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Introduction: Obsessive-compulsive disorder (OCD) is a highly prevalent chronic disorder, often refractory to treatment. While remaining elusive, a full understanding of the pathophysiology of OCD is crucial to optimize treatment. Transcranial magnetic stimulation (TMS) is a non-invasive technique that, paired with other neurophysiological techniques, such as electromyography, allows for in vivo assessment of human corticospinal neurophysiology. It has been used in clinical populations, including comparisons of patients with OCD and control volunteers. Results are often contradictory, and it is unclear if such measures change after treatment. Here we summarize research comparing corticospinal excitability between patients with OCD and control volunteers, and explore the effects of treatment with repetitive TMS (rTMS) on these excitability measures.

Methods: We conducted a systematic review and meta-analysis of case-control studies comparing various motor cortical excitability measures in patients with OCD and control volunteers. Whenever possible, we meta-analyzed motor cortical excitability changes after rTMS treatment.

Results: From 1,282 articles, 17 reporting motor cortex excitability measures were included in quantitative analyses. Meta-analysis regarding cortical silent period shows inhibitory deficits in patients with OCD, when compared to control volunteers. We found no statistically significant differences in the remaining meta-analyses, and no evidence, in patients with OCD, of pre- to post-rTMS changes in resting motor threshold, the only excitability measure for which longitudinal data were reported.

Discussion: Our work suggests an inhibitory deficit of motor cortex excitability in patients with OCD when compared to control volunteers. Cortical silent period is believed to reflect activity of GABAB receptors, which is in line with neuroimaging research, showing GABAergic deficits in patients with OCD. Regardless of its effect on OCD symptoms, rTMS apparently does not modify Resting Motor Threshold, possibly because this measure reflects glutamatergic synaptic transmission, while rTMS is believed to mainly influence GABAergic function. Our meta-analyses are limited by the small number of studies included, and their methodological heterogeneity. Nonetheless, cortical silent period is a reliable and easily implementable measurement to assess neurophysiology in humans, in vivo. The present review illustrates the importance of pursuing the study of OCD pathophysiology using cortical silent period and other easily accessible, non-invasive measures of cortical excitability.

Systematic review registration: [https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020201764], identifier [CRD42020201764].
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Introduction

Obsessive-compulsive disorder (OCD) is a chronic and highly incapacitating neuropsychiatric disorder with a lifetime prevalence of 1.3%, and is a major contributor to the health-economic burden of mental disorders (1, 2). First-line treatments include pharmacotherapy, typically with a serotonin reuptake inhibitor, cognitive-behavioral psychotherapy (CBT), or a combination of both. Between 40 and 60% of patients with OCD fail to achieve response criteria with first-line treatments, advising for the need to improve our knowledge regarding therapeutic options for this clinical condition (3). New neuromodulatory approaches to treatment, namely, transcranial magnetic stimulation (TMS) (4) and deep brain stimulation (DBS) (5) offer novel possibilities for treatment-resistant OCD. Several targets and stimulation parameters have been tested for the treatment of OCD using TMS, but no clear consensus exists regarding the best combination of stimulation parameters and stimulation target. While several studies support low-frequency protocols over the dorsolateral prefrontal cortex (6), others found greater effectiveness for low frequency rTMS over the supplementary motor area or for specific combinations of different targets and stimulation parameters (7, 8). All these studies have used rTMS delivered with a traditional figure-of-eight coil. In 2019 deep TMS (dTMS), delivered at high frequencies over the medial prefrontal cortex with a coil specially designed to reach deeper structures in the brain, received FDA clearance for the treatment of OCD, based on the work of Carmi et al. (4). Despite these unquestionable advances, optimization of treatment remains critically dependent on our ability to fully understand the pathophysiology of this complex disorder, as well as our ability to develop reliable predictors of treatment response at an individual level (9).

While much of the pathophysiology of OCD remains a mystery, there is reasonable consensus that it involves dysfunction of cortico-striato-thalamo-cortical (CSTC) circuits underlying sensorimotor, cognitive, affective, and motivational processes (10). Additionally, imaging studies comparing patients with OCD and control volunteers consistently report increased volumes of putamen, cerebellum and striatum (11, 12). This is in contrast with smaller volumes of the dorsomedial prefrontal, medial orbitofrontal and insular opercular cortices and hippocampus, which also are reported in studies comparing patients with OCD and control volunteers (13–15). With regards to neurochemical mechanisms, there is evidence that OCD may be associated with impaired functioning of major neurotransmitter systems, such as serotonin, dopamine, glutamate, and GABA. Such evidence is mostly indirect and relies on measurements performed with MRI spectroscopy or neurophysiological techniques (16–19). One such technique is TMS, typically coupled with electromyography (EMG). TMS is a non-invasive brain stimulation technique based on electromagnetic induction. Through transmission of an intense, brief pulse of electrical current through loops of wire, pulsatile magnetic fields are generated perpendicularly to the plane of the coil. These magnetic fields penetrate the scalp and skull adjacent to the coil, inducing electric gradients in cortical tissue that can modify neuronal activity (20). When paired with EMG as a way of quantitatively assessing motor evoked potentials induced by TMS pulses, TMS allows for the assessment of various measures of cortical responsiveness that are considered indirect measures of specific neurotransmitter function, such as cortical silent period (believed to reflect GABAB receptor-mediated inhibition), short-interval intracortical inhibition (believed to reflect GABAA receptor mediated inhibition), or intracortical facilitation (possibly reflective of glutamate-mediated excitatory interneuronal circuits) (21–25). In the specific case of OCD, this approach has been used to compare measures of cortical excitability in patients with OCD and control volunteers. Unfortunately, studies have adopted a wide diversity of TMS-EMG experimental paradigms, and this has led to inconsistent and sometimes contradictory results (26–29).

To the best of our knowledge, there have been no systematic reviews specifically dedicated to studies using TMS-EMG paradigms to assess cortical excitability in OCD, although a 2013 review and meta-analysis of cortical excitability abnormalities in various neuropsychiatric disorders included two studies conducted in patients with OCD (30). Here we propose to fill that gap by systematically reviewing studies that used TMS-EMG paradigms to assess corticospinal excitability in patients with OCD and control volunteers, and performing meta-analyses and meta-regressions whenever possible. Our main focus will be case-control differences in motor cortical excitability. Secondarily, in an exploratory approach, we will assess the association between treatment of OCD with rTMS and changes in motor cortical excitability.



Materials and methods


Protocol and registration

The systematic review protocol is published in the PROSPERO database (CRD42020201764) and is freely available to consult at https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020201764.



Information sources and search strategy

The systematic literature search was performed on EMBASE, Web-of-Science, PubMed, and PsycINFO databases. Our search considered papers published until March 2022. Syntax was as follows, considering adaptations based on rules established by each search database: diagnosis of interest (obsessive-compulsive disorder, OCD, obsession/obsessive symptoms, compulsion/compulsive symptoms, anxiety disorders) and neurophysiology-related terms (theta burst stimulation, TBS, transcranial magnetic stimulation, TMS, excitation, excitability, modulation, modulate, control, change, modify, activity, activate, deactivate, facilitate, facilitation, inhibit, improve, impair, inhibition, adjust, adjustment, transform, induce, modulated, decrease, affect). Study selection was filtered based on study model and language, with only studies with human subjects reported in English, Portuguese, Spanish, French, or German considered. No filters were applied regarding publication date or country of origin (Supplementary Method 1).



Study selection and eligibility criteria

After the removal of duplicate entries, two researchers (DRS and AM) independently reviewed the final list of eligible articles, proceeding to its filtering based on PRISMA guidelines (31). To be considered eligible for synthesis, studies needed to have a case-control design evaluating measures of motor cortical excitability in patients with OCD, diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-III or later edition), or its equivalent in the International Classification of Diseases (ICD-9 or later editions), and also in control volunteers. Studies without a control-group of healthy subjects were retained for exploratory analyses addressing specific questions such as the association between motor cortical excitability and disease severity (meta-regression), or the association between treatment with rTMS and longitudinal within-subject changes in motor cortical excitability measures (longitudinal meta-analysis). To perform such analysis, we included the active arm of randomized controlled-trials, open-label studies, cohort studies and case series with a minimum of three subjects. Study eligibility was also dependent on the acquisition of at least one type of motor cortical excitability measure. Specifically, the following excitability measures were considered: resting or active motor threshold (RMT/AMT); cortical silent period (CSP); motor evoked potential amplitude, latency or area under the curve (MEP); 140/120 ratio–motor evoked potential amplitude ratio at increasing stimulus intensity from 140 to 120%; intra-cortical facilitation (ICF); short-interval intracortical inhibition (SICI); long-interval intra-cortical inhibition (LICI); ratio and/or difference between all aforementioned excitability measures before and after a single session of rTMS or theta burst stimulation (TBS) or other excitability modulation protocol applied to motor cortex (i.e., excitability modulation measures). (For full description of each measure, please see Supplementary Table 1).

Studies were deemed ineligible if there was no formal OCD diagnosis, or if they included individuals diagnosed with a major central nervous system (CNS) disorder–e.g., epilepsy, multiple sclerosis, amyotrophic lateral sclerosis, Parkinson’s disease, Huntington’s disease; individuals with cancer with known CNS involvement, or with co-morbid major peripheral nervous system (PNS), neuromuscular system (NMS) or muscle-skeleton system (MSS) disorders–e.g., Guillain-Barré syndrome, muscular dystrophias; and individuals with other medical conditions that may influence the CNS, PNS, NMS, or MSS – e.g., hepatic failure, paraneoplastic syndrome, chronic, or acute renal failure, heart failure or other severely debilitating cardiovascular conditions, uncontrolled diabetes. Studies without peer-review, case reports (or case series with less than three patients), literature reviews and meta-analyses were also not included in the final list of included studies. However, the reference lists of these publications were searched for additional eligible references that might have escaped the original search strategy. Reference lists of all the included studies were likewise screened for the same purpose.



Data extraction, data items and risk of bias

Two researchers (DRS and AM) extracted data separately, according to PRISMA guidelines (31). The following variables were collected: first author name, year of publication, type of study, title, publication journal, sample sizes in total and per group (i.e., clinical and control volunteer groups). For each group we extracted data regarding handedness, sex, age, OCD age of onset and/or illness duration, treatment refractoriness, severity of the disorder (as assessed by formal psychometric instruments at baseline and post-treatment, if applicable). We also included TMS-related variables, namely, stimulation frequency, stimulation intensity and motor cortical excitability measures and their respective method of acquisition. Whenever available, we extracted data for RMT, AMT, MEPs, SICI, LICI, ICF, CSP, 140/120 ratio, and the ratio and/or change in the previously mentioned measures after a single session of rTMS or TBS. When needed, corresponding author of eligible studies were contacted to request additional data or clarify information provided in the articles. Study quality score was established by consensus between DRS and AM, according to the Newcastle-Ottawa Quality Assessment Scale (NOS) for case-control studies (32).



Data analysis

Analyses were performed using Rstudio’s meta package (33) and Comprehensive Meta-analysis, Version 3. SPPS, version 26 (IBM corp.) was used to compute means, standard deviations, and other metrics, when individual data was provided by contacted authors. For our primary goal, we conducted random effects model pairwise meta-analyses of individual motor cortical excitability measures comparing patients with OCD and control volunteers. Hedge’s g effect size estimates were computed using metacont (33) function (Rstudio), based on sample size, mean, and standard deviation provided in each study for each individual excitability measure, both for patients with OCD and control volunteers. While separate meta-analyses were conducted for each excitability measure individually, whenever a study reported more than one measurement of the same excitability measure, these results were averaged (34). For instance, if a CSP measurement was conducted both at 110 and 120% of the RMT and authors report results separately for each assessment, an average of these two results was calculated and entered into the meta-analysis. The same approach was used when SICI and ICF measures were reported at different interstimulus intervals (ISI) in the same study.

For exploratory purposes, active arms of controlled studies were analyzed jointly with open-label studies, cohort studies and case series with a minimum of three subjects. Data from these studies were entered into an exploratory random effects model pairwise meta-analysis of change in motor cortical excitability from before to after a treatment. Hedge’s g effect size estimates were computed based on the formula proposed by Borenstein et al. (35) to correct effect size and variance in pre-post design studies. Mean within-group differences between pre- and post-treatment cortical excitability were likewise computed according to Borenstein et al. (35) (For a full description, please see Supplementary Methods 2, 3). Meta-analyses based on such effect sizes and respective SE were computed with RStudio’s metagen function, using an inverse variance method (33).

Univariate meta-regression models were conducted to assess variables that could moderate motor cortical excitability values in patients with OCD, when at least 10 studies were available (34). Per-protocol, we were interested in the following moderators for univariate meta-regression models: age, sex, handedness, age at onset of OCD, baseline severity scores, use of any medication or other treatment strategies, degree of refractoriness, TMS coil-type, pulse-type, stimulation frequency, stimulation intensity, and bias score (based on the NOS for the quality assessment of non-randomized articles).

Sensitivity analyses were performed for individual meta-analyses of each cortical excitability measure by restricting analyses to: papers with a NOS score <5; studies that used the same method to assess the motor cortical excitability measure of interest; intervention studies that found significant pre to post-rTMS reduction of OCD symptoms; intervention studies that used the same treatment protocol and parameters. We were also interested in assessing evidence of interhemispheric differences in motor cortical excitability in patients with OCD. Sensitivity analyses were only performed when a minimum of four studies remained in the restricted set of studies.

To assess heterogeneity, we estimated I2 and Egger et al. (36) method to assess publication bias (36), whenever ten or more papers were included in the meta-analysis. Otherwise, a significant risk of bias was automatically assumed.




Results


Literature review

Our systematic search generated, after removal of duplicates, 1,282 entries. After an iterative review by title, abstract and full-text, 17 studies reporting motor cortex excitability measures and fulfilling all the criteria previously described were considered eligible for quantitative synthesis (Figure 1) (4, 26–29, 37–48). All 17 studies included patients with OCD, and 8 of them were case-control studies also including a comparison group of control volunteers (26–29, 38, 46–48). Only these 8 case-control studies were included in the primary analyses. Of the remaining 9 studies, 8 were randomized controlled trials, or open label studies (4, 37, 39–41, 43–45). One study was a case series with 14 participants (42). The most frequently reported measure was RMT, reported in all 17 studies (see Table 1 for full description of the studies and Supplementary Table 2 for additional details on cortical excitability measure results).
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FIGURE 1
Study selection flowchart.



TABLE 1    Summary results of eligible studies.

[image: Table 1]

The 17 eligible studies included in the review comprised a total of 878 participants, with 558 patients with OCD (M = 33.3; SD = 6.3 years old; 34.8% female) and 320 control volunteers (M = 33.7; SD = 4.5 years old; 41.8% female). Patients with OCD had a mean Yale-Brown Obsessive Compulsive Scale (Y-BOCS) score at enrollment of 25.5 (SD = 4.6). Age of onset for OCD was, on average, 17.8 (SD = 2.9) years old (Table 1). The 8 case-control studies included a total of 549 participants, with 255 patients with OCD and 294 control volunteers. Studies considered for the pre-post design meta-analyses comprised 120 patients with OCD (Table 1). Quality assessment of case-control studies rendered an average of 5.9 (SD = 1.9) obtained in the NOS scale (Supplementary Table 3).



Results and synthesis of studies

Pairwise meta-analyses of motor cortical excitability measures comparing patients with OCD and control volunteers show that CSP is significantly shorter in patients with OCD [N = 5; g = −0.82; p < 0.01; I2 = 76.1%; Mean difference = −25.68 milliseconds; CI = (−40.45; −10.91)] (Figure 2D). For RMT the difference between patients with OCD and control subjects was not significant, albeit at a borderline level (N = 8; g = −0.76; p = 0.05; I2 = 86%) (Figure 2A). The other cortical excitability measures were not significantly different in patients with OCD and control volunteers: ICF (N = 5; g = −0.07; p = 0.78; I2 = 75.5%) (Figure 2B), and SICI (N = 6; g = 0.38; p = 0.27; I2 = 78.9%) (Figure 2C). For AMT and MEP amplitude no meta-analysis was performed due to a low number of includable studies (For data on these measures, please see Supplementary Tables 2, 4).
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FIGURE 2
(A) Forest plot comparing resting motor threshold (RMT) between patients with OCD and control volunteers. (B) Forest plot comparing intracortical facilitation (ICF) between patients with OCD and control volunteers. (C) Forest plot comparing short intracortical inhibition (SICI) between patients with OCD and control volunteers. (D) Forest plot comparing cortical silent period (CSP) between patients with OCD and control volunteers.




Exploratory and sensitivity analyses

Exploratory meta-analyses of studies that assessed motor cortical excitability before and after rTMS treatment were only possible for left primary motor cortex RMT, for which pre- and post-TMS values were reported in five studies. Each of these five studies used a different treatment protocol (Supplementary Table 5). We found no significant change in RMT from pre- to post-treatment, in patients with OCD (N = 5; g = −0.03; p = 0.74; I2 = 0.0%) (Supplementary Figure 1 and Supplementary Table 6).

We performed further sensitivity analyses for RMT, SICI, ICF, CSP based on the NOS scores of the corresponding studies. Restricting analyses to studies with high NOS scores produced results that were no different from those of the main analyses, although the effect size for case-control differences in CSP was substantially larger in this restricted data-set (N = 4; g = −0.99; p < 0.001, I2 = 73.8%) (Supplementary Figure 2). The RMT meta-analysis was significant when we excluded two studies (38, 48) that measured RMT using a different methodology than the remaining studies (N = 6; g = −1.06; p = 0.03; I2 = 88.4%) (Supplementary Figure 3). Meta-analyses restricted to sham-controlled trials that reported a statistically superior clinical effect of rTMS treatment and of interhemispheric asymmetry in cortical excitability as measured by RMT among patients with OCD were not possible due to a low number of studies (For data on these measures, please see Supplementary Tables 4, 6). Additional sensitivity analyses based on homogeneity of the methods used to assess excitability measures were not possible due to the extensive methodologic heterogeneity (see Supplementary Table 7 for more detail on data acquisition).



Meta-regressions

We only had enough data to perform univariate meta-regression models for RMT. We tested the association between this variable and age (N = 12; coefficient = 0.45; SE = 0.49; p = 0.36), sex (N = 13; coefficient = 0.22; SE = 0.19; p = 0.28), Y-BOCS scores (N = 12; coefficient = 0.08; SE = 0.60; p = 0.89), and percentage of medicated patients in each study (N = 13; coefficient = 0.03; SE = 0.09; p = 0.77). None of these moderators had a statistically significant effect on RMT.




Discussion

Our study proposed to systematically review and to meta-analyze the existing literature on motor cortical excitability measured non-invasively using TMS-EMG paradigms, in OCD, and in control volunteers. We found limited evidence of increased motor cortical excitability in OCD compared to control volunteers, namely, a shorter duration of the CSP and, possibly, lower RMT.

Cortical silent period is a cortical excitability measure that reflects the duration of the period of suppression in electromyographic activity that typically follows a single TMS pulse delivered to the primary motor cortex while a mild voluntary contraction of the corresponding muscle of interest is being performed (49). It has good test-retest reliability under different conditions and methodological implementations (50, 51), making it a potentially useful marker of disease and/or treatment response for this clinical population. There is evidence that CSP reflects intracortical GABAergic activity, more specifically GABAB receptor activity (52, 53), and our results are thus aligned with existing evidence that GABAB receptor function may be impaired in OCD. In fact, patients with OCD tend to have lower plasma levels of GABA when compared to control volunteers (54). Furthermore, Magnetic Resonance Spectroscopy case-control studies in OCD have found lower concentrations of GABA-related metabolites in patients with OCD, predominantly in brain regions typically implicated in OCD’s pathophysiology, such as the orbitofrontal cortex (OFC) and the medial prefrontal cortex (mPFC) (55, 56). There is also evidence from genetic studies of an association between OCD susceptibility and certain polymorphisms of the GABBR1 gene, responsible for the coding of GABAB receptors (57). Finally, reduced activity of GABAergic inhibitory interneurons in the OFC has been described in an animal model of OCD, and correlates with learning deficits found in those animals (58).

The other measure for which we found evidence of increased cortical excitability in patients with OCD compared to the control group was RMT, although the difference was marginally non-significant and only became significant when we removed two studies from the analysis that measured RMT in an unconventional way. RMT is normally defined as the minimum intensity needed to elicit, at least, 5 muscle contractions or an electromyographic register of, at least, 50 μV, in a series of 10 pulses delivered to the primary motor cortex. This method was followed in the majority of the included studies. Our sensitivity analysis excluded those studies where a different method for the assessment of RMT was implemented. Meta-regression analyses showed that RMT in patients with OCD appears to be independent of age, sex, OCD symptom severity or medication. Left primary motor cortex RMT was also the only cortical excitability measure for which we had pre- to post-rTMS longitudinal data in a sufficient number of studies to explore whether rTMS treatment changes motor cortical excitability in OCD. We found no evidence that rTMS treatment of OCD results in a change of RMT. In fact, none of the five studies that report pre- and post-rTMS values of RMT found a significant change of this measure after treatment (Supplementary Figure 1), the notable exception being Montovani et al. (44) who found that low-frequency rTMS delivered to both right and left pre-motor supplementary motor areas increased RMT on the right, but not on the left primary motor cortex. Interestingly, effects on RMT appear to be independent of the effects of rTMS on OCD symptoms, since two of the four sham-controlled trials included in this group of studies found a significant decrease of Y-BOCS scores after rTMS treatment compared to sham (see data on these studies in Supplementary Tables 3, 4). A tentative explanation for this may be that RMT reflects neuronal membrane excitability and glutamatergic synaptic transmission, being unaffected by GABAergic agonists and antagonists (59, 60). Repetitive TMS is believed to affect mainly GABAergic transmission, and symptomatic improvement of OCD has been shown to correlate with an increase in GABA–but not glutamate–metabolites in the mPFC, as measured by proton magnetic resonance spectroscopy (61, 62).

None of the reviewed intervention studies explored to what degree cortical excitability measures at baseline are predictive of, or correlate with, symptomatic improvement after an rTMS protocol. This is in sharp contrast with the depression literature, where it has been shown that among patients with major depressive disorder those with lower RMT are more likely to respond to rTMS treatment for their condition (63), and lower RMT at treatment onset is predictive of a larger reduction in depression symptoms after 10 days of rTMS treatment (64). Such a knowledge gap In the OCD literature is unfortunate, since response to treatment is notoriously difficult to predict in OCD, being unsatisfactory or altogether absent in at least half of the treated patients. Finding easily accessible, reliable biomarkers of response to specific treatments such as rTMS, recently cleared as a treatment option for OCD, would undoubtedly contribute to improve our ability to personalize treatment and thus optimize the chances of meaningful improvement for individual patients. This is particularly important if we consider that treatment trials for patients with OCD are exceptionally long, with clinicians typically waiting 2 to 3 months to assess efficacy (65).

In contrast with our main finding, studies that combined TMS and EEG-derived measures of cortical excitability found no differences in cortical excitability between patients with OCD and healthy controls. Radhu et al. (66), for instance, found no differences in long intracortical inhibition (LICI) when they compared patients with OCD and control volunteers. LICI is a cortical excitability measure that has also been associated with GABAB receptor functioning (52), but while it is believed to reflect the same neurotransmitter system as CSP, the two measures are methodologically very distinct and probably reflect different neurophysiological processes (67). In fact, LICI reflects change in amplitude of evoked potentials following a conditioning stimulus, whilst CSP represents a temporal dimension measured in milliseconds and is believed to specifically reflect slow postsynaptic GABAB inhibition within the primary motor cortex (M1).

The main limitation of the present study is the reduced number of studies contributing data to the various meta-analyses, meaning that most case-control comparisons were underpowered and potentially biased. This is mostly due to studies often not reporting excitability measures, even when, presumably, they were (some of them, at least) assessed as part of baseline-assessments, for instance in intervention studies. For CSP, which was the only significantly different measure of excitability between the two groups, only five studies provided sufficient meta-analyzable data. As a consequence, we were unable to estimate the effect of relevant confounding factors such as medication effects or psychiatric comorbidity. Some specific SSRIs, among first-line treatments for OCD, have been shown to increase the duration of the CSP (60), and it is thus possible that pooled differences between patients with OCD and control volunteers in this and other cortical excitability measures are under-estimated in the present study, since most patients in the reviewed studies were medicated.

It should be emphasized here that shorter values of CSP are by no means specific to OCD, having also been amply described in patients with Major Depression, who additionally present other changes of intra-cortical inhibition such as lower SICI (30, 68). Controlling for psychiatric co-morbidity, and in particular for co-morbid major depression, is thus of critical importance as patients with OCD enrolled in the eligible studies might have significant psychiatric co-morbidity, reflected in lower values of CSP. However, the fact that the present review found no evidence of reduced SICI in patients with OCD suggests that the shorter CSP is not a reflection of co-morbid major depression and may reflect a specific dysfunction of GABAB mechanisms in OCD, that contrasts with a more generalized abnormality of intracortical GABA neurotransmission present in major depressive disorder. This is further supported by the fact that the only paper in the CSP meta-analysis that reported no group-differences for this measure was also the only study that assessed CSP using a low-intensity test stimulus. CSP assessed with test-stimuli at 120% of the RMT and below are typically considered to reflect GABAA activity, while CSP measured with higher intensity test-stimuli is believed to be more closely dependent on GABAB mechanisms (27, 52).

Another important limitation results from the broad heterogeneity across studies in terms of assessment measures and parameters (Supplementary Table 6). For instance, in the case of CSP, different authors consider different starting points for its measurement, with some including the MEP duration as part of the CSP, while others only consider that the CSP starts at the offset of the MEP. In the case of paired-pulse measurements, such as SICI and ICF, although different ISI’s are often used, results are typically only reported as an average of all the ISI’s rather than separately for each ISI [e.g., (28)]. This variability is further compounded by use of different percentages of the RMT when delivering test and conditioning stimulus, or even by the fact that some studies calibrate stimulus intensity with reference to AMT rather than RMT, resulting in additional layers of heterogeneity that limit comparability even further.

Despite these limitations, the results of our systematic review and meta-analysis of motor cortical excitability in OCD suggest that patients with OCD have higher motor cortical excitability than control subjects, and that such increased excitability might reflect abnormal GABAB receptor-mediated GABAergic activity. It is possible, or even likely, that as the number of published studies continues to grow, other measures of cortical excitability may prove to be significantly different in patients with OCD and control volunteers. In the meantime, our conclusions must remain preliminary, and while our main finding converges with findings from other sources that also report evidence of dysfunctional GABA-mediated neurotransmission, the main practical conclusion of the present review is inevitably that cortical excitability in OCD remains insufficiently explored. Although CSP deficits are not specific of OCD and are unlikely to be useful as a diagnostic biomarker of the disorder, this and other cortical excitability measures might still provide us with viable, easily accessible biomarkers to help predict, at the individual level, clinical response to rTMS and other treatments for OCD. Such biomarkers would surely be a welcome improvement in our therapeutic approach to a disorder that remains notoriously difficult to treat in the majority of cases. To be able to contribute toward this end, future studies that use TMS-EMG paradigms to assess patients with OCD, be it for research purposes or as part of an rTMS treatment protocol, must strive to collect and report as many measures of cortical excitability as possible, and to adopt up-to-date, internationally consensual measurement and stimulation methods and parameters. Only then will we have enough good-quality data to fully clarify whether spinal-cortical excitability is abnormal in OCD, and to fully grasp the potential implications of such abnormalities for the current neurobiological models of this disorder. Moreover, we will then be in a better position to explore whether any such measure of cortical excitability may prove to correlate with the probability of response to rTMS treatment or, for that matter, other forms of treatment for this therapeutically pugnacious disorder. Future studies should also address unanswered questions such as the influence of relevant clinical variables such as psychotropic medication, disease duration, or comorbidity, on cortical excitability measures.



Data availability statement

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



Author contributions

DR and JB-C conceived and designed the work. DR and AM acquired the data. DR, AM, GC, AO-M, and JB-C analyzed and interpreted the data. DR drafted the work. AM, GC, JO, AO-M, and JB-C revised the manuscript critically for important intellectual content. All authors approved the final version to be published and agreed to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.



Funding

DR was supported by H2020-SC1-DTH-2019-875358-FAITH. AM and GC are supported by Fundação para a Ciência e Tecnologia (FCT) through Ph.D. Scholarships (respectively, SFRH/BD/144508/2019 and SFRH/BD/130210/2017). GC and AO-M are supported by grant FCT-PTDC/MED-NEU/31331/2017, funded by FCT/MCTES. AO-M was funded by a Starting Grant from the European Research Council under the European Union’s Horizon 2020 Research and Innovation Programme (grant agreement no. 950357). JB-C and AO-M were supported by grant FCT-PTDC/MEC-PSQ/30302/2017-IC&DT-LISBOA-01-0145-FEDER, funded by national funds from FCT/MCTES and co-funded by FEDER, under the Partnership Agreement Lisboa 2020–Programa Operacional Regional de Lisboa. JO was supported by BBRF-27595-2018 NARSAD. None of the agencies had a role in the design and conduct of the study, in the collection, management, analysis, and interpretation of the data, in the preparation, review, or approval of the manuscript, nor in the decision to submit the manuscript for publication.



Conflict of interest

Author AO-M was National Coordinator for Portugal of a non-interventional study (EDMS-ERI-143085581, 4.0) to characterize a Treatment-Resistant Depression Cohort in Europe, sponsored by Janssen-Cilag, Ltd. (2019–2020), and of trials of psilocybin therapy for treatment-resistant depression, sponsored by Compass Pathways, Ltd. (EudraCT number 2017-003288-36 and 2020-001348-25), and of esketamine for treatment-resistant depression, sponsored by Janssen-Cilag, Ltd. (EudraCT NUMBER: 2019-002992-33). He is recipient of a grant from Schuhfried GmBH for norming and validation of cognitive tests. None of the aforementioned agencies had a role in the preparation, review, or approval of the manuscript, nor in the decision to submit the manuscript for publication.

The remaining authors have declared that they have no potential conflicts of interest involving this work, including relevant financial activities outside the submitted work and any other relationships or activities that readers could perceive to have influenced, or that give the appearance of potentially influencing what is written.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.1050480/full#supplementary-material



References

1. Robbins TW, Vaghi MM, Banca P. Obsessive-compulsive disorder: puzzles and prospects. Neuron. (2019) 102:27–47. doi: 10.1016/j.neuron.2019.01.046

2. Fawcett EJ, Power H, Fawcett JM. Women are at greater risk of OCD than men: a meta-analytic review of OCD prevalence worldwide. J Clin Psychiatry. (2020) 81:19r13085. doi: 10.4088/JCP.19r13085

3. Hirschtritt ME, Bloch MH, Mathews CA. Obsessive-compulsive disorder: advances in diagnosis and treatment. JAMA. (2017) 317:1358–67. doi: 10.1001/jama.2017.2200

4. Carmi L, Tendler A, Bystritsky A, Hollander E, Blumberger DM, Daskalakis J, et al. Efficacy and safety of deep transcranial magnetic stimulation for obsessive-compulsive disorder: a prospective multicenter randomized double-blind placebo-controlled trial. Am J Psychiatry. (2019) 176:931–8. doi: 10.1176/appi.ajp.2019.18101180

5. Denys D, Graat I, Mocking R, de Koning P, Vulink N, Figee M, et al. Efficacy of deep brain stimulation of the ventral anterior limb of the internal capsule for refractory obsessive-compulsive disorder: a clinical cohort of 70 patients. Am J Psychiatry. (2020) 177:265–71. doi: 10.1176/appi.ajp.2019.19060656

6. Liang K, Li H, Bu X, Li X, Cao L, Liu J, et al. Efficacy and tolerability of repetitive transcranial magnetic stimulation for the treatment of obsessive-compulsive disorder in adults: a systematic review and network meta-analysis. Trans Psychiatry. (2021) 11:332. doi: 10.1038/s41398-021-01453-0

7. Fitzsimmons S, van der Werf YD, van Campen AD, Arns M, Sack AT, Hoogendoorn AW, et al. Repetitive transcranial magnetic stimulation for obsessive-compulsive disorder: a systematic review and pairwise/network meta-analysis. J Affect Disord. (2022) 302:302–12. doi: 10.1016/j.jad.2022.01.048

8. Rehn S, Eslick GD, Brakoulias V. A meta-analysis of the effectiveness of different cortical targets used in repetitive transcranial magnetic stimulation (rTMS) for the treatment of obsessive-compulsive disorder (OCD). Psychiatr Q. (2018) 89:645–65. doi: 10.1007/s11126-018-9566-7

9. Goodman WK, Storch EA, Sheth SA. Harmonizing the neurobiology and treatment of obsessive-compulsive disorder. Am J Psychiatry. (2021) 178:17–29. doi: 10.1176/appi.ajp.2020.20111601

10. Stein DJ, Costa D, Lochner C, Miguel EC, Reddy Y, Shavitt RG, et al. Obsessive-compulsive disorder. Nat Rev Dis Primers. (2019) 5:52. doi: 10.1038/s41572-019-0102-3

11. Pujol J, Soriano-Mas C, Alonso P, Cardoner N, Menchón J, Deus J, et al. Mapping structural brain alterations in obsessive-compulsive disorder. Arch Gen Psychiatry. (2004) 61:720.

12. Radua J, van den Heuvel OA, Surguladze S, Mataix-Cols D. Meta-analytical comparison of voxel-based morphometry studies in obsessive-compulsive disorder vs other anxiety disorders. Arch Gene Psychiatry. (2010) 67:701–11. doi: 10.1001/archgenpsychiatry.2010.70

13. Radua J, Mataix-Cols D. Voxel-wise meta-analysis of grey matter changes in obsessive-compulsive disorder. Br J Psychiatry. (2009) 195:393–402. doi: 10.1192/bjp.bp.108.055046

14. De Wit SJ, Alonso P, Schweren L, Mataix-Cols D, Lochner C, Menchón JM, et al. Multicenter voxel-based morphometry mega-analysis of structural brain scans in obsessive-compulsive disorder. Am J Psychiatry. (2014) 171:340–9. doi: 10.1176/appi.ajp.2013.13040574

15. Boedhoe PS, Schmaal L, Abe Y, Ameis SH, Arnold PD, Batistuzzo MC, et al. Distinct subcortical volume alterations in pediatric and adult OCD: a worldwide meta- and mega-analysis. Am J Psychiatry. (2017) 174:60–9. doi: 10.1176/appi.ajp.2016.16020201

16. Li Y, Zhang CC, Kathrin W, Zhang Y, He N, Jin H, et al. Investigation of anterior cingulate cortex gamma-aminobutyric acid and glutamate-glutamine levels in obsessive-compulsive disorder using magnetic resonance spectroscopy. BMC Psychiatry. (2019) 19:164. doi: 10.1186/s12888-019-2160-1

17. Nikolaus S, Antke C, Beu M, Müller HW. Cortical GABA, striatal dopamine and midbrain serotonin as the key players in compulsive and anxiety disorders–results from in vivo imaging studies. Rev Neurosci. (2010) 21:119–39. doi: 10.1515/revneuro.2010.21.2.119

18. Batistuzzo MC, Sottili BA, Shavitt RG, Lopes AC, Cappi C, de Mathis MA, et al. Lower ventromedial prefrontal cortex glutamate levels in patients with obsessive-compulsive disorder. Front Psychiatry. (2021) 12:668304. doi: 10.3389/fpsyt.2021.668304

19. Bandelow B, Baldwin D, Abelli M, Altamura C, Dell’Osso B, Domschke K, et al. Biological markers for anxiety disorders, OCD and PTSD-a consensus statement. part I: neuroimaging and genetics. World J Biol Psychiatry. (2016) 17:321–65. doi: 10.1080/15622975.2016.1181783

20. Hallett M. Transcranial magnetic stimulation: a primer. Neuron. (2007) 55:187–99. doi: 10.1016/j.neuron.2007.06.026

21. Ziemann U. Pharmacology of TMS. Suppl Clin Neurophysiol. (2003) 56:226–31.

22. Radhu N, Blumberger DM, Daskalakis ZJ. Cortical Inhibition and excitation in neuropsychiatric disorders using transcranial magnetic stimulation. In: Brunoni A, Nitsche M, Loo C editors. Transcranial Direct Current Stimulation in Neuropsychiatric Disorders. Cham: Springer International Publishing (2016). p. 85–102. doi: 10.1007/978-3-319-33967-2_6

23. Pascual-Leone A, Tormos JM, Keenan J, Tarazona F, Cañete C, Catalá MD. Study and modulation of human cortical excitability with transcranial magnetic stimulation. J Clin Neurophysiol. (1998) 15:333–43. doi: 10.1097/00004691-199807000-00005

24. Groppa S, Oliviero A, Eisen A, Quartarone A, Cohen LG, Mall V, et al. A practical guide to diagnostic transcranial magnetic stimulation: report of an IFCN committee. Clin Neurophysiol. (2012) 123:858–82. doi: 10.1016/j.clinph.2012.01.010

25. Badawy RA, Loetscher T, Macdonell RA, Brodtmann A. Cortical excitability and neurology: insights into the pathophysiology. Funct Neurol. (2012) 27:131–45.

26. Greenberg BD, Ziemann U, Corá-Locatelli G, Harmon A, Murphy DL, Keel JC, et al. Altered cortical excitability in obsessive-compulsive disorder. Neurology. (2000) 54:142–7. doi: 10.1212/wnl.54.1.142

27. Richter MA, de Jesus DR, Hoppenbrouwers S, Daigle M, Deluce J, Ravindran LN, et al. Evidence for cortical inhibitory and excitatory dysfunction in obsessive compulsive disorder. Neuropsychopharmacology. (2012) 37:1144–51. doi: 10.1038/npp.2011.300

28. Kang JI, Kim DY, Lee CI, Kim CH, Kim SJ. Changes of motor cortical excitability and response inhibition in patients with obsessive–compulsive disorder. J Psychiatry Neurosci. (2019) 44:261–8. doi: 10.1503/jpn.180064

29. Khedr EM, Elbeh KA, Elserogy Y, Khalifa HE, Ahmed MA, Hafez MH, et al. Motor cortical excitability in obsessive-compulsive disorder: transcranial magnetic stimulation study. Neurophysiol Clin. (2016) 46:135–43. doi: 10.1016/j.neucli.2016.02.003

30. Radhu N, de Jesus DR, Ravindran LN, Zanjani A, Fitzgerald PB, Daskalakis ZJ. A meta-analysis of cortical inhibition and excitability using transcranial magnetic stimulation in psychiatric disorders. Clin Neurophysiol. (2013) 124:1309–20. doi: 10.1016/j.clinph.2013.01.014

31. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

32. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta analyses. (2000). Available online at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed March 2, 2022).

33. Schwarzer G. Meta: an R package for meta-analysis. R News. (2007) 7:40–5.

34. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. editors. Cochrane Handbook for Systematic Reviews of Interventions. 2nd ed. Chichester: John Wiley and Sons (2019).

35. Borenstein M, Hedges LV, Higgins JPT, Rothstein H. Introduction to Meta-Analysis. Chichester: John Wiley and Sons (2009).

36. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

37. Badawy A, Hosam E, Mohammed A. Efficacy of repetitive transcranial magnetic stimulation in the management of obsessive compulsive disorder. Egypt J Neurol Psychiatry Neurosurg. (2010) 47:393–7.

38. de Wit SJ, van der Werf YD, Mataix-Cols D, Trujillo JP, van Oppen P, Veltman DJ, et al. Emotion regulation before and after transcranial magnetic stimulation in obsessive compulsive disorder. Psychol Med. (2015) 45:3059–73. doi: 10.1017/S0033291715001026

39. Donse L, Sack AT, Fitzgerald PB, Arns M. Sleep disturbances in obsessive-compulsive disorder: association with non-response to repetitive transcranial magnetic stimulation (rTMS). J Anxiety Disord. (2017) 49:31–9. doi: 10.1016/j.janxdis.2017.03.006

40. Elbeh K, Elserogy Y, Khalifa HE, Ahmed MA, Hafez MH, Khedr EM. Repetitive transcranial magnetic stimulation in the treatment of obsessive-compulsive disorders: double blind randomized clinical trial. Psychiatry Res. (2016) 238:264–9. doi: 10.1016/j.psychres.2016.02.031

41. Harika-Germaneau G, Rachid F, Chatard A, Lafay-Chebassier C, Solinas M, Thirioux B, et al. Continuous theta burst stimulation over the supplementary motor area in refractory obsessive-compulsive disorder treatment: a randomized sham-controlled trial. Brain Stimul. (2019) 12:1565–71. doi: 10.1016/j.brs.2019.07.019

42. Hegde A, Ravi M, Arumugham SS, Thirthalli J, Janardhan Reddy YC. Repetitive transcranial magnetic stimulation over presupplementary motor area may not be helpful in treatment-refractory obsessive-compulsive disorder: a case series. J ECT. (2016) 32:139–42. doi: 10.1097/YCT.0000000000000291

43. Kang JI, Kim CH, Namkoong K, Lee CI, Kim SJ. A randomized controlled study of sequentially applied repetitive transcranial magnetic stimulation in obsessive-compulsive disorder. J Clin Psychiatry. (2009) 70:1645–51. doi: 10.4088/JCP.08m04500

44. Mantovani A, Lisanby SH, Pieraccini F, Ulivelli M, Castrogiovanni P, Rossi S. Repetitive transcranial magnetic stimulation (rTMS) in the treatment of obsessive-compulsive disorder (OCD) and tourette’s syndrome (TS). Int J Neuropsychopharmacol. (2006) 9:95–100. doi: 10.1017/S1461145705005729

45. Mantovani A, Rossi S, Bassi BD, Simpson HB, Fallon BA, Lisanby SH. Modulation of motor cortex excitability in obsessive-compulsive disorder: an exploratory study on the relations of neurophysiology measures with clinical outcome. Psychiatry Res. (2013) 210:1026–32. doi: 10.1016/j.psychres.2013.08.054

46. Mehta UM, Ektare A, Jakhar J, Basavaraju R, Sanjay TN, Naik SS, et al. A transdiagnostic evaluation of cortical inhibition in severe mental disorders using transcranial magnetic stimulation. J Psychiatr Res. (2021) 143:364–9. doi: 10.1016/j.jpsychires.2021.09.049

47. Russo M, Naro A, Mastroeni C, Morgante F, Terranova C, Muscatello MR, et al. Obsessive-compulsive disorder: a “sensory-motor” problem? Int J Psychophysiol. (2014) 92:74–8. doi: 10.1016/j.ijpsycho.2014.02.007

48. Suppa A, Marsili L, Di Stasio F, Berardelli I, Roselli V, Pasquini M, et al. Cortical and brainstem plasticity in tourette syndrome and obsessive-compulsive disorder. Mov Disord. (2014) 29:1523–31. doi: 10.1002/mds.25960

49. Kofler M, Ziemann U, Kimiskidis V. Cortical silent period. In: Wasserman EM, Peterchev AV, Ziemann U, Lisanby SH, Siebner HR, Walsh V editors. The Oxford Handbook of Transcranial Magnetic Stimulation. Oxford: Oxford University Press (2021). doi: 10.1093/oxfordhb/9780198832256.013.12

50. Houde F, Laroche S, Thivierge V, Martel M, Harvey MP, Daigle F, et al. Transcranial magnetic stimulation measures in the elderly: reliability, smallest detectable change and the potential influence of lifestyle habits. Front Aging Neurosci. (2018) 10:379. doi: 10.3389/fnagi.2018.00379

51. Di Virgilio TG, Ietswaart M, Selvamoorthy R, Hunter AM. The reliability of transcranial magnetic stimulation-derived corticomotor inhibition as a brain health evaluation tool in soccer players. Sports Med Open. (2022) 8:7. doi: 10.1186/s40798-021-00399-3

52. Paulus W, Classen J, Cohen LG, Large CH, Di Lazzaro V, Nitsche M, et al. State of the art: pharmacologic effects on cortical excitability measures tested by transcranial magnetic stimulation. Brain Stimul. (2008) 1:151–63. doi: 10.1016/j.brs.2008.06.002

53. Tremblay S, Beaulé V, Proulx S, de Beaumont L, Marjanska M, Doyon J, et al. Relationship between transcranial magnetic stimulation measures of intracortical inhibition and spectroscopy measures of GABA and glutamate+glutamine. J Neurophysiol. (2013) 109:1343–9. doi: 10.1152/jn.00704.2012

54. Russo AJ, Pietsch SC. Decreased hepatocyte growth factor (HGF) and gamma aminobutyric acid (GABA) in individuals with obsessive-compulsive disorder (OCD). Biomark Insights. (2013) 8:107–14. doi: 10.4137/BMI.S11931

55. Zhang Z, Fan Q, Bai Y, Wang Z, Zhang H, Xiao Z. Brain gamma-aminobutyric acid (GABA) concentration of the prefrontal lobe in unmedicated patients with obsessive-compulsive disorder: a research of magnetic resonance spectroscopy. Shanghai Arch Psychiatry. (2016) 28:263–70. doi: 10.11919/j.issn.1002-0829.216043

56. Simpson HB, Shungu DC, Bender J Jr, Mao X, Xu X, Slifstein M, et al. Investigation of cortical glutamate-glutamine and γ-aminobutyric acid in obsessive-compulsive disorder by proton magnetic resonance spectroscopy. Neuropsychopharmacology. (2012) 37:2684–92. doi: 10.1038/npp.2012.132

57. Zai G, Arnold P, Burroughs E, Barr CL, Richter MA, Kennedy JL. Evidence for the gamma-amino-butyric acid type B receptor 1 (GABBR1) gene as a susceptibility factor in obsessive-compulsive disorder. Am J Med Genet. (2005) 134B:25–9. doi: 10.1002/ajmg.b.30152

58. Yang Z, Wu G, Liu M, Sun X, Xu Q, Zhang C, et al. Dysfunction of orbitofrontal GABAergic interneurons leads to impaired reversal learning in a mouse model of obsessive-compulsive disorder. Curr Biol. (2021) 31:381–93.e4. doi: 10.1016/j.cub.2020.10.045

59. Ziemann U, Steinhoff B, Tergau F, Paulus W. Transcranial magnetic stimulation: its current role in epilepsy research. Epilepsy Res. (1998) 30:11–30.

60. Caipa A, Alomar M, Bashir S. TMS as tool to investigate the effect of pharmacological medications on cortical plasticity. Eur Rev Med Pharmacol Sci. (2018) 22:844–52. doi: 10.26355/eurrev_201802_14321

61. Rodriguez CI, Kegeles LS, Levinson A, Ogden RT, Mao X, Milak MS, et al. In vivo effects of ketamine on glutamate-glutamine and gamma-aminobutyric acid in obsessive-compulsive disorder: proof of concept. Psychiatry Res. (2015) 233:141–7. doi: 10.1016/j.pscychresns.2015.06.001

62. Levitt JG, Kalender G, O’Neill J, Diaz JP, Cook IA, Ginder N, et al. Dorsolateral prefrontal γ-aminobutyric acid in patients with treatment-resistant depression after transcranial magnetic stimulation measured with magnetic resonance spectroscopy. J Psychiatry Neurosci. (2019) 44:386–94. doi: 10.1503/jpn.180230

63. Cotovio G, Oliveira-Maia AJ, Paul C, Faro Viana F, Rodrigues da Silva D, Seybert C, et al. Day-to-day variability in motor threshold during rTMS treatment for depression: clinical implications. Brain Stimul. (2021) 14:1118–25. doi: 10.1016/j.brs.2021.07.013

64. Oliveira-Maia AJ, Press D, Pascual-Leone A. Modulation of motor cortex excitability predicts antidepressant response to prefrontal cortex repetitive transcranial magnetic stimulation. Brain Stimul. (2017) 10:787–94. doi: 10.1016/j.brs.2017.03.013

65. Pittenger C, Bloch MH. Pharmacological treatment of obsessive-compulsive disorder. Psychiatr Clin North Am. (2014) 37:375–91. doi: 10.1016/j.psc.2014.05.006

66. Radhu N, Garcia Dominguez L, Farzan F, Richter MA, Semeralul MO, Chen R, et al. Evidence for inhibitory deficits in the prefrontal cortex in schizophrenia. Brain. (2015) 138(Pt. 2):483–97. doi: 10.1093/brain/awu360

67. Paci M, Di Cosmo G, Perrucci MG, Ferri F, Costantini M. Cortical silent period reflects individual differences in action stopping performance. Sci Rep. (2021) 11:15158. doi: 10.1038/s41598-021-94494-w

68. Kinjo M, Wada M, Nakajima S, Tsugawa S, Nakahara T, Blumberger DM, et al. Transcranial magnetic stimulation neurophysiology of patients with major depressive disorder: a systematic review and meta-analysis. Psychol Med. (2021) 51:1–10. doi: 10.1017/S0033291720004729



OPS/images/fpsyt-13-1050480-g002.jpg
A

Author, Year Hedge's g 95% Cl Weight
Greenberg, 2000 -5 | -1.28 [-2.11;-041) 11.9%
Kang, 2019 - -0.08 [-0.49, 0.34]) 13.3%
Khedr, 2016 = | 168 [223-003] 126%
Richter, 2012 = 0.08 [-0.39, 0.56) 13.2%
Suppa, 2014 - 0.09 [-0.58; 0.76) 126%
de Wi, 2015 = 0.02 [-0.43, 0.46) 13.3%
Mehta, 2021 : -0.53 [-0.88,-0.17) 13.5%
Russo, 2014 e 363 [-5.00;-225] 96%
Random effects model . g . -0.76 [-1.52; 0.01] 100.0%
=~ 0 2 4
Favors RMT inCV  Favors RMT in OCD
B
Author, Year Hedge's g 95% Cl Weight
Greenberg, 2000 - 006 [-0.71; 0.83] 16.9%
Kang, 2019 o poe— -0.73 [-1.16,-0.30]) 238%
Khedr, 2016 : -020 [-0.80, 0.39) 20.3%
Richter, 2012 —— 059 [0.10; 1.08) 227%
Russo, 2014 5-'":." 003 [-0.77, 0.83] 18.3%
Random effects model I-c:[L—- £ -0.07 [-0.55; 0.42) 100.0%
-1 05 0 05 1
Favors ICF in HY Favors ICF in OCD
C
Author, Year Hedge's g 95% CI Weight
Greenberg, 2000 020 [-0.47,1.07) 156%
Kang, 2019 025 [-0.17,067) 18.2%
Khedr, 2016 -0.46 [-1.06;0.14] 16.9%
Mehta, 2021 -009 [-044,028) 186%
Richter, 2012 037 [-0.11,0.85) 17.8%
Russo, 2014 245 [1.35,3.55]) 12.9%
Random effects model l — = ' 1 0.38 [-0.30; 1.06] 100.0%
- R e el Sl W ST
Favors IClin HV Favors IClin OCD
D
Author, Year Hedge's g 95% Cl Weight
Greenberg, 2000 e p— 008 [-069;, 085] 17.0%
Kang, 2019 - 062 [-1.05,-0.19]) 216%
Khedr, 2016 —_— } -1.93 [-262,-1.25] 182%
Mehta, 2021 - -0.70 [-1.05;-0.34) 225%
Richter, 2012 — 091 [-141,-041) 20.7%
Random effects model - ' 1 -0.82 [-1.38; -0.25) 100.0%
" R 0 1 2
Favors CSPInHV Favors CSPin OCD





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Motor cortical inhibitory deficits in patients with obsessive-compulsive disorder–A systematic review and meta-analysis of transcranial magnetic stimulation literature



		Introduction



		Materials and methods



		Protocol and registration



		Information sources and search strategy



		Study selection and eligibility criteria



		Data extraction, data items and risk of bias



		Data analysis







		Results



		Literature review



		Results and synthesis of studies



		Exploratory and sensitivity analyses



		Meta-regressions







		Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fpsyt-13-1050480-g001.jpg
Embase
(n =811)

Web of Science
(n=497)

[ Included ]( Eligibility ]{ Screening ][ Identlfi’catlon]

e

PubMed
(n=250)

/

1282 records after
duplicates removed

PsycINFO
(n=172)

A

130 records

title

selected by

54 records selected by
abstract

17 records

full-text

selected by

->| 1152 records excluded I

->| 76 records excluded |

37 full-text articles excluded with reasons:

* 1 letter to editor;

-»| * 1 case series with two subjects;

* 1 paper without OCD sample;

* 34 without reported measures of
interest






OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Motor cortical inhibitory
deficits in patients with
obsessive-compulsive

disorder—A systematic review
and meta-analysis

of transcranial magnetic

stimulation literature







OPS/images/fpsyt-13-1050480-t001.jpg
References Study Sample size Active Sham Age (years: mean & SD) Female OCD age of OCD Motor cortical excitability

design TMS TMS (%) onset symptom severity measures assessed
treatment treatment (years: (YBOCS:
mean % SD) mean % SD)

Total OCD CV OCD Cv R A M I S C

M M E C I S

T T P F C |

I

de Witetal. (38)  Case control 77 39 38 - - 39.13 +£10.06 39.19+ 1144 51.95 - 21.26 £6.32 v - - - - -

Greenberg et al. Case control 27 16 11 - - 38.1+£12.80 38.60 & 13.90 37.40 - 14.60 4 9.50 v v - v v v
(26)

Kang et al. (28) Case control 90 51 39 - - 2743 +7.64 27.36+6.99 22.22 15.90 £ 5.80 2351 +£7.23 v - - v v v

Khedretal. (29)  Case control 60 45 15 - - 27.14+450  28.30 £ 4.20 38.33 - - v v v v v v

Mehtaet al. (46)  Case control 168 43 125 - - 29.24+793  30.70£7.52 31.23 - 26.61 £4.70 v - - - v v

Richter etal. (27)  Case control 68 34 34 - - 40.94 +12.38  40.41 + 10.26 54.41 - 2434 £6.32 v - v v v v

Russo et al. (47) Case control 24 12 12 - - 30.20 £4.00  32.00 £ 20.00 41.67 - - v - - v v -

Suppaetal. (48)  Case control 35 15 20 - - 32341310 328041120 28.57 - 23.80 +11.00 v - = - =

RCT 60 60 . 40 20 27.53 £6.37 = 51.67 = 23.82 £4.51 v = = = = -

Carmi et al. (4) RCT 94 94 . 47 47 38.8+11.84 = 38.80 13.13 +6.53 27.30 £4.00 v = = = = -

Donse et al. (39) Open label 51 51 - 51 37.12 +£12.49 - 46.50 - 26.88 £ 5.52 v - - - - -

Elbeh et al. (40) RCT 45 45 . 30 15 27.85 = 4.64 = 3333 = 26.00 £ 5.62 v = = = -

Harika-Germaneau RCT 28 28 - 14 14 47.25+11.41 - 53.57 22.10 £ 13.47 29.72 £4.47 v = = = = -

etal. (41)

Hegde et al. (42) Case series 14 14 - 14 - 27.86 £9.10 - - - - v - - - - -

Mantovani et al. Open Label 7 7 - 4 - - - 20.00 20.20 £ 1.90 36.40 £ 7.50 v - - - - -
(44)

Mantovani et al. RCT 18 18 . 9 9 39.55 +9.15 = 38.89 16.75 & 8.96 26.35 £5:30 v v = — - =
(45)

Kang et al. (43) RCT 20 20 . 10 10 27.4+11.39 = 15.00 18.75 £ 10.53 26.40 £4.78 v = = = = -

Total - 878 558 320 222 115 33.3 £6.30 33.7 £ 450 38.30 17.8 £2.90 25.5 £4.60 = = = = = -

OCD, obsessive-compulsive disorder; CV, control volunteers; YBOCS, Yale-Brown Obsessive Compulsive Scale; RMT, resting motor threshold; AMT, active motor threshold; MEP, motor evoked potential amplitude; ICF, intracortical facilitation; SICI,
short-interval intracortical inhibition; CSP, cortical silent period; SD, standard deviation; RCT, randomized controlled trial.
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