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Transcranial electrical stimulation for 
the treatment of obsessive–compulsive 
disorder: a triple meta-analysis

Obsessive–compulsive disorder (OCD) is a condition with substantial disability 
and subclinical obsessive–compulsive behaviors affect up to 1 billion people 
globally. Transcranial electrical stimulation (tES) is emerging as a potential 
treatment for OCD, yet its effectiveness is uncertain due to the limited number of 
randomized controlled trials conducted so far. Here we applied 3 meta-analytic 
approaches to evaluate the pooled therapeutic effect size of included 
randomized controlled trials (ntDCS = 15, ntACS = 1) (pair-wise meta-analysis), 
compare the efficacy of various tES interventions (network meta-analysis), 
and explore how treatment effect size correlates with induced electrical field in 
the target brain regions (meta-modeling). With these 3 distinct meta-analytic 
approaches, we first show a significant moderate effect of tES interventions 
(standardized mean difference 0.61; 95% confidence interval [0.37 to 0.85]; 
P < 0.001) as a whole on reducing OCD severity, with larger therapeutic effects of 
twice-daily intervention, and with other stimulation parameters also moderating 
efficacy. Next, we identify 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. The results 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 
on mental health and is associated with substantial disability1,2. With a 
lifetime prevalence of 2–3% (ref. 3), OCD often starts during childhood 
and follows a chronic course, is accompanied by functional impairment 
and higher risk of early mortality4–6, and is often underdiagnosed and 
undertreated2. Individuals with OCD have unwanted and distressing 
thoughts (obsessions) and repetitive behaviors that the individual 
feels driven to perform (compulsions)2. While cognitive behavioral 

therapy and serotonin reuptake inhibitor medication are considered 
first-line treatments for OCD7, less than 40% of patients respond fully 
to these treatments8.

Non-invasive brain stimulation (NIBS) techniques, as applied 
across cognitive neuroscience and neurophysiology, offer a safe way 
to alter physiological parameters underlying human behavior and cog-
nition (for example, cortical excitability, neuroplasticity, brain oscil-
lations) in both healthy individuals and clinical populations9–11. NIBS, 
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meta-analysis focused on the correlations between tDCS-induced elec-
trical field density in brain regions and treatment effect size, a recently 
introduced meta-analytic method for tES studies55. This three-level 
meta-analysis has been conducted to evaluate the efficacy of a NIBS 
intervention and is also an updated meta-analysis that solely contains 
tES RCTs 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 
parameters in this respect, with specific intervention shown to be more 
effective and model-suggested tES interventions.

Results
Literature search and study characteristics
The study selection process is shown in 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)56–60, no control condition 
(n = 2)61,62, proceedings report (n = 2)63,64, lack of clinical measures or 
post-intervention Yale-Brown Obsessive Compulsive Scale (Y-BOCS) 
score (n = 4)65–68 and case studies (n = 9)69–77. At the end, 17 studies 
with 25 experimental conditions remained for pairwise and network 
meta-analyses and the meta-modeling analysis44–51,78–86. However, owing 
to evidence of publication bias, the study by Shafiezadeh et al.83 was 
identified as an outlier and excluded from the sensitivity analysis. In 
addition, five interventions from two studies51,80 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. study83, 
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 a result 
of these exclusions, 16 RCTs (15 tDCS, 1 tACS, concluding 23 effect sizes) 
remained in the final pairwise meta-analysis, 14 RCTs (13 tDCS, 1 tACS, 
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 
study83 are in Supplementary Figs. 2 and 3). No tRNS RCT was among 
the included studies. In total, 551 patients with OCD were included  
(nactive = 318; nsham = 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 Table 1 summarizes 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 (χ² = 0.26; 
P = 0.61; Fisher’s exact test, P = 0.69). The total sample sizes were 231 for 
the active 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 effects is available 
in Supplementary Table 1 and Supplementary Fig. 4b. The average 
occurrence of commonly reported side effects among patients in the 
active versus sham conditions was as follows: tingling (active, 44.01%; 
sham, 34.40%), sleepiness (including drowsiness) (active, 38.9%; sham, 

namely, deep repetitive transcranial magnetic stimulation (rTMS), 
was approved by the US Food and Drug Administration (FDA) for the 
treatment of OCD in 201812, 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 activity13,14 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 excitability15, producing subthreshold neuronal membrane 
polarization16, resulting in excitability-enhancing effects by anodal 
stimulation and excitability-reducing effects by cathodal stimulation 
at the macroscale level with typical protocols17,18. Transcranial alternat-
ing current stimulation (tACS), the next most common tES technique, 
uses weak oscillating electric currents hypothesized to entrain ongo-
ing brain rhythms19. Transcranial random noise stimulation (tRNS) 
changes brain excitability via alternating currents at a mix of low or 
high frequencies20,21.

The rationale 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)9,10,22,23. In neuropsychiatric disorders including OCD, functional 
brain abnormalities (that is, hyper- or hypoactivity of specific brain 
regions and networks) are well documented. Functional imaging, 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)24–28, and 
altered cortical–subcortical connectivity (that is, hyper–hypocon-
nectivity)29,30. Furthermore, abnormal changes in neurotransmitter 
systems across frontostriatal pathways (for example, glutamatergic 
and dopaminergic hyperactivity) and frontolimbic systems (for exam-
ple, serotonergic and γ‑aminobutyric acid (GABA)‑ergic hypoactivity) 
are observed in OCD31–33. 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 studies34,35. 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 studies36,37, 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 
7 to 10 RCTs38,39 with quasi-experimental studies included40 or did not 
address the clinical efficacy of tES41–43. In the past 2 years, however, 
several RCTs have investigated the efficacy of tES, particularly tDCS, 
for OCD treatment44–51. 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 
reports40. Consequently, we performed three meta-analyses and a sys-
tematic review to evaluate the effectiveness and safety of tES (including 
tDCS, tACS and tRNS) for patients with OCD.

To this end and to address 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 overall impact of tES interventions on OCD 
treatment and (2) a network meta-analysis to compare the efficacy of 
various tES interventions against a sham condition52. The latter method 
provides a Bayesian summary of the rank distribution based on relative 
strength and estimated treatment effects53, enabling a comprehensive 
assessment of the relative efficacy of different tES interventions in 
a single analysis54. This approach is essential for our research ques-
tion, given the diverse intervention and stimulation protocols used 
in tES interventions for OCD symptoms. (3) Lastly, a computational 
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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 
events in 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
The pooled effect size for the included studies (16 RCTs) with 23 experi-
mental conditions was significant with a medium effect size (standard-
ized mean difference (SMD) = 0.61; 95% confidence interval (CI), [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.51 with cathodal transcranial direct current stimulation (ctDCS) 
pre-SMA/left OFC (lOFC) + anodal transcranial direct current stimula-
tion (atDCS) shoulder (SMD = 1.92; 95% CI, [0.57 to 3.26]); Perera et al.47 
applying peak alpha tACS over the medial PFC (SMD = 1.67; 95% CI, 
[0.62 to 2.72]); Kumar et al.49 with ctDCS pre-SMA + atDCS left dorso-
lateral prefrontal cortex (lDLPFC; SMD = 1.30; 95% CI, [0.51 to 2.09]); 
Yekta et al.85 combining atDCS right dorsolateral prefrontal cortex 
(rDLPFC) + ctDCS lDLPFC (SMD = 1.17; 95% CI, [0.04 to 2.31]); Fineberg 
et al.44 with ctDCS-lOFC + atDCS shoulder (SMD = 1.12; 95% CI, [0.23 to 

2.01]); and Alizadehgoradel et al.45 with atDCS lDLPFC + ctDCS pre-SMA 
at 2 mA (SMD = 0.99; 95% CI, [0.11 to 1.86]) and 1 mA (SMD = 0.92; 95% 
CI, [0.04 to 1.80]) (Fig. 2a).

In addition, we did secondary analyses of effect sizes with respect 
to important 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 lOFC as well as single effects reported for the lOFC + 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 
lDLPFC (SMD = 0.81; k = 4, 95% CI, [0.04 to 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% CI, [0.44 to 1.23]; large) and 
once-daily (SMD = 0.42; k = 11; 95% CI, [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% CI, [0.04 to 
1.80] for 1 mA; SMD = 0.99; 95% CI, [0.11 to 1.86] for 2 mA) and these 
protocols applied 10 tDCS sessions twice daily (Fig. 2e). In relation 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% CI, [0.14 to 
0.1.31]; medium to large) were significant (Fig. 2f). Finally, analysis of 
stimulation intensity (1 mA, 1.5 mA and 2 mA) showed a moderate effect 
size for 2-mA tDCS in reducing OCD symptoms (SMD = 0.57; k = 20; 95% 
CI [0.31 to 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 lDLPFC, 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 a single 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 
between behavioral changes in 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. In addition to 1 study, due to publica-
tion bias83, 5 interventions from 2 studies51,80 had a non-sham control 
condition (for example, healthy volunteers or active control) and 
were excluded, which resulted in 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 (τ2 = 0.25, I2 = 60.1%; Q = 5.01, 
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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 1 tACS) with 25 effect sizes following excluding an RCT 
with publication bias (n = 1), while the network meta-analysis included 14 studies 
(13 tDCS and 1 tACS) 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.

http://www.nature.com/natmentalhealth


Nature Mental Health

Analysis https://doi.org/10.1038/s44220-026-00590-z

Ta
bl

e 
1 |

 S
um

m
ar

y 
of

 in
cl

ud
ed

 st
ud

ie
s t

ha
t i

nv
es

tig
at

ed
 th

e 
ef

fe
ct

s o
f t

ES
 fo

r O
C

D
 tr

ea
tm

en
t

N
um

be
r

A
ut

ho
r

D
es

ig
n

n 
ac

tiv
e 

an
d 

co
nt

ro
l

M
ea

n 
ag

e ±
 s.

d.
Fe

m
al

e 
pe

rc
en

ta
ge

El
ec

tr
od

e 
po

si
tio

n 
an

d 
si

ze
 

(c
m

2 )
In

te
ns

ity
 

an
d 

du
ra

tio
n

To
ta

l 
se

ss
io

n
O

n 
m

ed
ic

at
io

n
O

C
D

 
m

ea
su

re
Se

co
nd

ar
y 

m
ea

su
re

M
aj

or
 fi

nd
in

g

1
Ku

m
ar

 e
t a

l.49
RC

T
Pa

ra
lle

l
Si

ng
le

-b
lin

d
Sh

am
 c

on
tr

ol

Ac
tiv

e 
= 

21
Sh

am
 =

 2
2

D
O

 = 3

Ac
tiv

e 
= 

32
.2

0 
± 8

.5
1

Sh
am

 =
 

30
.7

0 
± 8

.2
2

Ac
tiv

e 
= 

65
%

Sh
am

 =
 4

5%
C

at
ho

de
: l

ef
t p

re
-S

M
A 

(F
C

1)
/7

 × 5
An

od
e:

 le
ft 

D
LP

FC
 (F

3)
/7

 × 5

2 m
A

20
 m

in
10

 in
 2

 
w

ee
ks

 
(w

ee
kd

ay
, 

da
ily

 
se

ss
io

ns
)

Ye
s

(≥
1 w

ee
k 

st
ab

le
)

Y-
BO

C
S

H
AM

-D
, 

H
AM

-A
Th

e 
ac

tiv
e 

tD
C

S 
si

gn
ifi

ca
nt

ly
 

re
du

ce
d 

Y-
BO

C
S 

sc
or

es
 a

t 2
, 

4 
an

d 
6 

w
ee

ks
 c

om
pa

re
d 

w
ith

 
th

e 
sh

am
. T

re
at

m
en

t w
as

 
w

el
l t

ol
er

at
ed

 w
ith

 m
ild

 si
de

 
ef

fe
ct

s.

2
C

hu
 e

t a
l.51

RC
T

Pa
ra

lle
l

Si
ng

le
-b

lin
d

Ac
tiv

e 
co

nt
ro

l

Ac
tiv

e 
1 =

 6
ac

tiv
e 

2 =
 6

ac
tiv

e 
3 

= 6
D

O
 = 0

Ac
tiv

e 
1 =

 
37

.6
7 ±

 11
.8

4
Ac

tiv
e 

2 
= 

35
.8

3 
± 1

3.
32

Ac
tiv

e 
3 

= 
30

.6
7 ±

 9.
20

Ac
tiv

e 
1 =

 13
.3

%
Ac

tiv
e 

2 =
 16

.7
%

Ac
tiv

e 
3 

= 3
3.

3%

Ac
tiv

e 
1:

C
at

ho
de

: l
ef

t O
FC

 (F
p1

)/
7 ×

 5
An

od
e:

 ri
gh

t c
er

eb
el

lu
m

 
(O

2)
/7

 × 5
Ac

tiv
e 

2:
C

at
ho

de
: p

re
-S

M
Ad /5

 × 5
An

od
e:

 ri
gh

t d
el

to
id

/7
 × 5

ac
tiv

e 
3 

(2
 × 1

 tD
C

S)
:

C
at

ho
de

 1:
 p

re
-S

M
Ad /5

 × 5
C

at
ho

de
 1:

 le
ft 

O
FC

 
(F

p1
)/

7 ×
 5

An
od

e:
 ri

gh
t d

el
to

id
/7

 × 5

2 m
A

20
 m

in
20

 in
 2

 
w

ee
ks

 
(tw

ic
e 

da
ily

 
se

ss
io

ns
 

se
pa

ra
te

d 
by

 1 
h)

Ye
s

(≥
1 m

on
th

 
st

ab
le

)

Y-
BO

C
S

H
AM

-D
, 

H
AM

-A
, 

W
H

O
Q

O
L,

 
co

gn
iti

ve
 

fu
nc

tio
ns

, 
EE

G

Po
st

‑in
te

rv
en

tio
n,

 
be

tw
ee

n‑
gr

ou
p 

Y‑
BO

C
S 

ch
an

ge
s w

er
e 

no
t s

ig
ni

fic
an

t. 
W

ith
in

‑g
ro

up
 re

du
ct

io
ns

 
w

er
e 

ob
se

rv
ed

 fo
r 

ce
re

be
llu

m
–O

FC
 (a

ct
iv

e 
1)

 
an

d 
O

FC
–p

re
‑S

M
A 

(a
ct

iv
e 

3)
, 

w
ith

 O
FC

–p
re

‑S
M

A 
sh

ow
in

g 
th

e 
la

rg
es

t s
ym

pt
om

 
de

cr
ea

se
 a

nd
 in

cr
ea

se
d 

fro
nt

al
 n

et
w

or
k 

co
nn

ec
tiv

ity
. 

M
ild

 a
dv

er
se

 e
ffe

ct
s 

re
po

rt
ed

.

3
Ag

ra
w

al
 e

t a
l.48

RC
T

Pa
ra

lle
l

Si
ng

le
-b

lin
d

Sh
am

 c
on

tr
ol

Ac
tiv

e 
= 

10
Sh

am
 =

 8
D

O
 = 3

Ac
tiv

e 
= 

14
.4

 ± 
2.

4
Sh

am
 =

 
14

.3
 ± 

2.
5

Ac
tiv

e 
= 

50
%

Sh
am

 =
 2

5%

C
at

ho
de

: l
ef

t S
M

A 
(F

C
1)

/5
 × 5

An
od

e:
 ri

gh
t d

el
to

id
/5

 × 5

2 m
A

20
 m

in
10

 in
 

2 w
ee

ks
 

(w
ee

kd
ay

, 
da

ily
 

se
ss

io
ns

)

Ye
s

(≥
1 m

on
th

 
st

ab
le

)

C
Y-

BO
C

S
RC

AD
S-

H
C

Y-
BO

C
S 

sc
or

es
 si

gn
ifi

ca
nt

ly
 

de
cr

ea
se

d 
fro

m
 b

as
el

in
e 

to
 w

ee
k 

2 
(s

tu
dy

 e
nd

po
in

t) 
on

ly
 in

 th
e 

ac
tiv

e 
gr

ou
p 

w
ith

 a
 g

re
at

er
 m

ea
n 

ch
an

ge
 

vs
 sh

am
 g

ro
up

. N
o 

se
rio

us
 

ad
ve

rs
e 

ef
fe

ct
s r

ep
or

te
d.

4
W

an
g 

et
 a

l.50
RC

T
Pa

ra
lle

l
D

ou
bl

e-
bl

in
d

Sh
am

 c
on

tr
ol

Ac
tiv

e 
= 

23
Sh

am
 =

 2
1

D
O

 = 3

Ac
tiv

e 
= 

27
.0

4 
± 7

.3
8

Sh
am

 =
 

29
.3

3 
± 7

.2
1

Ac
tiv

e 
= 

60
.0

9%
C

on
tr

ol
 =

 
23

.0
8%

4 
× 1

 tD
C

S
C

at
ho

de
: r

ig
ht

 O
FC

 (F
P2

)/
N

R
An

od
es

: (
AF

8,
 A

F4
, A

FZ
, 

FP
Z)

/N
R

1.5
 m

A
20

 m
in

10
 in

 
2 w

ee
ks

 
(w

ee
kd

ay
, 

da
ily

 
se

ss
io

ns
)

Ye
s

(≥
8 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

BD
I-I

I
BA

I
O

C
I-R

Bo
th

 a
ct

iv
e 

an
d 

sh
am

 
im

pr
ov

ed
 O

C
D,

 d
ep

re
ss

io
n,

 
an

d 
an

xi
et

y 
sc

or
es

 w
ith

 
si

m
ila

r r
es

po
ns

e 
ra

te
s (

26
.1%

 
vs

 2
3.

8%
). 

N
o 

ac
tiv

e–
sh

am
 

di
ffe

re
nc

e

5
H

ar
ik

a-
G

er
m

an
ea

u 
et

 a
l.46

RC
T

Pa
ra

lle
l

D
ou

bl
e-

bl
in

d
Sh

am
 C

on
tr

ol
1.5

- a
nd

 
3-

m
on

th
 

fo
llo

w
-u

ps

Ac
tiv

e 
= 

40
Sh

am
 =

 4
0

D
O

 = 0

Sh
am

 =
 

41
.1 

± 1
1.5

Ac
tiv

e 
= 

43
.0

 ± 
12

.7

Sh
am

 =
 5

0 
%

Ac
tiv

e 
= 

73
.9

1%

C
at

ho
de

: S
M

Ad /7
 × 5

An
od

e:
 ri

gh
t o

rb
ito

fro
nt

al
 

(F
P2

)/
7 ×

 5

2 m
A

30
 m

in
10

 in
 

2 w
ee

ks
 

(w
ee

kd
ay

, 
da

ily
 

se
ss

io
ns

)

Ye
s

(≥
8 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

C
G

I-S
, 

C
G

I-I
, 

M
AD

RS
, 

BA
BS

, B
AS

, 
H

AD
S,

 
G

AF
, S

DS

A 
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 
Y-

BO
C

S 
sc

or
es

 w
as

 fo
un

d 
ov

er
 ti

m
e,

 re
ga

rd
le

ss
 o

f 
tr

ea
tm

en
t a

rm
. S

pe
ci

fic
 

ch
an

ge
s i

n 
Y-

BO
C

S 
sc

or
es

 
re

la
te

d 
to

 tD
C

S 
w

er
e 

ob
se

rv
ed

 n
ot

 im
m

ed
ia

te
ly

, 
bu

t 3
 m

on
th

s a
fte

r t
he

 
in

te
rv

en
tio

n.
 tD

C
S 

w
as

 w
el

l 
to

le
ra

te
d 

w
ith

 n
o 

ad
ve

rs
e 

ev
en

ts
.

6
Ec

he
va

rr
ia

 e
t a

l.81
RC

T
Pa

ra
lle

l
Tr

ip
le

-b
lin

d
Sh

am
 c

on
tr

ol

Ac
tiv

e 
= 

13
Sh

am
 =

 10
D

O
 = N

R

Ac
tiv

e 
= 

34
.4

 ± 
10

.8
Sh

am
 =

 
38

.9
 ± 

12
.7

Ac
tiv

e 
= 

46
%

Sh
am

 =
 8

0%

C
at

ho
de

: S
M

Ae /5
 × 5

An
od

e:
 le

ft 
de

lto
id

 5
 × 5

2 m
A

30
 m

in
20

 in
 

4 
w

ee
ks

 
(w

ee
kd

ay
, 

da
ily

 
se

ss
io

ns
)

Ye
s

(≥
6 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

BD
I-I

I, 
BA

I
fM

RI
Ac

tiv
e 

tD
C

S,
 u

nl
ik

e 
sh

am
 

tD
C

S,
 si

gn
ifi

ca
nt

ly
 re

du
ce

d 
O

C
D

 sy
m

pt
om

s a
nd

 
en

ha
nc

ed
 c

on
ne

ct
iv

ity
 

be
tw

ee
n 

th
e 

D
M

N
, t

em
po

ra
l 

ar
ea

 a
nd

 S
M

A,
 w

ith
 sy

m
pt

om
 

re
du

ct
io

n 
lin

ke
d 

to
 fu

nc
tio

na
l 

co
nn

ec
tiv

ity
 c

ha
ng

es
. S

id
e 

ef
fe

ct
s N

R.

http://www.nature.com/natmentalhealth


Nature Mental Health

Analysis https://doi.org/10.1038/s44220-026-00590-z

N
um

be
r

A
ut

ho
r

D
es

ig
n

n 
ac

tiv
e 

an
d 

co
nt

ro
l

M
ea

n 
ag

e ±
 s.

d.
Fe

m
al

e 
pe

rc
en

ta
ge

El
ec

tr
od

e 
po

si
tio

n 
an

d 
si

ze
 

(c
m

2 )
In

te
ns

ity
 

an
d 

du
ra

tio
n

To
ta

l 
se

ss
io

n
O

n 
m

ed
ic

at
io

n
O

C
D

 
m

ea
su

re
Se

co
nd

ar
y 

m
ea

su
re

M
aj

or
 fi

nd
in

g

7
Al

iz
ad

eh
go

ra
de

l 
et

 a
l.45

RC
T

Pa
ra

lle
l

D
ou

bl
e-

bl
in

d
Sh

am
 c

on
tr

ol
1-

m
on

th
 

fo
llo

w
-u

p

2 m
A 

= 
13

1 m
A 

= 
12

Sh
am

 =
 12

D
O

 = 2

Ac
tiv

e 
1 =

 28
.4

6 
± 7

.0
4

Ac
tiv

e 
2 =

 3
3.

91
 ± 

9.
52

Sh
am

 =
 

32
.6

6 
± 7

.6
7

Ac
tiv

e 
1 =

 76
.9

2%
Ac

tiv
e 

2 =
 6

6.
66

%
Sh

am
 =

 
66

.6
6%

C
at

ho
de

: r
ig

ht
 p

re
-S

M
A 

(F
C

2)
/7

 × 5
An

od
e:

 le
ft 

D
LP

FC
 (F

3)
/7

 × 5

2 m
A

1 m
A

20
 m

in

10
 in

 
1 w

ee
k 

(w
ee

kd
ay

, 
tw

o 
da

ily
 

se
ss

io
ns

 
w

ith
 

30
-m

in
 

in
te

rv
al

)

Ye
s

(≥
6 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

BD
I-I

I, 
BA

I, 
W

H
O

Q
U

L,
 

re
sp

on
se

 
in

hi
bi

tio
n,

 
m

em
or

y,
 

EE
G

Th
e 

2-
m

A 
in

te
ns

ifi
ed

 tD
C

S 
pr

od
uc

ed
 g

re
at

er
 sy

m
pt

om
 

re
du

ct
io

n 
an

d 
br

oa
de

r 
im

pr
ov

em
en

ts
 (c

og
ni

tio
n/

 
fu

nc
tio

na
l c

on
ne

ct
iv

ity
) 

th
an

 1 
m

A 
an

d 
sh

am
 u

p 
to

 
1 m

on
th

 fo
llo

w
-u

p.
 tD

C
S 

w
el

l-t
ol

er
at

ed
 w

ith
 n

o 
ad

ve
rs

e 
ev

en
ts

.

8
Pe

re
ra

 e
t a

l.47
RC

T
Pa

ra
lle

l
D

ou
bl

e-
bl

in
d

Sh
am

 c
on

tr
ol

3-
m

on
th

 
fo

llo
w

-u
p

Ac
tiv

e 
= 

13
Sh

am
 =

 12
D

O
 = 8

Ac
tiv

e 
= 

36
.3

1 ±
 14

.4
3

Sh
am

 =
 

36
.17

 ± 
12

.0
4

Ac
tiv

e 
= 

46
.15

%
Sh

am
 =

 
58

.3
3%

tA
C

S
El

ec
tr

od
e 

1: 
m

PF
C

 
(A

Fz
)/

7 ×
 6

El
ec

tr
od

e 
2:

 In
io

n 
(Iz

)/
7 ×

 6
Fr

eq
ue

nc
y:

 in
di

vi
du

al
iz

ed
 

pe
ak

 a
lp

ha
 fr

eq
ue

nc
y 

(IA
F)

1.5
 m

A
30

 m
in

24
 in

 
6 

w
ee

ks
 

(1
5 

tw
o 

da
ily

 
se

ss
io

ns
 

+ 
9 

si
ng

le
 

se
ss

io
ns

)

Ye
s

(≥
6 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

BA
I, 

Q
ID

S-
SR

St
er

nb
er

g 
w

or
ki

ng
 

m
em

or
y,

 
EE

G

Al
ph

a 
tA

C
S 

ov
er

 th
e 

m
ed

ia
l 

PF
C

 si
gn

ifi
ca

nt
ly

 im
pr

ov
ed

 
O

C
D

 se
ve

rit
y 

co
m

pa
re

d 
w

ith
 sh

am
 tr

ea
tm

en
t, 

w
ith

 
a 

tr
en

d 
to

w
ar

ds
 su

st
ai

ne
d 

im
pr

ov
em

en
t a

t t
he

 3
-m

on
th

 
fo

llo
w

-u
p.

 S
id

e 
ef

fe
ct

s N
R.

9
Fi

ne
be

rg
 e

t a
l.44

RC
T

C
ro

ss
ov

er
D

ou
bl

e-
bl

in
d

Sh
am

 c
on

tr
ol

28
-d

ay
 

fo
llo

w
-u

p

Ac
tiv

e 
1 =

 6
Ac

tiv
e 

2 =
 7

Sh
am

 =
 6

D
O

 = 2

45
 ± 

16
.6

48
.4

%
An

od
e:

 ri
gh

t d
el

to
id

/N
R

C
at

ho
de

: S
M

A 
(F

z)
/N

R
C

at
ho

de
: l

ef
t O

FC
 (F

p1
)/

N
R

2 m
A

20
 m

in
4 

in
 2

 d
ay

s 
(1

2 
to

ta
l 

se
ss

io
ns

, 
tw

o 
da

ily
)

4-
w

ee
k 

w
as

ho
ut

Ye
s

(≥
6 

w
ee

ks
 

st
ab

le
)

n =
 15

Y-
BO

C
S

M
AD

RS
, 

SD
S,

 
C

G
I-S

, B
IS

Al
l a

rm
s s

ho
w

ed
 n

um
er

ic
al

 
Y‑

BO
C

S 
im

pr
ov

em
en

t. 
Th

e 
le

ft 
O

FC
 a

rm
 y

ie
ld

ed
 th

e 
la

rg
es

t e
ffe

ct
 a

nd
 a

dd
iti

on
al

 
se

co
nd

ar
y‑

ou
tc

om
e 

ga
in

s.
 

Ad
ve

rs
e 

ef
fe

ct
s w

er
e 

tr
an

si
en

t/m
ild

 w
ith

 n
o 

se
rio

us
 

ad
ve

rs
e 

ev
en

ts
.

10
Ak

ba
ri 

et
 a

l.78
RC

T
Pa

ra
lle

l
D

ou
bl

e-
bl

in
d

Sh
am

 c
on

tr
ol

1-
m

on
th

 
fo

llo
w

-u
p

Ac
tiv

e 
1 =

 10
Ac

tiv
e 

2 =
 10

Ac
tiv

e 
3 

= 1
0

Sh
am

= 
10

D
O

 = N
R

N
R

(1
8–

45
 ye

ar
s)

N
R

Ac
tiv

e 
1, 

2 
an

d 
3:

An
od

e:
 ri

gh
t c

er
eb

el
lu

m
 

(O
2)

/7
 × 5

Ac
tiv

e 
1, 

2 
an

d 
3:

C
at

ho
de

 1:
 p

re
-S

M
A 

(C
3/

C
4)

/7
 × 5

C
at

ho
de

 2
: l

ef
t O

FC
 

(F
P1

)/
7 ×

 5
C

at
ho

de
 3

: l
ef

t c
er

eb
el

lu
m

 
(O

1)
/7

 × 5

2 m
A

15
 m

in
10

 in
 

1 w
ee

k 
(w

ee
kd

ay
, 

da
ily

 
se

ss
io

ns
)

N
R

Y-
BO

C
S

–
Al

l t
hr

ee
 p

ro
to

co
ls

 
si

gn
ifi

ca
nt

ly
 re

du
ce

d 
O

C
D

 
sy

m
pt

om
s c

om
pa

re
d 

w
ith

 
th

e 
sh

am
 g

ro
up

. A
no

da
l 

tD
C

S 
le

ft,
 c

at
ho

da
l r

ig
ht

 
ce

re
be

llu
m

 tD
C

S 
re

su
lte

d 
in

 
gr

ea
te

r s
ym

pt
om

 re
du

ct
io

n.
 

Si
de

 e
ffe

ct
s N

R.

11
Si

lv
a 

et
 a

l.84
a

RC
T

Pa
ra

lle
l

D
ou

bl
e-

bl
in

d
Sh

am
 c

on
tr

ol
8-

w
ee

k 
fo

llo
w

-u
p

Ac
tiv

e 
= 

22
Sh

am
 =

 2
2

D
O

 = 3

Ac
tiv

e 
= 

38
.4

1 ±
 10

.9
5

Sh
am

 =
 

36
.9

 ± 
12

.2
3

Ac
tiv

e 
= 

59
%

Sh
am

 =
 6

2%
An

od
e:

 le
ft 

de
lto

id
/5

×5
C

at
ho

de
: S

M
Ae /5

 × 5
2 m

A
30

 m
in

20
 in

 
4 

w
ee

ks
 

(w
ee

kd
ay

, 
da

ily
 

se
ss

io
ns

)

Ye
s

(≥
6 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

BD
I, 

BA
I, 

SA
FT

EE
, 

C
G

I-I

Ac
tiv

e 
tD

C
S 

si
gn

ifi
ca

nt
ly

 
im

pr
ov

ed
 Y

‑B
O

C
S 

ve
rs

us
 

sh
am

, w
ith

ou
t a

dd
ed

 b
en

ef
it 

fo
r d

ep
re

ss
io

n/
an

xi
et

y.
 

Ad
ve

rs
e 

ev
en

ts
 w

er
e 

m
os

tly
 

m
ild

 tp
 m

od
er

at
e.

12
Sh

af
ie

za
de

h 
et

 a
l.83

RC
T

Pa
ra

lle
l

N
R

Sh
am

 c
on

tr
ol

Ac
tiv

e 
1 =

 10
Ac

tiv
e 

2 =
 8

Sh
am

 =
 6

D
O

 = N
R

N
R

Ac
tiv

e 
1 =

 3
0%

Ac
tiv

e 
2 =

 37
.5

%
Sh

am
 =

 
16

.6
6%

Ac
tiv

e 
1: 

An
od

e:
 ri

gh
t 

D
LP

FC
 (F

4)
/7

 × 5
C

at
ho

de
: l

ef
t s

up
ra

or
bi

ta
l 

(F
P1

)/
7 ×

 5
Ac

tiv
e 

2:
 A

no
de

: l
ef

t D
LP

FC
 

(F
3)

/7
 × 5

C
at

ho
de

: r
ig

ht
 su

pr
ao

rb
ita

l 
(F

P2
)/

7 ×
 5

2 m
A

15
 m

in
10

 in
 

1 w
ee

k 
(w

ee
kd

ay
, 

tw
o 

da
ily

 
se

ss
io

ns
 

w
ith

 
10

-m
in

 
in

te
rv

al
)

N
R

Y-
BO

C
S

DA
SS

-2
1

Y-
BO

C
S 

sc
or

e,
 b

ut
 n

ot
 D

AS
S 

sc
or

e,
 si

gn
ifi

ca
nt

ly
 re

du
ce

d 
af

te
r t

he
 in

te
rv

en
tio

n 
in

 th
e 

gr
ou

p 
th

at
 re

ce
iv

ed
 a

no
da

l 
le

ft 
D

LP
FC

 c
at

ho
da

l r
ig

ht
 

fro
nt

op
ol

ar
 tD

C
S.

 S
id

e 
ef

fe
ct

s N
R.

Ta
bl

e 
1 (

co
nt

in
ue

d)
 | S

um
m

ar
y 

of
 in

cl
ud

ed
 st

ud
ie

s t
ha

t i
nv

es
tig

at
ed

 th
e 

ef
fe

ct
s o

f t
ES

 fo
r O

C
D

 tr
ea

tm
en

t

http://www.nature.com/natmentalhealth


Nature Mental Health

Analysis https://doi.org/10.1038/s44220-026-00590-z

N
um

be
r

A
ut

ho
r

D
es

ig
n

n 
ac

tiv
e 

an
d 

co
nt

ro
l

M
ea

n 
ag

e ±
 s.

d.
Fe

m
al

e 
pe

rc
en

ta
ge

El
ec

tr
od

e 
po

si
tio

n 
an

d 
si

ze
 

(c
m

2 )
In

te
ns

ity
 

an
d 

du
ra

tio
n

To
ta

l 
se

ss
io

n
O

n 
m

ed
ic

at
io

n
O

C
D

 
m

ea
su

re
Se

co
nd

ar
y 

m
ea

su
re

M
aj

or
 fi

nd
in

g

13
Yo

os
ef

ee
 e

t a
l.86

RC
T

Pa
ra

lle
l

D
ou

bl
e-

bl
in

d
Sh

am
 c

on
tr

ol
1-

m
on

th
 

fo
llo

w
-u

p

Ac
tiv

e 
= 

28
Sh

am
 =

 3
0

D
O

 = 2

Ac
tiv

e 
= 

38
.6

 ± 
12

.6
Sh

am
 =

 
35

.9
 ± 

11
.5

Ac
tiv

e 
= 

86
.7

%
Sh

am
 =

 
76

.7
%

An
od

e:
 le

ft 
D

LP
FC

 (F
3)

/7
 × 5

C
at

ho
de

: r
ig

ht
 O

FC
 

(F
8)

/7
 × 5

2 m
A

20
 m

in
24

 in
 

8 
w

ee
ks

 
(3

 d
ay

s p
er

 
w

ee
k)

Ye
s

(≥
8 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

–
Ac

tiv
e 

tD
C

S+
flu

ox
et

in
e 

sh
ow

ed
 n

o 
si

gn
ifi

ca
nt

 
di

ffe
re

nc
e 

co
m

pa
re

d 
w

ith
 

sh
am

 tD
C

S+
flu

ox
et

in
e.

 
Bo

th
 g

ro
up

s e
xp

er
ie

nc
ed

 a
 

si
gn

ifi
ca

nt
 re

du
ct

io
n 

of
 O

C
D

 
sy

m
pt

om
s.

 tD
C

S 
w

as
 w

el
l 

to
le

ra
te

d 
w

ith
 n

o 
ad

ve
rs

e 
ev

en
ts

.

14
G

ow
da

 e
t a

l.82
RC

T
Pa

ra
lle

l
D

ou
bl

e-
bl

in
d

Sh
am

 c
on

tr
ol

Ac
tiv

e 
= 

12
Sh

am
 =

 13
D

O
 = 0

Ac
tiv

e 
= 

30
.8

3 
± 5

.8
7

Sh
am

 =
 

25
.9

2 ±
 5.

15

Ac
tiv

e 
= 

33
%

Sh
am

 =
 0

%
An

od
e:

 p
re

-S
M

A 
(F

z)
/7

 × 5
C

at
ho

de
: r

ig
ht

 su
pr

ao
rb

ita
l 

(F
p2

)/
7 ×

 5

2 m
A

20
 m

in
10

 in
 

1 w
ee

k 
(w

ee
kd

ay
, 

2 
da

ily
 

se
ss

io
ns

 
w

ith
 3

-h
 

in
te

rv
al

)

Ye
s

(≥
3 

m
on

th
s 

st
ab

le
)

Y-
BO

C
S

C
G

I-S
, 

C
G

I-I
, 

H
D

RS
, 

H
AR

S

Si
gn

ifi
ca

nt
 th

er
ap

eu
tic

 
ef

fe
ct

 o
f a

ct
iv

e 
pr

e-
SM

A 
tD

C
S 

ve
rs

us
 sh

am
 tD

C
S 

in
 

pa
tie

nt
s w

ith
 S

SR
I-r

es
is

ta
nt

 
O

C
D.

 L
ac

k 
of

 se
rio

us
 a

dv
er

se
 

ef
fe

ct
s a

nd
 d

ro
po

ut
s d

ue
 to

 
in

to
le

ra
nc

e.

15
Ba

tio
n 

et
 a

l.79
RC

T
Pa

ra
lle

l
D

ou
bl

e-
bl

in
d

Sh
am

 C
on

tr
ol

1&
3-

m
o 

fo
llo

w
-u

p

Ac
tiv

e 
= 

10
Sh

am
 =

 11
D

O
 = 0

Ac
tiv

e 
= 

44
.8

 ± 
19

.9
Sh

am
 =

 
41

.2
 ± 

11
.9

Ac
tiv

e 
= 

80
%

Sh
am

 
=3

6.
36

%

An
od

e:
 le

ft 
O

FC
 (F

P1
)/

7 ×
 5

C
at

ho
de

: r
ig

ht
 

ce
re

be
llu

m
f /7

 × 5

2 m
A

20
 m

in
10

 in
 

1 w
ee

k 
(w

ee
kd

ay
, 

2 
da

ily
 

se
ss

io
ns

 
w

ith
 3

-h
 

in
te

rv
al

)

Ye
s

(≥
6 

w
ee

ks
 

st
ab

le
)

Y-
BO

C
S

O
C

D
-V

AS
G

AF
, 

M
AD

RS
, 

ST
AI

-Y
A,

 
C

G
I-I

Ac
tiv

e 
tD

C
S 

si
gn

ifi
ca

nt
ly

 
re

du
ce

d 
O

C
D

 sy
m

pt
om

s 
im

m
ed

ia
te

ly
 p

os
t‑t

re
at

m
en

t 
ve

rs
us

 sh
am

, b
ut

 n
ot

 a
t 

1‑
 o

r 3
‑m

on
th

 fo
llo

w
‑u

ps
. 

Tr
an

si
en

t a
nd

 m
ild

 a
dv

er
se

 
ef

fe
ct

s.
 tD

C
S 

w
el

l-t
ol

er
at

ed
 

w
ith

 n
o 

se
rio

us
 a

dv
er

se
 

ev
en

ts
.

16
D’

Ur
so

 e
t a

l.72
b

RC
T

C
ro

ss
ov

er
D

ou
bl

e-
bl

in
d

Ac
tiv

e 
co

nt
ro

l

Ac
tiv

e 
1 =

 6
Ac

tiv
e 

2 =
 6

D
O

 = 2

37
.9

 ± 
10

.2
50

%
Ac

tiv
e 

1: 
An

od
e:

 
pr

e-
SM

A/
5 ×

 5
C

at
ho

de
: r

ig
ht

 d
el

to
id

/7
 × 5

Ac
tiv

e 
2:

 A
no

de
: r

ig
ht

 
de

lto
id

/7
 × 5

C
at

ho
de

: P
re

-S
M

Ad /5
 × 5

2 m
A

20
 m

in
10

 in
 

2 w
ee

ks
 

(w
ee

kd
ay

, 
da

ily
 

se
ss

io
ns

)

Ye
s

(≥
1 m

on
th

 
st

ab
le

)

Y-
BO

C
S

SD
S,

 
at

te
nt

io
n 

(T
AP

), 
re

sp
on

se
 

in
hi

bi
tio

n

C
at

ho
da

l b
ut

 n
ot

 a
no

da
l 

tD
C

S 
ov

er
 th

e 
pr

e-
SM

A 
si

gn
ifi

ca
nt

ly
 im

pr
ov

ed
 O

C
D

 
sy

m
pt

om
s.

 O
nl

y 
a 

fe
w

 m
ild

 
si

de
 e

ffe
ct

s w
er

e 
ob

se
rv

ed
.

17
Ye

kt
a 

et
 a

l.85
c

RC
T

Pa
ra

lle
l

N
R

Sh
am

 c
on

tr
ol

Ac
tiv

e 
= 

10
Sh

am
 =

 10
Ac

tiv
e 

= 2
7.5

 ± 
N

R
Sh

am
 =

 
26

.5
 ± 

N
R

N
R

An
od

e:
 ri

gh
t D

LP
FC

 
(F

4)
/7

 × 5
C

at
ho

de
: l

ef
t D

LP
FC

 
(F

3)
/7

 × 5

2 m
A

20
 m

in
15

 in
 

3 
w

ee
ks

 
(w

ee
kd

ay
, 

da
ily

 
se

ss
io

ns
)

N
R

Y-
BO

C
S

BA
I, 

de
ci

si
on

- 
m

ak
in

g

Ac
tiv

e 
tD

C
S 

si
gn

ifi
ca

nt
ly

 
re

du
ce

d 
Y-

BO
C

S 
sy

m
pt

om
s a

nd
 im

pr
ov

ed
 

de
ci

si
on

-m
ak

in
g 

co
m

pa
re

d 
w

ith
 th

e 
sh

am
. S

id
e 

ef
fe

ct
s 

N
R.

D
O

, d
ro

po
ut

; N
R,

 n
ot

 re
po

rt
ed

; Y
-B

O
C

S,
 Y

al
e-

Br
ow

n 
ob

se
ss

iv
e 

co
m

pu
ls

iv
e 

sc
al

e;
 C

Y-
BO

C
S,

 c
hi

ld
re

n’
s 

Ya
le

-B
ro

w
n 

ob
se

ss
iv

e 
co

m
pu

ls
iv

e 
sc

al
e;

 D
M

N
, d

ef
au

lt 
m

od
e 

ne
tw

or
k;

 M
AD

RS
, M

on
tg

om
er

y-
As

be
rg

 D
ep

re
ss

io
n 

Ra
tin

g 
Sc

al
e;

 S
DS

, S
he

eh
an

 D
is

ab
ili

ty
 

Sc
al

e;
 C

G
I-S

, C
lin

ic
al

 G
lo

ba
l I

m
pr

es
si

on
 S

ev
er

ity
; C

G
I-I

, C
lin

ic
al

 G
lo

ba
l I

m
pr

es
si

on
 Im

pr
ov

em
en

t; 
G

AF
, G

lo
ba

l A
ss

es
sm

en
t o

f F
un

ct
io

ni
ng

; O
C

I-R
, O

bs
es

si
ve

 C
om

pu
ls

iv
e 

In
ve

nt
or

y-
Re

vi
se

d;
 B

AS
, B

rie
f A

nx
ie

ty
 S

ca
le

; B
AB

S,
 B

ro
w

n 
As

se
ss

m
en

t o
f B

el
ie

fs
 

Sc
al

e;
 H

AD
S,

 H
os

pi
ta

l A
nx

ie
ty

 a
nd

 D
ep

re
ss

io
n 

Sc
al

e;
 B

IS
, B

ar
ra

tt
 Im

pu
ls

iv
en

es
s 

Sc
al

e;
 B

D
I, 

Be
ck

 D
ep

re
ss

io
n 

In
ve

nt
or

y;
 B

AI
, B

ec
k 

An
xi

et
y 

In
ve

nt
or

y;
 S

AF
TE

E,
 S

ys
te

m
at

ic
 A

ss
es

sm
en

t f
or

 T
re

at
m

en
t E

m
er

ge
nt

 E
ffe

ct
s;

 H
AM

-D
/H

D
RS

, H
am

ilt
on

 D
ep

re
ss

io
n 

Ra
tin

g 
Sc

al
e;

 H
AM

-A
/H

AR
S,

 H
am

ilt
on

 R
at

in
g 

Sc
al

e 
fo

r A
nx

ie
ty

; O
C

D
-V

AS
, O

C
D

 v
is

ua
l a

na
lo

g 
sc

al
e;

 S
TA

I-Y
A,

 S
ta

te
-T

ra
it 

An
xi

et
y 

In
ve

nt
or

y;
 T

AP
, T

es
t o

f A
tt

en
tio

na
l P

er
fo

rm
an

ce
; D

AS
S-

21
, D

ep
re

ss
io

n 
An

xi
et

y 
an

d 
St

re
ss

 S
ca

le
; R

C
AD

S-
H

, R
ev

is
ed

 C
hi

ld
 

An
xi

et
y 

an
d 

D
ep

re
ss

io
n 

Sc
al

e-
H

in
di

 a
da

pt
at

io
n;

 W
H

O
Q

O
L,

 W
H

O
 Q

ua
lit

y 
of

 L
ife

 Q
ue

st
io

nn
ai

re
; Q

ID
S-

SR
, Q

ui
ck

 In
ve

nt
or

y 
of

 D
ep

re
ss

iv
e 

Sy
m

pt
om

s-
Se

lf 
Re

po
rt

; S
SR

I, 
se

ro
to

ni
n 

re
up

ta
ke

 in
hi

bi
to

r. 
a D

ro
po

ut
s 

in
cl

ud
e 

tw
o 

pa
tie

nt
s 

w
ho

 w
ith

dr
ew

 fr
om

 th
e 

st
ud

y 
in

 th
e 

m
id

dl
e 

of
 th

e 
tr

ia
l a

nd
 o

ne
 e

xc
lu

si
on

 d
ue

 to
 d

ev
ia

tio
n 

fr
om

 th
e 

in
te

rv
en

tio
n.

 b Th
is

 s
tu

dy
 a

dm
in

is
te

re
d 

tD
C

S 
in

te
rv

en
tio

ns
 in

 tw
o 

ph
as

es
, w

ith
 p

ha
se

 2
 b

ei
ng

 c
on

tin
ge

nt
 o

n 
th

e 
re

su
lts

 o
f p

ha
se

 1 
af

te
r t

en
 s

es
si

on
s.

 C
on

se
qu

en
tly

, t
he

 s
am

pl
e 

si
ze

 
di

ffe
re

d 
be

tw
ee

n 
ph

as
es

, a
nd

 p
ha

se
 1 

sc
or

es
 w

er
e 

in
cl

ud
ed

 in
 th

e 
an

al
ys

is
. c Po

st
-in

te
rv

en
tio

n 
sc

or
es

 o
n 

Y-
BO

C
S 

re
tr

ie
ve

d 
by

 c
on

ta
ct

in
g 

th
e 

co
rr

es
po

nd
in

g 
au

th
or

 a
nd

 fr
om

 th
e 

re
sp

ec
tiv

e 
th

es
is

. d Sa
gi

tt
al

 m
id

lin
e 

at
 15

%
 o

f t
he

 d
is

ta
nc

e 
be

tw
ee

n 
in

io
n 

an
d 

na
si

on
 a

nt
er

io
r t

o 
el

ec
tr

od
e 

po
si

tio
n 

C
z.

 e 1.5
 cm

 a
nt

er
io

r t
o 

el
ec

tr
od

e 
po

si
tio

n 
C

z.
 f 3 

cm
 b

el
ow

 th
e 

in
io

n 
an

d 
1 c

m
 ri

gh
t o

f t
he

 m
id

lin
e.

Ta
bl

e 
1 (

co
nt

in
ue

d)
 | S

um
m

ar
y 

of
 in

cl
ud

ed
 st

ud
ie

s t
ha

t i
nv

es
tig

at
ed

 th
e 

ef
fe

ct
s o

f t
ES

 fo
r O

C
D

 tr
ea

tm
en

t

http://www.nature.com/natmentalhealth


Nature Mental Health

Analysis https://doi.org/10.1038/s44220-026-00590-z

P = 0.08) to low (τ2 = 0.0, I2 = 0; Q = 0.88, P = 0.35). Figure 3a shows 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 tDCS interventions.

The following tES protocols significantly reduced OCD symptom 
severity compared with the sham control in 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 lDLPFC (SMD = 1.30; 95% CI, [0.51 to 
2.09]), ctDCS-lOFC + atDCS shoulder (SMD = 1.24; 95% CI, [0.39 to 
2.10]), atDCS lDLPFC + ctDCS rDLPFC (SMD = 1.17; 95% CI, [0.04 to 
2.31]), and atDCS lDLPFC + ctDCS pre-SMA at 2 mA (SMD = 0.99; 95% CI, 
[0.11 to 1.86]) and at 1 mA (SMD = 0.92; 95% CI, [0.04 to 1.80]) (Fig. 3b). 
We further analyzed the surface under the cumulative ranking (SUCRA) 
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Fig. 2 | Pairwise meta-analysis of the tES interventions’ effect sizes for 
reducing OCD symptoms. a, Forest plot showing pooled effect sizes of tES 
interventions44–51,78–82,84–86 (n = 16, k = 23) with SMD, 95% CIs and measures of 
heterogeneity (SMD = 0.61; 95% CI, [0.37 to 0.85]; heterogeneity, I2 = 40%, 
τ2 = 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% CIs and 
measures of heterogeneity (SMD = 0.52; 95% CI, [0.21 to 0.83]; heterogeneity, 
I2 = 40%, τ2 = 0.129, P = 0.06). c, Forest plot of pooled and single effect size for 
cathodal tDCS interventions over cortical regions (k = 20), including SMD, 
95% CIs and measures of heterogeneity (SMD = 0.56; 95% CI, [0.34 to 0.78]; 
heterogeneity: I2 = 25%, τ2 = 0.088, P = 0.15). d, Forest plot of pooled effect sizes 
for tES intervention at twice-daily (k = 10) versus once-daily (k = 11) frequency, 
including SMD, 95% CIs and measures of heterogeneity (SMD = 0.62; 95% CI, [0.36 
to 0.88]; heterogeneity: I2 = 42%, τ2 = 0.141, P = 0.02). e, Forest plot of pooled 
and single effect size for treatment duration of 2 days (k = 2), 5 days or 1 week 
(k = 7), 2 weeks (k = 9), 4 weeks (k = 2) and 8 weeks (k = 1) of tES interventions 

(both tDCS and tACS), including SMD and 95% CIs and measures of heterogeneity 
(SMD = 0.61; 95% CI, [0.37 to 0.85]; heterogeneity: I2 = 40%, τ2 = 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% CIs and measures of heterogeneity (SMD = 0.61; 
95% CI, [0.37 to 0.85]; heterogeneity: I2 = 40%, τ2 = 0.131, P = 0.02). g, Forest plot of 
pooled and single effect size for stimulation intensity of 1 mA (k = 1), 1.5 mA (k = 2) 
and 2 mA (k = 20) in tES interventions, including SMD, 95% CIs and measures 
of heterogeneity (SMD = 0.61; 95% CI, [0.37 to 0.85]; heterogeneity, I2 = 40%, 
τ2 = 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). 
n represents the number of tES studies and k represents the number of effect 
sizes included in the main and secondary analyses. Squares represent individual 
study effect, diamonds represent pooled effect and lines represent CIs. SMD, 
standardized mean difference; CI, confidence interval; HK, Hartung-Knapp 
adjustment for random-effect meta-analysis.
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percentages representing the mean rank of interventions compared 
with an idealized hypothetical one based on 1,000 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 such as atDCS-O2 + ctDCS-O1 (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 symptoms if the electric fields target the medial prefron-
tal and frontopolar cortices (maximum performance–electric field 
correlation (PECE) = 0.351, P = 0.046, explained variance = 12.3%; Fig. 4a, 
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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 nodes is optimized to enhance clarity. b, The network meta-analysis forest 
plot shows the SMD and 95% CIs 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 CIs. c, 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; Fp1 denotes the lOFC and 
Fp2/F8 refers to the right OFC; F3 and F4 represent the lDLPFC and the rDLPFC, 
respectively. O1 and 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.
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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 PECE × min per day = 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 × number of days = 0.209, maximum PECE × min × 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 at a 
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 × min per day results using the 
Human Connectome Project multimodal parcellation (HCP-MMP) 
atlas87,88. Better treatment response was mostly associated with stimula-
tion of the left dorsomedial PFC and OFC, corresponding to Brodmann 
areas 10, 11 and 47 (Fig. 4b). Finally, we used the PEC maps to suggest 
an optimized 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, which indi-
cates the direction of current flow (from the anode (inward currents) 
to the cathode (outward currents); Methods). We found that a current 
flow from the right to the left PFC was positively correlated (PECperpE) 
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 from right-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), as shown in Fig. 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 = 8) to moderate (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 efficacy47. However, we did not label the others with 
‘other bias’, as the updated CONSORT guidelines do not recommend 
evaluating blinding efficacy89.

Publi c at i o n  bi as  was  assessed us i n g  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 < 0.05 and 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% CI, 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 symptoms. Different 
meta-analytic approaches were used to evaluate different aspects of 
treatment efficacy (for example, pooled effects, the effectiveness of 
interventions versus sham treatments, 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. 4 | Meta-modeling analysis. a, PEC maps for correlations between effect 
size and electric-field strength (first map), cumulative charge in one session 
(E × min per day; second maps), cumulative charge across treatment days (E × 
number of days; third map), and total cumulative charge (E × min × 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 PECE × min per day values. Individual dots represent 
correlation values per brain model element within a region. 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. c, Correlation between 
effect sizes and the perpendicular component of the electric field (PECperpE). 
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 
with improvements in 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) for improving 
OCD symptoms with tDCS. Anodes are shown in red and cathodes are shown in 
blue. Note that the largest normE values correspond to the largest PEC values as 
shown in a. e, The same as in d, but in this case, the perpendicular component 
of the electric field (perpE) is shown. Note that this distribution is similar to the 
one shown in c. 10pp, polar area 10; pOFC, posterior orbitofrontal cortex; OFC, 
orbitofrontal cortex; 47l, lateral area 47; 10d, dorsal area 10 according to the HCP-
MMP atlas. PECE, performance–electric field correlation; normE, magnitude of 
the simulated electric field; perpE, perpendicular field component.
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for interventions that primarily downregulate the SMA and the OFC 
and upregulate the lDLPFC 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 lDLPFC tDCS, ctDCS of the OFC, and 
bilateral anodal right DLPFC tDCS (Fig. 5b). Finally, our computational 
analyses of behavior–electrical-field correlations, in line 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 documented90–92. 
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 connectivity92–94. 
Specifically, overactivity in the OFC, medial PFC and SMA coupled with 
hyperconnectivity with subcortical regions is prominent in OCD92. At 
chemical levels, excitatory and inhibitory neurotransmitter systems 
(for example, glutamate, GABA) show imbalanced activity in patients 
with OCD compared with healthy controls33. The effectiveness of tES 
interventions in alleviating OCD symptoms can be 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 abnormalities is the 
primary mechanism of effect for tES interventions. According to the 
multifaceted neural circuit theory of compulsivity92, 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 
affects top-down executive control, and this loss contributes to the shift 
from goal-directed behavior to compulsive habits in OCD. Therapeutic 
effect of tES interventions that downregulate SMA and OFC activity  
(for example, ctDCS of the SMA and the OFC) can thus be due to modu-
lating hyperactivity in these regions and their subcortical projections 
(for example, putamen, insula). A similar therapeutic effect is reported 
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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). c, 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; vlPFC, 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.
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for low-frequency rTMS of the SMA95. Another source of effect for tES 
interventions is related to upregulation of both lDLPFC and the rDLPFC 
with anodal stimulation, which is again in line with therapeutic effects 
of high-frequency rTMS over the bilateral DLPFC95. 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 gyri in OCD96. Although these 
changes were linked to improved safety learning, no anxiolytic effects 
of anodal frontopolar tDCS were observed.

The second explanation relates to the imbalanced levels of gluta-
mate and GABA in key OCD regions, which are the major neurometabo-
lites underlying the tES mechanism of effects. A recent study with 7 T 
proton magnetic resonance spectroscopy found that glutamate levels 
in the SMA correlated with the Y‑BOCS compulsivity subscale and with 
measures of habitual responding in patients with OCD compared with 
healthy controls33. 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 GABA97–99. 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 activity100,101. Thus, the efficacy of 
cathodal SMA tDCS may be partly due to balanced glutamate levels 
following the intervention. 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 ACC92, which plays a role 
in conflict monitoring and inhibitory tasks in patients with OCD and 
receives projections from the medial PFC94,102.

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 is important for evaluating the efficacy of tES interventions. 
Although this is not sufficiently addressed in current tES RCTs (only 
five studies examined effects of different intensities45, polarity80 
and target regions44,51,78,83), 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-analyses37,103,104. 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 treatment105, it remains unclear whether higher inten-
sities (for example, ≥4 mA), delivered within established safety guide-
lines, improve outcomes, and this warrants further evaluation14,106,107.

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. 
In relation to this, our meta-modeling showed that longer stimulation 
durations on a given day, rather than an increased 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 
improvement37,103 and are further in line with the efficacy of accelerated 
rTMS (involving two or more sessions per day with short inter-session 
intervals) for OCD treatment108. Here it is noteworthy that twice-daily 
3 mA tDCS over the inferior frontal cortex showed limited efficacy for 
OCD treatment105, suggesting that intensifying tDCS beyond 2 mA 
may not improve outcomes, as shown in the human motor cortex109. 
Both 1-week and 2-week interventions showed significant therapeutic 
effects, unlike the 4-week intervention, a finding consistent with a 
recent rTMS meta-analysis103 but requiring cautious interpretation due 
to the limited number of studies with 4-week intervention103.

In sum, systematic investigations of tES parameters are crucial for 
optimizing interventions and enhancing therapeutic effects, which is 
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 circuitry92), which has not been investigated by 
current tES interventions. Finally, it is essential for future tES studies to 
standardize their designs and report intervention protocols in accord-
ance with the recently published Report Approval for Transcranial 
Electrical Stimulation (RATES) checklist110. This approach enhances 
the interpretability and reproducibility of findings while enabling more 
effective comparisons between tES studies.

Therapeutic efficacy of tES interventions for OCD treatment
rTMS, the most used NIBS modality in clinical settings, is FDA-approved 
for treating OCD12. 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 treatment111 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)37,95,103,112. 
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 a three-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 alpha and beta-gamma tACS 
over the medial PFC and OFC47,113 and very promising results were also 
reported for gamma tACS for OCD treatment114,115. Future tES studies 
are required 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 responses116,117 
and meta-regression analyses of tES predictors of response will help 
maximize its 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 still need to be evaluated in larger trials, 
yet other potential tES interventions can be inferred from the recent 
OCD pathophysiology framework92. The ventrolateral PFC (VLPFC) is 
a key region showing reduced connectivity with the caudate in OCD 
and is linked to impaired cognitive flexibility118. A recent study also 
confirmed its hypoconnectivity with the dorsal putamen119. In another 
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recent study120, reduced activity in the inferior frontal gyrus (includ-
ing the VLPFC), alongside its hypoconnectivity with the putamen and 
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-
tion bias toward OCD-related stimuli while reducing symptom severity 
in patients with OCD45.

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 vmPFC121,122 and the ACC123,124 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 OCD92,119,125. Down-
regulating vmPFC and dorsal ACC may reduce negative interoceptive 
feelings that drive compulsive behaviors, consistent with a recent 
network meta-analysis showing that inhibitory rTMS of medial PFC and 
anterior ACC are more effective than sham interventions104. However, 
evidence supports the effectiveness of deep high-frequency rTMS over 
the medial PFC and ACC36. 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 OCD126,127. Nevertheless, these 
proposed interventions are grounded in neuroimaging findings and 
merit exploration in future studies (For a detailed review of the empiri-
cal background supporting these interventions, see ref. 92).

Looking ahead, home-based tES128, a unique advantage of tES ver-
sus rTMS, 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 
at home, suggests that tES can significantly alleviate OCD symptoms, 
with sustained effects observed at follow-up47 in line with recent works 
on depression129. Similarly, closed-loop tES130,131, adapting stimulation 
based on neural biomarkers, could further optimize efficacy by target-
ing dynamic symptom states such as obsessive ruminations. While 
primarily used in invasive neuromodulation132, these adaptive sys-
tems can inspire non-invasive tES innovations for precise, on-demand 
interventions aligned with real-world symptom fluctuations. Future 
research should focus on large-scale trials to validate these modalities, 
assess long-term safety and integrate them with existing therapies for 
optimized and personalized tES106,113,133 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 

Upregulating vlPFC Downregulating vmPFC/medial PFC Downregulating dorsal ACC

Neurophysiological rationale Neurophysiological rationale Neurophysiological rationale

Neuropsychological rationale Neuropsychological rationale Neuropsychological rationale

Improving cognitive flexibility
and executive control

Modulating negative a�ect
and interoceptive systems

Modulating interoceptive and
action-monitoring system

Balancing goal-directed versus
habit system

a b c

Weakening habit and
negative a�ect systems

Modulating negative a�ect system
Enhancing action monitoring

Regulating VLPFC/DLPFC versus
dorsal striatum

hypoconnectivity

Regulating vmPFC versus ventral
striatum (anterior insula)

hyperactivity

Regulating dorsal ACC versus
insula/caudate hyperactivity

Fig. 6 | tES interventions with therapeutic potential. OCD features a complex 
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 pathophysiology92, 
several regions can be targeted by tES and other NIBS interventions. a, The 
VLPFC, an important region for the executive control system, is often hypoactive 
in OCD. This diminishes influence over the dorsal striatum and habit system, 
which can lead to compulsive behaviors. Enhancing VLPFC activity (for example, 
with atDCS) may benefit OCD by strengthening goal-directed behavior. b, The 
vmPFC is 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. c, The dorsal ACC, which is 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; vlPFC, ventrolateral prefrontal cortex; ACC, anterior cingulate cortex; 
DLPFC, dorsolateral prefrontal cortex. Brain surface renderings are based on the 
MNI152 nonlinear 2009 (ICBM152) standard template.
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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, 
the limited 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 from the 
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 approaches to provide a comprehensive analy-
sis of eligible tES studies used to reduce OCD severity. Our results 
suggest that interventions that downregulate the OFC, medial PFC and 
SMA, or upregulate the lateral PFC show promise. Our analysis shows 
that tES is both safe and well tolerated in patients with OCD. However, 
many of the included studies implement 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) guidelines134. 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 31 July 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 
the reference lists of relevant review articles and meta-analyses41,135–137. 
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-
ments resolved through discussion or a third reviewer. Duplicates were 
identified and removed using EndNote, followed by manual verification 
to ensure accuracy. Each study’s data were extracted independently by 

two reviewers using a standardized 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)138. 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. To identify 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-
ducted in R (v.4.1.2) using metafor, netmeta, meta and dmetar packages 
to compute the SMD139, perform the network meta-analysis, generate 
forest plots, pooling effect sizes, and carry out sensitivity analyses and 
publication bias assessments140,141. We used the Morris method142 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 
g for PPCs (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 an independent 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-
ments143 to calculate the 95% CI of the pooled effect. Furthermore, 
heterogeneity was assessed by Cochran’s Q (heterogeneity statistic),  
τ2 (estimated between-study variance) and I2 (proportion of total 
variability) in each condition. I2 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 
treatments to a reference group (‘sham’). Both fixed and random effect 
models were evaluated, with primary results derived from the random 
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 on 1,000 simulated datasets of SUCRA 
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values, ranging from 0% to 100% for different scenarios of available 
interventions and outcomes144. 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 test145. We also used the P-curve method146 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.55. 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 3.2.147,148 and standard realistic 
conductivities of head and brain tissues were used149. 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 × 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 (PECE). 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 P values.

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 stimulation in one session (PECE × min per day), (2) the total number of days 
of the treatment (PECE × number of days), and (3) the total minutes of stimula-
tion per treatment (minutes per session × number of days; PECE × min × day). 
After this, correlations were calculated in the same way as described 
above. To relate our findings to functional brain regions, the correlation 
values were averaged per brain region of the HCP-MMP atlas87,88 which 
consists of 360 parcels. Subsequently, we displaced the five regions with 
the largest average PEC values. To ensure that our results were not biased 
due to peculiarities of our head model, all analyses described above were 
repeated in another head model (F, ~30 years of age), which was obtained 
from the Human Connectome Project (https://www.humanconnectome.
org). Inter-map correlations were calculated for each analysis (PECE,  
PECE × min per day, PECE × number of days and PECE × min × day), meaning that the values 
of each region of one head model were correlated to the values of the 
same region 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 a measure of direction as it reflects loca-
tions of current influx and outflux147. 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 cathode150 (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 PECperpE was calculated in the same way as the other PEC values, 
described above. PECperpE was calculated only for brain regions where 
PECE > 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
The codes generated for data analyses are publicly available at https://
osf.io/6taex/.
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