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Abstract Randomised and sham-controlled trials (RCTs) of repetitive transcranial magnetic
stimulation (rTMS) in the treatment of obsessive-compulsive disorder (OCD) have yielded
conflicting results, which may be due to the variability in rTMS parameters used. We
performed an updated systematic review and meta-analysis on the effectiveness of rTMS for
the treatment of OCD and aimed to determine whether certain rTMS parameters, such as
cortical target, may be associated with higher treatment effectiveness. After conducting a
systematic literature review for RCTs on rTMS for OCD through to 1 December 2016 using
MEDLINE, PubMed, Web of Science, PsycINFO, Google, and Google Scholar, we performed
a random-effects meta-analysis with the outcome measure as pre-post changes in Yale-Brown
Obsessive Compulsive Scale (Y-BOCS) scores. To determine whether rTMS parameters may
have influenced treatment effectiveness, studies were further analysed according to cortical
target, stimulation frequency, and length of follow-up. Data were obtained from 18 RCTs on
rTMS in the treatment of OCD. Overall, rTMS yielded a modest effect in reducing Y-BOCS
scores with Hedge’s g of 0.79 (95% CI = 0.43–1.15, p < 0.001). Stimulation of the supple-
mentary motor area yielded the greatest reductions in Y-BOCS scores relative to other cortical
targets. Subgroup analyses suggested that low frequency rTMS was more effective than high
frequency rTMS. The effectiveness of rTMS was also greater at 12 weeks follow-up than at
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four weeks follow-up. Our meta-analysis implies that low frequency rTMS applied over the
supplementary motor area may offer the greatest effectiveness in the treatment of OCD. The
therapeutic effects of rTMS also appear to persist post-treatment and may offer beneficial long-
term effectiveness. With our findings, it is suggested that future large-scale studies focus on the
supplementary motor area and include follow-up periods of 12 weeks or more.

Keywords Repetitive transcranial magnetic stimulation . rTMS . Obsessive-compulsive
disorder . OCD . Cortical target . Stimulation frequency . rTMS parameters . Long-term
effectiveness . Treatment

Obsessive-compulsive disorder (OCD) is a chronic and debilitating psychiatric disorder with a
lifetime prevalence of 2.3% [1]. It is mainly characterised by obsessions, which are persistent
and intrusive thoughts, urges or images that an individual finds distressing, and compulsions,
which are repetitive, time-consuming behaviours or mental acts usually performed to prevent
or reduce distress [2]. OCD is severely incapacitating due to its intensity and continuous or
deteriorative course [3], and is also associated with impaired social and occupational func-
tioning, and reduced quality of life [4, 5].

Current first-line treatments for OCD include selective serotonin reuptake inhibitors
(SSRIs) or cognitive-behavioural therapy (CBT) [6]. However, 40–60% of OCD patients fail
to respond to medication, or are unable to tolerate medication side effects [7]. The majority of
patients with OCD also remain symptomatic following CBT [8]. Treatment-resistant OCD
patients are defined as those who undergo satisfactory trials of first-line treatments without
showing an adequate response, usually defined by a reduction in Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) score ≥ 25% with respect to baseline [9]. Thus, novel strategies,
such as repetitive transcranial magnetic stimulation (rTMS) should be considered for the
efficacious treatment of resistant OCD [10–12].

rTMS is a non-invasive neuromodulation method where strong electrical currents
are passed through a coil to induce repetitive magnetic field pulses in a localised area
directly below the coil. The pulses have sufficient intensity to pass through the skull
to superficial brain areas, where it depolarises cortical neurons [13]. Depending on the
stimulation frequency, rTMS can either inhibit cortical activity at ≤1 Hz (low-frequen-
cy rTMS or LF-rTMS) or enhance cortical activity at ≥5 Hz (high-frequency rTMS or
HF-rTMS) [14, 15].

Although the aetiology and pathophysiology of OCD are not completely understood, OCD
has been associated with dysfunctions in the orbitofronto-striato-pallido-thalamic circuitry
[16–18]. This includes the dorsolateral prefrontal cortex (DLPFC), anterior cingulate gyrus,
supplementary motor area (SMA), orbitofrontal cortex (OFC), medial prefrontal cortices, and
basal ganglia [16–18]. Neurophysiological studies reveal that the DLPFC, SMA and OFC are
hyperactive in patients with OCD [18], and this hyperactivity has been associated with deficits
in processing information and response control [19–22]. Abnormalities in the DLPFC have
been linked to deficits in monitoring, working memory and higher-level planning in OCD [21,
23]. Hyperactivity in the SMA may explain deficient inhibitory control over behaviour in
patients with OCD, as the SMA has extensive connections with subcortical striatal areas
involved in response control [22]. The OFC is involved in emotional and motivational
processing, and excessive activity in this region may relate to deficits in the inhibition of
irrelevant information in OCD [19].
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As rTMS can modulate cortical activity, it has been utilised in the treatment of OCD due to
the neurophysiological abnormalities proposed to underlie the disorder. Initial studies applying
rTMS over the DLPFC did not report superiority over placebo [11, 12]. Although significant
improvements in OCD symptoms have been found following HF-rTMS applied over the
DLPFC in open-label trials [24, 25], no significant differences between active and sham
groups have been found in randomised controlled trials (RCTs) utilising LF-rTMS [26] or
HF-rTMS [27]. The heterogeneity in protocols and conflicting results in the limited literature
on rTMS in OCD have made it difficult to conclude whether rTMS is efficacious from
individual studies, but meta-analyses have revealed that active rTMS is superior to sham
rTMS in the treatment of OCD [28, 29].

Studies targeting the SMA or OFC have found significant improvements in OCD following
rTMS [30–34]. A meta-analysis by Berlim et al. [28] suggested that the SMA and OFC are
more appropriate rTMS targets than the DLPFC. This has been attributed to the restoration of
cortical inhibition induced by LF-rTMS applied over the SMA and OFC, thus allowing
patients with OCD to inhibit intrusive thoughts, impulses and repetitive motor responses
[28]. In support of this, LF-rTMS applied over the SMA has been found to restore cortical
inhibition in the motor cortex in patients with OCD, and is correlated with an improvement in
OCD symptoms [35, 36]. While the SMA and OFC appear to be more promising targets,
Berlim et al. [28]‘s subgroup analysis included a small number of studies. In contrast to the
positive findings in the majority of studies targeting the SMA with LF-rTMS [30, 32, 37],
Pelissolo et al. [38] found that active LF-rTMS targeting the SMAwas not superior to sham
controls. A more recent meta-analysis by Trevizol et al. [29] also failed to find methodological
predictors (including cortical targets) of rTMS responsiveness. The main characteristics of
published meta-analyses on rTMS in OCD are summarised in Table 1. However, the number
of RCTs focusing on the SMA [31, 38] and OFC [33] is increasing.

The long-term effectiveness of rTMS in the treatment of OCD must also be evaluated as
rTMS is a labor-intensive and time-consuming technique [58]. The existing meta-analyses [28,
29] have only examined the efficacy of rTMS for OCD at the end of treatment, and it is
unknown whether the therapeutic effects of rTMS are maintained after treatment ceases. For
example, Ruffini et al. [34] found a loss of significance between active and sham groups
12 weeks post-rTMS targeted at the OFC. Meanwhile, Gomes et al. [30] found that the
therapeutic effects were significantly larger and maintained in patients who received active
rTMS targeted at the SMA compared to sham controls at 12 weeks post-rTMS.

This study aimed to perform a more extensive meta-analysis on the efficacy of rTMS in the
treatment of OCD using a larger number of recently published RCTs to assess whether certain
rTMS parameters, such as cortical target and stimulation frequency are more effective in
improving OCD symptoms. The study also aimed to extend existing literature by evaluating
the post-treatment effects of rTMS in the treatment of OCD.

Methods

Search Strategy

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [59]. A systematic search of the databases MEDLINE (from 1946),
PubMed (from 1946), Web of Science (from 1900), PsycINFO (from 1806), Google and
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Google Scholar through to 1 December 2016 was performed to identify relevant articles. The
search used the terms ‘obsessive compulsive disorder’ or ‘OCD’ or ‘obsessions’ or ‘compul-
sions’ AND ‘transcranial magnetic stimulation’ or ‘TMS’; these terms were searched as text
word and as exploded medical subject headings where possible. The reference list of previous
systematic reviews [10–12] and existing meta-analyses [28, 29, 45] on rTMS in OCD was
examined for appropriate studies. No language restrictions were placed on either the search or
study selection, however all searched papers were published in English. Unpublished studies
were not searched.

Study Selection

Studies were included if they met the following inclusion criteria: (1) included subjects aged
18–75 years with a primary diagnosis of OCD according to the Diagnostic and Statistical
Manual of Mental disorders (DSM-IV) [60] or the Diagnostic and Statistical Manual of Mental
disorders (DSM-IV-TR) [60] or the International Classification of Diseases [61]; (2)
randomised, sham-controlled trials with either single- or double-blinding or parallel or cross-
over design (with only data from the initial randomisation being used for the latter to avoid
carryover effects); (3) greater than five subjects with OCD randomised per study arm; (4) LF-
(≤1 Hz) or HF-rTMS (≥5 Hz) given for ≥5 sessions either as monotherapy or as an augmen-
tation strategy for OCD (5) reported pre- and post-rTMS Yale-Brown Obsessive Compulsive
Scale (Y-BOCS) [62] scores and standard deviation (SD) to evaluate the severity of symptoms
as the outcome. We excluded studies if they started rTMS concurrently with a new psycho-
tropic medication or if they otherwise did not satisfy the inclusion criteria.

Data Extraction

The data extraction was performed using a standardised data extraction form, collecting
information on sample characteristics (mean age, gender, number of cases and controls,
monotherapy or augmentation, presence of treatment-resistant OCD), rTMS treatment charac-
teristics (cortical target(s), stimulation frequency, intensity, treatment duration, number of
treatment sessions, type of sham), and score changes (pre-post rTMS, pre-follow-up rTMS,
duration of follow-up, SD) on the Y-BOCS. Authors were not contacted for missing data.

Statistical Analysis

All analyses were performed with Comprehensive Meta-analysis Version 3.0 (Biostat, Engle-
wood, NJ, 2014), which uses an inverse-invariance method to weigh individual effect sizes.
Hedge’s g and 95% confidence intervals (CI) were calculated for the effectiveness of rTMS in
the treatment of OCD using the primary outcome measure of reduction in Y-BOCS score from
pre- to post-rTMS, and the reduction in Y-BOCS score from pre-rTMS to follow-up for
analyses on the longer-term effects of rTMS in OCD. This was performed using a random-
effects model [63]. We assessed heterogeneity with Cochran’s Q statistic, with p < 0.10
indicating heterogeneity, and quantified the degree of heterogeneity using the I2 statistic,
which represents the percentage of the total variability across studies which is due to
heterogeneity. I2 values of 25%, 50% and 75% corresponded to low, moderate and high
degrees of heterogeneity respectively [64]. We quantified publication bias using the Egger’s
regression model [65], with the effect of bias assessed using the fail-safe number method [66].

Psychiatr Q (2018) 89:645–665 649



We conducted a mixed-effects analysis, and used a random-effects model to combine
studies within each subgroup. A fixed-effect model was then used to combine subgroups
and yield the overall effect. To assess whether OCD improvement was modified by cortical
target, another subgroup analysis was performed by subgrouping the RCTs into right DLPFC
(R-DLPFC), left DLPFC (L-DLPFC), bilateral DLPFC (B-DLPFC), OFC, and SMA. We also
assessed whether rTMS effectiveness was dependent on stimulation frequency by subgrouping
RCTs into LF- and HF-rTMS protocols. Additionally, we assessed whether LF- or HF-rTMS
was more effective at the DLPFC by subgrouping RCTs with a DLPFC target by their
stimulation frequency. As all existing RCTs targeting the SMA have been performed with
LF-rTMS, the effectiveness of stimulation frequency targeting the SMAwas not analysed.

We further assessed the duration of clinical improvements post-rTMS using RCTs reporting
follow-up Y-BOCS scores. The effectiveness of rTMS post-treatment was evaluated by
calculating the reduction from pre-rTMS to follow-up Y-BOCS scores. Two additional meta-
analyses were performed using RCTs with short-term follow-up (≤ 4 weeks) and longer-term
follow-up (12 weeks) periods.

Results

Eighteen RCTs were included in this meta-analysis [26, 27, 30–32, 34, 38, 40–44, 48, 49,
54–57]. Figure 1 shows the selection of studies from the 1140 potentially relevant studies
identified from our original search. This resulted in 484 subjects with OCD, of whom 262 were
randomised to active rTMS (M = 33.63 years, SD = 5.32) and 222 randomised to sham rTMS
(M = 33.78 years, SD = 5.17). The mean number of rTMS sessions delivered was 14.63 ± 6.0.
rTMS was used as an augmentation strategy for OCD in all RCTs and most enrolled subjects
had some degree of treatment-resistance. Due to this, only data from the group receiving rTMS
as augmentation was included from the Badawy et al. [42] study. A pooled effect size was
calculated for the HF-rTMS and LF-rTMS groups in the Elbeh et al. [54] study to avoid
including the same comparison sham group twice, as recommended by Borenstein et al. [67].
The main characteristics of the included RCTs are described in Table 2. In the case of multiple
follow-up measurements [31, 44], the follow-up Y-BOCS score at the last follow-up period
was used to calculate the improvement in OCD severity (as assessed using Y-BOCS score
reductions) from pre-rTMS to follow-up in the subsequent meta-analyses. The duration of
follow-up from which this data were taken for these analyses has been reported in Table 2.

Pre-Post OCD Symptoms

Data relating to Y-BOCS score changes were available from all 18 RCTs and was either
reported in the articles or assessed by graphic evaluation. The change in Y-BOCS scores was
calculated as the reduction in Y-BOCS scores from pre-rTMS to post-rTMS, and greater
reduction indicated greater improvements in the severity of OCD symptoms. Overall, active
rTMS was significantly superior to sham rTMS in reducing Y-BOCS scores (g = 0.79, 95%
CI = 0.43–1.15, p < 0.001), as shown in Fig. 2. RCTs reporting pre-post Y-BOCS scores had
moderate heterogeneity (I2 = 71.32, p < 0.001). Visual inspection of the Forest Plot suggested
that this was mainly caused by two studies [30, 31].

Egger’s regression analysis showed that publication bias was present (p = 0.004), as shown
in Fig. 3. The Fail-Safe N of missing studies that would render our result statistically non-
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significant was 16. However, it is highly improbable that 16 studies with non-significant or
negative findings were missed or excluded in the current meta-analysis as a systematic search
of multiple databases was performed. Furthermore, as no more than 25 studies have been
published over the past 20 years, it is unlikely that 16 similar studies were unpublished. As the
Funnel Plot was not symmetrical, the trim-and-fill procedure was performed and found no
difference in point estimate (g = 0.66). Therefore, publication bias was not an issue in the
current meta-analysis.

Cortical Target

As shown in Fig. 4, RCTs applying active rTMS over the B-DLPFC, R-DLPFC and the SMA
yielded significant improvements in Y-BOCS scores over sham rTMS. Targeting the SMA
produced the greatest effect size (g = 1.68, 95% CI = 0.07–3.29, p = 0.041), followed by the B-
DLPFC (g = 1.18, 95% CI = 0.45–1.91, p = 0.002), and R-DLPFC (g = 0.58, 95% CI = 0.20–
0.97, p = .003). Active rTMS was not significantly superior to sham rTMS in improving Y-
BOCS scores in RCTs targeting the L-DLPFC (g = 0.24, 95% CI = −0.17 – 0.65, p = 0.253).
RCTs targeting the OFC showed a trend towards improvement in Y-BOCS scores with active
rTMS, but did not reach statistical significance (g = 0.60, 95% CI = −-0.02–1.22, p = 0.059).

Heterogeneity was not statistically significant among RCTs included in the subgroup
analysis on cortical target (Q = 6.94, p = 0.14). However, it must be noted that our subgroup
analysis included a small number of studies, and Cochran’s Q has low power with few studies.

Poten�ally relevant studies
iden�fied and screened for
retrieval (k=1140)

Studies excluded because they were irrelevant based
on �tle (k=562), duplicate studies (k=449), reviews
(k=41)

Studies retrieved for more
detailed evalua�on (k=88)

Poten�ally appropriate
studies for inclusion in meta-
analysis (k=32)

Studies included in meta-
analysis (k=18)

Studies excluded a�er abstracts assessed
(k=43)

Studies excluded because they did not
meet inclusion criteria (k=14)

(k=14, excluded due to no sham control)

Fig. 1 The selection of studies included in the meta-analysis
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Heterogeneity was low between RCTs targeting the L-DLPFC (I2 = 0, p = 0.81) and OFC (I2 =
0, p = 0.72). RCTs targeting the B-DLPFC had insignificant heterogeneity (I2 = 48.67, p =
0.14), whereas those targeting the SMA were highly heterogeneous (I2 = 91.04, p < 0.001).
Visual inspection of the Forest Plot suggested that this was caused by two studies [30, 31].
Indeed, after removal of these studies from analyses, heterogeneity was no longer significant
(I2 = 0, p = 0.56) and active rTMS was not significantly superior to sham rTMS (g = 0.22, 95%
CI = −0.31 – 0.74, p = 0.419). RCTs targeting the R-DLPFC (I2 = 57.19, p = 0.04) were
heterogenous, and appeared to be caused by two studies [54, 65].

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper 

g limit limit p-Value

Alonso [26] 0.34 -0.56 1.23 0.459

Prasko [40] 0.43 -0.29 1.15 0.239

Sachdev [27] 0.11 -0.77 1.00 0.799

Kang [41] 0.07 -0.77 0.91 0.862

Ruffini [34] 0.49 -0.38 1.35 0.272

Mantovani [32] 0.43 -0.46 1.32 0.342

Badawy [42] 0.16 -0.45 0.77 0.604

Sarkhel [43] 0.22 -0.38 0.81 0.471

Mansur [44] 0.22 -0.51 0.96 0.549

Gomes [30] 3.01 1.81 4.22 0.000

Nauczyciel et al. [33] 0.72 -0.17 1.61 0.115

Ma [45] 0.79 0.20 1.38 0.009

Haghighi [47] 1.97 0.95 2.98 0.000

Jahangard [50] 0.96 -0.24 2.15 0.116

Elbeh [49] 1.67 0.85 2.48 0.000

Pelissolo [38] 0.10 -0.54 0.75 0.756

Hawken [31] 3.46 2.15 4.76 0.000

Seo [51] 0.95 0.18 1.73 0.016

0.79 0.43 1.15 0.000

-5.00 -2.50 0.00 2.50 5.00

Favours Sham Favours Active rTMS

Fig. 2 Meta-analysis of Active vs. Sham rTMS for OCD: Pre-post Y-BOCS scores
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Fig. 3 Funnel plot of included RCTs reporting pre-post Y-BOCS scores indicating publication bias
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Stimulation Frequency

As shown in Fig. 5, statistically significant improvements in Y-BOCS scores were found in
RCTs with LF-rTMS (g = 0.97, 95% CI = 0.42–1.51, p = 0.001) and HF-rTMS (g = 0.55, 95%
CI = 0.13–0.97, p = 0.01). Heterogeneity was insignificant between RCTs with HF-rTMS
protocols (I2 = 53.30, p = 0.05). Heterogeneity was high between RCTs with LF-rTMS proto-
cols (I2 = 77.35, p < 0.001). Visual inspection of the Forest Plot suggested that this was caused
by three studies [30, 31, 54]. Heterogeneity was no longer significant upon removal of these
three studies (I2 = 0, p = 0.79), but active LF-rTMS still offered greater improvements in OCD
symptoms than sham rTMS (g = 0.42, 95% CI = 0.14–0.70, p = 0.003).

Post-rTMS Effects

Four Weeks or Less Data relating to Y-BOCS scores of four weeks or less post-rTMS were
available from 6 RCTs. Active rTMS remained statistically significantly superior to sham
rTMS in treating OCD within four weeks post-treatment (g = 0.81, 95% CI = 0.01–1.60, p =
0.047), as shown in Fig. 6. There was high heterogeneity among RCTs with follow-up periods
of four weeks or less (I2 = 84.48, p < 0.001). Visual inspection of the Forest Plot suggested that
it was caused by one study [31] and heterogeneity was no longer significant upon removal of
this study (I2 = 0, p = 0.88).

Twelve Weeks Data relating to Y-BOCS scores at 12 weeks post-rTMS were available from
three RCTs. Active rTMS remained statistically significantly superior to sham rTMS in

Group by

Target

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper

g limit limit p-Value

-5.00 -2.50 0.00 2.50 5.00

DLPFC Ma [45] 0.79 0.20 1.38 0.009

DLPFC Haghighi [47] 1.97 0.95 2.98 0.000

DLPFC Jahangard [50] 0.96 -0.24 2.15 0.116

0.00219.154.081.1DLPFC

LDLPFC Prasko [40] 0.43 -0.29 1.15 0.239

LDLPFC Sachdev [27] 0.11 -0.77 1.00 0.799

LDLPFC Badawy [42] 0.16 -0.45 0.77 0.604

0.25356.071.0-42.0LDLPFC

OFC Ruffini [34] 0.49 -0.38 1.35 0.272

OFC Nauczyciel et al. [33] 0.72 -0.17 1.61 0.115

0.05922.120.0-06.0OFC

RDLPFC Alonso [26] 0.34 -0.56 1.23 0.459

RDLPFC Kang [41] 0.07 -0.77 0.91

RDLPFC Sarkhel [43] 0.22 -0.38 0.81

RDLPFC Mansur [44] 0.22 -0.51 0.96

RDLPFC Elbeh [49] 1.67 0.85 2.48

RDLPFC Seo [51] 0.95 0.18 1.73

40.190.075.0RDLPFC

SMA Mantovani [32] 0.43 -0.46 1.32

SMA Gomes [30] 3.01 1.81 4.22

SMA Pelissolo [38] 0.10 -0.54 0.75

SMA Hawken [31] 3.46 2.15 4.76

0

1

0.862

0.471

0.549

0.000

0.016

20.0

0.342

0.000

0.756

0.000

40.092.370.086.1SMA

Favours Sham Favours Active rTMS

Fig. 4 Subgroup analysis of Active vs. Sham rTMS by specific cortical target: pre-post Y-BOCS scores. L: left;
R: right; DLPFC: dorsolateral prefrontal cortex; OFC: orbitofrontal cortex; SMA: supplementary motor area
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treating OCD at 12 weeks post-treatment (g = 1.26, 95% CI = 0.12–2.39, p = 0.030), as shown
in Fig. 7. There was high heterogeneity among RCTs with follow-up periods of 12 weeks (I2 =
79.27, p = 0.008), and visual inspection of the Forest Plot suggested that this was caused by
one study [30]. All results from subgroup analyses have been summarised in Table 3.

Discussion

The current study is the first meta-analysis to assess whether the effectiveness of rTMS in
improving OCD symptoms is moderated by its application over different cortical targets. Our
findings reveal that rTMS applied over the SMAyields greater improvements in OCD severity
than rTMS applied over the DLPFC or OFC, which has not been found in previous meta-

Group by

Frequency

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper

g limit limit p-Value

High Sachdev [27] 0.11 - 0.77 1.00 0.799

High Badawy [42] 0.16 - 0.45 0.77 0.604

High Sarkhel [43] 0.22 - 0.38 0.81 0.471

High Mansur [44] 0.22 - 0.51 0.96 0. 549

High Ma [45] 0.79 0.20 1.38 0.009

High Haghighi [47] 1.97 0.95 2.98 0. 000

High Jahangard [50] 0.96 - 0.24 2.15 0. 116

010.079.031.055.0High

Low Alonso [26] 0.34 - 0.56 1.23 0.459

Low Prasko [40] 0.43 - 0.29 1.15 0.239

Low Kang [41] 0.07 - 0.77 0.91 0.862

Low Ruffini [34] 0.49 - 0.38 1.35 0. 272

Low Mantovani [32] 0.43 - 0.46 1.32 0.342

Low Gomes [30] 3.01 1.81 4.22 0. 000

Low Nauczyciel et al. [33] 0.72 - 0.17 1.61 0.115

Low Elbeh [49] 1.67 0.85 2.48 0.000

Low Pelissolo [38] 0.10 - 0.54 0.75 0.756

Low Hawken [31] 3.46 2.15 4.76 0.000

Low Seo [51] 0.95 0.18 1.73 0.016

010.015.124.079.0Low

-5.00 -2.50 0.00 2.50 5.00

Favours Sham Favours  Active rTMS

Fig. 5 Subgroup analysis of Active vs. Sham rTMS by stimulation frequency: HF-rTMS vs. LF-rTMS

Study name Statistics for each study Hedges's g 

and 95% CI
Hedges's Lower Upper

g limit limit p-Value

Prasko [40] 0.23 -0.48 0.94 0.525

Kang [41] 0.07 -0.77 0.91 0.870

Sarkhel [43] 0.24 -0.35 0.84 0.422

Mansur [44] 0.26 -0.47 1.00 0.480

Ma [45] 0.57 -0.01 1.16 0.053

Hawken [31] 5.61 3.77 7.46 0.000

0.81 0.01 1.60 0.047

-8.00 -4.00 0.00 4.00 8.00

Favours Sham Favours Active rTMS

Fig. 6 Meta-analysis of Active vs. Sham rTMS for OCD: ≤ 4 weeks post-treatment
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analyses. This may be attributed to the inclusion of two recent studies targeting the SMAwith
rTMS [31, 38]. Given that a large reduction in OCD severity following rTMS treatment was
found in Hawken et al. [31], the inclusion of this study may have contributed to the significant
advantage of a SMA target over other cortical targets, found in the current meta-analysis.
While Berlim et al. [28] identified the SMA and OFC as more promising rTMS targets for
treating OCD than the DLPFC, the current meta-analysis performed separate subgroup
analyses for RCTs targeting the SMA and OFC, and revealed that targeting the SMA yielded
significant improvements in OCD symptoms, whereas active rTMS targeting the OFC did not
appear to be more effective than sham rTMS. Although studies targeting the OFC and SMA
remain scarce, which limits our ability to draw conclusions, the current meta-analysis extends
existing research by clarifying the differing effectiveness of rTMS in OCD when applied over
different cortical regions.

The SMA appears to be the most effective cortical target in the treatment of OCD using
rTMS, and this has been attributed to the normalisation of hyperactive orbitofronto-striatal
circuits induced by LF-rTMS [32]. The SMA plays a central role in motor planning and
response-inhibition [18, 21, 68], and has extensive connections to regions involved in cogni-
tive and emotional processes [69, 70]. Studies suggest that hyperactivity in this area may be
associated with deficient inhibitory control over repetitive behaviours that patients with OCD
display [22, 71], thus making it an attractive target for the inhibitory effects of LF-rTMS. In
support of this, motor-pathway excitability increases from baseline after LF-rTMS, demon-
strating increased cortico-subcortical inhibition, and is associated with beneficial responses in
patients with OCD [32]. Furthermore, cortical excitability studies have found that LF-rTMS

Statistics for each study Hedges's g 

and 95% CI
Hedges's Lower Upper 

g limit limit p-Value

Ruffini [34] 0.34 -0.52 1.20 0.437

Gomes [30] 2.55 1.45 3.66 0.000

Elbeh [49] 1.03 0.29 1.77 0.007

1.26 0.12 2.39 0.030

-4.00 -2.00 0.00 2.00 4.00

Favours Sham Favours Active rTMS

Fig. 7 Meta-analysis of Active vs. Sham rTMS for OCD: 12 weeks post-treatment

Table 3 Summarised subgroup analyses

Subgroups k Heterogeneity I2(%) P for I2 Hedge’s g (95% CI) P for Hedge’s g

Cortical target
SMA 4 91.04 <0.001 1.68 (0.07–3.29) 0.041
B-DLPFC 3 48.67 0.14 1.18 (0.45–1.91) 0.002
R-DLPFC 6 57.19 0.04 0.58 (0.20–0.97) 0.003
L-DLPFC 3 0 0.81 0.24 (−0.17–0.65 0.253
OFC 2 0 0.72 0.60 (−0.02–1.22) 0.059

Frequency
High 7 53.30 0.05 0.55 (0.13–0.97) 0.01
Low 11 77.35 <0.001 0.97 (0.42–1.51) 0.001
< 4 weeks post-treatment 6 84.48 <0.001 0.81 (0.01–1.60) 0.047
12 weeks post-treatment 3 79.27 0.008 1.26 (0.12–2.39) 0.030
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applied over the pre-SMA increased inhibition in the primary motor cortex, which was
correlated with effective clinical response in OCD symptoms [35]. Therefore, it appears that
LF-rTMS targeted at the SMAmay have assisted patients with OCD to inhibit repetitive motor
responses and improve OCD symptoms by restoring cortical inhibition. Van den Heuvel [72]
has also reported that different brain areas may be involved in OCD depending on the specific
OCD symptom, e.g. harm/checking symptoms versus contamination/cleaning symptoms.
Hence, future studies should also attempt to examine the relationship between treatment
response after stimulation of different anatomical areas and specific OCD symptoms.

LF-rTMS has also been used to normalise hyperactivity in the OFC as it is associated with
deficient control over intrusive thoughts, impulses, or urges present in OCD [11]. However, the
OFC is located deep beneath the scalp and is difficult to stimulate with conventional rTMS
devices [33, 34]. Our findings indicate that rTMS applied over the OFC was not significantly
more effective than sham rTMS, however it must be noted that this subgroup only consisted of
two RCTs, and the effectiveness of the OFC as a cortical target for rTMS cannot be concluded.

Alternatively, the use of LF-rTMS in all RCTs with a SMA target may have accounted for
the higher effectiveness associated with the SMA. This is because LF-rTMS has been found to
be more effective than HF-rTMS in both previous meta-analyses [28] and in our subgroup
analysis on frequency in the current meta-analysis. It could be argued that the use of both
excitatory HF-rTMS and inhibitory LF-rTMS in RCTs targeting the DLPFC may have
attenuated its potential effectiveness as a cortical target. However, upon inspection of
the subgroup analyses comparing HF- to LF-rTMS targeted at the DLPFC, LF-rTMS
targeted at the SMA appeared to be more effective than LF-rTMS targeting the
DLPFC. Therefore, the effectiveness associated with the SMA appears better ex-
plained by cortical target rather than frequency.

Our findings indicate that rTMS targeted at the DLPFC offered greater improvements in
OCD symptoms than sham rTMS, in contrast to Berlim et al. [28]‘s findings of a non-
significant difference between active and sham rTMS applied over the DLPFC, regardless of
frequency. This could be explained by the inclusion of a greater number of RCTs in the current
meta-analysis. The recent meta-analysis by Zhou et al. [50] also found significant improve-
ments of active rTMS applied over the DLPFC in comparison to sham treatments, supporting
the findings of the current meta-analysis.

Nevertheless, rTMS applied over the DLPFC was less effective in improving OCD
symptoms than rTMS applied over the SMA. It has been suggested that rTMS applied over
the DLPFC induces improvements in comorbid anxiety and depression rather than specific
OCD symptoms [12, 27, 32]. Most of the RCTs included in our meta-analysis had patients
with comorbid anxiety and depression [30, 32, 33, 38, 41, 43, 44, 57], and rTMS applied over
the DLPFC may have produced improvements in OCD symptoms that were secondary to
improvements in depression and anxiety. For example, meta-analyses of rTMS applied over
the DLPFC in patients with depression have reported a significant reduction in depression
scores after active rTMS compared to sham [39, 73, 74]. A case study also found that patients
who responded to rTMS treatment (> 25% reduction in Y-BOCS scores) did not have
comorbid psychiatric disorders [75]. The current study may have found significant but less
effective reductions in OCD severity following active rTMS applied over the DLPFC relative
to the SMA, due to potential non-specific improvements in depression and anxiety associated
with a DLPFC target.

Alternatively, studies have reported greatest improvements in depressive symptoms when
HF-rTMS was applied over the DLPFC [73, 74], whereas the current meta-analysis found the
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greatest improvement in OCD symptoms following LF-rTMS applied over the SMA. Im-
provement in OCD symptoms may be independent of improvements in comorbid depression
due to the differences in rTMS protocols. The current meta-analysis did not assess whether
improvements in comorbid depression or anxiety were linked to specific rTMS frequencies
and cortical targets used in the alleviation of OCD symptoms, and cannot conclude whether
improvements in OCD are independent or secondary to the potential antidepressant or
anxiolytic effects of rTMS. However, comorbidity is common in patients with OCD [76]
and findings from the current meta-analysis therefore offer ecological validity in assessing
whether rTMS offers clinical utility, especially in the treatment of resistant OCD.

Moreover, the current meta-analysis is the first to assess whether improvements in OCD
symptoms persist post-rTMS. Our findings revealed that active rTMS was superior to sham
rTMS in improving OCD symptoms at four weeks or less and at 12 weeks post-treatment.
Although the instability of this finding within four weeks post-treatment is evident in the 95%
confidence interval, rTMS appears to offer beneficial medium and longer-term effectiveness –
the therapeutic effects of active rTMS were maintained post-treatment.

Our findings further imply that active rTMS was more effective at improving OCD
symptoms at 12 weeks post-treatment compared to four weeks or less post-treatment. It is
possible that the therapeutic effects of rTMS are gradual and take several weeks to become
established. This delay in clinical response may be explained by the gradual restoration of
cortical inhibition post-rTMS, as emerging evidence suggests that rTMS interacts with the
normal processes of brain plasticity to induce structural remodelling of neuronal networks
[77]. However, due to the few studies included in the analysis of efficacy of rTMS at 12 weeks
follow-up, the current findings should be interpreted with caution.

Nevertheless, OCD improvements appeared to be greater at the 12-week timepoint, which
resembles the timepoint required for improvements induced by pharmacological interventions
for OCD to become apparent. Recommended pharmacotherapy trials for SSRIs and clomip-
ramine last 12 weeks [78, 79], and it is well-established that the benefits of clomipramine and
various SSRIs have been found to increase slowly and gradually over several weeks, with the
greatest effectiveness seen at 12 weeks [80, 81]. The gradual improvements associated with
SSRIs for OCD have been attributed to the slow reversal of structural brain abnormalities [82],
and the beneficial effects of rTMS may similarly require sufficient time for these neuronal
changes to occur. rTMS may induce long-term changes in the effectiveness of synapses
between cortical neurons in a manner that resembles long-term depression and long-term
potentiation [77]. However, the long-term effects of rTMS are poorly understood, and further
investigation into its mechanism of action is required.

It is also possible that our finding of greater effectiveness at 12 weeks can be accounted by
other factors. For example, patients assessed at follow-up may have received other treatments
post-rTMS which could have contributed to delayed improvement in OCD symptoms. Alter-
natively, pharmacotherapy may have begun to become effective after 12 weeks in patients with
OCD in the RCTs with follow-ups, therefore inflating effectiveness at a later timepoint.
However, most enrolled patients had chronic and resistant OCD, and had failed at least one
adequate trial of pharmacotherapy for OCD. Therefore, this is unlikely to account for our
findings of greater rTMS effectiveness at a later follow-up period of 12 weeks. The high
heterogeneity in RCTs with follow-up periods of four weeks or less, and 12 weeks must also
be noted. This was most likely due to a lack of consistency in the length of follow-up in the
included RCTs, especially as we grouped RCTs with follow-up periods ranging from one to
four weeks in our four weeks or less post-rTMS meta-analysis. Despite this, our findings
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indicate that future RCTs should include follow-up at 12 weeks post-rTMS, and aim to
perform follow-up periods past 12 weeks to further elucidate the full effect of rTMS in the
treatment of OCD.

Taken together, our findings indicate that active rTMS is significantly superior to sham
rTMS in the treatment of OCD, in line with findings from existing meta-analyses [28, 29]. Our
subgroup analyses further reveal that both active LF- and HF-rTMS were more effective than
sham rTMS. Despite this, LF-rTMS was more effective at improving OCD symptoms than
HF-rTMS, which may be attributed to the inhibitory effects of LF-rTMS on the hyperactive
orbitofronto-striatal circuits associated with deficient control over irrelevant information and
responses in OCD [19, 21–23].

However, the current findings should be interpreted in light of the limitations of the
included RCTs. Many of the RCTs were heterogeneous in terms of clinical variables and
stimulation parameters. Furthermore, many of the enrolled patients had resistant OCD, which
limits our ability to draw definitive conclusions about the effectiveness of rTMS in the
treatment of OCD with other characteristics, such as early illness course or drug-naivety. As
many of the patients were also maintained on pharmacological treatments throughout rTMS
trials, it is possible that there exists a synergistic effect between rTMS and these medications. It
is suggested that future studies perform rTMS trials on drug-naïve patients with OCD.
Presently however, rTMS is being mainly considered as a treatment for resistant OCD, rather
than a first-line treatment as it is a time-consuming and labour-intensive technique [58].

The large improvements in OCD symptoms associated with active rTMS applied over the
SMA should be interpreted cautiously as inspection of the 95% CI reveals the instability of
these improvements. In our subgroup analysis on cortical target, there was significantly high
heterogeneity among RCTs targeting the SMA. This was mainly caused by two trials [30, 31],
and removal of these trials revealed negligible benefits of active rTMS over the SMA. Gomes
et al. [30] reported that their sample consisted of patients with fewer years of disease –
therefore being less chronic – and with shorter duration of the current OCD episode, which
may explain the higher treatment effectiveness found in their study relative to other studies.
Meanwhile, Hawken et al. [31] performed the largest number of rTMS sessions, which may
have accounted for their findings of higher rTMS effectiveness.

The current meta-analysis did not examine rTMS response rates or dropout rates, which is a
limitation which must be considered when evaluating rTMS as a possible therapeutic option
for patients with resistant OCD. Berlim et al. [28] found that 35% and 13% of subjects
receiving active or sham rTMS respectively, were classified as responders. Regarding accept-
ability of rTMS treatment, drop-out rates have not been reported to differ between active and
sham rTMS in multiple studies.

The quality of available sham rTMS conditions has also been under dispute [28]. Zhou
et al. [50] recently reported a larger effect size in clinical trials utilising a tilted-coil placebo
compared to those with sham coils. Thus, sham coils may produce larger placebo effects than
tilted coils as sham coils can produce auditory and somatic sensations similar to that of an
active coil [83].

Finally, the objective measure of publication bias suggested that there was a significant
possibility of a publication bias. However, we performed a comprehensive and systematic
search of existing literature, with extensive inclusion criteria to isolate high-quality
trials. Furthermore, the trim-and-fill procedure confirmed the beneficial effect of active
rTMS over sham rTMS in the treatment of OCD, thus rendering the severity of
possible publication bias negligible.
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Although the clinical utility of rTMS in the treatment of OCD requires further investigation
as to the most optimal stimulation parameters, the current meta-analysis indicates that LF-
rTMS applied over the SMA may offer the greatest improvement in OCD symptoms.
Furthermore, the therapeutic effects of rTMS appear to be persist post-rTMS, thus offering
promising long-term effectiveness. With this, it is suggested that future large-scale studies
focus on the SMA as a cortical target for rTMS in the treatment of OCD and include follow-up
periods of 12 weeks or more to further elucidate the full effect of rTMS for OCD.
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