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ABSTRACT

Background: Psychological reaction to traumatic exposure is heterogeneous and is typically
reflected in distinct longitudinal patterns of symptoms development. Various pre-
deployment factors have been found to play a role in determining subsequent PTSD
symptom trajectories.

Objective: Here we delineate the role of threat-related information processing in predicting
trajectories of trauma-related PTSD symptom scores conditional on endorsed exposure
among combat-deployed infantry soldiers.

Methods: A cohort of infantry soldiers (N=596) was followed over multiple combat
deployments to assess the predictive role of baseline threat processing (attention and
interpretation) in the trajectories of trauma-related PTSD symptom scores conditional on
endorsed exposure. Data were collected at 4-time-points: (1) shortly after enlistment and
before deployment; (2) approximately 15 months into service following one deployment; (3)
One year later, after further deployments; and (4) another year later, six months following
honourable discharge. Behavioural and subjective threat-related attention, and threat
interpretation were assessed alongside PTSD symptom severity and traumatic exposure at
each time-point.

Results: Three distinct symptom trajectories were identified: ‘Resilient’ (83.7%); ‘Worsening’
(10.9%), and ‘Improving’ (5.4%). Elevated subjective attention bias to threat and faster threat
interpretation predicted both ‘Worsening’ and ‘Improving’ class membership. Notably, while
subjective attention bias increased over time across all classes, it was consistently elevated
in the non-resilient classes.

Conclusions: The results highlight the predictive association between threat processing biases
and trajectories of trauma-related PTSD symptom scores conditional on endorsed exposure,
offering insights into cognitive mechanisms that may perpetuate or mitigate PTSD
symptoms in combat-exposed populations.

Trial registration: ClinicalTrials.gov identifier: NCT04651192..

Procesamiento de amenazas y progresion de los sintomas del TEPT tras
repetidos despliegues en combate

Antecedentes: La reaccion psicolégica ante la exposicion traumatica es heterogénea y suele
reflejarse en distintos patrones longitudinales de desarrollo de los sintomas. Se ha
encontrado que diversos factores previos al despliegue desempefan un papel en la
determinacion de las trayectorias posteriores de los sintomas de TEPT.

Objetivo: Aqui delineamos el papel del procesamiento de la informacién relacionada a
amenaza en la prediccion de las trayectorias de las escalas de los sintomas de TEPT
relacionados con el trauma, condicionadas al nivel de exposicién reportado en soldados de
infanteria desplegados en combate.

Métodos: Se realizé un seguimiento de una cohorte de soldados de infanteria (N = 596) a lo
largo de multiples despliegues de combate para evaluar el papel predictivo del
procesamiento basal de la amenaza (atencién e interpretacion) en las trayectorias de las
escalas de los sintomas de TEPT relacionados con el trauma, condicionadas al nivel de
exposicion reportado. Los datos se recopilaron en cuatro momentos: 1) poco después del
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alistamiento y antes del despliegue; 2) aproximadamente 15 meses después del inicio del
servicio, tras un despliegue; 3) un afio mas tarde, luego de nuevos despliegues; y 4) otro
ano después, seis meses tras la baja honourable del servicio. En cada punto temporal se
evaluaron la atencion relacionada con la amenaza - tanto conductual como subjetiva -y la
interpretacion de la amenaza, junto con la gravedad de los sintomas de TEPT y la exposicién
traumatica.

Resultados: Se identificaron tres trayectorias sintomaticas distintas: ‘Resiliente’ (83,7%);
‘Empeoramiento’ (10,9%); y ‘Mejoria’ (5,4%). Un sesgo atencional subjetivo elevado hacia la
amenaza y una interpretaciéon mas rdpida de la amenaza predijeron la pertenencia tanto a la
clase de ‘Empeoramiento’ como a la de ‘Mejoria’. Cabe destacar que, si bien el sesgo
atencional subjetivo aumenté con el tiempo en todas las clases, se mantuvo
consistentemente més elevado en las clases no resilientes.

Conclusiones: Los resultados destacan la asociacion predictiva entre los sesgos en el
procesamiento de la amenaza y las trayectorias de las escalas de los sintomas de TEPT
relacionados con el trauma, condicionadas al nivel de exposicion reportado, ofreciendo
aportes sobre los mecanismos cognitivos que pueden perpetuar o mitigar los sintomas de

TEPT en poblaciones expuestas al combate.

1. Introduction

Combat deployment entails exposure to potentially
traumatic events that increase the risk for posttrau-
matic stress disorder (PTSD) (Hoge et al, 2004,
2006; Milliken et al., 2007; Richardson et al., 2010).
Longitudinal studies of deployed soldiers have ident-
ified several latent trajectories of PTSD symptom
development (Andersen et al., 2014; Berntsen et al.,
2012; Bonanno et al, 2012; Dickstein et al, 2010;
Donoho et al,, 2017; Polusny et al., 2017; Van Der
Wal et al., 2020). Four trajectories tend to commonly
emerge: (a) Resilient’, showing low levels of symptom
severity over time; (b) Improving’, showing high pre-
deployment level of symptom severity followed by a
gradual reduction; (c) ‘Worsening’, showing low levels
of symptoms severity pre-deployment followed by a
gradual increase in symptoms; and (d) ‘Chronic’,
showing high levels of symptoms over time. Pre-
deployment predictors of membership in non-resilient
trajectory classes include younger age, higher neuroti-
cism, lower education level, military occupation, and
lower perception of preparedness for deployment
(Bonanno et al., 2012; Donoho et al., 2017; Polusny
etal., 2017; Van Der Wal et al., 2020). Here, we exam-
ine the role of threat-related information processing in
predicting PTSD symptom trajectories in combat-
deployed infantry soldiers.

Survival in combat environments requires tuned
processing of potential threats. Unlike typical civilian
contexts, where minor threats rarely signal actual
danger, in combat, minor threats can predict high prob-
ability of real danger. It is therefore essential for deploy-
ing soldiers to effectively attend to and categorize
ambiguous stimuli. Disrupted threat vigilance and cat-
egorization have been noted in relation to PTSD symp-
toms in cross-sectional studies. For example, greater
attention to threats has been linked to greater PTSD
symptom severity (Bryant & Harvey, 1997; DePierro

et al,, 2013; El Khoury-Malhame et al, 2011; Naim
et al,, 2014), and relative to healthy participants, those
with PTSD tend to apply a lower criterion for categor-
izing ambiguous stimuli as threatening (Amir et al,
2002; Bomyea et al., 2017; Kimble et al., 2012; Vasterl-
ing & Arditte Hall, 2018). However, cross-sectional
studies cannot determine whether cognitive biases
manifest in individuals prone to PTSD prior to trauma
exposure. In a longitudinal study, Wald et al. (2013)
assessed threat-related attention patterns and PTSD
symptoms in soldiers at three time points, two before
deployment and one following six months of combat.
Soldiers who displayed attentional threat vigilance
before combat deployment were at a greater risk for
elevated PTSD symptoms one year later during their
first combat tour (Wald et al., 2013). This Wald et al
study carried several limitations that the current study
seeks to address: (a) Limited one-year time frame
with a single post-exposure measurement, leaving
open questions about how PTSD symptoms and atten-
tional threat processing unfold across the full military
career cycle, multiple combat deployments, and into
the post-discharge period; (b) A limited focus on
behavioural attentional bias measures, not including
measures of subjective threat-related attentional biases
(Azriel et al., 2022) and threat interpretation. The cur-
rent study combines a longer follow-up period and
more assessment points, with a more comprehensive
assessment of potential threat-related cognitive biases.

Here we report findings from a longitudinal study
that measured PTSD symptoms and threat processing
in a cohort of infantry soldiers at four time-points over
a period of 39 months, starting at enlistment (before
combat deployment), 15 months later following first
combat deployment, 12 months later following
additional deployments, and ending 12 months later
(6-months post honourable discharge). Threat-related
attention, interpretation, and PTSD symptoms were
measured at each time point. We expected to find



similar trajectory classes of trauma-related PTSD
symptom severity over time to those reported in
prior studies of deployed cohorts (Andersen et al.,
2014; Berntsen et al., 2012; Bonanno et al., 2012; Dick-
stein et al., 2010; Donoho et al., 2017; Polusny et al.,
2017; Van Der Wal et al., 2020). Based on the reported
associations between threat processing and PTSD
symptoms (Amir et al, 2002; Azriel et al, 2022;
Bomyea et al., 2017; Bryant & Harvey, 1997; DePierro
et al., 2013; El Khoury-Malhame et al., 2011; Kimble
et al,, 2012; Naim et al.,, 2014; Vasterling & Arditte
Hall, 2018; Wald et al., 2013), we expected that relative
to participants with a ‘Resilient’ trajectory, partici-
pants with a ‘Worsening’ trajectory would exhibit
higher baseline attention bias to threat, faster threat
interpretation of ambiguous stimuli, and a higher pro-
portion of threat interpretations of ambiguous stimuli.

2. Methods
2.1. Participants

Participants were male infantry soldiers (N = 596; Mg,
at study enrollment = 19.6 years, SD =0.80; range =
18-27), representing a single cohort of recruits to an
Israel Defense Force (IDF) infantry maneuver brigade.
The participants were deployed to multiple combat
and security missions in military conflict zones, invol-
ving routine patrols and border defense activities. The
full sampling range consisted of 654 eligible soldiers
(2% declined participation; 7% were excluded for
insufficient fluency in Hebrew; and 2.2% were not
available during the baseline measurement). Fifteen
participants that were unavailable during the baseline
measurement were enrolled in the study during the
second measurement time-point. The only inclusion
criterion was fluency in the Hebrew language. Due
to high troop mobility and operational demands
only subsamples of the full cohort participated at
each data collection point. Baseline assessment
occurred within 2 weeks of enlistment (n=581).
Measurement-point 2 occurred 15 months later,
after completion of basic training and a first deploy-
ment (n=484). Measurement-point 3 occurred 12
months later following 2-4 additional deployments
(n=456). The last measurement-point occurred 12
months later, 6 months after honourable discharge
(n=335). Data collection occurred between March,
2019 and June, 2022. None of the study variables pre-
dicted attrition at subsequent time points (all ps >.05).

All participants provided a written informed consent.
Given the sensitivity of research in military settings,
research staff worked with the IDF to empower partici-
pants to decline participation. The study was approved
by the Tel Aviv University Institutional Review Board
and the IDF Medical Corps Ethics Committee (Clinical-
trials.gov identifier NCT04651192).
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2.2. Measures
2.2.1. PTSD symptoms

Symptoms in relation to the most recent month were
measured using the PTSD Checklist (PCL-5, specific
stressor version; Blevins et al, 2015). Participants
rated symptoms on a 5-point scale (0=not at all, 4
= very much). Cronbach’s as for the four time-points
of data collection were 0.929, 0.930, 0.928, and 0.940,
respectively. To ensure that symptoms reported
reflect post-traumatic distress linked to a reported Cri-
terion A event, participants who did not endorse a
traumatic exposure prior-to, or at a current assess-
ment point were assigned a PCL-5 score of zero for
that assessment.

2.2.2. Combat exposure

The Combat Experiences Scale (Hoge et al., 2004;
Wald et al., 2013) was used to track combat exposure.
This 20-item questionnaire describes different combat
events that soldiers may encounter during deploy-
ment. Items were yes/no questions concerning the
experience of each of the combat event types. A total
score reflected a count of the endorsed combat events.

2.2.3. Traumatic experiences before military
enlistment

Pre-military traumatic exposure was assessed
using an 8-item checklist adapted for the Israeli con-
text and previously utilized in longitudinal studies
with IDF soldiers (Gober Dykan et al., 2025; Wald
et al,, 2013). Participants where asked: ‘Have any of
the following events ever happened to you?’. Probed
events included: (1) being present and/or injured in a
terrorist attack; (2) being in an area attacked by mis-
siles or artillery or injured by such an attack; (3)
being present and/or injured in a motor vehicle acci-
dent; or (4) experiencing sexual or physical assault.
The total score reflects a count of the endorsed
events.

2.2.4. Behavioural threat-related attention
Threat-related attention was assessed using a variant of
the dot-probe task (MacLeod et al., 1986), which
included 152 threat-neutral trials, each beginning
with a fixation display (500 ms), followed by a vertically
oriented pair of words, one threat-related and one neu-
tral (500 ms), then a target arrowhead appeared in one
of the words locations (Figure la). Participants were
instructed to identify the direction of the arrowhead
as quickly and accurately as possible. Attentional threat
bias was calculated as the difference between the mean
reaction time to targets presented at neutral locations
and those presented at threat locations.
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a.
b.
1 2 3 4 5 6 7
Angry endpoint
C.

800-1200ms

Until Response

10 11 12 13
Happy endpoint

Until response

Figure 1. lllustrations of the behavioural threat-processing tasks: (a) illustration of a trial in the dot-probe attentional threat pro-
cessing task; (b) an example of a morphed sequence in the emotion recognition task; (c) illustration of a trial in the emotion rec-

ognition task.

2.2.5. Subjective threat-related attention

Subjective reports on threat vigilance and difficulty
disengaging from threats were derived from the atten-
tion bias questionnaire (ABQ; Azriel et al., 2022). This
9-item questionnaire probes subjective experience of
attentional threat prioritization. Higher scores
reflect a more intense subjective feeling of alertness
to threats in the environment. The total score of the
ABQ has been shown to positively correlate with
PTSD symptom severity and behaviourally measured
threat-related attention bias (Azriel et al., 2022).
Cronbach’s as for the four time-points of data collec-
tion in the current sample were 0.912, 0.933, 0.931,
and 0.928, respectively.

2.2.6. Threat interpretation

Threat interpretation of ambiguous stimuli was assessed
using the emotion recognition task (Maoz et al., 2016).
The task displays 15 morphed faces equally spaced on

a continuum between happy and angry expression end-
points of the same actor (Figure 1b). Each of the 15 faces
was presented three times, for a total of 45 trials dis-
played in a random order. Each trial began with a
fixation cross (800-1200 ms), followed by a morphed
face picture. The face was displayed for 200 ms and
then masked by a scrambled face display for 200 ms.
Then, a question mark appeared on the screen until
response. Participants were asked to press one of two
buttons to indicate whether the presented face was
‘angry” or ‘happy’. Two measures were derived: (1) the
proportion of ‘angry’ responses, indexing the extent of
the tendency to interpret the faces as negative; and (2)
response time (RT) bias, calculated as the difference
between RTs to angry-interpreted and happy-inter-
preted faces. Positive RT-bias scores indicate a tendency
to make negative interpretations more quickly than
positive ones. Negative RT-bias scores reflect the oppo-
site pattern (Maoz et al., 2016, 2017).



2.3. Procedure

Baseline pre-deployment data were collected within two
weeks of enlistment in the IDF, 15 months later, 12
months later, and another 12 months later. Traumatic
exposure measured at baseline referred to traumatic
experience that occurred before military enlistment
and baseline PTSD symptoms were reported in relation
to pre-enlistment events. PTSD symptom scores con-
ditional on endorsed exposure, behavioural and subjec-
tive threat-related attention, and threat interpretation
were measured at all four time points. Combat exposure
was assessed at time points 2-4.

2.4. Data analysis

To identify homogeneous groups of individuals with
similar patterns of trajectories of trauma-related
PTSD symptom scores conditional on endorsed
exposure, a Latent Class Analysis (LCA) based on
PTSD symptom severity data (PCL-5) over time was
conducted (full analysis on the original non-imputed
data is reported in Supplementary Materials). Ana-
lyses were caried out using MPlus 8 software (Muthén
& Muthén, 2017). Participants with at least one
observed PCL-5 score across the four time-points
were included in the LCA (N =596) Missing values
were handled using Full Information Maximum Like-
lihood (FIML) estimation (Enders & Bandalos, 2001).
The LCA characterizes multidimensional discrete
latent variables based on a cross-classification of
observed variables (Schreiber, 2017). The model fit
for the optimal number of classes was determined
according to the following criteria: (a) the lowest Baye-
sian information criterion (BIC), sample-size adjusted
BIC, and Akaike information criterion (AIC) scores;
(b) a significant Lo-Mendell-Rubin likelihood ratio
test (LMR-LRT), and bootstrapped likelihood ratio
test (BLRT); and (c) high latent class membership
probabilities, indicated by entropy values approaching
1 (Jung & Wickrama, 2008). The importance of fit
indices was ranked as follows: BLRT, BIC, SSABIC,
AIC, and LMR-A. We tested the fit of a one-class
model and systematically increased the number of
classes until adding more classes was no longer war-
ranted. The LMR-A and the BLRT were used to com-
pare the fit of the specified class solutions to models
with one less class. Analyses were conducted without
imputation.

To discover baseline cognitive predictors of trajec-
tories class membership of trauma-related PTSD
symptom scores conditional on endorsed exposure,
the collected cognitive variables (behavioural atten-
tional threat bias, subjective attentional threat bias,
threat interpretation RT bias, and threat interpretation
bias as the proportion of ‘angry’ responses) were
applied in a multinomial logistic regression model
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with class membership as the dependent variable. All
predictors were Z-standardized prior to analysis.
Pre-military traumatic experience was entered as a
covariate. This model included participants with com-
plete baseline threat-processing measures and pre-
military trauma reports (N = 544). The cognitive vari-
ables that significantly predicted class membership
were included in follow-up analyses.

To describe the dynamic relations between the ident-
ified cognitive threat-processing predictors and trajec-
tories of trauma-related PTSD symptom scores
conditional on endorsed exposure, we computed
repeated-measures ANOVAs with Time (4 levels) as a
within-subject factor and Class as a between-subjects fac-
tor, followed by simple effects analyses to clarify the
nature of observed interactions. Bonferroni correction
was applied to the simple effects analysis, adjusting for
multiple comparisons either between classes at each
time point or between time points within each class.
When the assumption of sphericity was violated, the
Huynh-Feldt correction to the degrees of freedom was
applied.

A sensitivity power analysis was conducted using
G*Power 3.1 (Faul et al.,, 2009) to determine the mini-
mum detectable effect (MDE) for the binary contrasts
within the multinomial logistic regression (a=0.05,
Power = 0.80, r* other predictors = 0.2). For the ‘Wor-
sening’ vs. ‘Resilient’ contrasts (analytic n=519; base
rate ‘worsening’ = 11.4%) the model was sufficiently
powered to detect an Odds Ratio of 1.54, and for the
‘Improving’ vs. ‘Resilient’ contrasts (analytic n=485;
base rate Tmproving’ = 5.2%) the model was sufficiently
powered to detect an Odds Ratio of 1.86. Additional sen-
sitivity analyses were conducted for the repeated-
measures ANOVAs (a = 0.05, Power = 0.80, 4 measure-
ments, correlation of r=.5 among repeated measures).
The study was powered to detect small effects at a
Cohen’s f of 0.08 for Threat Interpretation (RT bias
and Percent ‘Angry’; analytic N=265) and 0.088 for
ABQ (analytic N = 224).

3. Results
3.1. Trauma exposure

Mean combat exposure events were 1.4 (SD = 2.05) at
time-point 2, 4.28 (SD = 2.94) at time-point 3, and 5.2
(SD = 3.3) at time-point 4, reflecting an accumulation
of combat exposure over time. Mean pre-military
traumatic experiences was 0.84 (SD =1.01). Table 1
summarizes, the number of participants reporting no
traumatic event exposure versus exposure to one or
more traumatic events at each time-point. By the
final wave of the study, 594 (99.7%) of the 596 partici-
pants in the sample reported exposure to one or more
combat events.
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Table 1. n of participants reporting traumatic exposure at
each time-point.
No traumatic exposure

>1 traumatic exposure

Time-point (n, %) (n, %)

1 (Pre-military) 281, 48% 300, 52%
2 234, 48.3% 250, 51.7%
3 42,9.2% 414, 90.8%
4 24,7.1% 313, 92.9%

3.2. Trajectories of PTSD symptom scores
conditional on endorsed exposure

Model fit indices of the examined class models are
shown in Table 2. Analysis indicated that all models
yielded significant BLRTS, but not a significant LMR-
As. Following the pre-specified ranking criteria, a
three-classes model emerged as fitting the data most
adequately, with the largest number of classes with a
significant and trustworthy BLRT result, the lowest
SSA-BIC value, the lowest AIC value, and with the
smallest class comprised of a more than 5% of the par-
ticipants. Trajectories of PTSD symptom scores con-
ditional on endorsed exposure are presented in
Figure 2. A ‘Resilient’ class (83.7%) presented low
levels of symptoms throughout the mandatory military
service and following honourable discharge. A “Wor-
sening’ class (10.9%), presented initial low levels of
symptoms, followed by a gradual rise in symptoms
up to a sub-clinical mean level of symptom severity fol-
lowing discharge. An ‘TImproving’ class (5.4%) pre-
sented initial high levels of symptom severity
followed by a gradual decrease to a sub-clinical level
following discharge.

3.3. Combat exposure and PTSD symptoms

A significant correlation emerged between post-dis-
charge (time-point 4) combat exposure levels and
PTSD symptom scores conditional on endorsed
exposure (PCL-5), r=.33, p<.001, indicating elev-
ated symptoms for soldiers with higher levels of com-
bat exposure. A univariate analysis of variance
(ANOVA) on combat exposure levels at time-point
4 with trajectory class of PTSD symptom scores con-
ditional on endorsed exposure as the between-sub-
jects factor revealed a main effect of class, F(2,334)
=397, p=.02, nf, =.02. Post-hoc comparisons using
Tukey’s HSD indicated a significant difference
between the ‘Resilient’ class (M =4.99, SD = 3.15)
and the ‘worsening’ class (M =6.54, SD=3.92), p

Table 2. Latent class models and fit indices.

=.02. No other contrasts reached statistical signifi-
cance (all ps>.05).

3.4. Baseline threat processing predictors of
trajectory class membership of PTSD symptom
scores conditional on endorsed exposure

The multinomial logistic regression indicated that pre-
deployment baseline threat-related cognitive proces-
sing predicts symptom trajectory class membership,
controlling for pre-military traumatic experience.
The overall model was significant, x*(10) = 86.87, p
<.001, explaining 23% of the variance in class partici-
pation. Odds ratios and 95% confidence intervals for
all predictors are presented in Table 3. Participants
in the ‘Worsening’ class were more likely to report
greater subjective attention bias to threat at recruit-
ment (OR=1.40, 95% CI=1.05-1.85 p<.05), and
apply faster interpretations of threat (OR = 1.41, 95%
CI=1.05-1.90, p <.05) relative to participants in the
‘Resilient’ class. Contrary to our expectation ‘Worsen-
ing’ participants in the current analysis reported less
‘angry’ interpretations (OR=.73, 95% CI=.55—.98,
p <.05) relative to participants in the ‘Resilient’ class.
Participants in the ‘Improving’ class reported greater
initial subjective attention bias to threat (OR=3.12,
95% CI=1.85-5.28, p<.001), and applied faster
interpretations of threat (OR=1.69, 95% CI=1.03-
2.79, p <.05) relative to participants in the Resilient’
class.

3.5. Threat-processing over time and class
membership

Follow-up analyses were conducted on the three vari-
ables that predicted class membership (subjective
attention bias to threat and RT and percent of
‘angry’ interpretation bias in the emotion interpret-
ation task). For mean scores and standard deviations
for the four cognitive variables across the three classes
at each time-point see Table S1 in the Supplementary
Material.  Correlations among threat-processing
measures across all time points are presented in Sup-
plementary Table S2.

3.5.1. Subjective attention bias to threat

The repeated-measures ANOVA on ABQ scores
revealed a main effect for time, F(2.96,654.73) =
14.97, p<.001, 77127= .06, and a main effect of class,

BLRT
Model Log-Likelihood BIC SSA-BIC AlC Entropy LMR-A p-value p-value Portion of small group
1 —6988.29 14027.70 14002.30 13992.58 N/A N/A N/A N/A
2 —6647.23 13377.52 13336.25 13320.45 0.989 0.0297 <.001 0.05872
3 —6521.41 13157.84 13100.70 13078.82 0.902 0.1507 <.001 0.05369
4 —6440.186 13027.35 12954.33 12926.37 0.913 0.4186 <.001 0.04027
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Resilient (83.7%)
= == Worsening (10.9%)

------ Improving (5.4%)

Enlistment 15 Months

27 Months 39 Months

Figure 2. PTSD symptom scores (PCL-5) conditional on endorsed exposure as a function of trajectory class and time.

F(2,221) =18.92, p <.001, 7]12) = .15, without a time-by-
class interaction, F(5.93,654.73)=1.69, p=.12,
nf, =.02 (Figure 3a). Post-hoc comparisons using
Tukey’s HSD indicated that the ‘Resilient’ class (M =
18.13, SD = 6.58) exhibited significantly lower subjec-
tive attention bias to threat than both the “‘Worsening’
(M=2480, SD=3.38, p<.001) and ‘Improving’
classes (M =28.34, SD =7.75, p <.001), with no sig-
nificant difference between the ‘Worsening’ and
‘Improving’ classes, p =.38.

Pairwise comparisons using Bonferroni-adjusted
estimated marginal means showed a progressive
increase in subjective attention bias to threat over
time across the total sample. Specifically, subjective
attention bias was lower at time-point 1 (M = 14.69,
SD =8.50) compared to time-point 2 (M =17.08, SD
=942, p<.05), 3 (M=21.63, SD=9.10, p<.001)
and 4 (M=23.08, SD=8.60, p<.001). Subjective
attention bias at time-point 4 was higher than at
time-point 2, p <.05.

3.5.2. Threat interpretation - RT bias

Analysis of threat interpretation RT bias scores
revealed no main effects of class and time, nor a
class-by-time interaction (ps>.05).

3.5.3. Threat interpretation - percent ‘angry’

The repeated-measures ANOVA on percent of ‘angry’
interpretation revealed a main effect of class, F(2, 262)
=3.79, p<.05, m; = .03, without a main effect of time

Table 3. Multinomial logistic regression predicting class
membership, with resilient as referent category.

Worsening Vs. Improving Vs.
Resilient OR Resilient OR
Variable (95% Cl) p (95% Cl) p
Subjective attention 1.40(1.05-1.85) .02 3.12(1.85-5.28) <.001
bias
Behavioural 1.32(0.96-1.82) .09 1.48(0.85-2.57) a7

attention bias
Threat interpretation
(RT-bias)
Threat interpretation
(% anger)

1.41(1.05-1.90) .02 1.69(1.03-2.79) .04

0.73(0.55-0.98) .04 1.07(0.66-1.72) .79

or an interaction effect (ps>.05; Figure 3b). Post-
hoc Tukey’s HSD comparisons indicated that the
‘Improving’ class (M =.57, SD =.06) presented higher
percentage of ‘angry’ interpretations compared to the
‘Worsening’ class (M = .51, SD =.04), p <.05.

4, Discussion

This study generated four key findings: (1) Three
latent classes of symptom trajectories were identified:
‘Resilient’, ‘Worsening’, and TImproving’; (2) Elevated
subjective attention bias to threat predicted belonging
to non-resilient trajectories; (3) Faster threat
interpretation predicted belonging to non-resilient
trajectories; and (4) Levels of threat-related subjec-
tive-attention and interpretation biases differed over
time between the three symptom trajectory classes.
The current findings align with prior research on
PTSD symptom trajectories in military populations,
identifying three of the four most observed classes in
previous studies: ‘Resilient’, ‘Worsening’, and
‘Improving’ (Andersen et al., 2014; Berntsen et al,,
2012; Bonanno et al., 2012; Dickstein et al., 2010).
The current results are most similar to Bonanno
et al. (2012), who reported a four-classes model and
found resilience to be the predominant trajectory
(~84% of participants). Our ‘Worsening’ class
(~11%), is almost double the size of Bonanno
et al’s, suggesting potentially greater combat exposure
in the current cohort. Unlike Bonanno et al. (2012)
and other studies (Andersen et al., 2014; Dickstein
et al., 2010; Polusny et al., 2017) we did not observe
a ‘Chronic’ trajectory. This divergence may be par-
tially explained by differences in enlistment practices
between the US professional military and the IDF
where soldiers are subject to mandatory service. In
the IDF, those with high and potentially stable levels
of symptoms are less likely to be enlisted as infantry
combatants or to be retained in active-duty roles.
Elevated subjective attention to threats predicted
belonging to non-resilient trajectories, consistent with
theoretical models emphasizing the impact of threat-
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Figure 3. Estimated marginal means of threat-processing measures over time by trajectory class: (a) subjective threat-related
attention based on the attention bias questionnaire (ABQ); (b) threat interpretation (percent ‘angry’) bias scores. Error bars rep-

resent the standard error of the estimated marginal means.

processing on emotional distress (e.g. Ehlers & Clark,
2000). Heightened attention to threat likely amplifies
exposure to fear-evoking stimuli, thereby perpetuating
distress (Bar-Haim et al., 2007; Shechner & Bar-Haim,
2016). This finding parallels the pattern reported by
Wald et al. (2013), contributing to current knowledge
by emphasizing the long-term association between
pre-deployment threat-related attention bias and
PTSD symptoms across the whole duration of military
service and following discharge. Notably, behavioural
attention bias did not predict symptom trajectories, a
finding that diverges from the results of Wald et al.
(2013). This may suggest that this specific measure is
less sensitive for detecting long-term symptom trajec-
tories spanning several years (but see the results of
the non-imputed data in Supplementary Material).
Faster threat interpretation also predicted belong-
ing to non-resilient trajectories in line with previous
research linking threat categorization to elevated
PTSD symptoms (Amir et al., 2002; Bomyea et al,

2017; Kimble et al., 2012; Vasterling & Arditte Hall,
2018). To our knowledge, these finding provide the
first longitudinal evidence identifying threat-related
interpretation bias as a pre-deployment predictor of
non-resilient trajectories. Within combat environ-
ments, this elevated cognitive sensitivity may reinforce
maladaptive appraisals of danger, contributing to
symptom exacerbation over time (Woud et al,
2012). This effect was larger in the Improving’ class
than in the ‘Worsening’ class, yet for both falling
below our calculated sensitivity threshold. Thus, the
role of interpretation RT bias as a prospective predic-
tor of non-resilient trajectories should be viewed
as preliminary and interpreted with caution. Never-
theless, taken together with increased attention to
threats, this pattern suggests an indicative cognitive
profile that may characterize individuals who are
more susceptible to symptom development, a pattern
that accounted for a substantial portion of the variance
(23%) in trajectory classification. Such biases might



foster a reinforcing cycle of hypervigilance and threat
misperception that has the potential to fuel and sus-
tain symptoms over time (Fani et al., 2012; Meiser-
Stedman et al., 2009; Woud et al., 2012).

Evidence regarding the proportion of ‘angry’
interpretations was more complex. At baseline, the
‘Worsening’ group reported a lower proportion of
‘angry’ interpretations relative to the ‘Resilient’
group, going against evidence for elevated threat
interpretation in this population. Notably, this
finding is based on an effect size that falls below our
sensitivity threshold, and was not detected in the fol-
lowing ANOVA, thus necessitating a cautious
interpretation. The longitudinal analyses did reveal a
distinct divergence between the two non-resilient
groups, with the ‘Improving’ class maintaining a sig-
nificantly higher percentage of ‘angry’ interpretations
compared to the ‘Worsening’ class over time. This sus-
tained interpretative bias in the ‘Improving’ group
might suggest that the combination of pre-deploy-
ment vulnerabilities with the acute stressors of a com-
bat environment contributes to a more overall biased
threat-processing pattern that persists even as symp-
toms reduce. However, more data is needed to deter-
mine the reliability and nature of this longitudinal
divergence.

Analysis of the temporal dynamics of subjective
attention to threat within each trajectory class indicated
that levels of subjective attention to threat increased
over time in both the ‘Resilient’ and non-resilient tra-
jectories, with the latter presenting consistently higher
levels of subjective attention to threat across time. On
the one hand, this potentially highlights adaptive plas-
ticity of the threat monitoring system (Shechner & Bar-
Haim, 2016), reacting to increased environmental
danger during combat deployment. On the other
hand, it is also of interest that participants in non-resi-
lient classes exhibited consistently higher levels of sub-
jective attention to threats compared to participants in
the Resilient” class, suggesting that while moderate
alertness may be adaptive, excessive vigilance can
undermine the mental health benefits of this mechan-
ism, potentially exacerbating adverse psychological
outcomes. These findings further suggest that effective
coping in stressful environments is associated with
flexibility and regulation within the threat-attention
system. The ability to maintain alertness at an adaptive
level rather than remaining in a persistently heightened
vigilance state, may be key to balancing situational
awareness with emotional well-being. Soldiers able to
modulate their attention to threat in response to threa-
tening situational demands may be better equipped to
navigate high-risk environments without experiencing
long-term negative psychological consequences. Fur-
thermore, the persistent elevation of threat monitoring
after discharge from service indicates that this system
may struggle to readjust to civilian life. Follow-up
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research could examine whether recalibration of threat
monitoring occurs naturally over time, and under what
circumstances it might take place (Metcalf et al., 2022).

The results of the current study should be inter-
preted considering some limitations. First, due to the
inherent challenges of data collection from combat
deploying soldiers, the conditions during data collec-
tion were not fully uniform and could have contribu-
ted to ‘noise’ in the data. It is worth noting that the
significant findings reported here were obtained
despite this potential noise. Second, although research
indicates that self-reported PTSD symptoms on the
PCL-5 strongly correlate with clinician ratings
through a structured diagnostic interview (CAPS-5)
and therefore provide an accurate measure of PTSD
severity (Bovin et al., 2016), symptoms measurement
in the current study relied on self-reports. Therefore,
implications for clinical PTSD should be considered
with caution. Third, pre-military traumatic exposure
was measured using an 8-item checklist previously uti-
lized in longitudinal large-scale studies of IDF soldiers
(Gober Dykan et al., 2025; Wald et al., 2013). Future
studies could utilize standardized inventories such as
the Life Events Checklist for DSM-5 (LEC-5; Weathers
etal., 2013) to control for additional possible pre-mili-
tary traumatic events. Fourth, we did not track
whether the index Criterion A trauma shifted between
pre-military and combat-related events across assess-
ment waves. Although we controlled for pre-enlist-
ment trauma to isolate  deployment-related
vulnerability, symptom reports for some participants
may reflect a cumulative or shifting impact of both
pre-military and military stressors. Furthermore,
future studies should track the specific ‘worst event’
identified by participants at each assessment wave to
detect shifts in exposure relevant to reported symp-
toms. This would provide further data regarding the
persistence of symptoms anchored to a single index
trauma versus the evolving impact of polytrauma or
cumulative trauma. Fifth, although combat deploy-
ment in the current context implies a very high likeli-
hood of combat exposure, in our main analyses we
only considered exposure where it was explicitly
reported. However, it is possible that self-report
measures do not capture the full scope or cumulative
impact of all Criterion A events encountered during
deployment. Future research could benefit from inte-
grating objective deployment data with subjective
reports to better delineate how specific types of trauma
exposure interact with threat processing biases.
Finally, although the current study aligns with the
PTSD symptom trajectories reported in previous
studies, it is the first to offer predictive links between
cognitive processes and symptom trajectory classes.
The study’s focus on male infantry IDF soldiers limits
generalizability to other combat roles, female soldiers,
and different militaries. Replication research on
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diverse populations could enhance generalizability
and confidence in the current results.

In conclusion, the current study indicates that base-
line attentional and interpretational threat processing
mechanisms can predict a significant portion of com-
bat deployed soldiers’ trajectory class membership of
PTSD Symptom scores conditional on endorsed
exposure. By highlighting the predictive and dynamic
roles of attention and interpretation biases in combat
deploying soldiers, the findings contribute to a
nuanced understanding of the cognitive mechanisms
underlying resilience and vulnerability to PTSD. The
current study suggests that brief cognitive assess-
ments before deployment can offer valuable insights
into soldiers’ symptom trajectories over multiple
deployments and reintegration into civilian life. The
findings highlight the potential of such tools to ident-
ify individuals at greater risk for adverse psychologi-
cal reactions to combat exposure. Further research in
additional contexts and that explicitly tracks specific
index traumas across time-points is needed to evalu-
ate the practical value of such markers in military
settings.
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