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Background: Attention Bias Modification Treatment (ABMT) is a computer-based intervention targeting aberrant
threat-related attention in anxiety. Despite inconsistent findings in various neuropsychiatric disorders, it remains
a potential alternative for reducing the severity of obsessive-compulsive disorder (OCD) symptoms. This study
presents the first randomized, double-blind trial of ABMT in patients with OCD.

Methods: Thirty patients were randomly assigned to active (n = 15) or sham condition (n = 15), undergoing 10
ABMT sessions targeting symmetry and cleaning symptoms.

Results: Both groups were similar in baseline attentional bias and clinical scores. No significant change in
attention bias scores for symmetry-related stimuli or cleaning-related stimuli was observed at post-treatment.
Additionally, no significant reduction in OCD severity was found in the active group compared to sham, nor
in specific symmetry or cleaning symptomatology. However, both groups showed a significant time effect,
indicating an overall decrease in OCD severity. Intra-group analysis revealed a significant reduction in anxiety-
related severity within the active group, while the sham group did not exhibit a statistically significant change.
Conclusion: ABMT was demonstrated to be a feasible and well-tolerated intervention. However, additional
research on efficacy is needed before we can recommend it as a formal treatment for OCD.

1. Introduction and selective serotonin reuptake inhibitors (SSRIs) (de Oliveira et al.,

2023). However, insufficient response to either treatment and lack of

Obsessive-compulsive disorder (OCD) is characterized by the pres-
ence of obsessions and/or compulsions and affects around 2 % of the
general population, regardless of age, gender, or socioeconomic status
(Ruscio et al., 2010)(Stein et al., 2019). The disorder is associated with
poor quality of life, functional impairment and significant
socio-economic burden (Huppert et al., 2009). The first-line treatments
for OCD are cognitive-behavioral therapy (CBT) (de Mathis et al., 1999)

availability of trained CBT therapists are frequent and present major
obstacles to improving clinical outcomes (Stein et al., 2019; Patel et al.,
2014; McKay et al., 2015; Skapinakis et al., 2016). Moreover, CBT is
costly and tolerability to SSRIs may impact treatment adherence. Hence,
there is a need for novel treatments, particularly those with lower cost,
online delivery, and fewer or no side effects.

Increased allocation of attentional resources towards threat as
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compared to neutral stimuli has been consistently found in a range of
clinical and subclinical anxiety disorders, a feature known as attentional
bias (AB). Bias occurs in all anxiety disorders, not as a characteristic of
any specific disorder, but likely as a component of elevated trait anxiety
itself (Cisler and Koster, 2010). That said, despite no longer being
classified as an anxiety disorder, OCD may have anxiety as a perpetuator
of obsessive-compulsive symptoms. AB comprises three interrelated
components mediated by distinct cognitive and neural mechanisms. The
first, facilitated attention, reflects an automatic threat detection process
that prioritizes threat cues in the environment. The second, difficulty in
disengagement, demonstrates impaired top-down attentional control,
which prevents anxious individuals from redirecting attention away
from threat once detected. The third, attentional avoidance, represents a
strategic emotion-regulation process through which individuals divert
attention from threat to reduce distress, but paradoxically maintain
anxiety by preventing corrective learning and exposure to safety infor-
mation. Together, these interacting processes bias attention toward
perceived threat, thereby sustaining hypervigilance, reinforcing mal-
adaptive threat appraisals, and maintaining anxiety symptoms over time
(Cisler and Koster, 2010).

Empirical evidence supports this framework in OCD. Studies using
dot-probe and spatial cueing paradigms show that individuals with high
contamination or harm-related fears display selective attention toward
disorder-relevant threat cues and difficulty disengaging from them
(Cisler and Olatunji, 2010). These attentional patterns are consistent
with the view that impaired attentional control by anxiety and an
oversensitive threat detection system contribute to the persistence of
obsessional thoughts (Cisler and Koster, 2010; Eysenck et al., 2007).
Moreover, they align with cognitive models proposing that inflated re-
sponsibility and threat overestimation interact with biased attention to
maintain compulsive behavior and anxiety (Salkovskis, 1985; Rachman,
1997). By amplifying threat appraisal, reducing cognitive flexibility, and
preventing exposure to disconfirming evidence, AB functionally sustains
the maladaptive cycles of fear and avoidance characteristic of OCD.

Attention Bias Modification Treatment (ABMT) is a computer-based
treatment that arises from the idea that cognitive biases cause patho-
logical anxiety, targeting aberrant threat-related attention in anxiety
(Bar-Haim, 2010)y(Hakamata et al., 2010). This treatment utilizes
computer-based attention training protocols to implicitly modify biased
attentional patterns in anxious patients (Bar-Haim, 2010). The rationale
for this treatment is to create contingencies between the neutral stimuli
and target location, facilitating adaptive changes in threat-related
attentional patterns (Bar-Haim, 2010). In other words, repeated prac-
tice in avoiding attention to negative cues can reduce subsequent
emotional reactions to potentially stressful events (Hertel and Mathews,
2011). Unlike CBT, which targets explicit cognitive processes and be-
haviors, ABMT aims to specifically address AB and implicit attentional
processes, and thus potentially modulate dysfunctional neural circuitry
involved in threat processing (Hakamata et al., 2010). ABMT can also be
more cost-effective and more easily delivered, then conventional psy-
chotherapy (Bar-Haim, 2010)(Beard et al., 2012).

ABMT uses a variety of attentional tasks to modify AB in individuals
with anxiety, being the dot-probe task the most common (MacLeod
et al., 1986). In this task, two stimuli, one threat-related and one neutral
(typically words or pictures), are shown briefly on each trial, and their
removal is followed by a small target probe in the location just occupied
by one of the stimuli. Participants are required to discriminate as fast as
possible between two variants of the probe without compromising ac-
curacy (Bar-Haim, 2010).

Originally, ABMT was recommended for the treatment of anxiety
disorders (Chau et al., 2019)(MacLeod et al., 2002) and a number of
meta-analyses have examined its efficacy (Hakamata et al., 2010y
(Beard et al., 2012) (Heeren et al., 2015)’ (Price et al., 2016). However,
the potential benefit of ABMT for the treatment of different psychiatric
disorders is controversial. While it was shown potential benefits in
studies for the treatment of substance use disorder (Field et al., 2009;
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Luehring-Jones et al., 2017; Heitmann et al., 2018), eating disorders
(Renwick et al., 2013; Boutelle et al., 2016), post-traumatic stress dis-
order (PTSD) (Wald et al., 2016), social anxiety disorder (SAD) (Heeren
etal., 2015; Amir et al., 2008, 2009) and depression (Yang et al., 2015),
more recent meta-analyses reveal mixed findings, pointing to no sig-
nificant clinical effects of ABMT for the treatment of depression and
anxiety (Fodor et al., 2020; Hallion and Ruscio, 2011; Mogoase et al.,
2014). However, the potential benefit of ABMT for the treatment of
different psychiatric disorders remains controversial, given the exis-
tence of meta-analyses showing no significant clinical effects of ABMT
for the treatment of depression and anxiety (Boutelle et al., 2016; Wald
et al., 2016; Amir et al., 2009). Despite theoretical models suggesting
that AB toward threat may contribute to OCD symptomatology,
consistent evidence demonstrating such an association is lacking.

In 2018, Rouel and Smith (2018) published the results of a RCT
conducted on a sample of people with high levels of contamination OCD
symptomatology. The ABMT was presented as a 30 min session of dot
probe task, with a follow-up session 28 days later. Attention training led
to a reduction in difficulty disengaging bias, which was maintained one
month later, but it did not translate to reduction in behaviors and
symptoms associated with OCD. They concluded that an only session of
ABMT is not an effective tool for severe cases, and suggested future
research with more sessions of treatment.

Considering the growing body of work on ABMT and the absence of
trials testing its efficacy for OCD, by the time this trial was conducted,
we aimed to investigate the effects of ABMT on AB to threat related to
contamination/cleaning and ordering/symmetry in patients with OCD.
These dimensions are among the most common symptoms of OCD
(Vellozo et al., 2021; Mataix-Cols et al., 2005; Moreno-Amador et al.,
2023). Moreover, our secondary aims included investigating the varia-
tion of the severity of OCD, depression and anxiety symptoms after
ABMT. We hypothesized that ABMT would be superior in reducing the
severity of these symptoms as compared to a sham condition.

2. Methods
2.1. Overview and ethical issues

This study was conducted at the Institute of Psychiatry, Hospital das
Clinicas HCFMUSP, Faculdade de Medicina, Universidade de Sao Paulo,
Sao Paulo, Brazil, from November 2013 to November 2014, registered at
ClinicalTrials.gov (NCT02014194), and approved by the local institu-
tional review board (CAAE 13674113.2.0000.0068). All subjects signed
a written informed consent after a thorough description of the study and
the assurance that their decision to participate would not interfere with
their access to treatment. This study is reported according to the CON-
SORT guidelines for non-pharmacological interventions (Boutron et al.,
2017).

2.2. Study design

We conducted a randomized, double-blind and sham-controlled trial
of ABMT. The protocol consisted of 10 sessions of active or sham ABMT,
which lasted for approximately 5 min per session. ABMT sessions were
delivered twice a week. In each visit, participants performed 2 ABMT
sessions, which were separated by a 30-min break. In each visit, the
following procedures were performed: a) assessment of a range of clin-
ical characteristics using different instruments (described below); b)
first ABMT session; ¢) 30-min interval, and d) second ABMT session.
Each visit lasted approximately 60-90 min. A final assessment was
performed one week after the last ABMT session.

2.3. Participants

Patients were recruited using media and internet announcements.
Initially, a phone call was made to screen potential candidates. Inclusion
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criteria were: a) age between 18 and 65 years; b) primary diagnosis of
OCD according to DSM-IV, confirmed by the Structured Clinical Inter-
view for DSM-IV Axis I disorders (First and Gibbon, 2004); c)
Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) (Goodman et al.,
1989) score >16, which indicates clinically significant OCD symptoms
(Farris et al., 2013); d) presence of symptoms of symmetry and/or
cleaning according to the Dimensional Y-BOCS (DY-BOCS)
(Rosario-Campos et al., 2006); and e) stable medication regimen for at
least twelve weeks (if patient is medicated). Exclusion criteria were: a)
estimated IQ below 70; b) comorbidity with schizophrenia; and c) any
current psychological treatment.

2.4. Randomization

Patients were randomized to the active or sham intervention groups
using a computer-based intentional allocation method, designed to
maintain the random allocation and balance variables already described
as predictive factors of OCD treatment response (sex, age, and obsession
and compulsion severity according to Y-BOCS scores). This method has
been described in detail elsewhere (Fossaluza et al., 2009) and has been
previously employed in RCTs conducted by our group (Diniz et al.,
2011)(Costa et al., 2017).

2.5. Assessments

The interviewer who conducted the training and assessed the
severity of OCD, anxiety, and depression was blind to treatment allo-
cation. Only the principal investigator of the study (MAM) was aware of
the allocation status. All participants were interviewed by experienced
clinical psychologists, all of them with more than 15 years working in
the OCD field, and completed the same battery of clinical assessments
with the standardized instruments described below. All interviews were
conducted in person. Participants were interviewed using the following
instruments of assessment:

a) Structured Clinical Interview for Diagnosis of Axis I (SCID-I) and an
additional module for impulse-control disorders according to DSM-
IV criteria (First and Gibbon, 2004);

Y-BOCS (Goodman et al., 1989): standardized assessment tool con-
sisting of 10 questions, each rated on a scale from 0 to 4. These
questions are specifically designed to evaluate the severity of OCD
symptoms, assessing factors such as time spent, interference with
daily life, level of distress, resistance, and control related to both
obsessions and compulsions.

DY-BOCS (Rosario-Campos et al., 2006): this scale assesses time,
interference, and distress associated with specific symptoms di-
mensions - aggression/violence, contamination/cleaning, symme-
try/order/counting, sexual/religious, hoarding and miscellaneous
dimension that includes symptoms of body dysmorphic disorder,
trichotillomania, skin-picking, and somatoform disorders.

21-item Beck Depression Inventory (BDI) (Beck et al., 1961):
self-report questionnaire designed to assess the severity of depression
symptoms in individuals. Comprising 21 questions, each item is
scored on a scale ranging from O to 3, with higher scores indicating
more severe depressive symptoms. The questionnaire covers various
aspects of depression, including mood, pessimism, sense of failure,
lack of satisfaction, guilt, punishment, self-dislike, self-blame, sui-
cidal thoughts, crying, irritability, social withdrawal, indecisiveness,
body image distortion, work difficulty, sleep disturbance, fatigue,
appetite changes, weight loss, and somatic concerns.

Beck Anxiety Inventory (BAI) (Beck et al., 1988): self-report ques-
tionnaire designed to measure the severity of anxiety symptoms in
individuals. Consisting of 21 questions, each item is scored on a scale
from O to 3, with higher scores indicating more severe anxiety
symptoms. The BAI assesses various manifestations of anxiety,
including subjective, physiological, and cognitive symptoms such as
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nervousness, fear, trembling, sweating, faintness, dry mouth, heart
pounding, and feelings of panic. It covers a range of anxiety-related
experiences, including symptoms of generalized anxiety disorder,
panic disorder, and social anxiety disorder.
Generalized Anxiety Disorder 7-item scale (GAD-7) (Spitzer et al.,
2006): brief self-report questionnaire used to assess the severity of
generalized anxiety disorder (GAD) symptoms in individuals.
Comprising 7 questions, each item is rated on a scale from 0 to 3,
with higher scores indicating greater severity of anxiety symptoms.
The GAD-7 covers various manifestations of anxiety, including
excessive worry, restlessness, difficulty relaxing, irritability, muscle
tension, sleep disturbance, and difficulty concentrating.
Overall Anxiety Severity Scale (OASIS) (Norman et al., 2006): a brief
scale designed to assess the severity and interference associated with
anxiety. It can be used with individuals with one or more anxiety
disorders or with anxiety symptoms below the diagnostic threshold.
It consists of 5 items referring to the past week, and it’s scored on a
Likert-type scale ranging from O to 4. Higher scores indicate greater
anxiety-related severity and impairment. Severity is captured by
items that ask for the frequency and intensity of anxiety symptoms
(e.g., "2. In the last week, when you have felt anxious, how intense or
severe was your anxiety?"), while interference is measured by items
that assess the impact of these symptoms on work/school and social
life. It also includes an item that evaluates avoidance as a specific
symptom of anxiety. In its original version, it yielded a mean of 7.16
(SD = 3.05), excellent internal consistency, an unifactorial structure,
and excellent convergent validity in a non-clinical sample.
The Clinical Global Impression (CGI) (Guy, 1976): widely used tool
to assess overall illness severity and treatment response in patients. It
consists of two main components: the Severity of Illness (CGI-S),
which rates the current symptom severity on a scale from 1 to 7,
where 1 indicates "normal, not at all ill" and 7 indicates "among the
most extremely ill patients," and the Global Improvement or Change
(CGI-I), which assesses overall improvement or deterioration since
the beginning of treatment on the same scale, where 1 indicates "very
much improved" and 7 indicates "very much worse."
i) Wechsler Abbreviated Scale of Intelligence (WASI) (Trentini et al.,
2014): a measure of estimated IQ (Ref Wechsler, 1999) adapted to
Brazilian Portuguese.

—
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These assessments were conducted at different timepoints, as

Table 1
Timepoints of assessment scales.
Timepoints
Baseline  Training session Final
assessment

1 3 5 7 9

and and and and and

2 4 6 8 10
DOT- X X

PROBE
TASK

1Q X
SCID-1 X
Y-BOCS X X X X X X X
DY-BOCS X X X X X X X
BDI X X X
BAI X X X
GAD-7 X X X X X X X
OASIS X X X X X X
CGI X X X X X X X

1Q = Intelligence Quotient; SCID-I= Structured Clinical Interview for Diagnosis
of Axis I; Y-BOCS= Yale Brown Obsessive-Compulsive Scale; DY-BOCS =
Dimensional Yale Brown Obsessive-Compulsive Scale; BDI= Beck Depression
Inventory; BAI= Beck Anxiety inventory; GAD-7 = Generalized Anxiety Disorder
7-item scale; OASIS= Overall Anxiety Severity Scale; CGI= Clinical Global
Impression.
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depicted in Table 1.
2.6. Interventions

All the procedures of the RCT (number of training sessions, scales,
evaluation timepoints, ABMT methodology, and analysis) followed the
standard protocol for ABMT of the Tel Aviv University — National
Institute of Mental Health ABMT Initiative (Bar-Haim, 2010).

2.6.1. The dot-probe task

For the assessment of AB pre- and post-treatment and for the ABMT
we used a set of pictures specifically designed to contain cleaning and
symmetry content (de Mathis et al., 2020). Twenty pairs of pictures were
divided into two sets: sets A and B, with five pairs of each dimension per
set (see supplementary material). Pictures were presented in
threat-neutral or neutral-neutral pairs. The task was performed on a
notebook with a resolution of 1024 x 768 pixels. Participants were
seated approximately 50 cm from the screen. In each trial, a fixation
cross (“+7) was presented in the center of the screen for 500 ms.
Immediately after that, two stimuli were shown briefly at the same time
on each trial for 500 ms, and then followed by a probe (< or >). The
probe appeared in the location just occupied by one of the stimuli and
presented until the subject responded. The stimuli were arranged above
and below the center of the screen. The probe remained on the screen
until the response, and then the next trial began. Participants were
instructed to indicate the orientation of the arrow probe via a button
press and to perform the task as quickly as possible without compro-
mising accuracy. To better describe the performance of the dot-probe,
the task included pairs of images related to contamination (e.g., a
photo of a clean adhesive bandage vs. a bandage stained with blood) and
symmetry (e.g., a bookshelf with books lined up vs. a bookshelf with
misaligned books). In each trial, two images were presented side by side,
followed by a fixation cross (“+”) appearing in the center of the screen.

2.6.2. Threat bias assessment

Bias measurement consisted of 120 trials, comprising 80 threat-
-neutral trials and 40 neutral-neutral trials. For the pre- and post-
treatment assessment, participants were randomly assigned to com-
plete the task with either set A or B. Threat face location, probe location,
and probe type were fully counterbalanced. The differences between
mean reaction time (RT) on threat-incongruent trials and mean RT on
threat-congruent trials provided a measure of threat-related AB, such
that positive values indicated a bias toward threat. Trials with incorrect
responses, reaction times (RT) shorter than 150 ms or longer than 2000
ms, or RT + 2.5 standard deviations (SD) from a participant’s mean per
trial type were excluded.

Threat-congruent trials refer to those in which the probe appeared in
the location previously occupied by a disorder-related (e.g., contami-
nation- or symmetry-related) stimulus, whereas threat-incongruent tri-
als refer to those in which the probe appeared in the location of the
neutral stimulus.

2.6.3. Attentional bias modification training

Each session of ABMT consisted of 160 trials with 120 threat-neutral
and 40 neutral-neutral presentations. Each participant was trained with
the alternative set of pictures to the one used in the assessment task (i.e.,
if measured with set A, then trained with set B and vice-versa). In the
active condition, the target appeared at the neutral location in 100 % of
the threat-neutral trials, thereby introducing a contingency between the
target location and threat valence. In the sham group, threat location,
probe location, and probe type were fully counterbalanced, thus
resembling the assessment task. Both the patient and assessor were blind
to the condition of the training.
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2.7. Statistical analysis

The sample size was estimated based on a previous study (Amir et al.,
2009) which showed the superiority of active ABMT over the sham
intervention in modifying the AB, with a large effect size (Eta squared =
0.286). After calculating the Eta squared of Amir’s et al. sample (Amir
et al., 2009) based on previous recommendations (Lakens, 2013), the
required sample size for the present study was calculated using the
G*Power software (version 3.1.9.7, http://www.gpower.hhu.de/) for
repeated measures analysis of variance (ANOVA), within-between
interaction, using the following parameters: effect size of 0.286, alpha
value of 0.05, power of 85 %, number of groups = 2 and number of
measurements = 2. Using these parameters, the estimated total sample
size was 30, 15 for each group. At the time this study was designed, there
were no studies with patients with OCD, and the sample size calculation
was based on patients with generalized anxiety disorder.

Statistical analyses were performed with R, version 4.3.1 (2023, The
R Foundation for Statistical Computing), and R-Studio, version
2022.12.0 + 353 for Windows, using the following libraries: nlme,
psych, foreign, multilevel, EMAtools, ImerTest, and ggplot2. We
considered statistical significance at a two-tailed 0.05 threshold. As
preregistered in the ClinicalTrials.gov platform, the main outcome (AB
measures) was analyzed with repeated measures analysis of variance
(ANOVA), since we had only two evaluations over time. We planned to
use a modified intent-to-treat analysis, meaning that individuals who
drop out before the first day of treatment will be excluded from the
analysis, while missing data of individuals who drop out after week 2,
will be imputed using the last observation carried forward. This decision
was taken to guarantee that in the main RCT analysis, we would have
only patients who had undergone the ABMT, therefore evaluating its
effect. As exploratory analyses, within-group comparisons were per-
formed with paired t-tests.

Regarding the secondary outcomes (Y-BOCS, DY-BOCS, BDI and BAI,
GAD, OASIS, and CGI), linear hierarchical models for continuous vari-
ables were used, assuming a linear relation over time with 3 (BDI, BAI,
and GAD) or 7 (Y-BOCS, DY-BOCS, OASIS, and CGI) repeated measures
per subject, respectively: a) 1) baseline; 2) training 5 and 6, and 3) post-
treatment and b) 1) baseline; 2) training 1 and 2; 3) training 3 and 4; 4)
training 5 and 6; 5) training 7 and 8; 6) training 9 and 10, and 7) post-
treatment. An autoregressive covariance structure was assumed since
measures closer in time are more correlated than distant ones. Time,
group (sham or active ABMT), and their interaction were used as inde-
pendent variables. Two types of models were compared: an initial (and
simpler) model with only random intercepts and a second (and complex)
model considering random intercepts and random slopes - the model
that presented the best indexes was considered for the analysis and re-
ported. As for the primary outcomes, within-group comparisons were
performed as exploratory analyses (paired t-tests) for all the secondary
outcomes, except for the CGI. CGI scores and treatment response were
compared using the Chi-squared test. The treatment response criterion
was defined as a reduction of 35 % or more in the Y-BOCS scores plus a
CGI improvement of 1 or 2 (Mataix-Cols et al., 2016).

3. Results

As shown in Fig. 1, 100 out of 136 interested participants were
excluded. Thirty-six eligible and willing participants (mean age = 40.8,
SD = 1.21, range = 26-63; 30.6 % male) were randomized to receive
ABMT (n = 18) or the sham intervention (n = 18), but 6 participants
gave up participating in the study before starting the intervention.

There were no differences between groups regarding age, gender, IQ,
severity of OCD, depression, and anxiety at baseline. Regarding treat-
ment status, 48 % of the participants were on stable pharmacological
treatment for at least 12 weeks, and 73 % had been in some form of
psychotherapy in the past. Table 2 presents the demographic, clinical,
and AB characteristics of all the randomized patients (18 individuals in
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Assessed for eligilbility (n=136)

"

4

Excluded (n=100):

Declined participating (n=41)
Incomplete clinical assessment (n=6)
Met exclusion criteria (n=53)

ABMT (n=18) | <

Lost of follow-up (n=3):
Discontinued before
starting the intervention

v

Completed training (n=15)

Included in the analysis (n=15)

[ Randomized patients (n=36) ‘

> ‘ Sham intervention (n=18)

Lost of follow-up (n=3):
Discontinued before
starting the intervention

v

Completed training (n=15)

v

Included in the analysis (n=15)

Fig. 1. CONSORT diagram.

each group). AB measures for symmetry or cleaning were not different
between the groups before training. Also, groups did not differ in ac-
curacy before the training (for more details regarding quality control,
see Table S1 in the supplementary material).

The main results from this RCT were conducted with 30 patients:
since no participant dropped out after training 2, the final analyses were
performed with 15 patients in each group. AB for symmetry or cleaning
did not present a time by group interaction effect (symmetry: F(1,28) =
0.77, p-value = 0.386, nz = 0.015; cleaning: F (1,28) = 2.53, p-value =
0.123, n2 = 0.036), nor significant time or group main effects (all p-
values >0.452). Within-group exploratory analyses also did not show
effects for the active group (symmetry: t = 1.22, p-value = 0.242;
cleaning: t = —0.71, p-value = 0.487) or for the sham group (symmetry:
t = —0.08, p-value = 0.938; cleaning: t = 1.45, p-value = 0.171). Results
are shown in Table 3.

3.1. Effects of ABMT on OCD severity

Only one patient in the active treatment group met the response
criteria (Y-BOCS reduction >35 % and CGI score 1 or 2), whereas no
participant in the sham group met the criteria. Regarding clinical mea-
sures, we did not find a significant time x group interaction (p-value =
0.319) analyzing Y-BOCS scores with a linear mixed model, nor a group
effect (p-value = 0.154), but we found a significant main effect of time
(Btime = —0.786; t = —3.093; p-value = 0.004) demonstrating a greater
symptomatic decrease over time, independently of the ABMT group
(active or sham group) (Fig. 2). We found the optimal model using a
random-intercept and random-slope solution since this solution resulted
in a significant improvement when compared to a symptomatic change
as a fixed factor (using the chi-squared test of the likelihood ratio =
13.86; p-value <0.001). Exploratory analyses within each group
revealed that while Y-BOCS scores in the active group were significantly
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reduced (mean difference = 4.5; t = 2.534; p-value = 0.024, Cohen’s d
= 0.910, paired t-test), there was no change in the sham group (mean
difference = 1.93; t = 0.972; p-value = 0.348, Cohen’s d = 0.246, paired
t-test). Considering both groups together (also an exploratory analysis),
there was a significant reduction in Y-BOCS scores (mean difference =
3.2; t = 2.420; p-value = 0.022, Cohen’s d = 0.483, paired t-test).

Specific analyses for symmetry and cleaning dimensions were also
performed with the same tests used in the Y-BOCS scores. In short, we
did not find any significant results for symmetry (interaction, group, or
time effect, Fig. S1) nor an interaction effect for cleaning (B =
—0.092, t = —0.827, p-value = 0.410), but time (Btjme = —0.156; t =
—1.981; p-value = 0.049) and group (Bgoup = 2.347; t = 2.217; p-value
= 0.033) effects were detected (Fig. S2). For detailed information
regarding these analyses, see supplementary material).

3.2. Effects of ABMT on depression and anxiety severity

There were no significant main effects (time or group) nor an
interaction effect for BDI and BAI scores (all p-values >0.05) (Figs. S3
and S4 in supplementary material). No effect was observed for GAD
scores (Fig. S5). Regarding the OASIS, a significant time effect was
observed (p-value = 0.003), but no group nor interaction effects were
detected (Fig. S6). Moreover, exploratory analyses indicated a signifi-
cant reduction in OASIS scores within the active group, while the sham
group did not exhibit a statistically significant change (for more details,
see the supplementary material). Finally, both groups showed a signif-
icant improvement in CGI scores after treatment: 1) active: X2 = 12.67,
p-value = 0.013, Cramer V = 0.649; and 2) sham: X% = 11.73, p-value =
0.008; Cramer V = 0.625 (for more details regarding CGI scores see
Table S2).
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Table 2
Demographics, AB measures, and clinical characteristics of the ABMT group and
sham groups at baseline.

ABMT (n = Sham (n = Between groups t/X>
18) 18) (p-value)

Demographics®

Age, mean (SD) 41.1 (10.3) 40.6 (10.4) 0.13 (0.898)

Male/Female, n 6/12 5/13 ¥? =0.17 (0.193)"

1Q, mean (SD) 102.6 (14.9) 97.3 (15.6) 0.85 (0.405)

AB measures (primary outcomes)

symmetry, mean (SD) —5.53*** 1.85%** —0.46 (0.652)
(43.37) (53.33)

cleaning, mean (SD) —1.317%%* 11.01%* —0.47 (0.644)
(91.54) (64.57)

Clinical measures (secondary outcomes)

Y-BOCS, mean (SD) 29.11 (5.62) 29.72 (5.94) —0.32 (0.753)

DY-BOCS symmetry, 9.06 (3.93) 10.11 (2.93) —0.91 (0.368)

mean (SD)
DY-BOCS cleaning, 9.11 (4.30) 10.83 (4.38) —1.19 (0.242)
mean (SD)

BDI, mean (SD) 20.50 (11.02) 20.78 (12.39)  —0.07 (0.943)

BAI, mean (SD) 16.67 (10.29) 17.17 (12.52) —0.13 (0.896)

GAD, mean (SD) 13.00 (5.67) 12.94 (5.41) 0.03 (0.976)

OASIS, mean (SD) 12.22 (4.61) 13.11 (4.55) —0.58 (0.564)

CGI severity, n (%)

1 0 0 x> =8.00 (0.554)

2 0 0

3 0 1

4 4 4

5 11 11

6 2 2

7 1 0

IQ = Intelligence Quotient; ABMT = attentional bias modification treatment; Y-
BOCS= Yale-Brown Obsessive-Compulsive Scale; BDA= Beck Depression In-
ventory; BAI= Beck Anxiety Inventory; GAD-7 = Generalized Anxiety Disorder
7-item scale; OASIS= Overall Anxiety Severity Scale SD = standard deviation;
AB = attentional bias.

? The demographics analyses including 15 participants in each group resulted
in similar results.

b Chi-square test without Yates correction (with correction, the X2 is 0 and the
p-value is 1).

4. Discussion

The present study investigated whether ABMT was able to modify AB
to threat related to contamination/cleaning and ordering/symmetry
(primary outcomes), as well as to reduce the severity of OCD, depres-
sion, and anxiety symptoms (secondary outcomes). Contrary to our
hypothesis, no modification of AB was observed, nor was there a sig-
nificant improvement in OCD, depression, and anxiety symptoms in the
ABMT group as compared to the sham group. However, despite the lack
of superiority of ABMT over the sham condition in reducing the severity
of OCD, all patients included in the study had a significant decrease in Y-
BOCS scores by the end of the trial, going from a severe to a moderate
severity level (Cervin and Mataix-Cols, 2022). Although the effect size of
this reduction was small, it was larger in the ABMT group. The same
occurred with the level of anxiety assessed by the BAI questionnaire,
which was initially moderate and then mild by the end of treatment.

The rationale for applying ABMT in the current study warrants dis-
cussion, particularly given our previous investigation involving the
same participants as part of the cohort which did not detect significant
group-level differences in AB relative to healthy controls (de Mathis
et al., 2020). Several aspects support this approach. First, the hetero-
geneity of OCD is a critical consideration. This disorder is known to be
clinically and neurocognitively diverse. Although our prior study failed
to identify overall group differences in AB, it remains plausible that
subgroups of patients exhibit a relevant attentional bias that was
obscured or not detected by a broad group-level analysis, thus justifying
the exploration of ABMT’s efficacy. Second, the bias might be subtle or
situational. AB may manifest in nuanced, context-dependent forms that
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Table 3
Attention Bias measures and clinical characteristics pre- and post-treatment.

ABMT (n = 15%) SHAM (n = 15%) Between groups t/X? (p-value)

AB measures (primary outcomes)
Symmetry, mean (SD)

Baseline 14.92 (65.02) 2.06 (62.17) 0.55 (0.584)
Final —8.74 (25.79) 3.74 (48.02) —0.88 (0.383)
Cleaning, mean (SD)

Baseline —1.32 (42.32) 7.37 (55.62) —0.48 (0.634)
Final 7.21 (26.34) —16.52 (41.81) 1.86 (0.073)
Clinical measures (secondary outcomes)

Y-BOCS, mean (SD)

Baseline  26.33 (4.06) 28.33 (8.22) —0.84 (0.406)
Final 21.8 (5.75) 26.4 (7.4) —1.9 (0.067)
DY-BOCS symmetry, mean (SD)

Baseline ~ 8.40 (3.99) 9.67 (2.79) —1.01 (0.323)
Final 7.40 (3.54) 8.00 (2.98) —0.50 (0.619)
DY-BOCS cleaning, mean (SD)

Baseline  8.27 (4.18) 10.47 (4.49) —1.39 (0.176)
Final 7.47 (3.52) 9.00 (4.23) —1.08 (0.290)
BDI, mean (SD)

Baseline 19.20 (9.98) 20.87 (12.82) —0.40 (0.694)
Final 17.60 (8.71) 23.47 (15.73) -1.26 (0.217)
BAI mean (SD)

Baseline 18.27 (10.53) 17.07 (11.33) 0.30 (0.766)
Final 14.93 (9.34) 17.87 (15.47) —0.63 (0.535)
GAD, mean (SD)

Baseline 13.00 (5.78) 12.80 (4.55) 0.11 (0.917)
Final 12.60 (5.88) 13.07 (5.57) —0.22 (0.825)
OASIS, mean (SD)

Baseline 11.40 (4.19) 13.53 (3.91) —1.45 (0.158)
Final 8.93 (4.57) 11.60 (5.62) —1.43 (0.165)
Baseline CGI severity, n (%)

1 0 0 %> =1.05 (0.789)"
2 0 0

3 0 1

4 4 4

5 10 9

6 1 1

7 0 0

Final CGI severity, n (%)

1 0 0 x? =3.33 (0.343)
2 2 0

3 3 2

4 8 12

5 2 1

6 0 0

7 0 0

1Q = Intelligence Quotient; ABMT = attentional bias modification treatment; Y-
BOCS= Yale-Brown Obsessive-Compulsive Scale; BDA= Beck Depression In-
ventory; BAI= Beck Anxiety Inventory; GAD-7 = Generalized Anxiety Disorder
7-item scale; OASIS= Overall Anxiety Severity Scale SD = standard deviation;
AB = attention bias.

# Only 15 patients in each group started the ABMT (6 participants gave up on
participating in the study before starting the intervention, three in each group).

are not adequately captured by the traditional, global measures
employed in the previous study. Nonetheless, such subtle biases could
still influence symptomatic expression and behavior, thereby supporting
the attempt to modulate this process via ABMT. Finally, our study
adopted an essential exploratory approach. A key aim was to investigate
whether actively modulating AB could yield an impact on clinical
symptoms, irrespective of whether a clear, baseline AB was robustly
detected beforehand. This methodological strategy is important for
clarifying underlying cognitive mechanisms and advancing the under-
standing of the specific role of AB in the complex psychopathology of
OCD.

While some studies did not support the efficacy of ABMT for treating
generalized anxiety disorder (Chau et al., 2019), SAD (Heeren et al.,
2015; Ollendick et al., 2019), PTSD (Kruijt et al., 2019), substance use
disorders (Heitmann et al., 2018; Dean et al., 2019), and chronic pain
(Heathcote et al, 2018), a few meta-analyses were inconsistent
regarding the effect of ABMT for the treatment of anxiety disorders and
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Y-BOCS mean score
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Active

->

Sham

Fig. 2. Average and standard error Y-BOCS scores for the control condition (blue, n = 15) and active (red, n = 15) treatment groups during the ABMT protocol (3

weeks follow-up in a double-blind phase). Error bars indicate standard error.

depression (Beard et al., 2012; Hallion and Ruscio, 2011; Xia et al.,
2023). In the meantime, a recent systematic review and meta-analysis
provided preliminary evidence that ABMT and CBT had the potential
to complement each other, especially when conducted integrally to treat
anxiety disorders (Hang et al., 2021).

The lack of superiority of ABMT over the sham intervention in our
trial may have been influenced by the clinical characteristics of the
participants, particularly with respect to the primary dimension of OCD
symptoms identified during the screening assessment. As outlined in the
methods section, our study enrolled patients exhibiting symptoms of
symmetry and/or cleaning based on the DY-BOCS. Emerging evidence
suggests that symptoms of symmetry and cleaning may engage distinct
neural mechanisms, and their underlying neural processes remain
incompletely understood (Yu et al., 2022). Previous studies indicated
that variations in local brain function between checking and washing
OCD primarily manifest in the bilateral middle frontal gyrus, right
supramarginal gyrus, right angular gyrus, and right inferior occipital
gyrus (van den Heuvel et al., 2008; Gilbert et al., 2009). The heteroge-
neous nature of OCD phenotypes has been implicated in the inconsistent
findings of previous genetic and neurobiological studies (Vellozo et al.,
2021). The divergent neurobiological foundations of different OCD
symptom dimensions may have contributed to limitations in detecting
significant differences in the primary outcome of our study. Moreover,
issues related to the methodology employed in our study may have
hindered the likelihood of confirming our primary hypothesis — that
ABMT would be superior in reducing the severity of OCD compared to
the sham intervention.

Considerations for future research include the stimulus selection and
parameters used in this study, such as the potentially brief exposure
time, which may not have allowed adequate picture processing. While
the stimuli were tailor-made for OCS, there may be a delayed recogni-
tion of objects compared to faces in dot-probe tasks, as face identifica-
tion involves distinct brain processes (Itier and Taylor, 2004; Ruz et al.,
2015). Additionally, larger pictures could have enhanced detail
identification.

Recent developments in ABM have moved beyond traditional dot-
probe paradigms toward methods that more directly and reliably
target attentional maintenance processes. Modern eye-tracking-based
approaches, such as Gaze-Contingent Music Reward Therapy (GC-MRT),
use real-time gaze data to reinforce attention toward neutral or positive
stimuli and away from threat, producing robust AB change and mod-
erate reductions in anxiety (Lazarov et al., 2017). Immersive and
gamified versions, including virtual-reality and mobile ABM formats,
although considered a dot-probe task, improve ecological validity and
engagement, but still show mixed results (Dennis and O’ Toole, 2014; Ma
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etal., 2019; Banire et al., 2024). Although modern ABM paradigms have
shown promising results in anxiety and depression, their application to
OCD is currently scarce, with preliminary eye-tracking studies showing
attentional maintenance biases (Mullen et al., 2021; Mullen et al.,
2021). A scoping review from 2019 on web-based cognitive bias modi-
fication interventions found two studies that examined bias modifica-
tion in patients with OCD, which showed a reduction of symptoms and
distress caused by OCD (Zhang et al., 2019). Still, regarding future
studies and in line with new technologies applied to psychiatric treat-
ments, web-based and mobile-delivered ABMT may be a resource, since
it requires lower costs, increased accessibility and engagement through
gamification, reduced stigma and absence of side-effects. Despite these
advantages, stronger effects of ABM were noted when delivered in
controlled lab settings rather than remotely at home, especially in
anxiety disorders (Gober et al., 2021) and also depressive and addictive
disorders, since patients are more likely to be distracted, there is less
adherence to the timelines for training, poor motivation for highly re-
petitive tasks and lesser arousal levels when in a more comfortable
environment (Zhang et al., 2019).

Despite the absence of significant differences between groups in
terms of OCD improvement, it is noteworthy that all participants in our
trial clinically improved by the end of the treatment period. Various
factors can contribute to changes in specific parameters in clinical trials,
and these can be broadly categorized as specific treatment effects, pla-
cebo effects, and nonspecific effects (Ernst and Resch, 1995). The
improvement in both groups may also be associated with the importance
of general attentional control elements, as observed in some studies
(Azriel et al., 2024). Nonspecific effects encompass the natural course
and variability of the disease, regression toward the mean, other tem-
poral influences, and unidentified parallel interventions (Ernst and
Resch, 1995). In considering the latter, it is conceivable that all trial
participants engaged in some form of exposure to aversive stimuli dur-
ing the presentation of the figures that composed the intervention.

Regarding the secondary outcomes, there was no definite superiority
of ABMT over the sham intervention in the results of most assessments of
depression and anxiety severity, as indicated by the variation of the BDI,
BAI, GAD and OASIS scores pre- and post-treatment (see supplementary
material - Figures S3, S4, S5 and S6). However, a within-group com-
parison of the variation of the OASIS scores demonstrated that subjects
allocated to the active group had a reduction of the anxiety symptoms,
whereas those in the sham group did not. Future trials designed spe-
cifically to test the hypothesis that ABMT could act by reducing anxiety
symptoms in patients with OCD are warranted.

This study has some limitations that may bear on the interpretation
of the results. First, we did not detect AB at baseline in this sample, when
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OCD patients were compared with healthy controls (de Mathis et al.,
2020), as discussed earlier. Second, patients with depression were not
excluded during recruitment or from the analyses, potentially influ-
encing the main finding of our study, given that comorbid depression
can attenuate the AB (Musa et al., 2003). On the other hand, we opted
not to exclude individuals with depression to be aligned with clinical
practice, as 20 %-60 % of OCD patients typically have comorbid
depression (Stein et al., 2019; Miguel et al., 2008). Thirdly, while the
stimuli used in this study were specifically developed for patients with
OCD and perceived as more aversive to them than to healthy controls, it
is important to highlight that the set of pictures has not undergone
formal validation (see de Mathis et al. (de Mathis et al., 2020) for
detailed information about the description of the stimuli). We could
consider that the subtle differences between threatening and neutral
stimuli, combined with the short exposure duration, have reduced the
salience of threat cues and thereby limited the detection of AB effects.
Therefore, AB may have been present in our sample, but the dot-probe
task may have failed to detect it. In fact, the dot-probe task has been
questioned with regard to its reliability as a measure of AB (Rodebaugh
et al., 2016; Schmukle, 2005; Xu et al., 2025). Another possibility is that
we were underpowered to detect small or medium effect sizes for
changes in AB from pre to post ABMT in this sample with participants
with OCD. Nevertheless, sample size calculation was based on the evi-
dence available at the time of the study design, when no study with
participants with OCD was available, and studies with participants with
GAD revealed large effect sizes. Also, it should be remembered that the
assessment instruments to evaluate anxiety and depression symptoms
are self-reported, which may have influenced the results, given the
absence of clinical judgment. Finally, we have several scales, each
treated as a distinct outcome, which increased the risk of having
false-positive results in our study.

Despite these limitations, a notable strength of this study was the
absence of dropouts, as all participants who initiated the intervention in
both groups successfully completed the protocol, indicating that the
interventions delivered during the trial were tolerable. From a clinical
standpoint, since the active intervention did not prove more effective in
reducing the severity of OCD than the sham treatment, and the literature
on this topic is still inconclusive, mental health professionals should
individualize the indication of ABMT, also taking into account its use as
an augmentation strategy to CBT and the inclusion of web-based
interventions.

5. Conclusion

This study reports the first RCT investigating ABMT in patients with
OCD. Considering the recognized heterogeneity and complexity of OCD
and the variability in treatment response (Stein et al., 2019; Miguel
etal., 2005), ABMT was demonstrated to be a feasible and well-tolerated
intervention. It constitutes a cost-effective and easily implementable
treatment modality with no reported adverse effects. However, future
research is needed, based on the present findings, before we can
recommend it for patients who prefer non-pharmacological in-
terventions or are reluctant to undergo formal ERP.
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