this updated meta-analysis lends further
support to the efficacy of rTMS as an adjunctive
intervention for OCD, with the most consistent evidence
supporting the DLPFC and mPFC/ACC as targets, while
cTBS and SMA showed no significant benefits. Although
the mean Y-BOCS reductions were statistically signifi-
cant, they fell below the contemporary threshold for
clinical significance, suggesting modest average benefits
at the population level but clinically meaningful effects in
responder subgroups.

In addition, there was a discernible yet uniform
reduction in anxiety and depressive symptoms, accom-
panied by favorable tolerability and an attrition rate
commensurate with the sham group. These findings
support the role of rTMS within a multimodal treatment
strategy for OCD. However, the results also underscore
the need for future trials that employ standardized
protocols, enhanced targeting precision, and systematic
evaluation of maintenance strategies to ensure sustained
long-term benefits.
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