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Obsessive—compulsive disorder (OCD) is a condition with substantial disability
and subclinical obsessive-compulsive behaviors affect up to1billion people
globally. Transcranial electrical stimulation (tES) is emerging as a potential
treatment for OCD, yet its effectivenessis uncertain due to the limited number of

randomized controlled trials conducted so far. Here we applied 3 meta-analytic
approachesto evaluate the pooled therapeutic effect size of included
randomized controlled trials (1,55 =15, nscs = 1) (pair-wise meta-analysis),
comparetheefficacy of various tES interventions (network meta-analysis),

and explore how treatment effect size correlates withinduced electricalfield in
the target brain regions (meta-modeling). With these 3 distinct meta-analytic
approaches, we first show asignificant moderate effect of tES interventions
(standardized mean difference 0.61; 95% confidence interval [0.37 to 0.85];
P<0.001) asawhole onreducing OCD severity, with larger therapeutic effects of
twice-daily intervention, and with other stimulation parameters also moderating
efficacy. Next, weidentify specific tES interventions with superior indicated

and estimated effects, including entraining alpha frequency alternating
stimulation of the medial prefrontal cortex, excitability-diminishing cathodal
stimulation over the supplementary motor area and orbitofrontal cortex, and
excitability-enhancing anodal stimulation of the lateral prefrontal cortex. Finally,
we show based on computational approaches that longer stimulation targeting
the medial prefrontal and frontopolar cortices has greater therapeutic effects
and suggest an optimized intervention accordingly. We finally discuss other
potentially effective tES interventions according to the latest neurobiological
theory of OCD. Theresults contribute to establishing the clinical efficacy of tES
for OCD treatment while suggesting future studies to further evaluate current
and future approaches to enhance the efficacy of interventions.

Obsessive-compulsive disorder (OCD) imposes a substantial burden
onmental healthand is associated with substantial disability*. Witha
lifetime prevalence of 2-3% (ref. 3), OCD often starts during childhood
and follows achronic course, is accompanied by functional impairment
and higher risk of early mortality*¢, and is often underdiagnosed and
undertreated? Individuals with OCD have unwanted and distressing
thoughts (obsessions) and repetitive behaviors that the individual
feels driven to perform (compulsions)” While cognitive behavioral

therapy and serotonin reuptake inhibitor medication are considered
first-line treatments for OCD’, less than 40% of patients respond fully
to these treatments®.

Non-invasive brain stimulation (NIBS) techniques, as applied
across cognitive neuroscience and neurophysiology, offer a safe way
toalter physiological parameters underlying human behavior and cog-
nition (for example, cortical excitability, neuroplasticity, brain oscil-
lations) in both healthy individuals and clinical populations®™. NIBS,
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namely, deep repetitive transcranial magnetic stimulation (rTMS),
was approved by the US Food and Drug Administration (FDA) for the
treatment of OCD in 2018, suggesting that related interventions
may also have therapeutic applications in OCD. Transcranial electri-
cal stimulation (tES), another NIBS method, uses a weak electrical
current to modulate brain activity”'* and its effectiveness for OCD
treatment remains unclear despite several advantages over rTMS,
such as fewer side effects, affordability and home-based applicabi-
lity. The most common tES technique uses direct electrical current
(known as transcranial direct current stimulation-tDCS) to change
brain excitability”, producing subthreshold neuronal membrane
polarization', resulting in excitability-enhancing effects by anodal
stimulation and excitability-reducing effects by cathodal stimulation
atthe macroscale level with typical protocols™™, Transcranial alternat-
ing currentstimulation (tACS), the next most common tES technique,
uses weak oscillating electric currents hypothesized to entrain ongo-
ing brain rhythms'. Transcranial random noise stimulation (tRNS)
changes brain excitability via alternating currents at a mix of low or
high frequencies®*”.

Therationale behind the therapeutic use of NIBS includes restor-
ing impaired plasticity or re-balancing abnormally altered brain
functions including oscillatory activities (that is, up- or downregula-
tion)*'%**?, In neuropsychiatric disorders including OCD, functional
brain abnormalities (that is, hyper- or hypoactivity of specific brain
regions and networks) are welldocumented. Functionalimaging, lesion
and deep brain stimulation studies have shown altered activations in
several brain regions involved in OCD pathophysiology, including
the pre-supplementary motor area (pre-SMA), insula, cingulate cor-
tex, prefrontal cortex (PFC) and orbitofrontal cortex (OFC)**%%, and
altered cortical-subcortical connectivity (that is, hyper-hypocon-
nectivity)”>*°. Furthermore, abnormal changes in neurotransmitter
systems across frontostriatal pathways (for example, glutamatergic
and dopaminergic hyperactivity) and frontolimbic systems (for exam-
ple, serotonergic and y-aminobutyric acid (GABA)-ergic hypoactivity)
are observed in OCD***. Some of the observed brain alterations (for
example, thinner precentral area, higher medial PFC-ventral striatal
connectivity) are associated with treatment response to tDCS and rTMS
in some studies***. These are common rationales behind applying
rTMS or tES for OCD treatment. While the efficacy of rTMS for OCD
treatment has been confirmed in previous studies®*”, the efficacy of
tDCS remains under investigation.

One reason is the insufficient number of randomized controlled
trials (RCTs) that have applied tES for treatment of OCD. The recently
published reviews and meta-analyses, and systematic reviews include
7to10 RCTs*** with quasi-experimental studies included*° or did not
address the clinical efficacy of tES*"*. In the past 2 years, however,
several RCTs have investigated the efficacy of tES, particularly tDCS,
for OCD treatment** ™', These studies allow us to conduct multiple
meta-analyses on the efficacy of tES intervention for OCD treatment
with more included RCTs, as highlighted as a necessity in previous
reports*®. Consequently, we performed three meta-analyses and asys-
tematic review to evaluate the effectiveness and safety of tES (including
tDCS, tACS and tRNS) for patients with OCD.

Tothisend and toaddress the limitations of common meta-analytic
approaches, we conducted three separate but related meta-analyses.
(1) A classic (pairwise) meta-analysis to determine the pooled effect
estimate, quantifying the overallimpact of tES interventions on OCD
treatment and (2) a network meta-analysis to compare the efficacy of
various tES interventions against asham condition®. The latter method
provides aBayesian summary of the rank distribution based onrelative
strengthand estimated treatment effects*’, enabling a comprehensive
assessment of the relative efficacy of different tES interventions in
asingle analysis®*. This approach is essential for our research ques-
tion, given the diverse intervention and stimulation protocols used
in tES interventions for OCD symptomes. (3) Lastly, a computational

meta-analysis focused on the correlations between tDCS-induced elec-
trical field density in brainregions and treatment effect size, arecently
introduced meta-analytic method for tES studies®. This three-level
meta-analysis has been conducted to evaluate the efficacy of a NIBS
intervention andis also an updated meta-analysis that solely contains
tESRCTs published up to July 2025 (PROSPERO ID CRD42023485717).
Our analyses, while revealing a statistically significant moderate thera-
peutic effect of tES for OCD treatment, highlight important stimulation
parametersin this respect, with specificinterventionshown to be more
effective and model-suggested tES interventions.

Results

Literature search and study characteristics

The study selection process is shownin Fig. 1. The final search yielded
829 records. After removing duplicates and screening abstracts
against the inclusion criteria, 39 records were left for full-text assess-
ment and data extraction. Twenty-two studies were excluded for the
following reasons: open-label trials (n = 5)°°°°, no control condition
(n=2)°"%? proceedings report (n=2)*%*, lack of clinical measures or
post-intervention Yale-Brown Obsessive Compulsive Scale (Y-BOCS)
score (n=4)%"% and case studies (n=9)*""". At the end, 17 studies
with 25 experimental conditions remained for pairwise and network
meta-analyses and the meta-modeling analysis**~7*%_ However, owing
to evidence of publication bias, the study by Shafiezadeh et al.** was
identified as an outlier and excluded from the sensitivity analysis. In
addition, five interventions from two studies®** were excluded from
the network meta-analysis due to non-sham control conditions. This
exclusion ensured that the network analysis primarily compared
treatment arms with sham conditions. The Shafiezadeh et al. study®’,
however, was kept in the third meta-analysis as Spearman’s rank cor-
relation effectively handles non-normally distributed data and is less
affected by outliers than the parametric Pearson coefficient. As aresult
ofthese exclusions, 16 RCTs (15tDCS, 1tACS, concluding 23 effect sizes)
remainedin the final pairwise meta-analysis, 14 RCTs (13 tDCS, 1tACS,
concluding 18 intervention and 23 effect sizes) remained in the net-
work meta-analysis, and 16 tDCS studies (concluding 24 effect sizes),
remained for meta-modeling analysis (Fig. 1; results with the outlier
study® are in Supplementary Figs. 2 and 3). No tRNS RCT was among
the included studies. In total, 551 patients with OCD were included
(Nyecive = 318; Ngam = 233) and sample size per study ranged from 23 to 80
participants. The summary of studies, including study design, blinding,
age, gender, stimulation parameters, primary and secondary outcome
measures, and major findings about intervention efficacy and toler-
ability, are outlined in Table 1 and Supplementary Table 1.

Dropout and side-effects analysis

First, we systematically analyzed reported side effects, dropout rates
and serious adverse events, if reported, among the included RCTs.
Supplementary Table1summarizes the dropout rate, side effects (with
percentage) and serious adverse events. In 14 tES studies that reported
dropout rates, there was no significant difference between active
(14/231, 6.06%) and sham/control (14/192, 7.29%) groups (x2 = 0.26;
P=0.61;Fisher’'sexacttest, P=0.69). The total sample sizes were 231 for
theactive group and 192 for the sham/control group, excluding studies
that did not report side effects or dropouts (Supplementary Fig. 4a).
None of the RCTs that documented side effects reported any seri-
ous adverse events (Supplementary Table 1). Regarding side effects,
only seven studies numerically reported them. These studies varied
in the domains assessed and the methods of reporting (for exam-
ple, occurrence in patients as numbers/percentages versus average
intensity). A detailed summary of the reported side effectsis available
in Supplementary Table 1 and Supplementary Fig. 4b. The average
occurrence of commonly reported side effects among patientsin the
active versus sham conditions was as follows: tingling (active, 44.01%;
sham, 34.40%), sleepiness (including drowsiness) (active, 38.9%; sham,
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Fig. 1| PRISMA flow diagram of included studies. Of studies investigating the
effects of tES on reducing OCD symptom severity, 17 RCTs with sham or active
control conditions were included in the final analysis, resulting in a total of 25
experimental conditions (effect sizes). The pairwise meta-analysis comprised

16 studies (15 tDCS and 1tACS) with 25 effect sizes following excluding an RCT
with publication bias (n = 1), while the network meta-analysis included 14 studies
(13 tDCS and 1tACS) with 23 effect sizes following excluding RCTs with non-
sham control (n =2) and publication bias (n = 1). The meta-modeling analysis
encompassed all tDCS 16 studies, with 24 effect sizes.

37.17%), skin redness (active, 22.05%; sham, 9.77%), itching (active,
19.7%; sham, 15.3%) and pain (including headache and neck pain; active,
11.91%; sham, 11.33%). The only tACS study reported minor adverse
eventsin 8 patients of 25, including headache (8%), phosphenes (20%),
tingling (16%) and itching (8%).

Pairwise meta-analysis of overall tES efficacy and
stimulation-parameter effects

Thepooled effect size for the included studies (16 RCTs) with 23 experi-
mental conditions was significant with amedium effect size (standard-
ized mean difference (SMD) = 0.61; 95% confidence interval (Cl), [0.37
to 0.85]; P< 0.001). The following tES studies had significant effect
size (in descending order) for reducing OCD (indicating larger effect
size) compared with the sham intervention or baseline scores: Chu
et al.”’ with cathodal transcranial direct current stimulation (ctDCS)
pre-SMA/left OFC (IOFC) + anodal transcranial direct current stimula-
tion (atDCS) shoulder (SMD =1.92;95% Cl,[0.57 to 3.26]); Pereraetal.”’
applying peak alpha tACS over the medial PFC (SMD =1.67; 95% Cl,
[0.62 to 2.72]); Kumar et al.*’ with ctDCS pre-SMA + atDCS left dorso-
lateral prefrontal cortex (IDLPFC; SMD =1.30; 95% CI, [0.51t0 2.09]);
Yekta et al.** combining atDCS right dorsolateral prefrontal cortex
(rDLPFC) + ctDCSIDLPFC (SMD =1.17;95% Cl,[0.04 t0 2.31]); Fineberg
etal.* with ctDCS-IOFC + atDCS shoulder (SMD =1.12;95% CI,[0.23 to

2.01]); and Alizadehgoradel et al.” with atDCS IDLPFC + ctDCS pre-SMA
at2mA (SMD = 0.99; 95% Cl, [0.11t0 1.86]) and 1 mA (SMD = 0.92; 95%
Cl,[0.04t01.80]) (Fig. 2a).

Inaddition, we did secondary analyses of effect sizes with respect
toimportant stimulation parameters (cortical region, polarity, treat-
ment frequency per day, treatment duration, number of sessions and
stimulation intensity). For cortical regions, regardless of stimulation
polarity, significant reductions in OCD symptoms were observed in
the IOFC as well as single effects reported for the IOFC + pre-SMA,
medial PFC, and rDLPFC (Supplementary Fig. 5). However, as effect
sizes derived from each target region are misleading due to the com-
mon practice of positioning anode and cathode electrodes on separate
regions, we calculated effect sizes for each cortical region based on
the stimulation polarity. The results show that only cathodal stimula-
tion of the SMA (SMD = 0.52; k =11; 95% CI, [0.16 to 0.87]; medium),
regardless of anodal electrode placement and anodal stimulation of
IDLPFC (SMD = 0.81; k=4, 95% CI, [0.04 t0 1.59]; large), regardless of
cathodal electrode placement led to a significant reduction in OCD
symptoms (Fig. 2b,c).

Next, analysis of stimulation frequency per day shows that both
twice-daily (SMD = 0.83; k=10; 95% Cl, [0.44 to 1.23]; large) and
once-daily (SMD =0.42; k=11; 95% ClI, [0.06 to 0.78]; small) stimula-
tion had a significant impact on reducing OCD symptom severity,
albeit with large and small effects, respectively (Fig. 2d). Analysis of
treatment duration (range 2 days, 5 days, 2 weeks, 3 weeks, 4 weeks,
6 weeks and 8 weeks), irrespective of target region or stimulation
type/polarity, shows significant effects for 2-week tDCS (SMD = 0.60;
k=9;95% CI, [0.06 to 1.13]; medium) and 5-day tDCS (SMD = 0.69;
k=7;95% CI, [0.39 to 0.98]; medium). In 5-day tDCS studies, only 2
tDCS protocols had significant effects (SMD = 0.92; 95% ClI, [0.04 to
1.80] for 1 mA; SMD =0.99; 95% ClI, [0.11 to 1.86] for 2 mA) and these
protocols applied 10 tDCS sessions twice daily (Fig. 2e). Inrelation to
this, we also analyzed the effect size obtained for total sessions (range
4,10,15,20 and 24 sessions) regardless of treatment duration. Only the
effect size of studies with 10 sessions (SMD = 0.52; k =13;95% CI,[0.20
to 0.84]; medium) and 20 sessions (SMD =0.73; k=5;95% Cl, [0.14 to
0.1.31]; medium to large) were significant (Fig. 2f). Finally, analysis of
stimulationintensity (1mA, 1.5 mA and 2 mA) showed amoderate effect
size for 2-mAtDCSinreducing OCD symptoms (SMD = 0.57; k = 20; 95%
CI[0.31t0 0.82]) (Fig. 2g).

In summary, meta-analysis of 23 effect sizes suggests a moder-
ate overall impact of tES interventions on reducing OCD symptoms,
and secondary analyses show significant effects of ctDCS of the SMA,
atDCS of the IDLPFC, twice- and once-daily stimulation sessions, stimu-
lation duration of 5 days and 2 weeks, total tDCS sessions of 10 and
20, and stimulation intensity of 2 mA for reducing OCD symptoms.
To overcome the limitations of pairwise meta-analyses on specific
tES protocols—such as pooled effect sizes that overlook stimulation
parameters, sole reliance on behavioral measures, and focus of sec-
ondary analyses on asingle parameter with low number of studies—we
examined active treatment arms versus sham condition for reducing
OCD symptoms (network meta-analysis) and assessed the correlation
betweenbehavioral changesin Y-BOCS and protocol-induced electrical
fields (meta-modeling).

Network meta-analysis to identify superior tES interventions
against sham

Twenty-five interventions from 17 tES RCTs (16 tDCS, 1 tACS) were
initially included in the analysis. Inaddition to 1study, due to publica-
tion bias®, 5 interventions from 2 studies*** had a non-sham control
condition (for example, healthy volunteers or active control) and
were excluded, whichresultedin 14 RCTs with 18 interventions and 23
effect sizes. As the network analysis focuses on comparing treatment
arms with sham conditions, we excluded these 3 interventions, lower-
ing statistical heterogeneity from high (7>=0.25, #=60.1%; Q=5.01,
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@ Pooled effect b Anodal/region C Cathodal/region
Study SMD s.e. (SMD) sMD SMD 95%CI Weight .
study SMD s.e. (SMD) o o 95% 01 weight | Study SMD s.e. (SMD) sMD SMD 95% CI Weight
DUrso et al. (2016) -0.3230 05130 -0.32 [133:0.68] 38%
Harika-Germaneau et al. (2024)  -02590  0.2500 -026 [-0.75,023]  7.7%
Fineberg et al. (2023), pre-SMA  -0.0990  0.3610 -010 [-0.8%061] 57% | Akbarietal (2022), Pre-SMA 02050 05140 —— 020 [-080;121] 6.0% | Akbarietal (2022) I0FC 02840 05970 —t— 028 [-0.89,145] 3.2%
Akbari et al. (2022), pre-SMA 02050 05130 020 [-0.80:121] 38% | Akbarietal (2022), lOFC 02840 05970 — 028 [-0.89;145] 4.9% | Chuetal.(2025) 08970 0.4830 % 090 [005184) 44%
Yoosefee et al. (2020) 02190 03320 022 [-0.43;0.87] 62% | Chuetal (2025) 08970 0.4830 [ 080 [-0.05;1.84] 65% | Finebergetal (2023) (OFC 11200 0.4550 B —— 12 (023,201 48%
Akbari et al. (2022), lOFC 02840 0.5970 028 [-0.89;1.45]  3.1% | Akbarietal.(2022), L-cerebellum  1.0020  0.5970 T 100 [-017:217)  4.9% T
Wang et al. (2024) 03660 0.4020 037 [-0.42,115] 51%
Silva et al. (2021) 03690  0.3450 037 [-0.31,105] 60%
Gowda et al. (2019) 04970 0.4720 a2%
Chu et al. (2025) 06540 0.4500 45% Harika-Germaneau etal. 2024)  -02590 02500 — -026 [-075023] 9.5%
DUrso et al. (2016) 0.6870  0.4540 ; 4.4% | Yoosefee et al. (2020) 02190 0.3320 - 022 [-0.43;,087) 9.9% | Finebergetal (2023) PreSMA  -0.0890 03610 —— 010 [-081,061 65%
Bation et al. (2019) 07390  0.4620 074 [-017:164] 4.3% | Alizadehgoradel (2024), 1mA 09180 0.4500 [E 092 [0.04;180] 7.1% | Akbarietal.(2022), Pre-SMA 02050 05140 020 (080,121 41%
Echevarria et al. (2024) 0.7490  0.5190 075 [-0.27:177] 3.7% Alizadehgoradel (2024), 2 mA 09890  0.4460 [ 099 [0.1;1.86] 72% Silva et al. (2021) 03690  0.3450 —_ = 037 [-0.31;1.05] 6.9%
Chu et al. (2025) 08970 0.4830 090 [-0.05184] 41% | Kumaretal. (2025) 12980 0.4040 r 130 [05,200] 81% | Chuetal (2025) 06540 0.4500 i M 065 [-023154] 4.9%
Alizadehgoradel (2024), 1mA  0.9180  0.4500 092 [0.04,180] 4.5% DUrso et al. (2016) 06870 04540 1 06s [020,158] 49%
Alizadehgoradel (2024), 2mA ~ 0.9890  0.4460 099 [O11;186] 45% » Echevarria ot al. (2024) 07490 05190 o7 LoZmiTl so%
Akbari et al. (2022), Lcerebellum  1.0020 05970 100 [-07;217] 31 Alizadehgoradel (2024), 1 mA 09180 04500 | — 092 004100l 9%
Agrawal et al. (2024) 10210 07270 102 [-0.40;2.45]  2.3% Alizadehgoradel (2024), 2 mA 09890 0.4460 088 [01,186] 5.0%
Fineberg et al. 2023), IOFC 11200 - 04550 (023201 44% | pyreo etal. (2016) -0.3230 05130 —= -032 [133:068] 60% | Agrawaletal (2024) 10210 07270 = 130 (051208 57%
Yekta et al. (2015) 11740 0.5800 0042311 32% | Gowda etal. (2019) 04970  0.4720 050 [-0.431.42] 67% | Kumaretal (2025) 12980 0.4040
Kumar et al. (2025) 12980 0.4040 [051,209]  51% [
Perera et al. (2023) 16710 05350 [062:272] 3.6% pe
Chuetal. (2025) 19160 06870 [057:326]  25%
Racudom afecia rocl (4) 061 [[?0317501!;51} 1000% | poion oral 2010) 07390 0.4620 [ 074 foties egx | AKDaietal(2022)Loereholm 10020 05970 100 07217 82%
Heterogeneity: "= 40%, 7= 0.1308, P = 0.02 S L a1 2 s
Yokaaet o, 2015) 1780 055800 117 (004231 s | Yoosefeeetal (2020) 02190 03320 022 (043,087 72%
d . Wang et al. (2024) 03660  0.4020 037 [-0.42115] 57%
Sessions per day Standardised mean Gowda et al. (2019) 04970 04720 050 [-043;142] 4.6%
Study SMD s.e. (SMD) difference SMD  95%-Cl Welght | arika-Germaneau etal. (2024)  -0.2590 02500 = -026 [-0.75;0.23] 12.4%
Fineberg et al. (2023), Pre-SMA  -0.0930  0.3610 63% | \an | »
g etal (202) 03660 0.4020 e 037 [-0.42115]  82%
S:Wda e\‘ ?2'0(2?;‘91 825913 g:;;g P o 4;:/2 Bation et al. (2019) 07390  0.4620 T— 074 [-017;164] 47%
ueta 2 5 .
oo o 3000 5% Sl 0% Cobiven ey | Randometecs model (o o2 fozal woos
Chu et al. (2025) 08970  0.4830 f— 090 [-0.051.84] 4.6% d Yekta et . (2015) 11740 05800 17 (00423 s4%
Alizadehgoradel (2024), 1mA  0.9180  0.4500 092 [0.04:180] 5.0% ekta etal. 2015) t !
Alizadehgoradsl (2024), 2mA  0.9890  0.4460 099 [0L186] - 8.0% | | oterogeneity: = 40%, r* = 01269, P = 0.06 Random effects model (HK) <> 056 [0.34;0.78] 100.0%
Fineberg et al., (2023), [OFC 11200 04550 112 [023,200 49% | Hewrosenel:l -0 oA, Y. =6 (P=0.08) s i o2
Perera et al. (2023) 16710 05350 167 [062,272] 40% | Testforsubgroupdifferences:y; =13.48, df. =6 (P= rediction interval —— t 1
Chu et al. (2025) 19160 06870 —=—— 192 [057:326] 28% 5 a0 a1 2
Heterogeneity: I = 25%, © = 0,088, P= 0.15
Test for subgroup difforences: = 8.72, d.f. = 6 (P= 0.19)
DUrso et al. (2016) -0.3230 05130 -0.32 [133:068] 42%
Harika-Germaneau etal. (2024)  -02590  0.2500 026 [-0.75,023]  8.4% .
Akbari et al. (2022), Pre-SMA 02050 05140 020 (080121 42 | € Treatment duration
Akbari et al. (2022), IOFG 02840 05970 028 [-089;1.45] 3.4%
Wang et al. (2024) 03660 0.4020 037 [-0.42:115] 56% | Study SMD s.e. (SMD) sMD sMD 5% c1 Weight
Silva et al. (2021) 03620  0.3450 037 [-0.31,1.05] 6.6% f .
DUrso et al (2016) 06870 0.4540 069 [-020;158] 4.9% Number of sessions
Echevaria et al. (2024) 7490 05190 075 [027,177] 42% | Finebergetal (2023) Pre-SMA  -0.0990  0.3610 = 010 [-081,061] 57%
Akbari et al. (2022), L-cerebellum  1.0020 05970 100 [-07;217) 3.4% | Finebergetal. (2023), lOFC 11200 0.4550 = 112 (023201 44% | Study SMD  s.e. (SMD) SMD SMD. 95%Cl Weight
Agrawal et al. (2024) 10210 07270 102 [-0.40;2.45]  2.5%
Kumar et al. (2025) 12980 0.4040 = 130 [051,200] 56%
Fineberg etal. 2023) PreSMA  -0.0990  0.3610 = 010 [-08% 061 57%
Fineberg et al. 2023), IOFC 11200 0.4550 e 112 (023 201 4.4%
Akbari et al. (2022), Pre-SMA 02050 05140 - 020 [-080;121] 38%
Random effects model (HK) 062 [0.36;0.88] 100.0% | Akbar etal. (2022), IOFC 02840 05970 - 028 [-0.89;145] 3.1%
Prediction interval E (-0.21;1.45] Gowda et al. (2019) 04970  0.4720 050 [-0.43;1.42] 42%
, Bation et al. (2019) 07390 0.4620 074 [-07;164] 43%
Heterogeneity: I = 42%, 7* = 0.1410, P = 0.02 3 -2 0 1 2 3 Alizadehgoradel (2024), 1 mA 09180  0.4500 092 [0.04;180] 45% D'Urso et al. (2016) -0.3230 05130 - -0.32 [-1.33; 0.68] 3.8%
Test for subgroup differences: x{ = 2.98, d.f. =1(P = 0.08) Alizadehgoradel (2024), 2 mA 09820  0.4460 e 099 [01:1.86] 45% | Harika-Germaneau etal. (2024)  -0.2590 0.2500 026 [-075; 0.23] 1.7%
Akbari et al. (2022), L-cerebellum 10020 0.5970 100 [-017:217)  31% | Akbarietal (2022), Pre-SMA 02050 05140 = 020 [-0.80; 1211 3.8%
9 Intensity 13 Akbari et al. (2022), IOFG 02840 05970 - 028 [-089 145] 31%
Weight Wang et al. (2024) 0.3660 0.4020 - 037 [-0.42 115] 5%
Study SMD s.e. (SMD) sMD SMD 95% C1 Weid Gowda et al. (2019) 04970 0.4720 = 050 [-0.43; 1.42] 4.2%
DUrso et al. (2016) 06870 0.4540 fe 069 [-020; 158] 4.4%
DUrso et al. (2016) 03230 05130 i 032 [133:068] as% | Slveetal202) 03620 03450 = 037 [031;105] 6.0% | Bation etal.(2019) 07390 0.4620 = 074 [Or7: 164 43%
Rarika.Germaneau etal,(2024) 02590 0.2500 1026 [0.75.020] 77% | Echevarriaetal 2024) 0749 05190 075 [-027:1771] 37% | Alizadehgoradel (2024), 1 mA 09180  0.4500 = 092 [0.04; 1.80] 45%
Fineberg et al. (2023), Pre-SMA  -0.0930  0.3610 = 010 (-0.8%,061  57% Alizadehgoradiel (2024), 2 mA 0.9890 0.4460 = 099 [01;186] 45%
Akbari et al. (2022), Pre-SMA 02050 05140 - 020 [-080;121] 38% Akbari et al. (2022), L-cerebellum  1.0020 05970 fe 100 (047 271 3%
Yoosefee et al. (2020) 02190 03320 = 022 [-0.43,0.87) 6.2% Agrawal et al. (2024) 10210 0.7270 o 102 [-0.40; 2.45] 2.3%
Akbari et al. (2022), 1OFG 02840 05970 - 028 [-089;1.45] 3.1% Kumar et al. (2025) 12980  0.4040 = 130 [051; 200] 51%
Silva et al. (202 03690  0.3450 -] 037 [-031:105] 60% | Yoosefeeetal (2020) 02190 0.3320 L 022 [-043;:087  62%
Gowda et al. (2019) 04970 0.4720 - 050 [-0.43;1.42] 42%
Chu etal. (2025) 06540 0.4500 e 065 [-023;154] 45%
DUrso et al. (2016) 0.6870  0.4540 — 069 [-020;158] 4.4% | DUrsoetal (2016) -03230 05130 -1 032 [133;,068]  3.8%
Bation et al. (2019) 07390 0.4620 fe 074 [-017:164] 43% | Harika-Germaneauetal (2024)  -02590 02500 -026 [-0.75;023]  7.7% | silvaetal. (2021) 03680 03450 - 037 [-0.31;105] 6.0%
Echevarria et al. (2024) 07490 05190 fie 075 [-027;177] 3.7% | Wangetal (2024) 03660  0.4020 037 [-0.42:105] 5% | Chyetal (2025) 06540 04500 = 065 [0.23 154] 45%
Chu etal. (2025) 08970  0.4830 Fe 090 [-005,184] 4% | Chuetal (2025) 06540 0.4500 065 [-0231158] 45% | Echevaniaetal (2024) 07490 05190 Lo 075 [027,177] 37%
Alizadehgoradel (2024), 2mA ~ 0.9890  0.4460 f= 099 [01;186] 45% | DUrsoetal.(2016) 06870 0.4540 069 [-020;158] 44% | cpicial 08970 0.4830 = 090 [-006 164) 41%
Akbari et al. (2022), L-cerebellum  1.0020 05970 f 100 [-017:217] 31% | Chuetal (2025) 08970 0.4830 090 [-0.05:184  41% | cou&ial (bogs) 10160 0.6870 02 (057 326] 25%
Agrawal et al. (2024) 10210 07270 — 102 (-0.40;2.45]  2.3% | Agrawal et al. 2024) 10210 07270 102 [-0.40;245]  2.3%
Fineberg et al. (2023), IOFC 11200 0.4550 - 112 (023201 44% | Kumaretal (2025) 12980  0.4040 130 [051,209]  5.1%
Yekta et al. (2015) 11740 05800 — 117 [0.04:231 32% | Chuetal (2025) 19160 0.6870 192 [057:326] 25%
Kumar et al. (2025) 12980  0.4040 - 130 [051200] 51%
191 [ 1 3
Chuetal. (2025) 9160 0.6870 5 92 Los7i320] 25% Yoosefee et al. (2020) 02190 03320 = 022 [-0.43; 0.87] 62%
Perera et al. (2023) 16710 05350 <L*> 167 (062 272 36%
Yekta et al. (2015) 10740 05800 17004231 32%
Alizadehgoradel (2024), 1 mA 09180  0.4500 fe 092 (0.04,180] 45%
Perera et al. (2023 16710 05350 167 (0622721 36%
rera etal. (2023) ¢ g Yelta et al. (2015) 11740 0.5800 — 17 [004 230 32%
Wang etal. (2024) 03660 0.4020 = 037 [-0.42:115]  51% | Random effects model (HK) 061 [0.37; 0.85] 100.0%
Perera et al. (2023) 16710 05350 %:—f> 167 [062:272] 36% | prediction interval [-0.18; 1.41] Random effects model (HK) 061 [0.37; 0.85] 100.0%
Prediction interval - [-0.8; 1.41]
Heterogeneity: I = 40%, * = 0.1308, P= 0.02 o s o s ©
Random sffcts model (4 o 081 [0:57:0351100.0% | tugforsubgroup diferences: - 17, . ¢+ 0.50) Heterogenaity [ o, 01308, P= 92, ,
rediction interval = - Test for subgroup differences: X2 =1.78, d.f. = 4 (P = 078
Heterogeneity: /* = 40%, ' = 01308, P = 0.02 s o s
Test for subgroup differences: 2 = 0.90, d.f. =2 (P = 0.64)

Fig. 2| Pairwise meta-analysis of the tES interventions’ effect sizes for
reducing OCD symptoms. a, Forest plot showing pooled effect sizes of tES
interventions* 178828486 (n = 16, k = 23) with SMD, 95% Cls and measures of
heterogeneity (SMD = 0.61; 95% CI, [0.37 to 0.85]; heterogeneity, I = 40%,
=0.131,P=0.02). b, Forest plot of pooled and single effect size for anodal
tDCS interventions over cortical regions (k = 14) including SMD and 95% Cls and
measures of heterogeneity (SMD = 0.52; 95% CI, [0.21 to 0.83]; heterogeneity,

P =40%,7*=0.129, P=0.06). ¢, Forest plot of pooled and single effect size for
cathodal tDCS interventions over cortical regions (k = 20), including SMD,

95% Cls and measures of heterogeneity (SMD = 0.56; 95% Cl, [0.34 to 0.78];
heterogeneity: =25%, 2= 0.088, P= 0.15). d, Forest plot of pooled effect sizes
for tESintervention at twice-daily (k=10) versus once-daily (k =11) frequency,
including SMD, 95% Cls and measures of heterogeneity (SMD = 0.62; 95% ClI,[0.36
to 0.88]; heterogeneity: I = 42%, 7 = 0.141, P= 0.02). ¢, Forest plot of pooled
and single effect size for treatment duration of 2 days (k= 2), 5 days or 1 week
(k=7),2weeks (k=9), 4 weeks (k=2) and 8 weeks (k =1) of tES interventions

(both tDCS and tACS), including SMD and 95% Cls and measures of heterogeneity
(SMD = 0.61; 95% CI, [0.37 to 0.85]; heterogeneity: I* = 40%, 2= 0.131, P= 0.02).

f, Forest plot of pooled and single effect size for total sessions of 4 (k= 2),10
(k=13),15(k=1),20 (k=5) and 24 (k =2) of tES interventions (both tDCS and
tACS), including SMD, and 95% Cls and measures of heterogeneity (SMD = 0.61;
95% Cl,[0.37 to 0.85]; heterogeneity: = 40%, 7* = 0.131, P= 0.02). g, Forest plot of
pooled and single effect size for stimulation intensity of 1mA (k=1),1.5 mA (k=2)
and 2 mA (k =20) in tESinterventions, including SMD, 95% Cls and measures

of heterogeneity (SMD = 0.61; 95% Cl,[0.37 to 0.85]; heterogeneity, I* = 40%,
2=0.131, P=0.02). SMD values were calculated using the Morris method. Larger
SMD values indicate a larger reduction of OCD symptoms (measured by Y-BOCS).
nrepresents the number of tES studies and k represents the number of effect
sizesincluded in the main and secondary analyses. Squares represent individual
study effect, diamonds represent pooled effect and lines represent Cls. SMD,
standardized mean difference; Cl, confidence interval; HK, Hartung-Knapp
adjustment for random-effect meta-analysis.

P=0.08)tolow (*=0.0,”=0;Q=0.88, P=0.35). Figure 3ashows the
network structure of the treatment arms for the primary outcomes
(Y-BOCS). A total of 270 participants received the sham intervention
and 264 were assigned to various tES interventions, including 1 alpha
tACS and 15 tDCSinterventions.

The following tES protocols significantly reduced OCD symptom
severity compared with the sham controlin descending order of effect

size: peak alpha tACS over medial PFC (SMD =1.67; 95% CI, [0.62 to
2.72]), ctDCS pre-SMA + atDCS IDLPFC (SMD =1.30; 95% Cl, [0.51 to
2.09]), ctDCS-IOFC + atDCS shoulder (SMD =1.24; 95% CI, [0.39 to
2.10]), atDCS IDLPFC + ctDCS rDLPFC (SMD =1.17; 95% CI, [0.04 to
2.31]),and atDCSIDLPFC + ctDCS pre-SMA at2 mA (SMD = 0.99;95% Cl,
[0.11t01.86]) and at1 mA (SMD = 0.92;95% Cl, [0.04 t01.801]) (Fig. 3b).
We further analyzed the surface under the cumulative ranking (SUCRA)
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Fig. 3| Network meta-analysis of tES interventions efficacy versus sham
control on OCD symptoms reduction (n RCTs = 14).a, Network structure

of the primary outcome. Each node represents a different tES intervention
including sham (n = 18), with the size of the node proportional to the number of
treatments. The edges between nodes represent direct comparisons between
treatments (n = 23), with the thickness of the edges indicating the precision of
the estimates (thicker lines represent smaller standard errors). The arrangement
of nodesis optimized to enhance clarity. b, The network meta-analysis forest
plot shows the SMD and 95% Cls for each treatment (n = 17) compared with the
sham control (n=1) in reducing OCD symptoms. Positive effect sizes indicate a
greater reduction in OCD symptoms compared with sham. Squares represent
individual study effect and lines represent Cls. ¢, Network ranking plots with
each subplot representing the probability distribution of ranks for different

treatments in the network meta-analysis. Higher probabilities at lower ranks
indicate better treatment performance. The rankograms illustrate comparative
effectiveness, with tACS_AFz showing the highest likelihood of being the

most effective treatment, as reflected by its high SUCRA score, while the sham
condition shows lower effectiveness as methodologically expected. We adopted
the terminology from the papers for describing target regions which may not
accurately explain the actual target region. Here is the clarification: Fz, FC1/FC2
and C3/C4 represent the supplementary and pre-SMAs; Fpl denotes the IOFC and
Fp2/F8refers to the right OFC; F3 and F4 represent the IDLPFC and the rDLPFC,
respectively. Oland O2 represent the left and right cerebellum, respectively. AFz
refers to the medial PFC. atDCS, anodal transcranial direct current stimulation;
ctDCS, cathodal transcranial direct current stimulation; tACS, transcranial
alternating current stimulation.

percentages representing the mean rank of interventions compared
with anidealized hypothetical onebased on1,000 simulations. Among
the top-7 interventions (>60% SUCRA) for reducing OCD severity, the
above protocols ranked first (89.05%), second (78.56%), third (75.49%),
fourth (72.72%), fifth (66.06%) and eighth (63.16%), respectively. In
addition, interventions suchas atDCS-02 + ctDCS-01(SMD =1; 64.55%),
and ctDCS pre-SMA + atDCS shoulder (SMD =1.02; 63.95%), ranked
sixth and seventh for reducing OCD severity, showing promise for
further study (Fig. 3c and Supplementary Tables 2 and 3).

Meta-modeling analysis of correlations between tDCS-induced
electrical field and treatment response

The meta-modeling analysis was carried out on tDCS studies (n =16)
as this modeling approach is based on a consistent tDCS-induced
polarity-dependent electrical field (while tACS electric fields have
fluctuating polarities). The results show that tDCS is most effective in
treating OCD symptomsiftheelectric fields target the medial prefron-
tal and frontopolar cortices (maximum performance-electric field
correlation (PECy) = 0.351, P=0.046, explained variance =12.3%; Fig. 4a,
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Fig. 4| Meta-modeling analysis. a, PEC maps for correlations between effect
size and electric-field strength (first map), cumulative charge in one session
(Exmin per day; second maps), cumulative charge across treatment days (£ x
number of days; third map), and total cumulative charge (E x min x day; fourth
map). Color gradients indicate correlation strength: darker shades signify
stronger positive correlations with symptom improvement, while lighter shades
indicate negative correlations. b, The five functional brain regions (HCP-MMP
atlas) with the largest average PEC.. yin per oy Values. Individual dots represent
correlation values per brain model element withinaregion. Black dots represent
individual correlation values per gray-matter element. The horizontal bar shows
the median, the upper and lower boundaries show the 25th and 75th percentiles,
respectively, and the whiskers show 5th-95th percentiles. ¢, Correlation between
effect sizes and the perpendicular component of the electric field (PEC,;,z)-
The current direction follows an inward-to-outward (orange-to-blue) path.
The most positive correlation between inward currents (perpE > 0) and effect
sizes on the right flanks of gyri suggests a right-to-left current flow is associated
withimprovementsin OCD symptoms. Gradient represents correlation with
effect sizes; positive values (warmer shades per embedded color-bar key)
indicate inward current flow associated with symptom improvement.d, An
optimized montage showing the electric-field strength (normE) forimproving
OCD symptoms with tDCS. Anodes are shown in red and cathodes are shownin
blue. Note that the largest normE values correspond to the largest PEC values as
shownina.e, Thesameasind, butin this case, the perpendicular component
ofthe electric field (perpE) is shown. Note that this distribution is similar to the
oneshowninc.10pp, polar area10; pOFC, posterior orbitofrontal cortex; OFC,
orbitofrontal cortex; 471, lateral area 47;10d, dorsal area 10 according to the HCP-
MMP atlas. PECg, performance-electric field correlation; normE, magnitude of
the simulated electric field; perpE, perpendicular field component.

first map). This was most strongly observed in the left hemisphere.
The positive relationship between electric-field strength and effect
size was even more pronounced when considering stimulation dura-
tion per treatment session (maximum PECg, i perday = 0.369, P=0.038,
explained variance =13.2%, Fig. 4a, second map). Conversely, when the

number of treatment days was taken into account, the relationship
between electric fields and effect sizes did not reach significance (maxi-
mum PECe, 1ymberofdays = 0-209, maximum PEC., i« day = 0.311, P> 0.05,
Fig. 4a, third and fourth maps). Together, these results based on the
included studies suggest that while longer stimulation durations ata
given day benefit the therapeutic effect, longer total number of days
of treatment may not.

Subsequently, we mapped the functional regions associated with
the largest effects associated with the PECe, yin per day F€Sults using the
Human Connectome Project multimodal parcellation (HCP-MMP)
atlas®®s, Better treatment response was mostly associated with stimula-
tionof the left dorsomedial PFC and OFC, corresponding to Brodmann
areas 10, 11 and 47 (Fig. 4b). Finally, we used the PEC maps to suggest
anoptimized montage for tDCS based on the computational modeling
results. Crucially, the current direction determines the placement of
anodal and cathodal electrodes. Therefore, the PEC value was calcu-
lated for the perpendicular component of the electric field, whichindi-
cates the direction of current flow (from the anode (inward currents)
to the cathode (outward currents); Methods). We found thata current
flow from the right to the left PFC was positively correlated (PEC,,.,,)
with effect sizes, while a current flow from the left to the right PFC was
negatively correlated with effect sizes (Fig. 4c). As such, a positive
treatment outcome would follow fromright-atDCS targeting the DLPFC
and left-ctDCS targeting the frontopolar cortex (including the OFC and
the ventromedial PFC (vmPFC)). The exact montage was modeled and
resulted in anodes over F4 and F2 (1 mA each) and cathodes over AF3
and AF7 (-1 mA each), asshowninFig.4d,e.

Risk of bias and publication bias

Supplementary Fig. 6 presents the overall and individual risk of bias
assessment results for the studies. Most included studies showed low
(n=38)tomoderate (n = 8) risk of bias, while one (n =1) showed high risk
due to the randomization process. We marked six studies with ‘other
bias’ for not using or reporting side-effect surveys. Only one study
examined blinding efficacy*. However, we did not label the others with
‘other bias’, as the updated CONSORT guidelines do not recommend
evaluating blinding efficacy®.

Publication bias was assessed using funnel plots
(Supplementary Fig. 7a,b) and Egger’s test of the intercept, which
indicated significant asymmetry (intercept = 3.386; 95% CI, [1.74-5.03];
t=4.023; P=0.0006). We additionally used the P-curve method to eval-
uate evidential value and identify potential P-hacking. Of the included
studies, 7 (30.43%) reported P< 0.05and 4 (17.39%) reported P < 0.025.
The full P-curve showed no significant right-skewness (zFull = -1.317;
pFull = 0.094), whereas the lower half was significantly right-skewed
(zHalf = -1.876; pHalf = 0.03), indicating evidential value. The flat-
ness test confirmed evidential value, as there was no flat distribution.
The P-curve’s estimate of the true effect size (d = 0.508) was close to
the meta-analytic estimate (SMD = 0.612), but the estimated statis-
tical power was low (23%; 95% Cl, 5-67.5%). These findings suggest
that, despite small-study effects, the evidence base contains genu-
ine effects, although the low power of individual studies warrants
cautious interpretation.

Discussion

This study uses three distinct meta-analytic approaches to evaluate
the efficacy of tES interventions for treating OCD symptomes. Different
meta-analytic approaches were used to evaluate different aspects of
treatment efficacy (for example, pooled effects, the effectiveness of
interventions versus shamtreatments, the ranking of promising inter-
ventions, the correlation between symptom reduction and induced
electrical fields, and the prediction of optimized interventions) that
cannot be obtained by one single analysis. Our analysis of 23 tES experi-
mental conditions reveals a significant medium pooled effect size for
reducing OCD symptoms (Fig. 5a). This effect is particularly strong
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Fig. 5| Efficacy of tES interventions for OCD treatment. a,b, Major findings of
pairwise (a) and network (b) meta-analyses (for detailed results see Figs. 2 and
3).¢, Model-estimated and suggested tES intervention based on computational
modeling with atDCS over F2-F4 coupled with cathodal AF3-AF7.d, Proposed
mechanisms of tES effects on reducing OCD severity by regulating glutamate/
GABA levels, upregulating the prefrontal-striatum pathway, and downregulating

the SMA-putamen and medial PFC-insula pathways. vmPFC, ventromedial
prefrontal cortex; vIPFC, ventrolateral prefrontal cortex; DLPFC, dorsolateral
prefrontal cortex; SMA, supplementary motor area; OFC, orbitofrontal cortex;
tDCS, transcranial direct current stimulation; GABA, gamma-aminobutyric acid.
Schematic diagrams and workflow illustrations were created with Microsoft
Powerpoint and BioRender.com.

for interventions that primarily downregulate the SMA and the OFC
and upregulate the IDLPFC with cathodal and anodal stimulation,
respectively, with a large effect size for twice-daily stimulation per
day, and moderate effect for 5-day, 2-week, 10-session and 20-session
interventions, and stimulation intensity of 2 mA. The top tES inter-
ventions, compared with sham conditions, were alpha tACS over the
medial PFC, cathodal SMA-anodal IDLPFC tDCS, ctDCS of the OFC, and
bilateralanodal right DLPFC tDCS (Fig. 5b). Finally, our computational
analyses of behavior-electrical-field correlations, inline with results of
network meta-analysis, show that tDCS is more effective when target-
ing the medial PFC and frontopolar cortex, particularly when session
durations are longer. This analysis further suggests anodal stimula-
tion of the right lateral and medial PFC cortices (F2-F4), combined
with cathodal stimulation of the left frontopolar cortex (AF3-AF7),
may more effectively reduce OCD severity due to larger PEC values,
indicative of gray-matter modulation (Fig. 5c). We discuss key findings
regarding OCD pathophysiology and stimulation parameters, evaluate
the therapeutic efficacy of tES for treating OCD, and conclude with a
discussion of promising future tES interventions.

OCD pathophysiology and tES intervention

Although the pathophysiology of OCD is complex and not fully
understood, functional and structural abnormalities in the cortico-
striato—thalamo-cortical (CSTS) circuits are well documented®®*2,
At the cortical level, DLPFC, medial PFC, OFC, anterior cingulate cor-
tex (ACC), SMA and pre-SMA are critical regions within CSTS circuits

characterized by altered functional and structural connectivity® .
Specifically, overactivity in the OFC, medial PFC and SMA coupled with
hyperconnectivity with subcortical regions is prominentin OCD?>. At
chemical levels, excitatory and inhibitory neurotransmitter systems
(for example, glutamate, GABA) show imbalanced activity in patients
with OCD compared with healthy controls®. The effectiveness of tES
interventionsin alleviating OCD symptoms canbe attributed to at least
two explanations related to the functional, structural and chemical
abnormalities within CSTS circuits (Fig. 5d).

First, restoring and/or rebalancing functional abnormalitiesis the
primary mechanism of effect for tES interventions. According to the
multifaceted neural circuit theory of compulsivity®? three cortico-
subcortical networks are involved in OCD-related pathophysiology
(and behavior) that can be modulated by tES intervention. A hyper-
connectivity and hyperactivity of medial OFC and vmPFC circuits
that have projections to the ventral striatum and caudate is observed
in patients with OCD, leading to compulsions and exaggerated habits
against goal-directed behaviors. A similar hyperconnectivity is seen
in the SMA-putamen network, which is also linked to compulsions.
In contrast, hypoconnectivity in the lateral frontal-striatal network
affectstop-down executive control, and this loss contributes to the shift
from goal-directed behavior to compulsive habitsin OCD. Therapeutic
effect of tES interventions that downregulate SMA and OFC activity
(forexample, ctDCS of the SMA and the OFC) can thus be due to modu-
lating hyperactivity in these regions and their subcortical projections
(forexample, putamen, insula). A similar therapeutic effectis reported
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for low-frequency rTMS of the SMA”. Another source of effect for tES
interventionsisrelated toupregulation of both IDLPFC and the rDLPFC
with anodal stimulation, whichisagainin line with therapeutic effects
of high-frequency rTMS over the bilateral DLPFC”. Accordingly, the
top-four tES interventions identified in our network analysis aimed
either to downregulate the SMA, OFC and medial PFC, or to upregulate
the DLPFC. Nonetheless, this explanation is speculative owing to the
lack of pre-and post-tES neuroimaging data, and altered connectivity
may vary with brain state (for example, resting versus task functional
MRI(fMRI)). For instance, in atDCS-fMRI study, anodal stimulation of
the frontopolar region reduced negative connectivity between the
medial PFC and the right insula/putamen and increased its connecti-
vity with the medial and superior frontal gyriin OCD®. Although these
changes were linked to improved safety learning, no anxiolytic effects
of anodal frontopolar tDCS were observed.

Thesecond explanationrelates to theimbalanced levels of gluta-
mate and GABAinkey OCD regions, which are the major neurometabo-
lites underlying the tES mechanism of effects. A recent study with7 T
proton magnetic resonance spectroscopy found that glutamate levels
inthe SMA correlated with the Y-BOCS compulsivity subscale and with
measures of habitual responding in patients with OCD compared with
healthy controls®. Excessive levels of glutamate and reduced levels of
GABA in the ACC, and a correspondingly enhanced glutamate:GABA
ratio (and hence altered excitatory:inhibitory balance), were also
associated with enhanced habitual responding in these patients.
Also, the excitatory/inhibitory effects of tES are linked to changes
in glutamate and GABA concentrations. MRS studies showed a glu-
tamate reduction after ctDCS and enhancement after atDCS while
both atDCS and ctDCS reduce GABA”*°. Pharmacological studies
using N-methyl-D-aspartate (NMDA) receptor blockers and GABA
agonists have also shown that after effects of atDCS/ctDCS and tACS
are dependent on NMDA-receptor activity'°*'%", Thus, the efficacy of
cathodal SMA tDCS may be partly due to balanced glutamate levels
following theintervention. The therapeutic effects of tES interventions
targeting the medial PFC, a key area in our predicted montage from
the third analysis, can also be partially attributed to the modulation
of glutamate and GABA in the hyperactive ACC®?, which plays a role
in conflict monitoring and inhibitory tasks in patients with OCD and
receives projections from the medial PFC**'%%,

Stimulation parameters and therapeutic efficacy
Optimizing tES interventions is crucial for effectively changing cor-
tical activity, restoring brain excitability and balancing imbalanced
functions in OCD. Systematically investigating different parameters
such as treatment duration, stimulation repetition and stimulation
intensity isimportant for evaluating the efficacy of tES interventions.
Although this is not sufficiently addressed in current tES RCTs (only
five studies examined effects of different intensities*, polarity®°
and target regions***'7%%%) our results are still informative in some
aspects. For cortical targeting, downregulation of the SMA and the
OFC, upregulation of the DLPFC, and entrainment of brain oscillations
in the medial PFC yielded promising results, which align with rTMS
meta-analyses®'°*'°*, The predicted optimized configuration based
on symptom reduction effect size and induced electrical fields more
specifically suggests upregulation of the rDLPFC and the medial PFC
with anodal and downregulation of left frontopolar cortex (including
OFC) with cathodal stimulation. Regarding stimulation intensity, 2 mA
was the most commonly utilized dosage. Although the only reported
RCT using 3 mA tDCS over the inferior frontal cortex showed limited
efficacy for OCD treatment'®, it remains unclear whether higher inten-
sities (for example, >4 mA), delivered within established safety guide-
lines, improve outcomes, and this warrants further evaluation'*%%'”,
Another important stimulation parameter was the relevance
of stimulation frequency per day for reducing OCD symptoms. Our
pairwise analysis showed a large therapeutic effect for twice-daily tES

sessions versus the small yet significant effects for once-daily sessions.
Inrelation to this, our meta-modeling showed that longer stimulation
durationsonagivenday, rather than anincreased number of sessions,
yield greater therapeutic effects. These findings align with recent
meta-analyses of rTMS RCTs, which found that longer rTMS sessions,
rather than more overall sessions, are associated with larger clinical
improvement*'*® and are further in line with the efficacy of accelerated
rTMS (involving two or more sessions per day with shortinter-session
intervals) for OCD treatment'®®, Here it is noteworthy that twice-daily
3 mAtDCS over theinferior frontal cortex showed limited efficacy for
OCD treatment'®, suggesting that intensifying tDCS beyond 2 mA
may not improve outcomes, as shown in the human motor cortex'*’.
Both1-week and 2-week interventions showed significant therapeutic
effects, unlike the 4-week intervention, a finding consistent with a
recent rTMS meta-analysis'” but requiring cautious interpretation due
to the limited number of studies with 4-week intervention'®,

Insum, systematicinvestigations of tES parameters are crucial for
optimizinginterventions and enhancing therapeutic effects, whichis
currently insufficient. In addition to stimulation parameters, differ-
ent OCD subtypes (for example, compulsive or obsessive) should be
considered for protocol development (due to different pathophysi-
ological profiles and circuitry®®), which has not been investigated by
currenttESinterventions. Finally, it is essential for future tES studies to
standardize their designs and reportintervention protocolsinaccord-
ance with the recently published Report Approval for Transcranial
Electrical Stimulation (RATES) checklist'’. This approach enhances
theinterpretability and reproducibility of findings while enabling more
effective comparisons between tES studies.

Therapeutic efficacy of tES interventions for OCD treatment
r'TMS, the most used NIBS modality in clinical settings, is FDA-approved
for treating OCD'™. tES interventions follow a similar rationale for modu-
lating OCD-related brain abnormalities, yet are more easily portable,
more affordable, have fewer side effects and are home usable, suggest-
ing them as a potentially first-line NIBS treatment™ if proved effective.
Our analysis showed that tES interventions show significant moderate
therapeutic effects, comparable to the moderate efficacy reported
for rTMS in recent meta-analyses (Hedges’ g = 0.50 to 0.65)%75103112,
While this pooled medium effect shows promise, it is somewhat lim-
ited due to the heterogeneity of tES protocols and the small number
of similar protocols used for OCD treatment, which is the reason we
did athree-level analysis. Our network meta-analysis and specifically
meta-modeling analysis suggest that tES interventions with specific
stimulation configurations (downregulating OFC, medial PFC and
SMA) may hold promise, as discussed above. The few available tACS
RCTs have also shown promising effects of alphaand beta-gamma tACS
over the medial PFC and OFC*”'* and very promising results were also
reported for gamma tACS for OCD treatment*'", Future tES studies
arerequired to assess the efficacy of promising interventions, and our
model-suggested anodal F2-F4/cathodal AF3-AF7 protocol. With more
tES studies emerging, analyzing clinical predictors of tES responses™*"”
and meta-regression analyses of tES predictors of response will help
maximizeits efficacy.

Potential tES interventions and approaches for

OCD treatment

Despite variations in design and stimulation parameters, the tES
interventions included in this analysis can be broadly classified as
downregulatory (for example, SMA/OFC ctDCS) or upregulatory (for
example, DLPFC atDCS). They stillneed to be evaluated in larger trials,
yet other potential tES interventions can be inferred from the recent
OCD pathophysiology framework®. The ventrolateral PFC (VLPFC) is
a key region showing reduced connectivity with the caudate in OCD
and is linked to impaired cognitive flexibility"®. A recent study also
confirmed its hypoconnectivity with the dorsal putamen'. Inanother
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Fig. 6 | tES interventions with therapeutic potential. OCD features acomplex
pathophysiology involving various cortical and subcortical regions that
influence disease severity. Neuropsychological and cognitive deficits are integral
to OCD psychopathology and closely linked to its pathophysiology. According
to the latest framework about OCD psychopathology and pathophysiology®,
several regions can be targeted by tES and other NIBS interventions. a, The
VLPFC, animportant region for the executive control system, is often hypoactive
in OCD. This diminishes influence over the dorsal striatum and habit system,
which canlead to compulsive behaviors. Enhancing VLPFC activity (for example,
with atDCS) may benefit OCD by strengthening goal-directed behavior.b, The
vmPFCis typically hyperactive in OCD. A downregulatory tES intervention

targeting the medial PFC could alleviate negative feelings and urges to act by
modulating the insula and caudate. ¢, The dorsal ACC, which s involved in action
monitoring and interoceptive feelings through its connections to the insula, is
also hyperactive in OCD. This hyperactivity can hinder action monitoring and
amplify interoceptive urges, leading to compulsions. A downregulatory tES
intervention on the dorsal ACC may help regulate these urges and improve action
monitoring, potentially reducing compulsions. vmPFC, ventromedial prefrontal
cortex; VIPFC, ventrolateral prefrontal cortex; ACC, anterior cingulate cortex;
DLPFC, dorsolateral prefrontal cortex. Brain surface renderings are based on the
MNI152 nonlinear 2009 (ICBM152) standard template.

recent study™’, reduced activity in the inferior frontal gyrus (includ-

ing the VLPFC), alongside its hypoconnectivity with the putamenand
the SMA, was linked to impaired prefrontal arbitration process and
this was correlated with OCD severity. Accordingly, reduced activity
and connectivity of the VLPFC with the dorsal striatum (caudate and
putamen), associated with cognitive flexibility impairments, suggests
that enhancing VLPFC activity via tES (for example, anodal tDCS) may
help lower OCD severity by enhancing goal-directed behaviors over
habitual ones (Fig. 6a). This was demonstrated in our recent study,
where anodal tDCS over the dorsolateral PFC, combined with cathodal
pre-SMA stimulation, improved inhibitory control and reduced atten-
tionbias toward OCD-related stimuliwhile reducing symptom severity
in patients with OCD*.

Two additional potential interventions relate to the downregula-
tion of the medial PFC, vmPFC and the modulation of dorsal ACC activ-
ity (Fig. 6b,c). Symptom provocation fMRI studies typically showed
enhanced activation of the vmPFC'*"** and the ACC'*"** in OCD. This
activation correlates with hyperconnectivity to the ventral striatum
and particularly the insula, which plays a role in negative interocep-
tive experiences and subjective urges to action in OCD?>""*'*, Down-
regulating vmPFC and dorsal ACC may reduce negative interoceptive
feelings that drive compulsive behaviors, consistent with a recent
network meta-analysis showing thatinhibitory rTMS of medial PFC and
anterior ACC are more effective than sham interventions'®*. However,
evidence supports the effectiveness of deep high-frequency rTMS over
the medial PFC and ACC>°. This is partly due to difficulty in precisely

defining the vmPFC, which can contain elements of several Brodmann
areas—14, 25,32 and 24—and some controversy on whether this region
is generally hyperactive or hypoactive in OCD"**'¥. Nevertheless, these
proposed interventions are grounded in neuroimaging findings and
meritexplorationin future studies (For adetailed review of the empiri-
cal background supporting these interventions, see ref. 92).

Looking ahead, home-based tES*®, aunique advantage of tES ver-
susrTMS, offers a promising avenue for ongoing treatment in natural
settings, reducing anxiety-provoking clinic visits. Preliminary evidence
from the only tACS study included in our analyses, which was delivered
athome, suggests that tES can significantly alleviate OCD symptoms,
withsustained effects observed at follow-up* in line with recent works
ondepression'”. Similarly, closed-loop tES”*"*! adapting stimulation
based onneural biomarkers, could further optimize efficacy by target-
ing dynamic symptom states such as obsessive ruminations. While
primarily used in invasive neuromodulation’®?, these adaptive sys-
tems caninspire non-invasive tES innovations for precise, on-demand
interventions aligned with real-world symptom fluctuations. Future
research should focus onlarge-scale trials to validate these modalities,
assess long-term safety and integrate them with existing therapies for
optimized and personalized tES'°*">'** for OCD treatment.

Study strengths, limitations and conclusion

Our study comes with several strengths. It pioneers the use of a
three-level meta-analysis in the NIBS field to assess the therapeutic
efficacy of tES for OCD, offering a new perspective on evaluating NIBS
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therapeutic efficacy. In addition, it incorporates the latest literature,
includes more RCTs and excludes studies with bias, thereby improv-
ing statistical power. Sub-analyses of stimulation parameters, some
of which are being explored for the first time (for example, stimula-
tion frequency per day), are other innovative aspects of our work.
Yet, several limitations exist. First, pairwise and network analyses are
based on heterogeneous studies, and the findings across analyses
require careful consideration due to potential overlap (for example,
the model-optimized protocol excluded the SMA region). Next, the
meta-modeling results on stimulation duration in tDCS efficacy rely
on varying durations and frequencies. Lastly, we did not perform
meta-regression to examine the influence of study-level characteristics
on effect size because it was beyond our study’s scope. Furthermore,
thelimited number of studies and inconsistent reporting of covariates
made a robust meta-regression infeasible. This will remain an open
research question for future systematic reviews and meta-analyses
with larger, more consistent datasets. These limitations stem fromthe
diversity of tES interventions, which could be addressed by more pub-
lished RCTs; thus, current findings should be interpreted cautiously.
To conclude, this triple meta-analysis integrates three comple-
mentary meta-analytic approachesto provide acomprehensive analy-
sis of eligible tES studies used to reduce OCD severity. Our results
suggest thatinterventions that downregulate the OFC, medial PFC and
SMA, or upregulate the lateral PFC show promise. Our analysis shows
that tESisboth safe and well tolerated in patients with OCD. However,
many of theincluded studiesimplement strict inclusion criteria, often
excluding individuals with multiple physical comorbidities, older
adults or those at higher risk. Furthermore, in some studies conducted
in low- and middle-income countries, patients unable to tolerate the
intervention may be excluded. This underscores the importance of
thoroughly examining the potential adverse effects of tES in patients
with OCD. Future studies may build on findings from our pairwise,
network and meta-modeling analyses, as well as the additional tES
interventions with potential for OCD treatment (Fig. 6), to improve
current tES protocols and investigate more effective modalities.

Methods

General study guidelines

This meta-analysis adhered to the latest update of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines*. The study protocol was registered in
PROSPERO (CRD42023485717).

Search strategy and eligibility criteria

Two authors (M.A.S. and A.H.-H.) systematically searched multiple
electronic databases, including PubMed, Embase, Web of Science,
Cochrane CENTRAL and Scopus, from the inception of each database
until 31July 2025. The search terms included: [‘obsessive compulsive
disorder’ OR‘OCD’ OR ‘obsessive disorder’ OR ‘compulsive disorder’]
AND [‘transcranial electrical stimulation’ OR ‘transcranial direct cur-
rent stimulation’ OR ‘transcranial alternating current stimulation’ OR
‘transcranial random noise stimulation’ OR ‘tES’ OR ‘tDCS’ OR ‘tACS’
OR ‘tRNS’]. We also searched gray literature databases and examined
thereference lists of relevant review articles and meta-analyses**>,
Peer-reviewed RCTs published in English were included in this meta-
nalysis and systematic review. The inclusion criteria were: (1) studies
with human participants diagnosed with OCD; (2) administration of
tDCS, tACS or tRNS to patients on a stable medication regimen (if
applicable) without concurrent psychotherapy; (3) provision of both
pre-and post-intervention OCD scores; (4) RCTs with sham control or
active control groups; and (5) assessing OCD symptoms with Y-BOCS.
Full texts of potentially eligible studies were assessed, with disagree-
mentsresolved through discussion or a third reviewer. Duplicates were
identified and removed using EndNote, followed by manual verification
toensureaccuracy. Eachstudy’s datawere extracted independently by

two reviewers using astandardized form, with discrepancies resolved
via consensus.

Data extraction and outcome variables

Two authors (A.H.-H. and M.A.S.) independently extracted data from
the included studies, including the first author’s name, publication
year, study design and blinding, sample size, mean age, percentage of
female participants, target and return electrode site/size, stimulation
intensity, duration, number of sessions, polarity, frequency (if appli-
cable), OCD primary measure, secondary OCD measure (if applicable)
and other clinical measures, and major findings. The corresponding
authors were contacted for missing data. Efficacy was measured by
the change in OCD symptom scores following tES interventions (pre
versus post, active versus sham), using the Y-BOCS as a validated rat-
ing scale. If studies used multiple scales for core symptoms, we relied
on Y-BOCS clinician ratings. We also noted any secondary outcome
measures related to efficacy, including anxiety and cognitive perfor-
mance rating scales.

Risk of bias and publication bias assessment

Two authors (M.A.S. and A.H.-H.) independently assessed the risk of
bias in each included study using the revised Cochrane Collabora-
tion’s tool (v.2)"%. It assesses biases from five domains arising due
to: randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and selection
of the reported result. Toidentify and adjust for the impact of studies
with potential unpublished negative results and small-study effects,
we performed publication bias analyses using funnel plots, Egger’s
regression and P-curve methods.

Data synthesis and statistical analysis

Pairwise and network meta-analyses. Statistical analyses were con-
ductedinR (v.4.1.2) using metafor, netmeta, metaand dmetar packages
to compute the SMD'™’, perform the network meta-analysis, generate
forest plots, pooling effect sizes, and carry out sensitivity analyses and
publication bias assessments***'*!, We used the Morris method'* for
computing the SMDs of studies with a pre-test-post-test control group
design (PPC). This method estimates a bias-corrected form of Hedge’s
gforPPCs (gppc). The primary outcome was the pre-to post-stimulation
Y-BOCS total score change. SMD and variance for each study were com-
puted with the escalc function of the metafor package and assuming an
r=0.5 pre-test-post-test correlation. Cross-over RCTs were included
only if they reported pre- and post-intervention data separately for
each treatment arm and implemented an adequate washout interval
to minimize carry-over effects to qualify as anindependent condition.
When eligible, each treatment phase was treated as an independent
comparison, with effect sizes calculated using the same methodol-
ogy as parallel-group trials, while accounting for within-individual
correlation (r=0.5).

For the pairwise meta-analysis, we used Knapp-Hartung adjust-
ments'* to calculate the 95% Cl of the pooled effect. Furthermore,
heterogeneity was assessed by Cochran’s Q (heterogeneity statistic),
7 (estimated between-study variance) and /* (proportion of total
variability) in each condition. /* values above 50% were considered
as evidence for high between-study heterogeneity. In addition to the
primary analyses, we conducted pre-specified subgroup analyses by
cortical target, treatment duration, tDCS intensity, total number of
sessions, frequency-per-day subgroup and stimulation site by polar-
ity. For the network meta-analysis, a network was created comparing
treatmentsto areference group (‘sham’). Both fixed and random effect
models were evaluated, with primary results derived from therandom
effect models. Network graphs and rankograms were used to visualize
treatment connections, rankings and evidence consistency. SUCRA
values were calculated to estimate the likelihood of each treatment
being the most effective based on1,000 simulated datasets of SUCRA
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values, ranging from 0% to 100% for different scenarios of available
interventions and outcomes'*. Finally, sensitivity analyses were con-
ducted by omitting specific studies with high heterogeneity to assess
robustness. Publication bias was visually assessed with funnel plots
and checked using Egger’s test'. We also used the P-curve method"*“ to
investigate the evidential value of studies effect, determining whether
our meta-analysis indicates a true effect and estimating its size. This
method also explicitly addresses questionable research practices,
such as P-hacking.

Meta-modeling. To explore which brain regions are associated
with positive effects of tDCS on OCD symptoms, we performed the
meta-modeling approach developed by Wischnewski et al.”>. This
computational approach correlates tDCS-related electric fields with
behavioral effect sizes. First, the electric-field strengths (normE) of
each intervention were calculated for every surface of a standard
adult European male head model (-30 years of age). The electric-field
simulations were performed in SimNIBS 3.2.*"*8 and standard realistic
conductivities of head and brain tissues were used'*’. The gray matter
was extracted for further analysis, which in this model consisted of
246,272 surface elements. As different montages were used in the
included studies, this resulted in 19 electric-field distributions and a
246,272 x 19 matrix. Subsequently, each row of this matrix (19 values)
was correlated with the 19 effect size values. This resulted in a column
vector of 246,272 correlation values, with one correlation value for
each gray-matter element (PEC;). For the correlations, we used the
non-parametric Spearman rank-order coefficient, as it can deal with
non-normally distributed data and is less sensitive to outlying values
compared with a parametric Pearson coefficient. Given the explora-
tory nature of this analysis, we report uncorrected one-sided Pvalues.

We conducted additional analyses on factors affecting tDCS effi-
cacy, specifically treatment duration (comprising daily stimulation
duration (once or twice daily) and total session number). To account for
this, we considered the ‘cumulative charge’ per day and over the entire
treatment. For this, normE values were multiplied by (1) the total minutes
of stimulationin one session (PECminperday), (2) the total number of days
of the treatment (PECg . yumber ofdays)» aNd (3) the total minutes of stimula-
tion per treatment (minutes per session x number of days; PECy. inx day)-
After this, correlations were calculated in the same way as described
above. Torelate our findings to functional brain regions, the correlation
values were averaged per brain region of the HCP-MMP atlas®*® which
consists of 360 parcels. Subsequently, we displaced the five regions with
thelargest average PEC values. To ensure that our results were not biased
dueto peculiarities of our head model, all analyses described above were
repeated inanother head model (F,-30 years of age), which was obtained
fromthe Human Connectome Project (https://www.humanconnectome.
org). Inter-map correlations were calculated for each analysis (PECg,
PECe . minper days PEC xnumber ot days AN PEC . min« day), Meaning that the values
of each region of one head model were correlated to the values of the
sameregion of the other head model.

Finally, we aimed to provide an optimized montage that targets
the exact PEC map, which would result in the most beneficial results.
To do so, we calculated the perpendicular direction of the electric
field (perpE), which provides ameasure of direction as it reflects loca-
tions of current influx and outflux'*’. As electrical current flows from
the anodal to the cathodal electrode, an inward current (perpE > 0)
occurs at a gyral bank facing the anode, while an outward current
(perpE < 0) occurs at a gyral bank facing the cathode™° (perpE < 0;
Supplementary Fig. 1). Accordingly, a correlation between effect
sizes and perpE provides information about optimal placement of
anodes and cathodes for tDCS, which is necessary for optimization.
This PEC,,,,c was calculated in the same way as the other PEC values,
described above. PEC,,,c Was calculated only for brain regions where
PEC; >0, as the goal was to provide an optimized montage for OCD
symptom improvement.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The data that support the findings are available in the paper and are
publicly available at https://osf.io/6taex/.

Code availability
Thecodes generated for data analyses are publicly available at https://
osf.io/6taex/.
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Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
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Reporting on sex and gender Sex and gender information is provided in Table 1, which summarizes all included studies.

Reporting on race, ethnicity, or  Not reported —race/ethnicity was not systematically reported in the majority of included primary studies and therefore could

other socially relevant not be summarized for the meta-analysis. Age and sex are provided in Table 1.
groupings
Population characteristics Relevant demographic characteristics (age, sex) of participants in the included studies are summarized in Table 1.

Recruitment

Ethics oversight

Not applicable — this is a systematic review and meta-analysis of previously published studies.

Not applicable — no new human participants were recruited; all data come from published studies that had received their
own ethical approvals.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size

Data exclusions

Replication

Randomization

Blinding

Not applicable — meta-analysis. Number of included studies/participants determined by systematic search and pre-defined eligibility criteria
(detailed in Methods). 17 studies (randomized controlled trials) with 25 experimental conditions remained for pairwise and network meta-
analyses and the metamodeling analysis

Studies excluded only if they failed pre-specified inclusion criteria. The study selection process including exclusions is shown in Figure 1. After
removing duplicates and screening abstracts against the inclusion criteria, thirty-nine records were left for full-text assessment and data
extraction. Twenty-two studies were excluded for the following reasons: open-label trials (n=5) 55-59, no control condition (n=2) 60,61,
proceedings report (n=2) 62,63, lack of clinical measures or post-intervention Y-BOCS score (n=4) 64-67, and case studies (n=9) 68-76. One
RCT was excluded from classic and network metaanalyses due to publication bias.

Not applicable in the traditional sense due type of the study (meta-analysis of previously published findings). Reproducibility and robustness
of the aggregated evidence were assessed through multiple sensitivity analyses (with and with out cased with publication bias), risk-of-bias
evaluation (Cochrane RoB 2), publication-bias tests (funnel plots, Egger’s regression, P-curve), and leave-one-out analyses (all detailed in
Methods sections 1.4 and 1.5 and Results).

Not applicable — no original experimental work was conducted

Not applicable — no original data collection or intervention was performed by the authors. Blinding procedures of the primary studies are
summarized in Table 1 and evaluated in the risk-of-bias assessment
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Materials & experimental systems Methods

Involved in the study n/a | Involved in the study
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Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Not applicable —this is a systematic review and meta-analysis of previously published studies, not an original clinical trial.

Study protocol The full protocol is pre-registered in PROSPERO: CRD42023485717 (available at https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42023485717).

Data collection No original clinical data were collected. All data were extracted from previously published studies identified through systematic
literature search.

Outcomes Primary outcome: standardized mean difference (Hedges’ g) in Y-BOCS total score change (pre- vs. post-intervention) for active
transcranial electrical stimulation versus sham/control in patients with obsessive-compulsive disorder.
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Novel plant genotypes  Not applicable
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