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Abstract

Background. Many individuals with posttraumatic stress disorder (PTSD) have limited access
to first-line treatments, warranting the development of remotely-delivered treatments.
Attention bias modification (ABM), targeting perturbed threat-related attentional patterns,
shows promise when delivered in-person. However, previous studies found ABM to be inef-
fective when delivered remotely. Randomized clinical trials usually applied two variations of
ABM: ABM away from threat or attention control training (ACT) balancing attention between
threat-related and neutral stimuli. We tested remotely-delivered ACT/ABM with tighter
supervision and video-based interactions that resemble in-clinic protocols. We expected to
replicate the results of in-clinic trials, in which ACT outperformed ABM for PTSD.
Methods. In this double-blinded, parallel-group randomized controlled trial, 60 patients diag-
nosed with PTSD were randomized (ABM n = 30; ACT n = 30). Patients performed eight bi-
weekly remotely-delivered supervised ABM/ACT sessions. Symptoms were assessed pre- and
post-treatment with Clinician-Administered PTSD Scale 5 (CAPS-5) severity score and PTSD
diagnosis as the primary outcomes. Current depressive episode, current anxiety-related
comorbidity, and time elapsed since the trauma were examined as potential moderators of
treatment outcome.
Results. Significant decrease in CAPS-5 severity scores and PTSD diagnosis was observed fol-
lowing both ACT and ABM with no between-group difference. Patients without depression or
whose trauma occurred more recently had greater symptom reduction in the ACT than the
ABM group.
Conclusions. Contrary to our expectation, symptoms decreased similarly following ACT and
ABM. Moderator analyses suggest advantage for ACT in non-depressed patients and patients
whose trauma occurred more recently. Further refinements in remotely-delivered ABM/ACT
may be needed.

Introduction

Posttraumatic stress disorder (PTSD) is associated with major functional impairments
(American Psychiatric Association, 2013). Avoidance in PTSD often impedes treatment
engagement (Hoge et al., 2004; Maguen et al., 2019), particularly for patients residing in
remote areas (Bull, Krout, Rathbone-McCuan, & Shreffler, 2001). Even when patients do
reach to clinics, first-line treatments for PTSD exhibit high attrition rates (Imel, Laska,
Jakupcak, & Simpson, 2013; Maguen et al., 2019; Straud, Siev, Messer, & Zalta, 2019). This
highlights the need for better-tolerated, home-delivered treatments (Morland et al., 2020).
In this proof-of-concept study, we tested the acceptability, feasibility, and efficacy of one
such potential treatment, attention bias modification (ABM), delivered remotely at patients’
homes.

ABM targets aberrant attentional patterns in psychopathology. In PTSD, two types of
attentional biases have been identified: (a) attention bias toward threats (Fani et al., 2012;
Lazarov et al., 2019b); and (b) threat-related attention bias variability (ABV), reflected in ele-
vated dynamic fluctuations between threat vigilance and threat avoidance over time (Alon,
Naim, Pine, Bliese, & Bar-Haim, 2019; Iacoviello et al., 2014; Naim et al., 2015).
Accordingly, in-clinic randomized controlled trials (RCTs) for PTSD typically contrasted
ABM designed to shift attention away from threats and attention control training (ACT)
designed to reduce ABV (Badura-Brack et al., 2015; Lazarov et al., 2019a). Results suggest
that both induce symptom reduction (Badura-Brack et al., 2015; Lazarov et al., 2019a;
Schoorl, Putman, & van der Does, 2013). However, recent reports suggest an advantage for
ACT over ABM in PTSD symptom reduction (Badura-Brack et al., 2015; Lazarov et al.,
2019a). Thus, ABV may more closely relate to PTSD symptoms (Badura-Brack et al., 2015).
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Unlike in-clinic ABM, remotely-delivered ABM generally fails
to show advantage for ACT/ABM in symptom reduction (for
reviews see: Linetzky, Pergamin-Hight, Pine, & Bar-Haim, 2015;
Mogoaşe, David, & Koster, 2014). This could reflect several fac-
tors. First, insufficient performance monitoring at home can
reduce adherence. Second, clinic attendance may promote behav-
ioral activation or bias samples to patients with mild avoidance
symptoms. Third, physical conditions at home might limit effi-
cacy through effects of distractions or create variability in the
delivered treatments.

To address these issues, we developed a supervised remotely-
delivered ABM protocol that resembles typical in-clinic proto-
cols: (a) Treatment sessions were scheduled in advance; (b)
patients were accompanied during their pre-scheduled training
sessions using video conferencing; (c) the physical environment
for training was adapted before and during the session; (d)
proper task parameters were remotely verified. Specifically,
before each session, the experimenter and the patient verified
that environmental noise was minimal, that no one was expected
to enter the room during the session, and that the patient was
seated comfortably in front of a desk on which the computer
screen was placed.

In this proof-of-concept study, we examined the feasibility,
acceptability, and efficacy of this supervised ABM protocol,
expecting to replicate in-clinic results showing that ACT
outperforms ABM. Three potential moderators of efficacy,
implicated in previous research, were explored: comorbid
depression, comorbid anxiety disorders, and time elapsed
since trauma.

PTSD is highly comorbid with major depression (Hankin,
Spiro, Miller, & Kazis, 1999; Norris, Murphy, Baker, & Perilla,
2004; Spinhoven, Penninx, van Hemert, de Rooij, & Elzinga,
2014). Individuals with depression tend to have a general motor
deceleration (Bennabi, Vandel, Papaxanthis, Pozzo, & Haffen,
2013) and deficits in executive functions (McDermott &
Ebmeier, 2009). These deficits might restrict benefits from
reaction-time-based interventions that typically use short presen-
tation durations (Armstrong & Olatunji, 2012; De Raedt & Koster,
2010). Therefore, patients with PTSD and comorbid depression
might benefit less from the current interventions than patients
without depression.

Previous studies found ABM to outperform ACT for anxiety
disorders (Mogoaşe et al., 2014), whereas the opposite pattern
has been found in PTSD (Badura-Brack et al., 2015; Lazarov
et al., 2019a). Thus, comorbid anxiety disorders may moderate
ABM/ACT efficacy for PTSD.

Finally, time elapsed since trauma may moderate outcomes
(Segal, Pine, & Bar-Haim, 2020). Recently acquired maladaptive
threat-related attentional patterns may be less entrenched than
chronic patterns.

We expected that both treatments would show high acceptabil-
ity expressed in low attrition rates and high engagement in treat-
ment. We expected ACT to outperform ABM away from threat in
clinical efficacy [greater reduction in Clinician-Administered
PTSD Scale 5 (CAPS-5) severity scores and PTSD diagnosis,
our pre-registered primary outcomes]. We also expected ACT to
reduce ABV and ABM to reduce attention bias toward threat, rep-
licating the results of previous in-clinic RCTs (Badura-Brack et al.,
2015; Lazarov et al., 2019a). Finally, we expected that the clinical
effects would be greater among individuals without comorbid
depression or anxiety disorders, and among patients for whom
shorter times had elapsed since trauma.

Method

Participants

A CONSORT diagram appears in Fig. 1. Participants were
recruited via social media inviting individuals distressed by a trau-
matic event to receive treatment as part of research.
Advertisement targeted regions where accessibility to psycho-
logical treatment is limited. Potential participants were
telephone-screened for PTSD symptoms using the PTSD
Checklist-5 (PCL-5; Blevins, Weathers, Davis, Witte, & Domino,
2015). Those reporting a traumatic event (DSM-5 criterion A),
having probable PTSD (PCL-5 score ⩾33), and affirming access
to a computer, Internet, and videoconferencing at home were
invited for an online clinical assessment. Out of 1364 applicants,
157 were remotely assessed by a clinician; of those, 86 did not
meet inclusion criteria and 11 eligible individuals declined par-
ticipation. Sixty patients with PTSD were enrolled (Mage = 39.68
years, S.D. = 12.19, range = 21–65, 40 females).

Inclusion criteria: (a) a DSM-5 PTSD diagnosis ascertained via
CAPS-5 interview; (b) age 18–65 years; (c) access to a computer,
Internet, web cam, microphone, and speakers at home. Exclusion
criteria: (a) current or past psychosis, bipolar disorder, manic or
hypomanic episode; (b) epilepsy or brain injury; (c) suicidal idea-
tion; (d) drugs/alcohol abuse; (e) pharmacological treatment not
stabilized for at least 3 months or concurrent psychotherapy. A
stable pharmacological treatment did not lead to exclusion if it
did not change during the study period. Some participants
reported stable pharmacological treatment initiated at least 3
months prior to the study (seven in ACT, six in ABM). No
changes in pharmacological treatment were reported during the
trial.

Trauma experiences indexed via the CAPS-5 interview and
comorbidities assessed by the Mini-International Neuropsychiatric
Interview (Sheehan et al., 1998) are reported in Table 1. Thirty par-
ticipants (50%) reported that they had experienced additional trau-
mas to the main trauma encoded in the CAPS-5 interview.

The study was approved by the Tel Aviv University Ethics
Committee. Informed consent was provided online.
ClinicalTrials.gov identifier: NCT04228133.

Diagnostic and self-report measures

Primary outcome
The CAPS-5 (Weathers et al., 2018) is a semi-structured interview
probing symptoms of PTSD according to DSM-5. Two measures
were derived: (1) total severity score; and (2) PTSD diagnosis
(present/absent).1 CAPS-5 also afforded assessment of time
elapsed since the traumatic event. Interviews were conducted by
three independent graduate-level clinical psychologists in intern-
ship, trained to 85% reliability with an experienced clinical psych-
ologist. The clinicians were blind to group assignment. Cronbach’s
αs in the current sample were 0.71 and 0.88 at pre- and post-
treatment, respectively.

Secondary outcome
The PTSD checklist for DSM-5 (PCL-5; Blevins et al., 2015) is a self-
report questionnaire reviewing symptoms of PTSD according to
DSM-5. Cronbach’s αs for the total severity score in the current sam-
ple were 0.79 and 0.93 at pre- and post-treatment, respectively.
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Additional clinical measures
The Patient Health Questionnaire 9 (PHQ-9; Kroenke, Spitzer, &
Williams, 2001) is a self-report measure assessing depression
symptoms according to DSM-IV. Cronbach’s αs for the total
severity score in the current sample were 0.78 and 0.87 at pre-
and post-treatment, respectively.

The Clinical Global Impression Severity (CGI-S) and
Improvement (CGI-I) scales (Guy, 1976) are single items, asses-
sing global severity and improvement of illness, respectively,

using seven-point scales. CGI-S and CGI-I were scored by the
independent evaluators. The CGI-S was scored at pre- and post-
treatment, CGI-I was scored at post-treatment referring to the
change in clinical condition over time. The CGI-S/I have good
sensitivity to clinical change (Berk et al., 2008).

The Credibility/Expectancy Questionnaire (CEQ; Devilly &
Borkovec, 2000) is a scale assessing expectancy of clinical
improvement and perceived treatment credibility. The CEQ was
administered at pre-treatment, after an explanation of the study’s

Fig. 1. CONSORT flow diagram.

Psychological Medicine 3

https://doi.org/10.1017/S003329172200023X Published online by Cambridge University Press

https://doi.org/10.1017/S003329172200023X


Table 1. Baseline demographic characteristics, clinical measures, and attentional indices in the ACT and ABM groups

Variable ACT ABM Statistic p Value

Gender χ2 = 0 1

Men n = 20 (66.7%) n = 20 (66.7%)

Women n = 10 (33.3%) n = 10 (33.3%)

Marital status χ2 = 3.841 0.279

Single n = 14 (46.7%) n = 12 (40%)

Married n = 9 (30%) n = 14 (46.7%)

Divorced n = 7 (23.3%) n = 3 (10%)

Widowed n = 0 (0%) n = 1 (3.3%)

Religiousness χ2 = 5.33 0.149

Secular n = 24 (80%) n = 18 (60%)

Traditional n = 3 (10%) n = 8 (26.7%)

Religious n = 3 (10%) n = 2 (6.7%)

Ultra-orthodox n = 0 (0%) n = 2 (6.7%)

Age M = 38.93 (S.D. = 12.194) M = 40.43 (S.D. = 12.36) t(58) = 0.473 0.638

Years of education M = 14.13 (S.D. = 2.27) M = 14.58 (S.D. = 4.16) t(58) = 0.52 0.605

Number of children M = 1.63 (S.D. = 1.84) M = 1.89 (S.D. = 2.36) t(58) = 0.648 0.648

Trauma type χ2 = 6.67 0.464

MVA n = 9 (30%) n = 9 (30%)

Combat n = 3 (10%) n = 8 (26.7%)

Sexual assault n = 6 (20%) n = 4 (13.3%)

Terror attack/war n = 6 (20%) n = 4 (13.3%)

Violent assault n = 3 (10%) n = 3 (10%)

Medical incidents n = 3 (10%) n = 2 (6.7%)

Time elapsed since traumatic event M = 9.96 (S.D. = 9.21) M = 11.63 (S.D. = 12.50) t(58) = 0.589 0.558

Baseline comorbidity

Depressive episode n = 17 (56.7%) n = 17 (56.7%) χ2 = 0 1

Dysthymia n = 2 (6.7%) n = 4 (13.3%) χ2 = 0.74 0.389

Social phobia n = 7 (23.3%) n = 7 (23.3%) χ2 = 0 1

GAD n = 11 (36.7%) n = 7 (23.3%) χ2 = 1.27 0.26

Panic disorder n = 14 (46.7%) n = 7 (23.3%) χ2 = 3.59 0.058

Agoraphobia n = 6 (20%) n = 2 (6.7%) χ2 = 2.31 0.129

OCD n = 1 (3.3%) n = 0 (0%) χ2 = 1.02 0.313

CAPS – total score M = 29.2 (S.D. = 6.733) M = 31.9 (S.D. = 7.667) t(58) = 1.449 0.153

PCL-5 M = 51.50 (S.D. = 10.36) M = 54.36 (S.D. = 9.84) t(58) = 1.098 0.277

PHQ-9 M = 17.033 (S.D. = 5.123) M = 16.8 (S.D. = 4.874) t(58) = 0.181 0.857

CGI-S M = 4.333 (S.D. = 0.547) M = 4.467 (S.D. = 0.629) t(58) = 0.876 0.384

Treatment credibility M = 6.078 (S.D. = 1.625) M = 5.456 (S.D. = 1.905) t(58) = 1.361 0.179

Treatment expectancy M = 5.531 (S.D. = 1.658) M = 5.278 (S.D. = 1.729) t(58) = 0.579 0.565

Attention bias M = 0.237 (S.D. = 19.28) M = 4.16 (S.D. = 20.54) t(57) = 0.757 0.452

ABV M = 0.069 (S.D. = 0.024) M = 0.083 (S.D. = 0.041) t(57) = 1.608 0.113

Note. MVA, motor vehicle accident; GAD, generalized anxiety disorder; CAPS, Clinician-Administered PTSD Scale; PCL, PTSD Checklist; PHQ, Patient Health Questionnaire; CGI-S, Clinical Global
Impression Severity scale; ABV, attention bias variability.
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rationale and procedures and before randomization and reflects
pre-treatment expectancies. Cronbach’s α in the current sample
was 0.84.

The Mini-International Neuropsychiatric Interview (Sheehan
et al., 1998) is a structured interview for DSM-IV and ICD-10
diagnoses, used here to assess baseline comorbidities.

Attention bias and attention bias variability

Attention bias and ABV were measured using a faces-based
dot-probe task (the Tel Aviv University and National Institute
of Mental Health ABMT Initiative; http://people.socsci. tau.ac.il/
mu/anxietytrauma/research/). In each trial, a fixation cross
appeared (500 ms), and replaced by a pair of faces, one with a
neutral expression, the other with an angry expression (500 ms).
Then, an arrowhead pointing right (‘>’) or left (‘<’) appeared at
the location of one of the faces until response. Participants were
requested to respond as quickly and accurately as possible to
the direction of the arrowhead. The arrowheads appeared at the
locations of the neutral and angry faces with equal probability.
In total, 160 trials were presented. Incorrect trials, trials faster
than 200 ms or slower than 2000 ms, and trials deviating more
than 2.5 S.D.s from the patient’s mean were removed (7.1% of
trials). Attention bias was calculated as the difference between
the mean RT of trials in which the arrowhead appeared at the
neutral face location and the mean RT of trials in which the
arrowhead appeared at the angry face location. Split-half reliabil-
ity in the current sample was 0.03 and 0.31 at pre- and post-
treatment, respectively. ABV was calculated as per Alon et al.
(2019). Briefly, the standard deviation of attention bias scores cal-
culated using a moving average was divided by participant’s mean
RT. Split-half reliabilities were 0.22 and 0.21 at pre- and post-
treatment, respectively.

Treatment conditions

Both treatment conditions used the dot-probe task described
above with different face stimuli than those applied in the atten-
tion bias and ABV measurement task (160 trials per session).

Attention control training
The ACT protocol was designed to balance participants’ attention
between threat and neutral stimuli to reduce ABV. In this condi-
tion, the targets appeared with equal probability at the neutral and
angry face locations.

Attention bias modification away from threat
The ABM condition is the same as the ACT condition with one
exception – the targets always appeared at the neutral face loca-
tion to induce attentional shift away from threats.

Procedure

Study design was a double-blind parallel-group RCT: two groups
(ACT and ABM) and two assessment time points (pre- and post-
treatment), such that the independent clinicians, personnel staff,
and participants were blind before and during treatment to
group allocation, which was coded with a random number for
each condition. Participants were randomly assigned to condi-
tions in a 1:1 ratio using a list created with a random number gen-
erator before enrollment started. Group assignment was

monitored by a staff member not involved in the study in any
other capacity.

Potential participants were informed about the study’s ration-
ale and procedures and those interested provided an online
informed consent. Participants then completed the self-report
questionnaires using Qualtrics surveys (http://www.qulatrics.
com) and the structured diagnostic interviews, using the Google
Meet App (https://apps.google.com/meet/). Those who met
study criteria were randomized to ACT or ABM and completed
eight bi-weekly sessions over 4 weeks at home using an app
remotely installed on their local hard drive. A text reminder
was sent to patients a day prior to each session. Each session
started with a video conference. The assistant presented him/her-
self and guided the patient to enter the app. The assistant verified
that the patient was sitting comfortably in front of the screen and
that potential distractions were minimized (e.g. closing windows
and doors to minimize noise, putting aside the smartphone, veri-
fying no one is expected to enter the room). The patient then
began the training session during which the assistant remotely
monitored the conditions in the room. At this stage, the assis-
tant’s own face and voice streaming was shut. If a minor interrup-
tion occurred (e.g. an incoming text message that induced a
notification sound but not answered), participants were asked at
the end of the session to reduce such distractions in the upcoming
sessions; if there was a major interruption (e.g. the patient started
talking to a household member during training), the assistants
turned on their microphone and asked to cease the interruption
assisting the patient to redirect to the training. At the end of
the session, the assistant streaming was reinstated, the session’s
data were stored, and the session was ended with a reminder of
the next session. Assistants were instructed not to answer ques-
tions during training and not to develop prolonged discussions
of any kind with the patients. In sessions 1 and 8, participants
also completed the dot-probe measurement task before and
after training, respectively. Post-treatment clinical assessment
took place 1–2 weeks after the last treatment session. Following
the last assessment, participants provided free feedback on their
experience during treatment. The study was conducted between
January 2020 and April 2021 until 60 participants were recruited
as planned. Participants were administered with the treatment at
their homes. Assistants and clinicians were located at Tel Aviv
University.

Data analysis

To explore group differences on baseline descriptive statistics,
independent samples t tests and χ2 were computed. Clinical
effects were analyzed using the intent-to-treat principle comput-
ing random-effect time-series models in generalized estimating
equations (GEE; Liang & Zeger, 1986; Zeger, Liang, & Albert,
1988). GEE considers correlations between repeated measure-
ments while addressing missing data through estimated marginal
means based on the entire sample of all randomized participants.
Wald’s χ2 (Rotnitzky & Jewell, 1990) was calculated to test
whether the coefficient of the predictors in the models were sig-
nificantly different from zero. The GEE models tested time (pre-
treatment, post-treatment) by group (ACT, ABM) effects on
PTSD primary (CAPS-5) and secondary (PCL-5) outcome mea-
sures, depression (PHQ-9), clinical global severity (CGI-S), and
attentional bias measures (threat-related attention bias and
ABV). A χ2 test examined PTSD diagnosis according to
CAPS-5 (present/absent) post-treatment.
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To evaluate expectancy and treatment credibility effects on
clinical improvement, Pearson correlations were calculated
between pre-treatment expectancy and credibility scores and
pre- to post-treatment change in the clinical outcomes
(CAPS-5, PCL-5, PHQ-9).

Additional exploratory analyses examined the moderating role
of comorbid depression or anxiety disorders (social phobia, gen-
eralized anxiety disorder, panic disorder, or agoraphobia) on
PTSD symptom reduction indexed by the interaction effect of
comorbid current depressive episode/anxiety-related disorder
(present/absent) by group (ACT, ABM) and by time (pre-
treatment, post-treatment). To consider time since trauma
(indexed as the main trauma in CAPS-5) on the relation between
group (ACT, ABM) and PTSD symptom change over time (the
difference rate in CAPS-5 total score from pre- to post-treatment),
hierarchical multiple regression analysis was conducted using
PROCESS macro in SPSS (model 1) (Hayes & Rockwood,
2017). Statistical tests were two-sided, α⩽ 0.05.

Pre-treatment dot-probe data were missing for one patient in
the ABM group due to a technical failure; the data of the
CAPS-5, CGI-S, and CGI-I from post-treatment were missing
for five patients (four in ACT, one in ABM). Of these five parti-
cipants, two agreed to complete the self-report questionnaires
online (i.e. PCL-5 and PHQ-9) but declined the clinical interview
(two in ACT).

Power analyses were conducted using G*Power3.1.9.2 software
(Faul, Erdfelder, Lang, & Buchner, 2007). Based on previous stud-
ies comparing the efficacy of ACT and ABM for PTSD
(Badura-Brack et al., 2015; Lazarov et al., 2019a), we wanted to
allow the detection of medium effect size of 0.65 with CAPS-5
severity score as the dependent variable, at 0.80 power and
α = 0.05, which would require 58 participants. We decided to
enroll 60 participants.

Results

Baseline characteristics are described in Table 1. No group differ-
ences were noted in any of these variables between the two treat-
ment groups at baseline, all ps > 0.06.

Treatment adherence

Fifty-six participants (93.3%) completed all the sessions: 90% in
ACT and 96.67% in ABM, χ2 = 0.3, p = 0.62. The remaining
four participants (6.7%) completed four sessions on average
(50% of all treatment sessions) before they requested to withdraw
from treatment. Mean accuracy on the dot-probe task was 97.39%.
In 100% of the sessions, participants completed all 160 task trials.
No adverse events were reported during the trial.

Feasibility

On 10.5% of all sessions, technical problems led to the initiation
of a standard phone call or a WhatsApp video call instead of
Google Meet. On 12.3% of all sessions, interruptions that may
have distracted participants’ attention from the task were noted
as follows: background noise from the street or inside the house
(6.5%), someone entering the room during training (3%),
patient’s phone was ringing/vibrating (2.2%), patient lit up a cig-
arette (0.6%). Entering interruptions as a covariate to analyses did
not change the below reported results. Patients’ free feedback
post-treatment about issues warranting improvement and merits

of the novel protocol is described in online Supplementary
Table S1.

Clinical outcomes

Primary outcomes: PTSD symptom severity and PTSD diagnosis
post-treatment (CAPS-5)
GEE analysis of CAPS-5 severity scores revealed an overall
decrease in clinician-rated PTSD severity from pre- to post-
treatment, Wald χ2 = 27.33, p < 0.001, d = 0.68. The
time-by-group interaction was not significant, Wald χ2 = 0.067,
p = 0.796. PTSD diagnosis rates according to CAPS-5 at the end
of the treatment did not differ between the two conditions
(ACT: 50%, ABM: 55.2%), χ2 = 0.147, p = 0.701.

Secondary outcome: self-reported PTSD symptoms (PCL-5)
GEE analysis of the PCL-5 indicated a reduction in self-reported
PTSD severity from pre- to post-treatment, Wald χ2 = 62.88, p <
0.001, d = 1.20. The time-by-group interaction was not significant,
Wald χ2 = 0.164, p = 0.686.

Additional clinical measures
GEE analyses indicated a significant symptom reduction over
time in both depression (PHQ-9), Wald χ2 = 34.82, p < 0.001,
d = 0.83, and in clinical global severity (CGI-S), Wald
χ2 = 28.07, p < 0.001, d = 0.76. Here too, the time-by-group inter-
actions were not significant: Wald χ2 = 0.02, p = 0.886 and Wald
χ2 = 1.184, p = 0.277, respectively. An independent sample t test
of clinical global improvement (CGI-I) revealed no significant
difference between the ACT and ABM conditions, t(53) = 0.381,
p = 0.705.

Change in attention bias and ABV from pre- to post-treatment
ABV and attention bias were not correlated to baseline CAPS-5 or
PCL-5 scores, all rs < 0.19, ps > 0.153. GEE analysis indicated that
ABV decreased from pre- to post-treatment in both ACT and
ABM, Wald χ2 = 20.44, p < 0.001, d = 0.91. The time-by-group
interaction was not significant, Wald χ2 = 0.90, p = 0.343.
Attention bias did not change with treatment, either as a main
effect, Wald χ2 = 0.062, p = 0.804, or in interaction with group,
Wald χ2 = 0.173, p = 0.677.

Effects of expectancy and treatment credibility on clinical
outcome
Patients found the treatment rationale moderately credible (M =
5.77, S.D. = 1.78) and expected a mean of ∼52% improvement in
symptoms. Expectancy and credibility were not associated with
change in CAPS-5, PCL-5, and PHQ-9 scores, rs < 0.21, ps >
0.102.

Moderators of treatment outcome
Current depressive episode: GEE analysis revealed a three-way
interaction between current depressive episode (present/absent),
time (pre-treatment/post-treatment), and group (ACT/ABM),
Wald χ2 = 8.52, p = 0.036, d = 0.55 (Fig. 2). Further analyses
indicated a significant time-by-group interaction only among
the non-depressed patients, Wald χ2 = 6.39, p = 0.011, but
not among patients with co-morbid depression, Wald χ2 = 1.84,
p = 0.175, indicating greater symptom reduction in non-depressed
ACT v. ABM.

Comorbid anxiety disorder: GEE analysis did not yield a sig-
nificant three-way interaction between comorbid anxiety disorder
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(present/absent), time (pre-treatment/post-treatment), and group
(ACT/ABM), Wald χ2 = 2.07, p = 0.724.

Time elapsed since trauma: The hierarchical multiple regres-
sion on change in clinician-rated PTSD severity from pre- to post-
treatment revealed that time since trauma was associated with
PTSD symptoms change, b =−0.03, S.E. = 0.01, β = −1.04, p =
0.026, and this effect was qualified by a significant
group-by-time-since-trauma interaction, F(1,51) = 4.16, p = 0.046,
R2 change = 0.07. Figure 3 illustrates decomposition of this inter-
action splitting the time since trauma variable into those below or
above the average. ACT was associated with greater symptom
reduction compared to ABM among patients who had experi-
enced the trauma more recently. This effect is not apparent in
patients whose trauma occurred longer ago.

Discussion

This study tested the acceptability, feasibility, and efficacy of
supervised remotely-delivered ABM and ACT for patients with
PTSD. The remote treatment was designed to address problems
in previous remotely-delivered protocols for anxiety disorders
(Linetzky et al., 2015) and PTSD (Niles et al., 2020). Results indi-
cate good adherence with 6.7% dropout, which is lower than the
typically reported dropout in other PTSD treatments (Imel et al.,
2013; Maguen et al., 2019; Straud et al., 2019) and
Internet-delivered CBT (Lewis, Roberts, Simon, Bethell, &
Bisson, 2019). In addition, treatment completers completed
100% of treatment task trials with a very high accuracy rate, indi-
cating good acceptability. However, 8.4% of all screened indivi-
duals who contacted the study could not participate and receive
treatment due to lack of a home PC or Internet connection. In
addition, although we attempted to minimize distractions during
the remote treatment, 12.3% of the treatment sessions were inter-
rupted and on 10.5% of the sessions video conferencing was sub-
stituted by communication over the participants’ smart phones
rather than the intended application. This suggests that control
over patients’ home environment was still limited compared to
the control in-clinic.

Contrary to our expectations (Badura-Brack et al., 2015;
Lazarov et al., 2019a), even though symptoms lessened with a
medium-to-large effect size, reductions did not differ between
groups. Instead, results align with studies showing no group dif-
ferences (Schoorl et al., 2013; Segal et al., 2020). The current

RCT was similar to previous RCTs in design (e.g. Badura-Brack
et al., 2015; Lazarov et al., 2019a), but also differed on some
aspects that may have affected the results. First, the target popu-
lation in Badura-Brack et al. (2015) was male veteran patients,
whereas here the patients were both males and females who
have experienced diverse traumatic events. It could be that con-
clusions drawn on the efficacy of ACT/ABM for PTSD in previous
RCTs on male veterans do not generalize to other PTSD popula-
tions. Future studies could investigate this possibility directly with
larger samples. The current study also differed from Badura-Brack
et al. (2015, Study 1), which applied word stimuli rather than
facial stimuli. Lastly, the current study differed from Lazarov
et al. (2019a), where the ABM condition could be either away
or toward threat depending on the patient’s baseline attention
bias, whereas here all patients in the ABM condition were trained
away from threat. These important differences could potentially
explicate the deviation of the current results from these previous
RCTs.

The overall reduction in symptoms across groups could reflect:
(a) a simple time effect often observed in symptomatic patients
showing spontaneous decrease in symptoms (McDonald,
Mazzuca, & McCabe, 1983); (b) expectancy effects
(Constantino, Visla, Coyne, & Boswell, 2018; Kazdin, 1979).
This possibility, however, may be less likely because treatment
expectancy did not correlate with symptom change. Finally, (c)
the speedy (4 weeks) symptom reduction across groups may sug-
gest that both ABM and ACT include active components, includ-
ing a targeting of attention control mechanisms (Mogg, Waters, &
Bradley, 2017; Pettit et al., 2020). This possibility could be tested
directly in future studies by measuring attention control and
applying non-active control conditions. Other factors that were
comparable in both groups such as exposure to threatening
faces or the attention received from the assistants and clinicians
throughout the treatment could also be considered as contributors
to symptomatic reduction.

Our exploratory moderator analyses indicate that for patients
without comorbid depression and for patients with shorter time
elapsing since their traumatic event, ACT outperformed ABM
in reducing PTSD symptoms while comorbidity with anxiety dis-
orders did not moderate treatment outcomes. It is conceivable
that previous in-clinic studies of ABM/ACT were conducted
among samples with lower rates of depression compared to the
current sample (Badura-Brack et al., 2015). The current findings

Fig. 2. Clinician-rated PTSD symptom severity (CAPS-5)
as a function of current severe depressive episode, con-
dition, and time.
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are also compatible with a recent RCT showing the moderating
effect of the time elapsed since trauma in patients with PTSD
(Segal et al., 2020). Future studies could test these specific mod-
erators using a-priori and pre-registered analyses.

The results of the current study should be considered in light
of some limitations. First, the hypothesized change in attentional
patterns did not emerge, that is, threat-related attention bias did
not decrease in the ABM group and ABV decreased in both
groups (and not specifically in the ACT group), suggesting that
the treatments had possibly failed to engage their intended cogni-
tive targets. It is noteworthy that the psychometrics of the atten-
tion bias indices in the current study were poor. While the classic
attention bias score typically shows poor internal consistency
(Rodebaugh et al., 2016), the ABV index in the current study
had poorer reliability compared to that observed in previous stud-
ies (e.g. Alon et al., 2019). This could be due to larger variability
in the end-equipment used by the different patients combined
with less control over other environmental factors compared to
in-clinic settings. Such variability could be overcome in future
studies by lending standardized end-equipment to patients for
the study duration. Alternatively, future studies could invite
patients to in-clinic measurements and perhaps could use add-
itional attention bias indices such as trial-level bias score variabil-
ity (Zvielli, Bernstein, & Koster, 2015) or other more reliable
methodologies such as eye-tracking that could also disentangle
specific attention sub-components such as engagement with
and disengagement from threat (Lazarov et al., 2019b; Mekawi
et al., 2020). Second, the present study did not include attention
control measurement or indices of other cognitive mechanisms
that may underlie the efficacy of both ACT and ABM. Future
studies are encouraged to incorporate such potential common fac-
tors for ACT and ABM (Linetzky, Pettit, Silverman, Pine, &
Bar-Haim, 2020). The fact that ABV reduced in the two condi-
tions hints that both strengthened attentional control in the con-
text of attentional competition between threat and neutral stimuli
(Bardeen, Tull, Daniel, Evenden, & Stevens, 2016; Clarke et al.,
2020). Third, even though the current study has shown supervised
ACT/ABM to be a highly acceptable treatment, the current design
did not permit direct examination of efficacy relative to remote

non-supervised or in-clinic protocols. Future studies are encour-
aged to directly compare the efficacy of such protocols in a full
factorial design of location (lab/home) and supervision (super-
vised/non-supervised).

To conclude, this is the first study to apply supervised
remotely-delivered ABM/ACT protocols for patients with
PTSD. The current study replicates medium-to-large clinical
effects for dot-probe-based ACT/ABM protocols in reducing
PTSD symptoms (Badura-Brack et al., 2015; Lazarov et al.,
2019a), but failed to confirm an advantage of ACT over ABM.
Notably, dropout rates appear to be considerably lower with
ABM/ACT for PTSD (6.7%) relative to dropout in other first-
line in-clinic treatments (Imel et al., 2013) and
Internet-delivered CBT (Lewis et al., 2019). If future
head-to-head RCTs between ACT/ABM and first-line treat-
ments for PTSD would indicate similar efficacy, then new treat-
ment options with potentially greater access, lower costs, and
lower dropout would emerge.

Supplementary material. For supplementary material accompanying this
paper visit https://doi.org/10.1017/S003329172200023X
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Notes

1 Responding to a review comment from ClinicalTrials.gov (13 January
2020), we mistakenly omitted the CAPS-5 PTSD diagnosis measure from
the study registration (9 March 2020). Here, we report both severity scores
and PTSD diagnosis.

Fig. 3. Illustration of change in clinician-rated PTSD
symptom severity (CAPS-5) as a function of condition
and PTSD chronicity. The graph illustrates decompos-
ition of the interaction between time since trauma and
treatment condition based on splitting the time since
trauma variable into those below or above the average.
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