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Introduction: Evidence suggests that executive function (EF) may play a key role 
in development of PTSD, possibly influenced by factors such as trauma type and 
timing. Since EF can be improved through intervention, it may be an important 
target for promoting resilience to trauma exposure. However, more research is 
needed to understand the relation between trauma exposure, EF, and PTSD. The 
goal of this study was to improve understanding of EF as a potential antecedent 
or protective factor for the development of PTSD among military personnel.

Method: In a cohort of U.S. Marines and Navy personnel (N  =  1,373), the 
current study tested the association between exposure to traumatic events 
(pre-deployment and during deployment) and PTSD severity, and whether EF 
moderated these associations. Three types of pre-deployment trauma exposure 
were examined: cumulative exposure, which included total number of events 
participants endorsed as having happened to them, witnessed, or learned about; 
direct exposure, which included total number of events participants endorsed 
as having happened to them; and interpersonal exposure, which included total 
number of interpersonally traumatic events participants’ endorsed. EF was 
measured using the Penn Computerized Neurocognitive Battery.

Results: EF was associated with less PTSD symptom severity at pre-deployment, 
even when adjusting for trauma exposure, alcohol use, traumatic brain injury, and 
number of years in the military. EF also moderated the relation between cumulative 
trauma exposure and interpersonal trauma exposure and PTSD, with higher EF 
linked to a 20 and 33% reduction in expected point increase in PTSD symptoms 
with cumulative and interpersonal trauma exposure, respectively. Finally, higher 
pre-deployment EF was associated with reduced PTSD symptom severity at post-
deployment, independent of deployment-related trauma exposure and adjusting 
for pre-deployment PTSD.

Conclusion: Our results suggest that EF plays a significant, if small role in 
the development of PTSD symptoms after trauma exposure among military 
personnel. These findings provide important considerations for future research 
and intervention and prevention, specifically, incorporating a focus on improving 
EF in PTSD treatment.
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Introduction

Prior research suggests that executive function (EF), a group of 
mental processes (inhibition, working memory, and cognitive 
flexibility) necessary for concentration and attention, may be an 
important neurocognitive factor in both risk for, and development 
of, Posttraumatic Stress Disorder (PTSD). Individuals with PTSD 
experience deficits in multiple components of EF including working 
memory, sustaining vigilance and attention, and response inhibition 
(Vasterling et al., 2009; Martínez et al., 2016; Jacob et al., 2019; Scott 
et  al., 2020). One extant hypothesis is that deficits in EF may 
represent a neurocognitive subtype of PTSD, possibly influenced by 
factors such as trauma type or age of trauma exposure (Scott et al., 
2015; Jagger-Rickels et al., 2021). Others suggest that disrupted EF 
is a vulnerability factor for the development or worsening of PTSD 
symptom severity (Aupperle et al., 2012; Jacob et al., 2019; Scott 
et al., 2020). Importantly, there is growing evidence that EF can 
be targeted and improved through physical activity interventions 
(Sung et  al., 2021), cognitive and social rehabilitation training 
(Novakovic-Agopian et al., 2018; McCarron et al., 2019; Maruyama 
et al., 2021), and mindfulness-based interventions (Poissant et al., 
2020). Given that EF is a potentially malleable risk factor for the 
development and/or severity of PTSD symptoms, it may be  an 
important target for improving resilience to trauma exposure. 
However, more research is needed to understand if and how EF 
influences the relation between trauma exposure and PTSD 
symptom severity. Using data from the Marine Resiliency Study, a 
prospective, longitudinal study of PTSD in Active-Duty Marines 
and Navy Corpsmen, we tested the hypothesis that EF modulates 
PTSD risk and symptom development after trauma exposure.

In addition to current uncertainty about the role of EF in risk 
for, and development of PTSD, questions remain regarding the 
relative impact of different forms of trauma exposure on PTSD 
symptoms (Kessler et al., 2017; Guina et al., 2018). One large, multi-
country survey study found that risk for PTSD increased after 
trauma exposure, but that the relative risk varied significantly by 
trauma type, with interpersonally violent traumas carrying the 
highest level of risk (Kessler et al., 2017). Another study of mental 
health outpatients found that combat and sexual trauma were 
associated with greatest PTSD severity, compared to other types 
such as physical assault or witnessing violence (Guina et al., 2018). 
These results mirror results of Jakob et al. in a sample of Veterans 
(Jakob et  al., 2017). Similarly, Sheriff and colleagues found that 
experience of any interpersonal trauma (such as sexual assault or 
stalking) was significantly linked to meeting the diagnostic criteria 
for PTSD within the past year, in a sample of military employed as 
well as in a sample of civilian men. The association between the 
experience of any non-interpersonal trauma (such as car accidents 
or major natural disasters) and PTSD was not statistically significant 
in either cohort (Sheriff et al., 2019). In contrast, Reger et al. (2019) 
reported that interpersonally traumatic events did not explain 
mental health outcomes (depression, anxiety, and PTSD symptoms) 

above and beyond non-interpersonally traumatic events in their 
sample of active-duty soldiers.

With the goal of improving understanding of EF as a potential 
antecedent or protective factor for the development of PTSD among 
military personnel, the current study tested the hypothesis that 
higher pre-deployment EF promoted better mental health outcomes 
among a cohort of U.S. Marines. We tested this hypothesis in two 
ways. First, we used a cross-sectional design to test whether higher 
EF was directly associated with less severe PTSD symptoms (a 
main/promotive effect) at the pre-deployment time point. We then 
tested whether EF moderated (i.e., mitigated) the association 
between different types of trauma exposure (cumulative lifetime 
trauma exposure, lifetime direct trauma exposure, and lifetime 
interpersonal trauma exposure) and PTSD symptom severity at 
pre-deployment (an interaction/protective effect). Second, we used 
a longitudinal design to test the hypothesis that greater 
pre-deployment EF would be associated with fewer PTSD symptoms 
at post deployment, and that EF would moderate (buffer) the 
relation between more intense combat experience and greater PTSD 
symptoms post-deployment.

Method

Participants

Study participants were a cohort of 1,373 U.S. male Marines 
enrolled in a prospective longitudinal study beginning in 2008, of 
factors related to risk and resilience for deployment-related stress. 
Assessments were collected at two timepoints-approximately 1 week 
prior to deployment, and 4–6 months following return from 
deployment. Of participants who completed the pre-deployment visit, 
38% were lost to follow up. Participants lost to follow up had 
significantly higher levels of posttraumatic stress symptoms on average 
at their pre-deployment visit (M = 14.57, SD = 14.69) compared to 
those participants who were retained (M = 12.67, SD = 13.47): 
t(1036.45) = 2.41, p = 0.02; therefore, all models testing the prospective 
hypotheses adjusted for pre-deployment posttraumatic stress 
symptoms. On average, participants were 22 years old (SD = 2.89, 
Range = 18–43, Median = 21) and had been in the military for 
2.33 years (SD = 2.27) at the time of first assessment. Most participants 
(74%) had completed high school, and most (88%) were white. 
Participant characteristics are reported in more detail in Table 1.

Procedure

All study procedures were approved by the Institutional Review 
Boards of the Veteran’s Administration San Diego Healthcare System, 
the University of California San Diego, and the Naval Health Research 
Center. The current study sample included all participants who fully 
completed the pre-deployment study visit.
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Measures

Predictors
Pre-deployment EF was assessed with the Penn Web-Based 

Computerized Neurocognitive Battery (Penn WebCNB; Moore et al., 
2015), a battery of 13 brief neurocognitive tests designed to assess the 
neurocognitive domains of executive function, episodic memory, 
complex cognition, and social cognition. Previous research has 
assessed the factor structure of the WebCNB in a large community 
sample of young people ages 8–21 (Moore et al., 2015), however, this 
battery has not been widely used with male marines and its 
psychometric properties have not been formally established with this 
unique population. Therefore, a principal components analysis (PCA) 
with Promax rotation was employed on all test scores to confirm its 
factor structure. Based on item loadings, conceptual judgement of the 
research team, and provision of interpretable factor structures, a 
three-component solution emerged. The three components aligned 
with executive function, complex reasoning, and memory domains. 
Specifically, the EF component was made up of performance on tests 
assessing the core executive function processes of working memory 
and attention (i.e., the Continuous Performance Test, Short Letter-N-
Back Test, and GO-NO-GO test). Participants’ EF component scores 
were utilized in the current study to represent their level of EF. Full 
details on the PCA and Penn WebCNB subtests are included in the 
Supplemental material.

Pre-deployment Trauma Exposure was assessed with the Life 
Events Checklist (LEC; Gray et al., 2004), which asks participants 
whether they have experienced any of 17 different potentially 
traumatic experiences, such as a natural disaster, combat or exposure 

to a war zone, or sexual or physical assault. For each event, participants 
indicate if it happened to them personally, they witnessed it happen 
to someone else, they learned about it happening to someone close to 
them, or if they are not sure or it does not apply. Similar to other 
studies of military personnel (Reger et al., 2019), three scores were 
calculated: cumulative exposure, which included total number of 
events participants endorsed as having happened to them, witnessed, 
or learned about; direct exposure, which included total number of 
events participants endorsed as having happened to them; and 
interpersonal exposure, which included total number of interpersonally 
traumatic events that participants endorsed as having happened to 
them (physical assault, assault with a weapon other than in combat, 
sexual assault, unwanted or uncomfortable sexual experience, and 
captivity; Letica-Crepulja et al., 2020; Reich et al., 2021; Berenz et al., 
2023). The LEC demonstrates adequate psychometric properties in 
military populations (Gray et al., 2004).

Exposure to traumatic experiences during the study index 
deployment was assessed following return from deployment with the 
Deployment Risk and Resilience Inventory-2 (DRRI-2; Vogt et al., 
2013), a collection of 17 scales assessing deployment-related risk and 
resilience factors. The current study took the average of participant’s 
scores on two scales— Combat Experiences and Post-battle 
Experiences— which ask about experiences of combat-related 
consequences such as being fired on or witnessing an attack, as well as 
experiencing consequences of combat; for example, seeing dead 
bodies or taking care of injured people. Responses are rated on a 
Likert scale from 1 (never) to 6 (daily or almost daily) and summed 
for a total score. The DRRI demonstrates strong psychometric 
properties (Vogt et al., 2013).

Outcome
Posttraumatic stress symptoms were assessed with the Clinician-

Administered PTSD Scale for DSM-4 (CAPS-4), a structured 
interview assessing symptoms corresponding with DSM-4 criteria for 
posttraumatic stress disorder. Each symptom is rated for frequency 
(0 = none of the time to 4 = most or all of the time) and intensity 
(0 = none to 4 = extreme), and these scores are summed for the overall 
severity rating used in the current study. The CAPS has demonstrated 
good psychometric properties (Weathers et al., 2001).

Covariates
Risky or hazardous consumption of alcohol was measured with 

the Alcohol Use Disorders Identification Test (AUDIT; Saunders et al., 
1993), a 10-item self-report questionnaire composed of items assessing 
alcohol intake, alcohol dependence, and adverse consequences of 
alcohol use in the past 12 months, on a Likert scale from 0 (never) to 
4 (daily or almost daily). All items are then summed for a total score. 
The AUDIT has demonstrated good psychometric properties (Reinert 
and Allen, 2002) in other studies. In the current sample, internal 
consistency (assessed with Cronbach’s alpha) was 0.82 and 0.81 at the 
pre- and post-deployment visits, respectively.

Experience of traumatic brain injury was assessed pre and post 
deployment with a set of interview questions assessing history of head 
injuries. Any head injury resulting in self-reported loss of 
consciousness or altered mental state (e.g., being dazed or confused, 
seeing stars, or experiencing amnesia immediately afterwards) were 
classified as TBI. This interview has been used previously in studies of 
TBI and posttraumatic stress in military samples (Yurgil et al., 2014).

TABLE 1 Sample characteristics (N  =  1,373).

Mean (SD) or %

Male gender 100%

Age 22.16 (2.89)

Years in military 2.33 (2.27)

Previously deployed 60.5%

Race

Black or African American 3.9%

American Indian or Alaskan Native 1.8%

Asian 2.0%

Native Hawaiian or Pacific Islander 1.1%

White 87.5%

Mixed race 3.6%

Ethnicity

Hispanic/Latino 25.6%

Education level

High school or less 74.3%

Beyond high school 25.7%

Rank

Junior enlisted 73.5%

Non-commissioned officer 25.3%

Commissioned officer 1.2%
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Age, number of years in the military, military rank, and education 
level were collected via a brief demographic questionnaire (see Baker 
et al., 2012).

Data analyses

Descriptive analyses included investigation of data distributions and 
bivariate correlations. Hierarchical linear regression was utilized to assess 
whether trauma exposure, EF, and trauma exposure X EF predicted 
posttraumatic stress symptom severity. Three models were run to assess 
the impact of different forms of pre-deployment trauma exposure – life 
events cumulative exposure, life events direct exposure, and life events 
interpersonal exposure— on pre-deployment posttraumatic stress 
symptom severity. A fourth model examined the association of 
deployment-related trauma exposure with post-deployment 
posttraumatic stress symptom severity. To select model covariates, 
we examined demographic variables with prior theoretical or empirical 
support for association with posttraumatic stress symptoms with bivariate 
correlations, including age, years in military, military rank, education, 
alcohol use, and traumatic brain injury (Xue et al., 2015; Armenta et al., 
2018; Smith and Cottler, 2018; Vasterling et  al., 2018). All variables 
significantly associated (p < 0.05) with posttraumatic stress symptoms 
were included in corresponding models. Hayes’s (2018) PROCESS macro 
for SPSS was used to plot and probe significant interactions at the 
intersection of low (16th percentile) and high (84th percentile) values of 
trauma exposure (Hayes, 2018), and at low, moderate, and high levels of 
EF (16th, 50th, and 84th percentile, respectively). In order to probe the 
specificity of EF associations compared to other cognitive domains, 
follow-up exploratory analyses were conducted mimicking the above 
strategy but evaluating Memory and Complex Reasoning separately as 
the predictor of interest. To explore the utility of using the WebCNB to 
measure EF for future research and clinical practice, the same regression 
models were run with a mean composite score of the three tests making 
up the EF PCA component.

Results

Table 2 displays means and bivariate associations of study variables. 
EF was negatively associated with direct and interpersonal life events 
exposure (p < 0.05), as well as pre- and post-deployment CAPS scores 
(p < 0.05). Life events cumulative, direct, and interpersonal exposure 
were all significantly positively correlated with both pre- and post-
deployment CAPS scores (p < 0.01). Total combat experience exposure 
was only associated with CAPS score post-deployment (p < 0.01), in the 
positive direction. Number of years in the military, alcohol use, 
traumatic brain injury, and being a non-commissioned officer (only for 
time 2 posttraumatic stress) were significantly associated with 
posttraumatic stress and included as covariates in subsequent models.

EF and lifetime trauma exposure 
associations with pre-deployment 
posttraumatic stress symptoms

Results of cross-sectional stepwise regression analyses examining 
the association of EF, life events exposure, and exposure X EF with 

pre-deployment posttraumatic stress symptom severity are presented 
in Tables 3–5. EF significantly predicted posttraumatic stress symptom 
severity as measured by the CAPS (p < 0.05), as did all three forms of 
exposure (cumulative, direct, and interpersonal, examined separately; 
all p’s < 0.001). These significant relations remained when adjusted for 
alcohol use, traumatic brain injury, and number of years in the 
military. Further, EF significantly moderated the relation between 
cumulative and interpersonal exposure and posttraumatic stress 
symptom severity (p < 0.05, see Figure 1). This interaction effect did 
not reach significance in the model with direct life events exposure 
(p = 0.14), though was in the same direction as the other effects.

As can be seen in Figure 1, higher levels of EF moderated the 
association between cumulative life events exposure and posttraumatic 
stress symptom severity. Specifically, participants with high EF have 
approximately a 20% reduction in expected point increase from low 
to high exposure, compared to those participants with low EF (8 vs. 
10 pts). For interpersonal life events exposure, participants with high 
EF have approximately a 33% reduction in expected point increase 
compared to participants with low EF (6 vs. 9 pts).

Pre-deployment EF and 
deployment-related trauma exposure 
predicting post-deployment posttraumatic 
stress symptoms

Table 6 shows results of linear regression analyses examining the 
association of pre-deployment executive function, combat experience 
exposure, and combat experience exposure X pre-deployment EF on 
post-deployment posttraumatic stress symptom severity, while 
adjusting for covariates. EF and exposure both had a main effect on 
posttraumatic stress symptom severity (p < 0.001, p < 0.05), such that 
higher levels of pre-deployment EF were associated with less post-
deployment posttraumatic stress symptom severity (see Figure 2). 
Greater combat experience exposure was linked to greater post-
deployment posttraumatic stress symptom severity. The interaction of 
exposure and EF was not significant.

Follow-up exploratory analyses

Supplementary Tables S3–S10 show the results of regression 
analyses with Memory and Complex Reasoning as predictors. For 
both predictors, no main effects (ps > .18) nor interaction (ps > .07) 
effects were significant. Supplementary Tables S11–S15 show the 
results of regression analyses with the mean composite EF score. 
Results closely mirror those presented in the main manuscript.

Discussion

The results of this study suggest that EF plays a significant, if 
modest role in the development of PTSD symptoms after trauma 
exposure. Specifically, in a large cohort of U.S. Marines, we found that 
higher EF was associated with less posttraumatic stress symptom 
severity both at pre-deployment and post-deployment. These relations 
were significant even when adjusting for trauma exposure, alcohol 
use, traumatic brain injury, and number of years in the military. 
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TABLE 2 Means and correlations among trauma exposure, EF, posttraumatic stress symptoms, and demographic factors.

M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1. Life events 

cumulative 

exposure (T1)

6.80 (3.98) 1

2. Life events direct 

exposure (T1)

3.03 (2.13) 0.667** 1

3. Life events 

interpersonal 

exposure (T1)

0.85 (0.87) 0.499** 0.714** 1

4. Deployment-

related trauma 

exposure (T2)

10.04 

(5.84)

0.157** 0.166** 0.159** 1

5. EF (T1) 0.00 (1) −0.051 −0.060* −0.068* 0.02 1

6. Posttraumatic 

stress (T1)

13.40 

(13.97)

0.383** 0.370** 0.309** 0.064 −0.085** 1

7. Posttraumatic 

stress (T2)

15.94 

(16.48)

0.224** 0.241** 0.237** 0.266** −0.071* 0.458** 1

8. Age
22.16 

(2.89)

0.140** 0.210** 0.034 0.024 0.125** 0.016 0.015 1

9. Years in military 2.33 (2.27) 0.197** 0.274** 0.074** 0.057 0.068* 0.112** 0.096** 0.791** 1

10. Education (% 

completing beyond 

high school)

25.7% 0.068* 0.067* 0.01 0.062 0.144** −0.007 0.004 0.377** 0.119** 1

11. Alcohol use (T1) 7.28 (5.64) 0.184** 0.142** 0.172** 0.160** −0.056* 0.195** 0.180** −0.043 −0.019 −0.006 1

12. Alcohol use (T2) 6.65 (5.23) 0.139** 0.090** 0.125** 0.162** −0.05 0.138** 0.271** −0.079* −0.035 −0.011 0.551** 1

13. Traumatic brain 

injury (T1)

0.58 (0.49) 0.174** 0.197** 0.191** 0.135** −0.007 0.178** 0.122** 0.024 0.008 0.027 0.084** 0.075* 1

14. Traumatic brain 

injury (T2)

0.20 (0.40) 0.075* 0.076* 0.098** 0.289** −0.045 0.056 0.234** −0.057 −0.053 −0.014 0.087** 0.136** 0.100** 1

15. Junior enlisted 0.74 (0.44) −0.097** −0.135** −0.016 −0.043 −0.095** −0.015 −0.053 −0.541** −0.586** −0.149** 0.061* 0.096** 0.041 0.058 1

16. Non-

commissioned 

officer

0.25 (0.44) 0.096** 0.143** 0.023 0.042 0.086** 0.026 0.063* 0.496** 0.576** 0.105** −0.057* −0.099** −0.04 −0.061* −0.970** 1

17. Commissioned 

officer

0.01 (0.11) 0.013 −0.024 −0.029 0.006 0.042 −0.043 −0.039 0.216** 0.077** 0.185** −0.019 0.006 −0.01 0.01 −0.181** −0.063* 1

*p ≤ 0.05; **p ≤ 0.01.
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Further, supplemental analyses demonstrate that these findings are 
unique to EF and do not extend to other aspects of neurocognition, 
such as complex reasoning and memory (see 
Supplementary Tables S3–S10). We  also found support for our 
prediction that EF would moderate the link between trauma exposure 
and PTSD symptoms, with effects being greatest in regard to 
cumulative lifetime trauma exposure and interpersonal trauma 
exposure. Specifically, the expected increase in PTSD symptoms for 
Marines and accompanying Navy personnel with high versus low 
cumulative trauma exposure was 20% greater for those with low EF, 
compared to those with high EF. For service members with high 
versus low interpersonal trauma exposure, higher EF was associated 
with a 33% reduction in expected point increase compared to those 
with low EF. The interaction of EF and direct lifetime trauma exposure, 
while not significant (p < 0.14), was in the same direction as the effect 
of EF X other forms of trauma exposure. Finally, higher 
pre-deployment EF was associated with reduced posttraumatic stress 
severity at post-deployment, independent of deployment-related 
trauma exposure. Taken together, these findings suggest that higher 
levels of EF are linked to less severe PTSD symptoms, adding to 
existing literature showing that impaired cognitive functioning, 
including elements of EF, is a significant and independent risk factor 
for PTSD in trauma exposed individuals (Olff et  al., 2014; 
Schultebraucks et al., 2021; Mathew et al., 2022).

In our study, when examining the impact of EF on the relation 
between lifetime trauma exposure and PTSD symptoms, we  see 
evidence that its protective effect is greater for those with higher levels 
of trauma exposure. Evidence from developmental research suggests 
that the various components of EF begin to develop in the first few years 
of life, strengthen significantly throughout childhood and early 
adolescence, and reach stability by late adolescence (Best and Miller, 

2010; Friedman et al., 2016). Given the shared neural circuity of EF and 
PTSD and importance of developmental timing to EF, it may be that 
trauma exposure in childhood and adolescence has a strong disruptive 

TABLE 5 Main and interaction effects EF and life events interpersonal 
exposure on pre-deployment posttraumatic stress.

Estimate SE
Standardized 

estimate
p

Step 1 [F(2, 1,348) = 74.16 p = 0.00, R2 = 0.10]

Constant 13.36 0.36 0.000

Exposure 4.87 0.42 0.30 0.000

EF −0.91 0.36 −0.07 0.012

Step 2 [F(3, 1,347) = 51.43 p = 0.00, R2 = 0.10]

Constant 13.30 0.36 0.000

Exposure 4.84 0.42 0.30 0.000

EF −0.83 0.37 −0.06 0.024

Exposure X EF −0.94 0.40 −0.06 0.019

Step 3 [F(6,1,344) = 39.12, p = 0.00, R2 = 0.15]

Constant 7.30 0.79 0.000

Exposure 3.88 0.42 0.24 0.000

EF −0.82 0.36 −0.06 0.022

Exposure X EF −0.90 0.39 −0.06 0.022

Alcohol use 0.34 0.06 0.14 0.000

Traumatic brain 

injury
3.66 0.73 0.13 0.000

Years in military 0.65 0.16 0.11 0.000

TABLE 3 Main and interaction effects of EF and life events cumulative 
exposure on pre-deployment posttraumatic stress.

Estimate SE
Standardized 

estimate
p

Step 1 [F(2, 1,348) = 117.85, p = 0.00, R2 = 0.15]

Constant 13.38 0.35 0.000

Exposure 1.32 0.09 0.38 0.000

EF −0.94 0.35 −0.07 0.008

Step 2 [F(3, 1,347) = 80.62, p = 0.00, R2 = 0.14]

Constant 13.34 0.35 0.000

Exposure 1.32 0.09 0.38 0.000

EF −0.87 0.35 −0.06 0.014

Exposure X EF −0.20 0.09 −0.06 0.020

Step 3 [F(6,1,344) = 50.47, p = 0.00, R2 = 0.18]

Constant 8.44 0.79 0.000

Exposure 1.12 0.09 0.32 0.000

EF −0.83 0.35 −0.06 0.018

Exposure X EF −0.17 0.09 −0.05 0.054

Alcohol use 0.29 0.06 0.12 0.000

Traumatic brain 

injury
3.46 0.71 0.12 0.000

Years in military 0.38 0.16 0.06 0.015

TABLE 4 Main and interaction effects of EF and life events direct 
exposure on pre-deployment posttraumatic stress.

Estimate SE
Standardized 

estimate
p

Step 1 [F(2, 1,348) = 109.83, p = 0.00, R2 = 0.14]

Constant 13.38 0.35 0.000

Exposure 2.38 0.17 0.37 0.000

EF −0.90 0.36 −0.06 0.012

Step 2 [F(3, 1,347) = 74.27, p = 0.00, R2 = 0.14]

Constant 13.34 0.35 0.000

Exposure 2.37 0.17 0.36 0.000

EF −0.85 0.36 −0.06 0.017

Exposure X EF −0.27 0.16 −0.04 0.091

Step 3 [F(6,1,344) = 47.83, p = 0.00, R2 = 0.18]

Constant 8.49 0.80 0.000

Exposure 2.02 0.17 0.31 0.000

EF −0.78 0.35 −0.06 0.027

Exposure X EF −0.23 0.16 −0.04 0.144

Alcohol use 0.33 0.06 0.14 0.000

Traumatic brain 

injury
3.41 0.71 0.12 0.000

Years in military 0.24 0.16 0.04 0.138
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impact on developing EF. In turn, lower EF is a vulnerability factor for 
the development of subsequent PTSD symptoms. In support of this 
hypothesis, one recent systematic review and meta-analysis found that 

among children with traumatic experiences with and without PTSS, 
those with PTSS had significantly lower EF (Nyvold et al., 2022).

When solely examining the protective impact of EF in the context 
of deployment-related trauma exposure and PTSD symptoms, the 
magnitude of effect remains constant regardless of severity of trauma 
exposure. More research is needed to understand these findings, but 
one hypothesis is that the severity or recency of combat exposure, 
regardless of amount, is enough that the buffering effect of EF is 
equivalent across all levels.

The EF measure employed in this study was composed of tasks 
measuring both working memory (WM) and attention. WM 
impairments in PTSD are well-documented and have been associated 
with altered neural function in the fronto-parietal central executive 
network (Patel et al., 2012). These impairments are thought to reflect a 
decreased ability to filter threatening information out of memory, while 
also increasing the storage of task-irrelevant threatening distractors 
(Stout et al., 2013, 2015). This imbalance in the filtering and retention of 
threat information may result in an increased occurrence of threat-
related cognitions characteristic of re-experiencing symptoms, a core 
symptom of PTSD. PTSD has also been associated with impaired WM 
in emotional situations, potentially leading to impaired interpersonal 
and occupational function (Schweizer and Dalgleish, 2011). Impairments 
in attentional processes are also well-documented in PTSD (Bar-Haim 
et al., 2007). Diminished response inhibition ability, which is particularly 
relevant to the attentional tasks used here, are the CPT and Go-No-Go, 
as well as difficulties disengaging attention from stimuli perceived as 
threatening (Aupperle et al., 2012) These difficulties may contribute to 
PTSD symptoms across a number of domains, such as hyperarousal/
vigilance, intrusive memories, and lowered ability to focus on tasks.

There are several limitations for consideration when interpreting 
our study findings. Although we utilize data from two timepoints (pre- 
and post-deployment), there is also an important focus on trauma 
exposure in childhood and adolescence that relies on retrospective 
report. Future prospective studies examining the impact of trauma on 
development of PTSD and EF, with more specificity as to exact ages/
developmental periods of exposure, could add important supporting 
evidence to the findings of this study. The racial/ethnic distribution of 

FIGURE 1

EF buffers the impact lifetime trauma exposure on pre-development posttraumatic stress (A: life events cumulative exposure, B: life events 
interpersonal exposure). Low, moderate, and high represent the 16th, 50th, and 84th percentiles of the predictor and moderate variables.

TABLE 6 Main and interaction effects of EF and combat experience 
exposure on post-deployment posttraumatic stress.

Estimate SE
Standardized 

estimate
p

Step 1 [F(2, 836) = 37.22, p = 0.00, R2 = 0.08]

Constant 16.01 0.55 0.000

Exposure 0.77 0.09 0.27 0.000

EF −1.50 0.54 −0.09 0.006

Step 2 [F(3, 835) = 24.80, p = 0.00, R2 = 0.08]

Constant 16.00 0.55 0.000

Exposure 0.77 0.09 0.27 0.000

EF −1.50 0.54 −0.09 0.006

Exposure X EF −0.02 0.09 −0.01 0.812

Step 3 [F(9, 829) = 43.06, p = 0.00, R2 = 0.32]

Constant 3.65 1.15 0.001

Exposure 0.47 0.09 0.17 0.000

EF −0.96 0.47 −0.06 0.043

Exposure X EF −0.01 0.08 0.00 0.914

Alcohol use 0.56 0.09 0.18 0.000

Traumatic brain injury 6.64 1.25 0.16 0.000

Years in military 0.27 0.29 0.04 0.339

Non-commissioned 

officer

2.51 1.41 0.06 0.074

Pre-deployment life 

events cumulative 

exposure

0.03 0.14 0.01 0.846

Pre-deployment 

posttraumatic stress

0.48 0.04 0.39 0.000
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FIGURE 2

EF is associated with lower levels of posttraumatic stress regardless of combat exposure intensity. Low, moderate, and high represent the 16th, 50th, and 
84th percentiles of the predictor and moderate variables.

this participant sample (88% white) differed from that of the entire 
Marine Corps in 2008 (77% white among E1-E9, 82% white among 
officers O1–O10; Department of Defense Office of Diversity 
Management and Equal Opportunity, (2023); future research should 
examine these constructs in more diverse samples. Last, it is important 
to note that our findings are correlational in nature, and therefore it is 
impossible to assert true causality between the main constructs under 
study (EF, trauma exposure, PTSD symptoms).

Despite this study’s limitations, its results provide important 
considerations for future research and intervention and prevention. 
First, results provide evidence as to the feasibility of utilizing the 
WebCNB, and specifically the Continuous Performance Test, Short 
Letter-N-Back Test, and GO-NO-GO test, to assess EF among male 
marines. Results of analyses utilizing the EF component versus the 
EF composite scores closely aligned, suggesting the utility of a mean 
composite score approach for future research and clinical practice. 
Study results also highlight the importance of approaches to PTSD 
intervention and prevention being developmentally informed. 
Specifically, intervention for youth and adolescents exposed to 
trauma may want to incorporate a focus not only on addressing core 
symptoms of posttraumatic stress but also training to improve EF. For 
adults, for example Marines and accompanying Navy personnel 
preparing for deployment, exercises to improve EF prior to 
deployment may be protective against the later development of PTSD 
symptoms after trauma exposure. There is a growing body of 
literature documenting various ways to improve EF, including 
through physical activity (Sung et al., 2021), cognitive and social 
rehabilitation training (Novakovic-Agopian et al., 2018; Jak et al., 
2019; McCarron et al., 2019; Maruyama et al., 2021; Lindamer et al., 
2022), and mindfulness (Poissant et al., 2020).

Importantly, some studies suggest that EF may impact certain 
symptom clusters of PTSD more than others, although these findings 
are not consistent. For example, Mathew and colleagues found that 
performance on visuospatial working memory tasks was a significant 
predictor only of the re-experiencing PTSD symptom cluster (Mathew 
et al., 2022), while Olff and colleagues reported that EF performance 

was significantly linked to numbing and avoidance symptom clusters, 
and not reexperiencing or hyperarousal (Olff et al., 2014). Overall, 
literature shows a strong relation between EF and PTSD, but an 
important question for further research is to disentangle the complex 
relations between the individual components of both EF and PTSD.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Veteran’s 
Administration San Diego Healthcare System, the University of 
California San Diego, and the Naval Health Research Center. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

TM, RG, CN, DB, and VR participated in study design. SL, TM, 
CN, and DA conducted the statistical analyses. SL led manuscript 
preparation and TM, CN, DB, VR, and DA contributed. All authors 
contributed to the article and approved the submitted version.

Funding

Support for this work includes NIMH P50MH096889 (Drs Baker 
and Risbrough), a VA Career Scientist award, VA Merit Award and NIH 
R01AA026560 (Risbrough), project No. SDR 09-0128 from the 

https://doi.org/10.3389/fpsyg.2023.1181055
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Liu et al. 10.3389/fpsyg.2023.1181055

Frontiers in Psychology 09 frontiersin.org

Veterans Administration 615 Health Service Research and 
Development, the US Marine Corps and Navy Bureau of Medicine and 
Surgery (Drs Baker, Risbrough, Moore and Gur), the Center of 
Excellence for Stress and Mental Health (Acheson, Nievergelt, 
Risbrough, Baker). The project described was also supported by the 
National Center for Research Resources and the National Center for 
Advancing Translational Sciences, National Institutes of Health, 
through Grant UL1 625 TR001414.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers.  
Any product that may be evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the  
publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1181055/
full#supplementary-material

References
Armenta, R. F., Rush, T., LeardMann, C. A., Millegan, J., Cooper, A., Hoge, C. W., et al. 

(2018). Factors associated with persistent posttraumatic stress disorder among U.S. 
military service members and veterans. BMC Psychiatry 18, 48–11. doi: 10.1186/
s12888-018-1590-5

Aupperle, R. L., Melrose, A. J., Stein, M. B., and Paulus, M. P. (2012). Executive 
function and PTSD: disengaging from trauma. Neuropharmacology 62, 686–694. doi: 
10.1016/j.neuropharm.2011.02.008

Baker, D. G., Nash, W. P., Litz, B. T., Geyer, M. A., Risbrough, V. B., Nievergelt, C. M., 
et al. (2012). Predictors of risk and resilience for posttraumatic stress disorder among 
ground combat marines: methods of the marine resiliency study. Prev. Chronic Dis. 
9:E97. doi: 10.5888/pcd9.110134

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., and Van 
Ijzendoorn, M. H. (2007). Threat-related attentional bias in anxious and nonanxious 
individuals: a meta-analytic study. In. Psychol. Bull. 133, 1–24. doi: 10.1037/0033-909. 
133.1.1

Berenz, E. C., Cho, S. B., Overstreet, C., Kendler, K., Amstadter, A. B., and Dick, D. M. 
(2023). Longitudinal investigation of interpersonal trauma exposure and alcohol use 
trajectories. Addict. Behav. 53, 67–73. doi: 10.1016/j.addbeh.2015.09.014

Department of Defense Office of Diversity Management and Equal Opportunity 
(2023). Marine Corps by Gender, Race and Ethnicity Office of Diversity Management and 
Equal Opportunity. Retrieved June 28, 2023. Available at: https://diversity.defense.gov/
Portals/51/Documents/Presidential%20Memorandum/20161018%20Abbreviated%20
US%20Marine%20Corps%20by%20Gender,%20Race,%20and%20Ethnicity%20v1.0.pd
f?ver=2017-01-04-135057-373.

Best, J. R., and Miller, P. H. (2010). A developmental perspective on executive 
function. Child Dev. 81, 1641–1660. doi: 10.1111/j.1467-8624.2010.01499.x

Friedman, N. P., Miyake, A., Altamirano, L. J., Corley, R. P., Young, S. E., Rhea, S. A., 
et al. (2016). Stability and change in executive function abilities from late adolescence 
to early adulthood: a longitudinal twin study Naomi. Dev. Psychol. 52, 326–340. doi: 
10.1037/dev0000075

Gray, M. J., Litz, B. T., Hsu, J. L., and Lombardo, T. W. (2004). Psychometric properties 
of the life events checklist. Assessment 11, 330–341. doi: 10.1177/1073191104269954

Guina, J., Nahhas, R. W., Sutton, P., and Farnsworth, S. (2018). The influence of trauma 
type and timing on PTSD symptoms. J. Nerv. Ment. Dis. 206, 72–76. doi: 10.1097/
NMD.0000000000000730

Hayes, A. F. (2018). Introduction to mediation, moderation, and conditional Process 
analysis, second edition: a regression-based approach. New York: The Guilford Press.

Jacob, S. N., Dodge, C. P., and Vasterling, J. J. (2019). Posttraumatic stress disorder and 
neurocognition: a bidirectional relationship? Clin. Psychol. Rev. 72:101747. doi: 
10.1016/j.cpr.2019.101747

Jagger-Rickels, A., Stumps, A., Rothlein, D., Park, H., Fortenbaugh, F., Zuberer, A., 
et al. (2021). Impaired executive function exacerbates neural markers of posttraumatic 
stress disorder. Psychol. Med. 52, 3985–3998. doi: 10.1017/S0033291721000842

Jak, A. J., Jurick, S., Crocker, L. D., Sanderson-Cimino, M., Aupperle, R., Rodgers, C. S., 
et al. (2019). SMART-CPT for veterans with comorbid post-traumatic stress disorder 
and history of traumatic brain injury: a randomised controlled trial. J. Neurol. Neurosurg. 
Psychiatry 90, 333–341. doi: 10.1136/jnnp-2018-319315

Jakob, J. M. D., Lamp, K., Rauch, S. A. M., Smith, E. R., and Buchholz, K. R. (2017). 
The impact of trauma type or number of traumatic events on PTSD diagnosis and 
symptom severity in treatment seeking veterans. J. Nerv. Ment. Dis. 205, 83–86. doi: 
10.1097/NMD.0000000000000581

Kessler, R. C., Aguilar-Gaxiola, S., Alonso, J., Benjet, C., Bromet, E. J., Cardoso, G., 
et al. (2017). Trauma and PTSD in the WHO world mental health surveys. Eur. J. 
Psychotraumatol. 8:1353383. doi: 10.1080/20008198.2017.1353383

Letica-Crepulja, M., Stevanović, A., Protuđer, M., Grahovac Juretić, T., Rebić, J., and 
Frančišković, T. (2020). Complex PTSD among treatment-seeking veterans with PTSD. 
Eur. J. Psychotraumatol. 11, 1–10. doi: 10.1080/20008198.2020.1716593

Lindamer, L., Almklov, E., Pittman, J. O. E., Shi, S., Maye, J., Jak, A., et al. (2022). 
Multi-method study of the implementation of cognitive symptom management and 
rehabilitation training (CogSMART) in real-world settings. BMC Health Serv. Res. 22, 
1542–1510. doi: 10.1186/s12913-022-08941-z

Martínez, L., Prada, E., Satler, C., Tavares, M. C. H., and Tomaz, C. (2016). 
Executive dysfunctions: the role in attention deficit hyperactivity and post-traumatic 
stress neuropsychiatric disorders. Front. Psychol. 7, 1–15. doi: 10.3389/
fpsyg.2016.01230

Maruyama, B. A., Abrams, G., Kornblith, E., Posecion, L. F., McQuaid, J. R., 
Neylan, T. C., et al. (2021). Improvement in executive functioning after goal-oriented 
attentional self-regulation training is associated with reduction in PTSD hyperarousal 
symptoms among veterans with comorbid PTSD and mild TBI. Appl. Neuropsychol. 
Adult 30, 503–511. doi: 10.1080/23279095.2021.1960531

Mathew, A. S., Lotfi, S., Bennett, K. P., Larsen, S. E., Dean, C., Larson, C. L., et al. 
(2022). Association between spatial working memory and re-experiencing 
symptoms in PTSD. J. Behav. Ther. Exp. Psychiatry 75:101714. doi: 10.1016/j.
jbtep.2021.101714

McCarron, K. K., Dasgupta, M. K., Campbell, C. A., Hull, A. E., Namazi, S., 
Adams, A. H., et al. (2019). Social rehabilitation for military veterans with traumatic 
brain injury, psychological trauma, and chronic neuropsychiatric symptoms: 
intervention development and initial outcomes. Psychiatr. Rehabil. J. 42, 296–304. doi: 
10.1037/prj0000361

Moore, T. M., Reise, S. P., Gur, R. E., Hakonarson, H., and Gur, R. C. (2015). 
Psychometric properties of the Penn computerized neurocognitive battery. 
Neurophsychology 29, 235–246. doi: 10.1037/neu0000093.Psychometric

Novakovic-Agopian, T., Kornblith, E., Abrams, G., Burciaga-Rosales, J., Loya, F., 
D’Esposito, M., et al. (2018). Training in goal-oriented attention self-regulation improves 
executive functioning in veterans with chronic traumatic brain injury. J. Neurotrauma 
35, 2784–2795. doi: 10.1089/neu.2017.5529

Nyvold, O., Nygaard, E., Augusti, E., and Tamnes, C. K. (2022). Unity or diversity of 
executive functioning in children and adolescents with post-traumatic stress symptoms? 
A systematic review and meta-analysis. Child Neuropsychol. 28, 374–393. doi: 
10.1080/09297049.2021.1979950

Olff, M., Polak, A. R., Witteveen, A. B., and Denys, D. (2014). Executive function in 
posttraumatic stress disorder (PTSD) and the influence of comorbid depression. 
Neurobiol. Learn. Mem. 112, 114–121. doi: 10.1016/j.nlm.2014.01.003

Patel, R., Spreng, R. N., Shin, L. M., and Girard, T. A. (2012). Neurocircuitry models 
of posttraumatic stress disorder and beyond: a meta-analysis of functional neuroimaging 
studies. Neurosci. Biobehav. Rev. 36, 2130–2142. doi: 10.1016/J.NEUBIOREV.2012.06.003

Poissant, H., Moreno, A., Potvin, S., and Mendrek, A. (2020). A Meta-analysis of 
mindfulness-based interventions in adults with attention-deficit hyperactivity disorder: 
impact on ADHD symptoms, depression, and executive functioning. Mindfulness 11, 
2669–2681. doi: 10.1007/s12671-020-01458-8

Reger, G. M., Bourassa, K. J., Smolenski, D., Buck, B., and Norr, A. M. (2019). Lifetime 
trauma exposure among those with combat-related PTSD: psychiatric risk among U.S. 
military personnel. Psychiatry Res. 278, 309–314. doi: 10.1016/j.psychres.2019.06.033

https://doi.org/10.3389/fpsyg.2023.1181055
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1181055/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1181055/full#supplementary-material
https://doi.org/10.1186/s12888-018-1590-5
https://doi.org/10.1186/s12888-018-1590-5
https://doi.org/10.1016/j.neuropharm.2011.02.008
https://doi.org/10.5888/pcd9.110134
https://doi.org/10.1037/0033-909.133.1.1
https://doi.org/10.1037/0033-909.133.1.1
https://doi.org/10.1016/j.addbeh.2015.09.014
https://diversity.defense.gov/Portals/51/Documents/Presidential%20Memorandum/20161018%20Abbreviated%20US%20Marine%20Corps%20by%20Gender,%20Race,%20and%20Ethnicity%20v1.0.pdf?ver=2017-01-04-135057-373
https://diversity.defense.gov/Portals/51/Documents/Presidential%20Memorandum/20161018%20Abbreviated%20US%20Marine%20Corps%20by%20Gender,%20Race,%20and%20Ethnicity%20v1.0.pdf?ver=2017-01-04-135057-373
https://diversity.defense.gov/Portals/51/Documents/Presidential%20Memorandum/20161018%20Abbreviated%20US%20Marine%20Corps%20by%20Gender,%20Race,%20and%20Ethnicity%20v1.0.pdf?ver=2017-01-04-135057-373
https://diversity.defense.gov/Portals/51/Documents/Presidential%20Memorandum/20161018%20Abbreviated%20US%20Marine%20Corps%20by%20Gender,%20Race,%20and%20Ethnicity%20v1.0.pdf?ver=2017-01-04-135057-373
https://doi.org/10.1111/j.1467-8624.2010.01499.x
https://doi.org/10.1037/dev0000075
https://doi.org/10.1177/1073191104269954
https://doi.org/10.1097/NMD.0000000000000730
https://doi.org/10.1097/NMD.0000000000000730
https://doi.org/10.1016/j.cpr.2019.101747
https://doi.org/10.1017/S0033291721000842
https://doi.org/10.1136/jnnp-2018-319315
https://doi.org/10.1097/NMD.0000000000000581
https://doi.org/10.1080/20008198.2017.1353383
https://doi.org/10.1080/20008198.2020.1716593
https://doi.org/10.1186/s12913-022-08941-z
https://doi.org/10.3389/fpsyg.2016.01230
https://doi.org/10.3389/fpsyg.2016.01230
https://doi.org/10.1080/23279095.2021.1960531
https://doi.org/10.1016/j.jbtep.2021.101714
https://doi.org/10.1016/j.jbtep.2021.101714
https://doi.org/10.1037/prj0000361
https://doi.org/10.1037/neu0000093.Psychometric
https://doi.org/10.1089/neu.2017.5529
https://doi.org/10.1080/09297049.2021.1979950
https://doi.org/10.1016/j.nlm.2014.01.003
https://doi.org/10.1016/J.NEUBIOREV.2012.06.003
https://doi.org/10.1007/s12671-020-01458-8
https://doi.org/10.1016/j.psychres.2019.06.033


Liu et al. 10.3389/fpsyg.2023.1181055

Frontiers in Psychology 10 frontiersin.org

Reich, C. M., McKnight, K., Sacks, S. A., Farahid, N., Mulzon, T., Pegel, G., et al. 
(2021). Types of trauma-related blame following interpersonal trauma. Psychol. Trauma 
Theory Res. Pract. Policy 15, 287–294. doi: 10.1037/tra0001139

Reinert, D. F., and Allen, J. P. (2002). (AUDIT): a review of recent research. Alcohol. 
Clin. Exp. Res. 26, 272–279. doi: 10.1111/j.1530-0277.2002.tb02534.x

Saunders, J. B., Aasland, O. G., Babor, T. F., Fuente, J. R. D. E. L. A., and Grant, M. 
(1993). Development of the alcohol use disorders identification test (AUDIT): WHO 
collaborative project on early detection of persons with harmful alcohol consumption 
II. Addition 88, 791–804. doi: 10.1111/j.1360-0443.1993.tb02093.x

Schultebraucks, K., Ben-Zion, Z., Admon, R., Keynan, J. N., Liberzon, I., Hendler, T., 
et al. (2021). Assessment of early neurocognitive functioning increases the accuracy of 
predicting chronic PTSD risk. Mol. Psychiatry 27, 2247–2254. doi: 10.1038/
s41380-022-01445-6

Schweizer, S., and Dalgleish, T. (2011). Emotional working memory capacity in 
posttraumatic stress disorder (PTSD). Behav. Res. Ther. 49, 498–504. doi: 10.1016/J.
BRAT.2011.05.007

Scott, J. C., Matt, G. E., Wrocklage, K. M., Crnich, C., Jordan, J., Southwick, S. M., et al. 
(2015). Quantitative meta-analysis of neurocognitive functioning in posttraumatic stress 
disorder. Psychol. Bull. 141, 105–140. doi: 10.1037/a0038039

Scott, J. C., Van Pelt, A. E., Port, A. M., Njokweni, L., Gur, R. C., Moore, T. M., et al. 
(2020). Development of a computerised neurocognitive battery for children and 
adolescents with HIV in Botswana: study design and protocol for the Ntemoga study. 
BMJ Open 10:e041099. doi: 10.1136/bmjopen-2020-041099

Sheriff, R. S., Van Hoof, M., Malhi, G., Grace, B., and McFarlane, A. (2019). 
Associations among childhood trauma, childhood mental disorders, and past-year 
posttraumatic stress disorder in military and civilian men. J. Trauma. Stress. 32, 712–723. 
doi: 10.1002/jts.22450

Smith, N. D. L., and Cottler, L. B. (2018). Co-occurring alcohol use disorder and post-
traumatic stress disorder. Alcohol Res. 39, 113–120.

Stout, D. M., Shackman, A. J., and Larson, C. L. (2013). Failure to filter: Anxious 
individuals show inefficient gating of threat from working memory. Front. Hum. 
Neurosci. 7, 1–10. doi: 10.3389/fnhum.2013.00058

Stout, D. M., Shackman, A. J., Johnson, J. S., and Larson, C. L. (2015). Worry is 
associated with impaired gating of threat from working memory. Emotion. 15, 6–11. doi: 
10.1037/emo0000015

Sung, M. C., Ku, B., Leung, W., and MacDonald, M. (2021). The effect of physical activity 
interventions on executive function among people with neurodevelopmental disorders: a 
meta-analysis. J. Autism Dev. Disord. 52, 1030–1050. doi: 10.1007/s10803-021-05009-5

Vasterling, J. J., Jacob, S. N., and Rasmusson, A. (2018). Traumatic brain injury and 
posttraumatic stress disorder: conceptual, diagnostic, and therapeutic considerations in 
the context of co-occurrence. J. Neuropsychiatr. Clin. Neurosci. 30, 91–100. doi: 10.1176/
appi.neuropsych.17090180

Vasterling, J. J., Verfaellie, M., and Sullivan, K. D. (2009). Mild traumatic brain injury 
and posttraumatic stress disorder in returning veterans: perspectives from cognitive 
neuroscience. Clin. Psychol. Rev. 29, 674–684. doi: 10.1016/j.cpr.2009.08.004

Vogt, D., Smith, B. N., King, L. A., King, D. W., Knight, J., and Vasterling, J. J. (2013). 
Deployment risk and resilience Inventory-2 (DRRI-2): an updated tool for assessing 
psychosocial risk and resilience factors among service members and veteran. J. Trauma. 
Stress. 26, 710–717. doi: 10.1002/jts.21868

Weathers, F. W., Keane, T. M., and Davidson, J. R. T. (2001). Clinician-administered PTSD scale: 
a review of the first ten years of research. Depress. Anxiety 13, 132–156. doi: 10.1002/da.1029

Xue, C., Ge, Y., Tang, B., Liu, Y., Kang, P., Wang, M., et al. (2015). A meta-analysis of 
risk factors for combat-related PTSD among military personnel and veterans. PLoS One 
10, 1–21. doi: 10.1371/journal.pone.0120270

Yurgil, K. A., Barkauskas, D. A., Vasterling, J. J., Nievergelt, C. M., Larson, G. E., 
Schork, N. J., et al. (2014). Association between traumatic brain injury and risk of 
posttraumatic stress disorder in active-duty marines. JAMA Psychiatry 71, 149–157. doi: 
10.1001/jamapsychiatry.2013.3080

https://doi.org/10.3389/fpsyg.2023.1181055
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1037/tra0001139
https://doi.org/10.1111/j.1530-0277.2002.tb02534.x
https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
https://doi.org/10.1038/s41380-022-01445-6
https://doi.org/10.1038/s41380-022-01445-6
https://doi.org/10.1016/J.BRAT.2011.05.007
https://doi.org/10.1016/J.BRAT.2011.05.007
https://doi.org/10.1037/a0038039
https://doi.org/10.1136/bmjopen-2020-041099
https://doi.org/10.1002/jts.22450
https://doi.org/10.3389/fnhum.2013.00058
https://doi.org/10.1037/emo0000015
https://doi.org/10.1007/s10803-021-05009-5
https://doi.org/10.1176/appi.neuropsych.17090180
https://doi.org/10.1176/appi.neuropsych.17090180
https://doi.org/10.1016/j.cpr.2009.08.004
https://doi.org/10.1002/jts.21868
https://doi.org/10.1002/da.1029
https://doi.org/10.1371/journal.pone.0120270
https://doi.org/10.1001/jamapsychiatry.2013.3080

	High executive functioning is associated with reduced posttraumatic stress after trauma exposure among male U.S. military personnel
	Introduction
	Method
	Participants
	Procedure
	Measures
	Predictors
	Outcome
	Covariates
	Data analyses

	Results
	EF and lifetime trauma exposure associations with pre-deployment posttraumatic stress symptoms
	Pre-deployment EF and deployment-related trauma exposure predicting post-deployment posttraumatic stress symptoms
	Follow-up exploratory analyses

	Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

