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ARTICLE

Primary Prevention of PTSD Symptoms in Combat-
Deploying Soldiers Using Attention Bias Modification:  
A Randomized Controlled Trial
Chelsea Dyan Gober Dykan, M.A., 1 Yoav Levinstein, M.A.,2,3 Lucian Tetse-Laur, M.D., M.B.A.,2 Ariel Ben-Yehuda, M.D.,2,4,5 
Jacob Rotschield, M.D., M.H.A.,2 Daniel S. Pine, M.D.,6 Paul D. Bliese, Ph.D.,7 Yair Bar-Haim, Ph.D.1,8

Primary prevention of posttraumatic stress disorder (PTSD) 
aims to reduce symptom risk by intervening before trauma 
exposure. Unlike with strategies targeting individuals 
already exposed to trauma and displaying symptoms (1, 
2), less agreement exists on effective methods for PTSD 
prevention (3, 4). This study evaluated the efficacy of two 
attention bias modification (ABM) protocols as primary pre-
vention for PTSD in combat-bound soldiers.

ABM shows promise in targeting attentional threat 
avoidance and reducing PTSD risk in combat-bound sol-
diers. Although attentional threat avoidance may provide 
short-term relief, it has been linked to greater long-term 
PTSD, depression, and anxiety severity (5–7). Integrating 
evidence linking threat avoidance to PTSD risk (8–10), 
preventive ABM trains soldiers to direct attention toward 
threat-related stimuli. A randomized controlled trial (RCT) 
suggested that ABM delivery immediately before combat 

disrupts the common association between combat exposure 
and PTSD symptoms (11). In another RCT, ABM delivered 
before combat was found to reduce PTSD risk 4 months 
postcombat relative to no training (12).

To manipulate attention toward threat, response-time 
(RT)-based protocols have used the dot-probe task with 
targets presented with high probability at the location of 
threat over neutral stimuli. The assumption is that par-
ticipants implicitly learn the contingency between threat 
and target location and use it to enhance performance. A 
recently developed eye-tracking-based ABM method, called 
gaze-contingent music reward training (GC-MRT), uses 
feedback and operant conditioning principles. GC-MRT 
combines gaze-tracking with music rewards to train gaze 
behavior. Evidence supports GC-MRT’s efficacy in reduc-
ing threat-related attention biases and anxiety symptoms 
(13, 14), along with strong reliability in measurement (15). 

Objective: Evidence suggests that attentional threat avoid-
ance is associated with increased risk for posttraumatic 
stress disorder (PTSD). This study evaluated the efficacy of 
two attention bias modification (ABM) protocols designed 
to enhance attention toward threats as a primary preven-
tion of PTSD.

Methods: The efficacy of the two ABM protocols was as-
sessed using a three-arm randomized controlled trial in 
501 male combat-bound soldiers. One protocol used 
response-time (RT)–based ABM to train attention toward 
threat over neutral stimuli (dot-probe task); the other used 
an eye-tracking-based ABM employing instrumental reward 
to enhance sustained attention to threat over neutral stim-
uli. Each intervention was compared to a sham RT-based 
task (dot-probe) presenting only neutral stimuli. Participants 
underwent four sessions of active or sham training. Threat-
related attention was measured before and after training. 
Self-reported symptoms of PTSD (primary outcome) and 

of depression and anxiety (secondary outcomes), were as-
sessed at baseline and postcombat 1 year later.

Results: RT-based ABM delivered prior to combat exposure 
was associated with lower symptom severity and lower 
prevalence of probable PTSD postcombat relative to sham 
training (number needed to treat=22.7). A significant associ-
ation was noted between training-induced threat attention 
and postcombat PTSD symptom severity in the RT-based 
ABM group. Eye-tracking-based ABM was not effective as a 
primary prevention protocol for PTSD symptoms.

Conclusions: Consistent with a previous randomized con-
trolled trial, RT-based ABM reduced risk for PTSD relative to 
sham ABM when implemented prior to combat exposure. 
These findings support the integration of RT-based ABM 
into resilience-building programs in military settings.
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However, GC-MRT has not yet been applied to PTSD treat-
ment or prevention.

In this study, we had three goals. First, we sought to rep-
licate and extend the RT-based ABM findings from Wald 
et al. (12), which showed that four ABM sessions reduced 
PTSD risk in combat-deploying soldiers. Whereas Wald et al. 
used a treatment-as-usual control, we applied a tighter sham 
training control. Additionally, we used face rather than word 
stimuli in training. Based on the findings of the Wald et al. 
study, we expected that soldiers receiving RT-based ABM 
would show lower postcombat PTSD severity and preva-
lence compared to those receiving sham ABM. Second, we 
expected that soldiers receiving GC-MRT would exhibit 
lower PTSD severity and prevalence postcombat relative to 
sham ABM. Third, we compared the efficacy of RT-based 
ABM and GC-MRT in reducing PTSD risk. As no prior RCTs 
have tested GC-MRT for PTSD, this contrast was exploratory.

METHODS

Design 
This three-arm RCT tested RT-based ABM and GC-MRT against 
sham control as primary prevention of PTSD in combat-bound 
soldiers. Participants underwent four sessions of active or sham 
interventions during a 3-month period of advanced combat 
training in 2021, before any combat exposure. Participants’ first 
combat deployment was in January 2022. Threat-related atten-
tion was measured pre- and postintervention. Self-reported 
symptoms of PTSD (primary outcome) and depression and 
anxiety (secondary outcomes) were assessed at predeployment 
baseline and 1-year postdeployment in January 2023. Combat 
experiences during deployment were documented.

Participants 
Figure 1 depicts the flow of participants through the study. 
Participants were drawn from a cohort of male Israel Defense 
Force (IDF) recruits to a tier 1 infantry maneuver brigade 
(N=501; mean age at enrollment, 19.49 years [SD=0.85, 
range=18–25]). To be included in the study, soldiers had to 
be fluent in Hebrew. Of 570 potential participants (the full 
cohort), 3.0% declined to participate, 3.5% were not fluent in 
Hebrew, 5.1% were not available during baseline measurement, 
and 0.5% were removed due to technical issues. Participants 
were randomized into three groups: RT-based ABM (N=164), 
GC-MRT (N=167), and sham RT-based control (N=170). There 
were no differences between groups at baseline in demo-
graphic characteristics or self-reported symptoms (Table 1). 
The study was approved by the IDF Ethics Committee, the Tel 
Aviv University Institutional Review Board, and the Office of 
Human Research Oversight of the United States Army Medical 
Research and Development Command.

Attention Bias Measurements 
Patterns of attention allocation to threat were measured in 
all participants before training or sham sessions began and 
after they concluded.

RT-based assessment.  A faces-based dot-probe task (Figure 
2A) (16) consisting of 160 trials with full counterbalance of 
angry face location, probe location, probe type, and actors 
was used. Actors were 10 males and 10 females (Karolinska 
Directed Emotional Faces database) (17). In each trial, a fix-
ation cross was presented (500 ms), followed by a pair of 
angry-neutral faces of the same actor (500 ms), followed by an 
arrowhead pointing either left or right at the location of one 
of the faces (until response). Participants were instructed to 
respond as quickly as possible without compromising accu-
racy by pressing the matching arrow on the keyboard. Threat-
related attention bias was calculated by subtracting the mean 
RT to arrowheads appearing at the angry face location from 
the mean RT to arrowheads appearing at the neutral face 
location. Positive attention bias values indicate attention bias 
toward threat, and negative values indicate attention bias 
away from threat.

Eye-tracking-based assessment.  The free viewing task (15, 
18) was used to measure threat-related gaze behavior with a 
high-speed eye tracker (Eyelink Portable Duo, SR Research, 
Ottawa). Calibration was followed by 30 trials, each present-
ing a matrix of 16 faces (Figure 2B). Pictures of faces were of 
actors from the same standardized database as was used in 
the RT-based assessment. Each trial began with a fixation 
cross shown until a fixation of 1,000 ms was recorded, thus 
verifying that a trial began only when a participant’s gaze was 
fixated at the center of the matrix. Each matrix was presented 
for 6,000 ms, followed by an intertrial interval of 2,000 ms. 
The matrices upheld the following parameters: each actor 
appeared only once in a matrix; each matrix contained eight 
male and eight female faces; half of the faces were angry and 
half neutral; and the four inner faces were two angry and two 
neutral. Participants were instructed to look freely at each 
matrix in any way they chose. Threat-related attention bias 
(dwell time percent) was calculated as the total dwell time on 
threat stimuli divided by the total dwell time on threat and 
neutral stimuli.

Interventions 
Participants in all groups underwent four sessions of their 
respective intervention within the 3-month period of mili-
tary basic training before any combat exposure.

RT-based ABM.  RT-based ABM (dot-probe task) fol-
lowed the TAU-NIMH Initiative protocol (16). It applied 
the same display characteristics as those used for the 
RT-based attention assessment task described above, with 
two modifications. First, the faces used were from a differ-
ent standardized faces database (19). Second, target probes 
appeared at the threat faces location 100% of the time. 
Participants were instructed to “Indicate the arrowhead’s 
direction as quickly as possible without compromising 
accuracy by pressing the matching arrow on the keyboard.” 
With repetitive threat-congruent trials, participants were 
expected to gradually learn the predictive value of threat 
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faces in relation to probe location and thus shift their atten-
tion accordingly to improve task performance. Each of the 
four sessions consisted of 160 trials and lasted approxi-
mately 7 minutes.

Gaze-contingent music reward training (GC-MRT).  GC-MRT 
was a modified version of the gaze-tracking free viewing 
assessment task described above, designed to divert partic-
ipants’ attention toward threat faces. The face stimuli were 
taken from the same database as those in the RT-based ABM 
task. At the beginning of each training session, participants 
selected a 12-minute music track to which they wished to 
listen. An extensive menu reflecting the most popular musi-
cians according to published rating charts with a wide diver-
sity of music styles was offered. Each session began with 
eye-tracking calibration followed by 30 face matrices adher-
ing to the same parameters as the matrices described for the 
eye-tracking-based assessment task. Unlike in the measure-
ment task, in GC-MRT, each matrix was shown for 24 sec-
onds with no intertrial intervals. Participants were instructed 
to “Look freely at each matrix of faces in any way you like.” 
Participants heard their selected music play only when fix-
ating on one of the threat faces in a matrix. When the partic-
ipant was fixating on a neutral face, the music stopped. This 
instrumental reward setup induces attentional preference for 
threat over neutral stimuli through music reinforcement and 
has been shown to be efficacious in modifying threat-related 
gaze patterns in various psychopathologies (13, 14, 20). Each 
session lasted approximately 15 minutes.

Sham control.  The control condition consisted of the same 
number of trials and the same settings as the RT-based ABM 
condition but presented neutral faces in all trials, with the 
probe equally appearing at the location of the top or bottom 
face. This condition provides a similar experience to active 

Contacted (N=570)

RT-based ABM (N=164) GC-MRT (N=167) Sham control (N=170)

Excluded (N=69)

Declined participation (N=17)
Language barriers (N=20)
Dropped combat training (N=29)
Removed due to technical issues (N=3)

136 completed 4 sessions
22 completed 3 sessions
5 completed 2 sessions
7 completed 1 session

123 completed 4 sessions
27 completed 3 sessions
10 completed 2 sessions

7 completed 1 session

122 completed 4 sessions
19 completed 3 sessions
12 completed 2 sessions
11 completed 1 session

Analyzed (N=164) Analyzed (N=167) Analyzed (N=170)

Training

Post-Combat 
Measurement

Baseline 
Measurement

Randomized (N=501)

FIGURE 1.  Participant flow through a study of attention bias modification for PTSD prevention in combat-deploying soldiersa

a �Baseline measurement was during basic training, before combat exposure. RT-based ABM, response-time-based attention bias modification; 
GC-MRT, gaze-contingent music reward training.

TABLE 1.  Characteristics of participants in a study of attention 
bias modification for PTSD prevention in combat-deploying 
soldiers, by training groupa 

Characteristic

RT-based 
ABM  

(N=164)
GC-MRT 
(N=167)

Sham control 
(N=170)

Mean SD Mean SD Mean SD

Age (years) 19.4 0.8 19.5 0.8 19.6 0.9
Duration of 

education (years)
12.0 0.6 12.0 0.8 12.0 0.5

Premilitary traumatic 
exposure

1.0 1.1 1.0 1.2 0.9 1.0

Attention bias 0.6 18.9 −0.4 18.2 −2.0 16.2
Dwell time (%) 51.3 6.1 51.1 6.8 50.5 6.0
Combat exposure 3.3 2.5 3.4 2.8 2.8 2.4
PTSD (PCL-5)
 � Baseline 11.3 12.9 11.2 12.8 10.1 13.3
 � Postcombat 4.4 5.8 4.9 7.4 6.1 10.1
Depression (PHQ-9)
 � Baseline 5.9 5.3 5.1 4.7 5.3 5.1
 � Postcombat 1.9 3.1 2.2 3.2 2.5 4.0
Anxiety (GAD-7)
 � Baseline 3.2 4.3 2.8 3.7 3.1 4.4
 � Postcombat 1.4 2.7 1.3 2.7 1.6 3.2
a	

GAD-7, 7-item Generalized Anxiety Disorder scale; GC-MRT, gaze-
contingent music reward training; PHQ-9, Patient Health Questionnaire–9; 
PCL-5, PTSD Checklist for DSM-5; RT-based ABM, response-time-based 
attention bias modification.
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ABM without exposure to threat stimuli or picture-probe 
contingency of target location. Participants were instructed 
to “Indicate the arrowhead’s direction as quickly as possible 
without compromising accuracy by pressing the matching 
arrow on the keyboard.” Each session lasted approximately 7 
minutes.

Randomization 
Participants were randomly allocated in a 1:1:1 ratio to 
RT-based ABM, GC-MRT, or sham control. Randomization 
occurred within each of the 15 platoons of the cohort. The 
allocation list was created using a computer-generated ran-
dom number sequence prior to recruitment into the study. 
Enrolled participants were assigned to intervention based 
on their pregenerated allocation.

Symptom Measures 
The primary outcome was self-reported PTSD symptoms, 
measured using the PTSD Checklist for DSM-5 (PCL-5) 
(21). Total severity score was used as a continuous index of 
symptom severity. Probable PTSD was determined based 
on a PCL-5 cutoff score ≥28 (21). Cronbach’s alphas for the 
sample were 0.93 and 0.91 for the baseline and postcom-
bat assessments, respectively. Secondary outcomes were 
self-reported depression, measured using the Patient Health 
Questionnaire–9 (PHQ-9) (22); Cronbach’s alphas in the 
sample were 0.87 for both assessment points. Anxiety was 
measured with the 7-item Generalized Anxiety Disorder 
scale (GAD-7) (23); Cronbach’s alphas for the sample were 
0.89 and 0.88 for the baseline and postcombat assessments, 
respectively.

Trauma Exposure Measures 
Premilitary traumatic experiences were assessed using an 
8-item yes/no questionnaire (10). This probed whether par-
ticipants were present and/or injured in a terrorist attack, 
were in an area attacked by missiles or artillery or injured 
by such an attack, were present and/or injured in a motor 

vehicle accident, or experienced sexual or physical assault. 
The total score reflects a count of the endorsed events. The 
Combat Experiences Scale (10, 24) was used to track combat 
exposure. This 20-item questionnaire describes different 
combat events that soldiers may encounter during combat 
deployment. Items were yes/no questions concerning each 
combat event. A total score was derived as a count of the 
combat events endorsed.

Statistical Analysis 
Power analyses were conducted using G*Power, version 
3.1.9.7 (25). We estimated the necessary sample size for an 
analysis of covariance (ANCOVA) F-test with two groups, 
two repeated measurements, and one covariate to allow 
detection of a significant small effect size (Cohen’s f=0.15) 
(26) at 0.80 power and an alpha of 0.05 to require 175 partici-
pants per group. Therefore, all available participants from an 
enlistment cycle to a prespecified IDF infantry brigade were 
invited to participate, resulting in the enrollment of 164, 167, 
and 170 participants for the three groups, respectively.

Univariate analysis of variance was used to test group 
differences in baseline symptom and trauma exposure mea-
sures, and adherence to the intervention. Intervention com-
pletion and measurement attrition were examined using 
chi-square tests.

Intervention effects on symptoms for each of the speci-
fied hypotheses were evaluated using generalized estimating 
equations (GEE) (27) according to the prespecified hypoth-
eses: 1) RT-based ABM versus sham control; 2) GC-MRT 
versus sham control; and 3) RT-based ABM versus GC-MRT. 
Separate GEE models were constructed for each pairwise 
comparison, corresponding to each of the three hypotheses. 
GEE applies an intention-to-treat approach, accommodat-
ing missing data and correlations among repeated mea-
sures by estimating marginal means, including data from all 
randomized participants based on the missing-at-random 
principle. To represent within-subject dependencies, an 
unstructured correlation matrix was used. For each of the 

Time

Time

500 ms

500 ms

500 ms

100 ms

600 ms

200 ms

A. Example of a trial in the response-time-based assessment task B. Example of a trial in the eye-tracking-based assessment task

FIGURE 2.  Examples of experimental trials of the response-time-based and eye-tracking-based assessment tasks
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continuous symptom outcomes, a Wald chi-square test was 
used to evaluate the time-by-group interaction term repre-
senting differential effects among study intervention con-
ditions over two time points (baseline and postcombat). 
A linear model was used, including main effects for group 
and time, group-by-time interaction, and combat exposure 
as a covariate. Significant interactions were decomposed by 
comparing the groups at baseline and postcombat. To eval-
uate the robustness of significant pairwise findings, sensi-
tivity analyses were conducted using multiple imputation 
along with ANCOVA models as a complementary analytic 
approach to provide an alternative perspective on group 
differences. This approach accounts for covariates (base-
line symptoms and combat exposure) and provides a way to 
evaluate the potential impact of missing data by imputing 20 
datasets simulating a design where no dropout occurred (28, 
29). The imputed values were based on an expanded dataset 
to help evaluate whether differential dropout biased results. 
Pooled results from the 20 imputed datasets were compared 
to the complete-case results.

Group differences in the percentage of soldiers with 
probable postcombat PTSD were examined using likeli-
hood ratio chi-square tests to account for the low expected 
frequency of probable PTSD cases anticipated in this pre-
ventive context. Odds ratios of probable PTSD and number 
needed to treat (NNT), indicating how many soldiers would 
need to receive the intervention for one to not develop prob-
able PTSD, were calculated for the active interventions.

Partial correlations (with baseline PCL-5 as a covariate) 
were used to examine the associations between pre- and 
postintervention attention bias change (RT attention bias 
and dwell time percent) on postcombat PTSD symptom 
severity (PCL-5). No corrections were made for multiple 
comparisons.

RESULTS

Dropout 
Seventy-three percent of the participants completed the 
postcombat assessment, and there was no significant dif-
ference between groups in attrition (χ2=0.50, df=2, p=0.78). 
Study completers and participants who dropped out did not 
differ significantly in baseline attention measures, symp-
toms, or premilitary trauma (Table S1).

Trauma Exposure 
The groups did not differ significantly in premilitary trau-
matic experiences (F=0.38, df=2, 495, p=0.683). Participants 
reported a mean of 3.15 (SD=2.6) types of combat exposure, 
with no significant difference between the groups (F=2.29, 
df=2, 361, p=0.103).

Intervention Adherence 
Participants completed an average of 3.6 (SD=0.80) of 
four training sessions. Participants in the RT-based ABM, 
GC-MRT, and sham control groups attended an average of 

3.59 (SD=0.79), 3.54 (SD=0.90), and 3.69 (SD=0.72) sessions, 
respectively, with no significant differences between groups 
(F=1.52, df=2, 498, p=0.22). Training completion did not dif-
fer significantly between groups (χ2=2.23, df=2, p=0.30).

Hypothesis 1: Preventive RT-Based ABM 
Is Associated With Reduced Risk for PTSD 
Symptoms Relative to Sham Control 
The GEE analysis indicated a group-by-time interaction 
for PTSD symptom severity (Wald χ2=3.15, df=1, p=0.038). 
Follow-up contrasts indicated that the groups did not differ 
significantly at baseline (Table S2), and a lower postcom-
bat PTSD severity was shown for RT-based ABM relative 
to sham control (mean difference=2.11, p=0.048). ABM was 
associated with significantly lower PTSD severity compared 
to sham control in both the complete-case model (β=−2.07, 
SE=0.97, p=0.03) and the imputed model (β=−1.80, SE=0.86, 
p=0.04). Probable PTSD rates were significantly lower in 
the RT-based ABM group (0.9%) relative to the sham con-
trol group (5.3%) (likelihood ratio χ2=3.90, df=1, p=0.048; 
odds ratio=6.06; NNT=22.7) (Figure 3).

GEE analyses indicated a significant group-by-time inter-
action for depression severity (Wald χ2=3.86, df=1, p=0.05) 
and a nonsignificant interaction for anxiety severity (Wald 
χ2=0.008, df=1, p=0.93). Follow-up contrasts on depression 
scores indicated that the groups did not differ significantly 
at baseline or at postcombat assessment (Table S2).

Hypothesis 2: Preventive GC-MRT Is 
Associated With Reduced Risk for PTSD 
Symptoms Relative to Sham Control 
The GEE analysis indicated a nonsignificant group-by-time 
interaction for PTSD symptom severity (Wald χ2=1.37, df=1, 
p=0.243). Follow-up contrasts indicated that the groups did 
not differ significantly on symptom severity at baseline or 
at postcombat assessment (Table S2). There was no signif-
icant difference between GC-MRT (2.7%) and sham con-
trol (5.3%) in probable PTSD prevalence (likelihood ratio 
χ2=1.00, df=1, p=0.32; GC-MRT odds ratio=2.02; NNT=38.5).

GEE analyses indicated nonsignificant group-by-time 
interactions for both depression (Wald χ2=0.02, df=1, p=0.90) 
and anxiety (Wald χ2=0.18, df=1, p=0.669). Follow-up con-
trasts indicated that the groups did not differ significantly at 
baseline or at postcombat assessment (Table S2).

Is RT-Based ABM Associated With Reduced Risk 
for PTSD Symptoms Relative to GC-MRT? 
The GEE analysis indicated a nonsignificant group-by-time 
interaction for PTSD symptom severity (Wald χ2=0.336, 
df=1, p=0.562). Follow-up contrasts revealed that the groups 
did not differ significantly at baseline or at the postcombat 
assessment (Table S2). There was no significant difference 
between RT-based (0.9%) and GC-MRT (2.7%) in the rates 
of probable PTSD (likelihood ratio χ2=1.03, df=1, p=0.31).

GEE analysis indicated a significant group-by-time inter-
action for depression (Wald χ2=4.402, df=1, p=0.036) and a 
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nonsignificant interaction for anxiety (Wald χ2=0.298, df=1, 
p=0.585). Follow-up contrasts indicated that the groups 
did not differ significantly at baseline or at the postcombat 
assessment (Table S2).

Associations Between Attention Bias Change 
and Postcombat PTSD Severity 
Pretraining to posttraining change in attention bias mea-
sured by the eye-tracking-based dwell time percent index 
was negatively correlated with postcombat PTSD symptom 
severity in the group receiving RT-based ABM (r=−0.275, 
df=71, p=0.018). No such association was noted in the 
GC-MRT group (r=0.137, df=72, p=0.244) (Figure 4). Pre- 
to-posttraining change in attention bias measured by the 
RT-based dot-probe task was not correlated with postcom-
bat PTSD severity in either of the active training groups 
(ABM: r=−0.05, df=71, p=0.67; GC-MRT: r=−0.115, df=72; p 
values >0.33).

DISCUSSION

This study evaluated the preventive potential of mechanized 
cognitive training interventions for PTSD in combat-bound 
soldiers. Three key findings arose. First, prior findings from 
Wald et al. (12) were extended; both studies support the 
efficacy of RT-based ABM as a prevention for PTSD deliv-
ered prior to combat exposure. Second, a significant asso-
ciation was observed between training-induced changes in 
attention bias and PTSD symptom severity in the RT-based 
ABM group, consistent with target engagement by RT-based 
ABM. Third, levels of PTSD symptoms did not differ signifi-
cantly posttraining between the sham control and GC-MRT 
groups. Together, these findings carry implications for the 
design of effective PTSD preventions and the mechanism 
through which they reduce risk.

Attending to threats is advantageous in combat, where 
vigilance facilitates survival (7, 30). In extreme situations 
such as combat, and possibly in less extreme dangerous sce-
narios, attending to threat may support adaptation. RT-based 
ABM may reduce risk for PTSD by instantiating such adap-
tive forms of vigilance. Notably, the approach in this study 
differs from the one applied in ABM for anxiety disorders, 
where attention is trained away from threats. Findings in 
the present trial can be compared with the expected effect 
sizes in other RCTs for PTSD primary prevention (31), which 
often yield small or null effects due to program inefficacy or 
low-risk populations. Participants in our sample reported 
low symptom severity, with many reporting negligible symp-
toms. Nevertheless, the results demonstrated statistically sig-
nificant effects, replicating and extending findings by Wald 
et al. (12), who used a similar design and population. With 
additional independent verification, ABM could be applied 
to at-risk populations and improve public health outcomes.

RT-based ABM reduced postcombat PTSD severity and 
probable PTSD prevalence compared to sham control. 
These findings, consistent with prior RCTs (11, 12), support 

the potential of RT-based ABM as primary prevention for 
PTSD in high-risk populations. Probable PTSD rates were 
considerably lower in the group receiving RT-based ABM 
(0.9%) compared to the group receiving the sham control 
intervention (5.3%), along with number needed to treat, as 
in the Wald et al. study (12), establishing that training ~20 
soldiers could prevent postcombat PTSD in one soldier. In 
addition, the findings in the present study emerged while 
using a more credible control than the control used in the 
Wald et al. study. Further, unlike in the Wald et al. study, we 
used face stimuli instead of words, increasing potential dis-
semination to individuals with reading difficulties or with 
different linguistic backgrounds. While our findings are 
insufficiently strong to justify broad clinical application, 
the low-touch, low-cost nature of RT-based ABM renders 
it highly applicable in military contexts, pending additional 
independent verification.

Although ABM has been shown to reduce symptoms in 
depressed (32) and anxious (33, 34) patients, its efficacy 
has never been directly examined as a preventive protocol 
for these disorders. Based on research indicating excessive 
attention toward negative stimuli in depression (35) and 
anxiety (36, 37), treatment-oriented ABM trains attention 
away from negative stimuli. In contrast, based on studies 
showing elevated threat avoidance in PTSD (8–10), pre-
ventive ABM trains attention toward threatening stimuli. 
Future research could more fully characterize the nature of 
these pathways and the associated distinct impact of ABM 
on depression and anxiety in preventive contexts.

The negative correlation between training-induced 
changes in attention bias and postcombat PTSD sever-
ity in RT-based ABM suggests that altering threat-related 
attentional processes partially mediates the clinical effect. 
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This supports theories linking attentional threat avoidance 
in dangerous contexts to PTSD vulnerability (7, 8, 38–40). 
However, the absence of a similar association in GC-MRT 
and the lack of significant correlations with RT-based mea-
sures highlight the complexity of cognitive target engage-
ment mechanisms. Detecting such associations may depend 
on the reliability of attention assessment and the specific 
characteristics of cognitive tasks. Future studies could 
refine and standardize threat-related attention measures to 
optimize training protocols (15).

The lack of significant differences in PTSD severity 
between the GC-MRT and the sham control groups raises 
questions about its suitability as a preventive intervention 
in military settings. The absence of meaningful postcom-
bat differences limits its clinical relevance. GC-MRT’s lim-
ited efficacy in this context may stem from targeting less 
relevant cognitive mechanisms or challenges in delivering 
this more complex intervention in military environments. 
Additionally, although RT-based ABM shows greater 
promise than GC-MRT, the lack of significant differences 
between the two approaches in clinical outcomes suggests 
that both protocols may warrant further refinement and 
testing. Unlike previous applications of GC-MRT, which 
focused on training patients with anxiety disorders to 
engage neutral over threat stimuli (13, 14), the GC-MRT 
variant applied here trained healthy participants to main-
tain attentional engagement with threat over neutral stim-
uli. Whereas substantial training effects were noted in 
previous GC-MRT studies, here, only minimal attentional 
change in the intended direction occurred. This discrep-
ancy from past findings suggests the need for additional 
research designed to improve the training in PTSD preven-
tion-oriented GC-MRT. For example, instead of 100% rein-
forcement of desired responses, learning through partial 
reinforcement may be tested.

The results should be interpreted with study limitations 
in mind. First, unlike Wald et al. (12), who applied clinical 
interviews, in this study we relied on self-reports. Although 
the PCL-5 shows high concordance with structured clinical 
interviews, clinician-rated assessments offer more nuanced 
insights into clinical status. Second, a notable number of par-
ticipants did not complete postcombat assessments (27%). 
This limitation may relate to the difficult circumstances of 
following soldiers after combat; concerns with this may be 
partially addressed by three factors: 1) there was no signifi-
cant difference on any of the baseline variables between com-
pleters and participants who dropped out; 2) dropout was 
equally distributed between groups; and 3) multiple imputa-
tion with an expanded dataset simulating a situation where 
no dropout occurred indicated no biasing in the results. 
Third, the lack of long-term follow-up restricts conclusions 
about the sustainability of protective effects over time and 
multiple deployments. Future studies could include longitu-
dinal assessments to evaluate the durability of this interven-
tion and how it might be affected by multiple deployments, 
a common occurrence in many armies. Fourth, because the 
soldier participants interacted throughout the study, there 
is a possibility that the intervention assignment of one par-
ticipant indirectly influenced the outcomes of another. Such 
potential interference should be considered when inter-
preting the results. Fifth, the overall decline in group mean 
symptoms over time may reflect regression to the mean 
in symptom reporting, or alternatively, general resilience 
among combat soldiers. Another possibility is selective 
dropout of those who became more symptomatic after com-
bat. Sixth, although the study demonstrated a significant 
relation between threat attention bias changes and PTSD 
outcomes in the RT-based ABM group, the correlational 
nature of this finding precludes causal inference. Additional 
experimental controls or mediation analyses requiring 
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much larger samples are needed to confirm whether mod-
ifying threat-related attentional processes directly drives 
symptom reduction. Finally, the study was conducted on 
male IDF infantry recruits, limiting the extent to which the 
findings can be generalized to other combat roles (e.g., artil-
lery, armor, air force, navy), female soldiers, or soldiers from 
different nationalities and cultural backgrounds. Expanding 
this research to diverse groups and contexts could enhance 
the applicability of primary prevention for PTSD, highlight-
ing areas for future research.

The findings from this study have several practical and 
theoretical implications. From a clinical perspective, the 
demonstrated replicable efficacy of RT-based ABM high-
lights its potential for widespread implementation in mil-
itary training programs as a preventive measure against 
PTSD in combat-bound troops. The modest effect sizes and 
the number needed to treat values indicate that although 
potentially beneficial, RT-based ABM should probably be 
integrated as part of a comprehensive resilience-building 
framework rather than a stand-alone solution. Future 
research, preferably in other militaries and by other 
researchers, could focus on refining cognitive training pro-
tocols, elucidating mechanisms of action, and exploring 
individual differences to maximize the clinical utility of 
these interventions.
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Examination Questions for “Primary Prevention of PTSD Symptoms in 
Combat-Deploying Soldiers Using Attention Bias Modifi cation: 

A Randomized Controlled Trial”

1. Which of the following best refl ects the rationale for training attention toward threat 
for PTSD prevention in combat-bound soldiers?

A. Training attention toward threat is expected to increase short-term anxiety but 
reduce long-term PTSD risk by promoting adaptive vigilance in dangerous contexts

B. Training attention toward threat is designed to mirror standard ABM protocols for 
anxiety disorders, which also train attention toward threat

C. Training attention toward threat is designed to desensitize soldiers to emotional 
stimuli by enhancing the processing of threatening information

D. Training attention toward threat is used primarily to improve general cognitive 
speed and accuracy, regardless of emotional stimuli

2. How did response-time–based ABM (RT-based ABM) and gaze-contingent music 
reward training (GC-MRT) compare with the sham control condition in terms of 
PTSD outcomes?

A. Both RT-based ABM and GC-MRT signifi cantly reduced PTSD symptom severity and 
probable PTSD prevalence relative to sham control

B. RT-based ABM signifi cantly reduced postcombat PTSD symptom severity and 
probable PTSD prevalence relative to sham control, whereas GC-MRT did not di� er 
signifi cantly from sham control

C. RT-based ABM and GC-MRT both failed to di� er from sham control on PTSD 
outcomes

D. GC-MRT signifi cantly reduced PTSD symptom severity relative to sham control, 
whereas RT-based ABM did not di� er from sham control

3. Which fi nding best supports the idea that modifi cation of threat-related attention 
processes is a mechanism through which RT-based ABM exerts its preventive e� ect 
on PTSD?

A. Only RT-based dot-probe attention bias change (RT index) was strongly and 
positively correlated with higher PTSD severity in both active groups

B. In all three groups, changes in threat-related attention were unrelated to PTSD 
symptom severity, suggesting non-specifi c e� ects

C. In the RT-based ABM group, greater pre- to post-training increase in threat-related 
dwell time (eye-tracking–based measure) was signifi cantly associated with lower 
postcombat PTSD symptom severity, whereas no such association was observed in 
the GC-MRT group

D. In the GC-MRT group, decreases in dwell time on threat were signifi cantly associ-
ated with lower PTSD symptom severity, indicating stronger mechanistic engage-
ment than RT-based ABM
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