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compulsive disorder; early augmentation Methods. Drug-free adult patients with OCD were randomized into active and sham groups and
strategy; safety; efficacy received fluoxetine 20 mg (up to 60 mg). The protocol involved placing the cathode over the left
supplementary motor area and the anode over the left dorsolateral prefrontal cortex, using a 2-mA
current for 20 minutes, with a ramp time of 10 seconds. A total of 10 sessions were given over
2 weeks. Following the baseline assessment, both illness severity and side effects were measured
periodically at 2, 4, and 6 weeks.

Results. A total of 40 patients completed this study (20 in each group). The active group
demonstrated a significant reduction in Yale-Brown Obsessive-Compulsive Scale scores at 2, 4,
and 6 weeks compared with the sham group, with a number needed to treat of 2.5. Additionally,
the effect size of the intervention at 2 weeks was calculated to be 0.58, indicating a moderate
effect according to Cohen’s d. Side effects were milder, tolerable, and uncommon.
Conclusion. Early augmentation with tDCS is a safe and effective method for rapidly reducing
symptom severity in adult patients with OCD.
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Introduction

Obsessive-compulsive disorder (OCD) is a chronic illness that, if left untreated, can significantly
impact a person’s lifestyle, with a lifetime prevalence of approximately 1.6% globally and 0.76%
in the Indian population." OCD can be treated through medication, psychotherapy, neurosur-
gery, and neuromodulation; however, a significant percentage of OCD sufferers do not improve
during treatment.” First-line selective serotonin reuptake inhibitors (SSRIs) for OCD also
increase the risk of adverse reactions because they need to be taken at high doses for several
weeks before showing a clinically significant improvement. The availability of therapists,
however, frequently limits cognitive behavior therapy; in low- to middle-income nations, there
are shortages, whereas in high-income countries, there are lengthy waiting lists. ™
Neuromodulation strategies, which involve influencing brain activity through noninvasive
methods, have introduced new treatment possibilities for OCD. They work by modulating brain
activity and are considered safe.” The technology used in transcranial direct current stimulation
(tDCS) delivers a weak electrical current directly to the brain through 2 electrodes. Targeted cortical
regions in the human brain may become more excitable or less excitable as a result of recurrent tDCS
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improvement. This randomized controlled trial’s objective was to
evaluate tDCS’s safety and effectiveness as an add-on treatment for
drug-free adults with OCD. We postulated that, in comparison to
fluoxetine alone, using tDCS as an adjunctive therapy would cause
an early reduction in obsessive-compulsive symptoms.

Materials and Methods
Study design

This study was carried out in a tertiary care center in India using a
randomized single-blind sham-control methodology. This study com-
prised adult patients (18-50 years old) who had been drug-free for the
past 1 month, were diagnosed with OCD based on International
Classification of Diseases - 10th Edition, Diagnostic criteria for
research (ICD-10-DCR) criteria, and had a Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS) score greater than 16.'' Individuals with
psychiatric disorders other than major depressive disorder, anxiety
disorder, or tobacco use disorder, or those contraindicated for tDCS,
were excluded. Patients with medical co-morbidities requiring pri-
ority management were also not included. Patients meeting the
selection criteria were recruited into this study after providing
written informed consent. At baseline, clinical variables were mea-
sured using several established scales: the Y-BOCS to rate the severity
of OCD, the Dimensional Y-BOCS to assess the severity of OCD
symptoms across different domains, the Hamilton Depression Rat-
ing Scale (HAM-D) for evaluating co-morbid depression, and the
Hamilton Anxiety Rating Scale (HAM-A) to measure co-morbid
anxiety. All patients were prescribed fluoxetine (20 mg per day) for
7 days to balance the effects of the medication. During the follow-up
period, the dose of fluoxetine was increased from 40 to 60 mg per
day. Rescue drugs such as tablet Clonazepam 0.25 mg (up to 1 mg per
day) for anxiety and tablet Zolpidem (up to 10 mg per day) as per a
need basis for insomnia were used. Ethical approval was taken from
the Institutional Ethics Committee vide Letter No. 1913/Ethics/2023
with reference code XIV-PGTSC-IIA/P26 on January 19, 2023. This
study was prospectively registered with the Clinical Trials Registry of
India on February 13, 2023 (CTRI/2023/02/049682). Following
registration, recruitment was done between February 2023 and
February 2024, with follow-ups completed by March 2024.

Sample size

The sample size was calculated using the G*Power 3.1.9.7 application
for statistical power analyses."”
The following parameters are taken into account for estimating the
sample size.
F-tests: ANOV A—repeated measures, within-between interaction;
Analysis: a priori—compute required sample size;
Input: Effect size (f) = 0.25;

a err prob = 0.05;

Power (1 — f err prob) = 0.90;

Number of groups = 2;

Number of measurements = 3;

Corr among rep measures = 0.5;

Nonsphericity correction (g) = 1;
Output: Noncentrality parameter (1) = 13.5000000;

Critical F = 3.1316720;

Numerator df = 2.0000000;

Denominator df = 68.0000000.
The sample size that was determined was 36, and after considering
a dropout rate of 10%, a final sample of 40 was estimated.

L. Kumar et al.

Randomization and blinding

A simple random sampling method was adopted. Participants
meeting the inclusion criteria were assigned into active and sham
tDCS groups in the allocation ratio of 1:1 by the computer-generated
random table method. Participants were blinded to the allocation,
whereas the investigator was aware of it. tDCS sessions were applied
by the primary investigator himself. To mask the type of stimulation,
patients in the sham group were also connected to tDCS electrodes,
with a brief current applied for 10 seconds at both the beginning and
end of the sessions to mimic the sensations experienced by the active
treatment group. For the intervening 20 minutes, the electrodes
remained connected, but no current was passed to the patients of
the sham group.

tDCS protocol

The tDCS device Neurostim, made by Neurosoft in Russia, was
used for stimulation.'” To supply current, 2 electrodes measuring
(5 cm x 5 cm) were positioned within a sponge measuring
(7 cmx5 c¢cm) and secured with rubber bands. To increase conduc-
tivity and lessen adverse effects, sponges were soaked in 0.9% saline.
The cathode and the anode were placed on the left SMA and on the
Lt. DLPFC, respectively. For stimulation, a 2-mA current was
chosen. The active group underwent a 20-minute tDCS session.
An extra 10 seconds were allocated for each ramp up and ramp
down. In the sham group, the electrodes remained in the target
areas for the full 20 minutes, but the current was passed only during
the ramp-up and ramp-down phases. This process was carried out
once a day until 10 sessions were finished. Appropriate precautions
are taken to avoid transcranial shunting of electric current by
ensuring separation between the electrodes and spillage of normal
saline in the intervening scalp area between the 2 electrodes. The
allotted time was 2 weeks. If individuals could not finish 10 sessions
within 2 weeks, they were removed from this study. Patients in both
groups were first prescribed 20 mg of fluoxetine daily, which was
increased to 40 mg after a week. During the follow-up period, the
fluoxetine dosage was further modified to 60 mg per day.

Clinical assessments of study variables

To rule out other psychiatric co-morbidity, MINI 6.0.0 was used to
screen all the patients.'” At baseline, the sociodemographic and
clinical details of the patients were recorded using a semistructured
proforma. Clinical symptoms, along with Y-BOCS, DY-BOCS,
HAM-D, and HAM-A scores, were measured at baseline, 2 weeks,
4 weeks, and 6 weeks."”™'® Using a tDCS side effect checklist,
adverse events were measured and evaluated at each session.'’
Patients were treated conservatively if they had any mild side effects
from tDCS.

Statistical data analysis

To analyze the data, IBM SPSS Software (version 24.0) was used.””
Demographic and clinical variables were reported using descriptive
statistics. The data were analyzed for normality using the Shapiro-
Wilk test and were found to have a normal distribution. However,
due to the small sample size, we applied nonparametric tests
(Mann-Whitney U test). Fisher’s Exact test was used to compare
categorical data. The baseline and post-intervention characteristics
were compared between groups. To assess changes in outcome
measures during the course of this study, repeated measures
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CNS Spectrums

analysis of variance (ANOVA) was used. The effect size was
calculated using Cohen’s d. P-values <0.05 were taken as statistically
significant.

Results

The trial was carried out in 2023 following registration at the
clinical trial registry of India. Out of 154 patients screened, 43 were
enrolled in this study, and 111 were excluded. The most common
reason for exclusion was the inability to attend daily tDCS sessions
(n =41). Of the 43 participants enrolled, 3 did not complete the full
intervention of 10 tDCS sessions (dropped out after the very first

session and withdrew consents)—1 from the active tDCS group
and 2 from the sham tDCS group. All 40 patients completed the
intervention (20 in each group). In the active group, 3 patients
were lost to follow-up—2 at the 4-week assessment and 1 more at
the 6-week assessment. In the sham group, 4 patients were lost to
follow-up—3 at the 4-week assessment and 1 more at the 6-week
assessment. For this study, we have performed an intention-to-treat
analysis, so the analysis of patients lost to follow-up was done using
the last observation carried forward method (Figure 1). Baseline
demographic characteristics and clinical variables (Table 1) of both
groups were comparable.

In the active group, all 20 patients had obsessions related to
contamination and cleaning, while 3 had obsessions in the symmetry

[ Enrolment ]

Assessed for eligibility

(n=154)
Excluded (n=111)
»| O  Declined to participate (n=62)
e Difficulty in daily commute (n=41)
e Unwilling to try new technique as
first line treatment (n=21)
Randomized (n=43) O Not meeting inclusion criteria (n=49)
e Already on treatment (n=39)
e Comorbidity (n=6)
e Currently not symptomatic (n=4)
v

| [ aecetn ) I

Allocated to Group A (Active tDCS) (n=21)

O Completed allocated intervention (n=20)

O Did not receive allocated intervention (n=1)
» Unable to come for daily sessions (n=1)

Allocated to Group B (Sham tDCS) (n=22)

O Completed allocated intervention (n=20)

O Did not receive allocated intervention (n=2)
» Unable to come for daily sessions (n=2)

[ Follow-Up ]

Lost to follow-up at 4 weeks (n=2)
» Follow up period not reached (n=2)

Further Lost to follow-up at 6 weeks (n=1)
» Could not be contacted (n=1)

A 4

Lost to follow-up at 4 weeks (n=3)
» Could not be contacted (n=1)
» Follow up period not reached (n=2)

Further Lost to follow-up at 6 weeks (n=1)
» Could not be contacted (n=1)

[ Analysis ]

A\ 4

v

Analysed at 2 weeks follow-up (n=20)

Analysed at 4 weeks follow-up (n=20)
» 2 patients of loss to follow up were included
with last observation carried forward method

Analysed at 6 weeks follow-up (n=20)
» 3 patients of loss to follow up were included
with last observation carried forward method

Analysed at 2 weeks follow-up (n=20)

Analysed at 4 weeks follow-up (n=20)
» 3 patients of loss to follow up were included
with last observation carried forward method

Analysed at 6 weeks follow-up (n=20)
» 4 patients of loss to follow up were included
with last observation carried forward method

Figure 1. Consolidated standards of reporting trials (CONSORT) flow diagram for this study.
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Table 1. Sociodemographic and Clinical Variables of the Patients

L. Kumar et al.

Groups
Active tDCS (n = 20) Sham tDCS (n = 20) Chi-square p-Value

Gender Male 7 (35.0%) 11 (55.0%) 1.61 0.20
Female 13 (65.0%) 9 (45.0%)

Age <35 years 11 (55.0%) 14 (70.0%) 0.96 0.32
=36 years 9 (45.0%) 6 (30.0%)

Domicile Rural 10 (50.0%) 11 (55.0%) 0.10 0.75
Urban 10 (50.0%) 9 (45.0%)

Education Illiterate 1 (5.0%) 1 (5.0%) 3.86 0.62
Primary 2 (10.0%) 4 (20.0%)
High school 7 (35.0%) 3 (15.0%)
Intermediate 5 (25.0%) 7 (35.0%)
Graduate and above 5 (25.0%) 5 (25.0%)

Occupation Housewife 9 (45.0%) 7 (35.0%) 2.18 0.84
Unemployed 8 (40.0%) 7 (35.0%)
Unskilled/semiskilled 2 (10.0%) 4 (20.0%)
Skilled/self-employed 1 (5.0%) 2 (10.0%)

Family income <10 000 2 (10.0%) 1 (5.0%) 0.69 0.81
10 00020 000 9 (45.0%) 8 (40.0%)
>20 000 9 (45.0%) 11 (55.0%)

Family type Nuclear 13 (65.0%) 9 (45.0%) 1.62 0.20
Joint 7 (35.0%) 11 (55.0%)

Marital status Married 12 (60.0%) 12 (60.0%) 0.00 1
Unmarried 8 (40.0%) 8 (40.0%)

Religion Hindu 16 (80.0%) 16 (80.0%) 0.00 1
Muslim 4 (20.0%) 4 (20.0%)

Age at presentation (years) Mean + SD 3220+ 851 30.70 +8.22 0.57 0.57
Range 18.00-46.00 19.00-48.00

Duration of illness (months) <6 4 (20.0%) 3 (15.0%) 0.93 0.63
6-12 6 (30.0%) 4 (20.0%)
>12 10 (50.0%) 13 (65.0%)
Mean + SD 21.65+17.28 27.95 +17.28 1.15 0.26
Range 2.00-60.00 2.00-96.00

Past history of psychiatric illness Yes 3 (15.0%) 2 (10.0%) 1.00*
No 17 (85.0%) 18 (90.0%)

Family history of psychiatric illness Yes 2 (10.0%) 1 (5.0%) 1.00*
No 18 (90.0%) 19 (95.0%)

Substance history Yes 2 (10.0%) 4 (20.0%) 0.66"
No 18 (90.0%) 16 (80.0%)

Psychiatric co-morbidity Present 4 (20.0%) 1 (5.0%) 0.34*
Absent 16 (80.0%) 19 (95.0%)

Physical co-morbidity Present 2 (10.0%) 1 (5.0%) 1.00*
Absent 18 (90.0%) 19 (95.0%)

Abbreviation: tDCS, transcranial direct current stimulation.
*Fischer exact test and p-value.
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domain and 2 in the sexual and religious domains. In the sham
group, 18 patients had obsessions related to contamination and
cleaning, 2 had symmetry obsessions, 1 had aggressive obsessions
and related compulsions, and 2 had sexual and religious obsessions.

Outcome measures

The total Y-BOCS score at baseline was significantly higher in the
active group (Mean * SD = 26.10 + 2.53) compared with the sham
group (24.10 + 2.57), with a U-value of 2.187 and a p-value of 0.029.
The total Y-BOCS score at 2 weeks was lower in the active group
(Mean + SD = 21.70 + 2.39) compared with the sham group
(Mean + SD = 23.10 + 2.43); however, this difference was not
statistically significant. At 4 and 6 weeks, the Y-BOCS scores
(including obsessions, compulsions, and total scores) were lower
in the active group compared with the sham group, with statisti-
cally significant differences. Post hoc analysis showed a change in
the mean reduction of total Y-BOCS scores across different assess-
ment points in both groups. There was a significant difference in

Table 2. Comparison of Y-BOCS Total Score at Baseline, 2 Weeks, 4 Weeks, and
6 Weeks in between the Groups

Active group Sham group
YBOCS (n =20 (n =20) Mann-
total scores Mean + SD Mean + SD Whitney U (z)  p-Value
At baseline 26.10 £ 2.53 24.10 £ 2.57 2.19 0.03*
At 2 weeks 21.70 £ 2.39 23.10+£2.43 1.82 0.07
At 4 weeks 19.65 + 2.78 22.35+2.21 2.88 0.00**
At 6 weeks 17.75 £ 3.27 20.80 + 2.14 2.96 0.00**

* refers to significance at the level of p value <0.05.
** refers to significance at the level of p value <0.01.

the mean reduction of total Y-BOCS scores from baseline to
subsequent follow-up between the groups (Table 2).

The active tDCS group exhibited higher HAM-D scores at
baseline and follow-ups, but these differences were not significant.
Post hoc analysis was done to show the change in the mean
reduction of HAM-D scores between both the active and sham
groups. There was a significant difference in the mean reduction of
HAM-D scores between baseline and 4 weeks (p = 0.027) and
between 2 weeks and 4 weeks (p = 0.013) (Table 3).

The active tDCS group exhibited higher HAM-A scores at
baseline and follow-ups, but these differences were not significant.
Post hoc analysis was conducted to assess the change in the mean
reduction of HAM-A scores between the 2 groups. No significant
differences in the mean reduction of HAM-A scores were observed
across any time points, as all p-values were above 0.05.

The partial response rates at 2, 4, and 6 weeks are 10% (2/20),
40% (8/20), and 35% (7/20) for the active group, respectively, with
the sham group showing a partial response rate of 5% (1/20) at
6 weeks and 0% at both 2 and 4 weeks. The response was noted
in 5% (1/20) of patients at 4 weeks and 40% (8/20) at 6 weeks,
exclusively in the active tDCS group. No responses were observed
in the sham group at any time point.

The number needed to treat (NNT) for response at 6 weeks was
2.5 (95% confidence interval [CI]). The effect size of the interven-
tion at 2 weeks, after the completion of 10 sessions of tDCS, was
calculated to be 0.58, indicating a moderate effect size according to
Cohen’s d.

Safety measures

In this study, patients in the active group reported a higher intensity
of side effects compared with those in the sham group, although no
major adverse effects were recorded. The most commonly encoun-
tered side effects included headache (5.5% in the active group

Table 3. Comparison of Mean Reduction in Y-BOCS Total Score and HAM-D between 2 Groups across Different Assessment Points

Groups

Active tDCS (n = 20)

Mean reduction + SD

Mean reduction + SD

Sham tDCS (n = 20)

Mann-Whitney U (2) p-Value
Y-BOCS total
Baseline 2 weeks 4.40 + 1.64 1.00 + 0.97 4.89 0.00**
4 weeks 6.45 £ 1.76 1.75+£1.29 5.06 0.00**
6 weeks 8.35+2.48 3.30 £ 2.05 4.74 0.00**
2 weeks 4 weeks 2.05 + 1.00 0.75 £ 0.97 3.51 0.00**
6 weeks 3.95 +1.90 2.30 £ 1.87 2.55 0.01*
4 weeks 6 weeks 1.90 +1.25 1.55+1.39 0.97 0.33
HAM-D scores
Baseline 2 weeks 0.30 + 0.66 0.15 + 0.49 0.87 0.38
4 weeks 1.70 £ 1.45 0.70 £ 1.26 2.21 0.02*
6 weeks 245+ 1.64 1.55+1.23 1.85 0.06
2 weeks 4 weeks 140+ 1.14 0.55+1.05 2.47 0.01*
6 weeks 2.15+1.46 1.40 £ 1.05 1.88 0.06
4 weeks 6 weeks 0.75 + 1.07 0.85 +0.99 0.46 0.64

* refers to significance at the level of p value <0.05.
** refers to significance at the level of p value <0.01.
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vs. 5.0% in the sham group), numbness at the stimulation site (3%
vs. 1.5%), and pain at the stimulation site (5.0% in both groups).
The overall incidence of any side effects was 13.5% in the active
group and 12.5% in the sham group. The relative risk of experienc-
ing any side effect was 1.08 times more likely in patients receiving
an active tDCS session.

The number needed to harm was calculated at 100, indicating that
for every 100 sessions, there would be one additional adverse reaction.
This suggests that tDCS is a safe neuromodulation technique.

Discussion

The current study was a 1-year, randomized, controlled, single-
blind trial at a tertiary psychiatry center in North India, aiming to
evaluate the safety and efficacy of tDCS as an early augmentation
technique alongside standard anti-obsessional medication in adult
patients with OCD. The findings provide strong evidence that
tDCS, when combined with fluoxetine, may accelerate the reduc-
tion of obsessive-compulsive symptoms, indicating its potential as
an effective adjunctive treatment for OCD.

Both the groups were compared on clinical variables at baseline,
including past and family history of psychiatric illness, substance
history, and psychiatric and physical co-morbidities. Most of the
patients had a duration of illness of more than 1 year in both the
groups. The mean duration of illness was higher in the sham group
(27.95 years) compared with the active group (21.65 years). Indi-
viduals with an extended duration of illness at the outset typically
exhibit a less favorable prognosis.”’

In this study, in line with previous studies targeting the SMA
and Lt. DLPEC, our protocol used cathodal stimulation over the
SMA and anodal stimulation over the Lt. DLPFC. These regions
have consistently been implicated in the pathophysiology of OCD
and have shown a strong evidence base for targeting OC symp-
toms, and our results further validate their use as targets for
neuromodulation.'””*~** However, another Indian study used
anodal tDCS with 2 sessions per day for 5 consecutive days
targeting pre-SMA and found a significant reduction in the
symptoms of OCD.”

The active tDCS group demonstrated a significant reduction in
depressive symptoms from baseline to 4 weeks, indicating its
potential antidepressant effects. These findings suggest that tDCS,
as an augmentation strategy, could be effectively used in treating
OCD patients, particularly those with co-morbid depression, to
help alleviate depressive symptoms.

In OCD, when compared to the initial assessment, a reduction
of at least 35% in Y-BOCS scores is considered a response, a
reduction of at least 25% but less than 35% is considered a partial
response, and achieving a Y-BOCS score of 12 or lower is consid-
ered remission.”® Using this set of criteria, we found that 8 patients
(40%) in the active group responded after 6 weeks, whereas no
patients in the sham group responded at all during the course of
this study. In an open-label trial, 15% of individuals showed an
improvement of more than 35% in their Y-BOCS scores after just
1 week of receiving 20 sessions of cathodal stimulation of the SMA
with tDCS.” The higher response rate observed in our study may
be attributed to the exclusion of treatment-resistant patients.

All participants in this study tolerated the intervention well, with
no significant adverse events or serious complications observed, and
no participants withdrew from the trial due to side effects. Headache
followed by pain at the stimulation site and numbness at the stim-
ulation site were the predominant side effects. The side effects

L. Kumar et al.

associated were transient and tolerable. Hence, tDCS can be consid-
ered a safer modality.

The intervention’s effect size was 0.58 at 2 weeks following the
completion of 10 tDCS sessions, indicating a moderate effect and
suggesting that the intervention had a meaningful impact on the
target outcomes. A similar effect size of 0.54 was reported in a meta-
analysis of 22 studies, reinforcing the consistency of the findings
with previous research.”” Our study found a low NNT of 2.5 to
achieve a response at 6 weeks (95% CI), suggesting that the interven-
tion is effective. This is consistent with a similar NNT of 3 reported in
a randomized, double-blind, sham-controlled trial involving resistant
adult patients with OCD.* The observed decrease in Y-BOCS scores
over multiple time periods in the active group with transient side
effects, together with the moderate effect size and low NNT, high-
lights the clinical potential of tDCS in expediting symptom treatment
for OCD patients.

Strengths and limitations

Globally, there has been limited research on the use of neuromo-
dulation as an early augmentation technique for treating OCD. To
the best of our knowledge, this is one of the first studies in India
to employ tDCS as an early augmentation technique in adult patients
with OCD. Stringent selection criteria were followed for the recruit-
ment of patients. Consistency among the groups was ensured by
administering only one anti-obsessional medication (fluoxetine).
Because this study’s power is 90%, the findings are more reliable.

This study’s small sample size and single blinding may limit the
reliability and generalizability of its findings. Additionally, the
short follow-up period of only 6 weeks prevents any assessment
of the long-term effects of tDCS. The results may also be restricted
in generalizability due to the majority of participants being from a
single center. The majority of the current studies on tDCS in OCD
are highly heterogeneous in their protocols as reported in a recent
systematic review and Consolidated Standards of Reporting Trials
(CONSORT) evaluation.”® There is a need for studies with more
homogeneous protocols and larger sample sizes to better interpret
the effectiveness of tDCS in OCD.

Conclusion

Early augmentation using tDCS is a safe and effective strategy for
the early reduction of symptom severity in OCD. This could avoid
the lag period of SSRI to achieve a response. Further research in a
larger sample is required to substantiate the evidence.
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