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Objective: Posttraumatic stress disorder (PTSD) is associated with significant disability and can become
chronic. Predictors of PTSD symptom changes over time, especially in those with a PTSD diagnosis, remain
incompletely characterized.Method: In the present study, we examined 187 post-9/11 veterans (Mage = 32.8
years, 87% male) diagnosed with PTSD who performed two extensive clinical and cognitive evaluations
approximately 2 years apart.Results:We found that greater PTSD symptom reductions over time were related
to lower lifetime drinking history and better baseline inhibitory control ability (Color-Word Inhibition and
Inhibition/Switching), though not performance on other executive function tasks. Further, groups with
reliably Improved, Worsened, or Chronic PTSD symptoms demonstrated significant differences in baseline
inhibitory control and lifetime drinking history, with marked drinking differences starting in the early-to-mid
20s. We also found that PTSD symptom changes showed little-to-no associations with changes in inhibitory
control or alcohol consumption. Conclusions: Together, these findings suggest that, in those diagnosed with
PTSD, inhibitory control and alcohol use history reflect relatively stable risk/resiliency factors predictive of
PTSD chronicity.

Key Points
Question: In individuals with a diagnosis of PTSD, are changes in PTSD symptoms over time
predicted by baseline inhibitory control and cognitive performance as well as current/lifetime alcohol
consumption and other clinical variables? Findings: Lower lifetime drinking history and better
baseline inhibitory control are associated with greater PTSD symptom improvements across 2 years.
Importance: Inhibitory control and lifetime drinking history represent contributing mechanisms in the
chronicity of PTSD symptoms and provide targets for interventions.Next Steps: Future research should
more comprehensively characterize inhibitory control (e.g., response inhibition, memory suppression,
using nonemotional and emotional or trauma-related material) to understand what best predicts PTSD
symptom changes as well as examine the effectiveness of cognitive and pharmacological approaches to
improving inhibitory control.
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Posttraumatic stress disorder (PTSD) is associated with hetero-
geneous symptom trajectories, and the identification of reliable
factors predicting changes in PTSD symptoms has been elusive
(Bonanno, 2004; Bonanno & Mancini, 2012; Karstoft et al., 2015;
Lee, Bryan, et al., 2020; Sripada et al., 2017). In veteran popula-
tions, PTSD is often chronic, sometimes spanning decades (Lee,
Lee, et al., 2020; Marmar et al., 2015). Identifying factors that
predict PTSD chronicity represents an important target for potential
interventions. Alcohol use and cognitive dysfunction, specifically
inhibitory control deficits, have shown some preliminary relation-
ships with the chronicity of PTSD symptoms and PTSD treatment
outcomes (Aupperle et al., 2012; Crocker et al., 2018; Tripp et al.,
2020). However, research has yet to examine the specificity of these
relationships, or whether other comorbidities are related to changes
in PTSD symptoms, which was the goal of the present study.
Preexisting and posttrauma vulnerabilities related to PTSD symp-

tom development have been relatively well studied (e.g., Elwood
et al., 2009;Marx et al., 2009; Samuelson et al., 2020; Schultebraucks
et al., 2022; see Pavlacic et al., 2022, for a recent review). For
example, Galatzer-Levy et al. (2017) found that, in trauma-exposed
adults, the presence of childhood trauma was related to the develop-
ment of PTSD5months later. Other studies have implicated cognitive
abilities in the development of PTSD. For example, in U.S. soldiers,
poorer predeployment sustained attention and inhibitory control
predicted worse postdeployment PTSD symptoms (Samuelson et
al., 2020). Further, poorer cognitive performance across a broad
battery (e.g., processing speed, memory, inhibitory control) 1 month
after trauma exposure (Schultebraucks et al., 2022) as well as worse
self-reported executive functioning (EF) after trauma exposure
(Bardeen et al., 2022) have been shown to predict the development
and severity of PTSD.
Though these studies provide insights into the predictors of PTSD

development in the months and years after trauma exposure, risk
factors for developing PTSD often do not predict the more long-term
time course of those with a PTSD diagnosis (Brewin, 2005; Friedman
et al., 1994). A better characterization of predictors of symptom
changes in a real-world sample diagnosed with PTSD (as opposed to
those enrolled in a clinical trial) could help identify individuals who
need additional services and provide novel targets for treatment.
Sripada et al. (2017) took a step toward this goal and examined the
predictors of symptom changes over 3 months in a sample of 2,237
veterans with PTSD. They found that chronic/worsening PTSD
symptoms over 3 months were related to being male, non-White,
and having baseline depression and sleep disorders. Lee, Lee, et al.
(2020) recently examined the 20-year time course of PTSD symp-
toms in a group of 1,353 post-9/11 veterans assessed at four time

points, where 75% had a probable PTSD diagnosis. They found that
the strongest predictors of a poorer PTSD symptom time course were
depression, suicidal ideation, and current alcohol abuse. The present
study endeavored to build on these studies by examining PTSD
changes in veterans with a diagnosis of PTSD over a 2-year period
and by performing a deeper characterization of potential predictors of
PTSD symptom changes, including clinical measures, current and
lifetime drinking history (LDH), and performance across a broad
battery of cognitive assessments.

Inhibitory Control, Alcohol Use, and
the Chronicity of PTSD

Two candidate mechanisms for the maintenance of PTSD symp-
toms are inhibitory control (Crocker et al., 2018; DeGutis et al.,
2015; Samuelson et al., 2020) and alcohol use (Fortier et al., 2021;
Holzman et al., 2017; Jacobsen et al., 2001; Norman et al., 2012).
Inhibitory control is a core executive function defined as the ability
to control one’s attention, behavior, thoughts, and/or emotions to
override a strong internal predisposition or external lure (Diamond,
2013). Poorer inhibitory control is a risk factor for developing PTSD
(Samuelson et al., 2020), and conversely, PTSD may also cause
external (trauma-related stimuli) and internal distractors (rumina-
tions, trauma-related thoughts) to become more salient, which could
result in poorer inhibitory control performance (Aupperle et al.,
2012). Inhibitory control processes may help to regulate decision
making, responses to distressing emotions, and other PTSD symp-
toms, thereby improving functioning and relieving distress in those
with better inhibitory control abilities while maintaining PTSD
symptoms in those with inhibitory control deficits (Sadeh et al.,
2015). Inhibitory control deficits have also been closely associated
with alcohol use disorders (AUD; Fortier et al., 2008, 2018; Koob &
Volkow, 2010; Noël et al., 2013), both as a risk factor (Wilcox et al.,
2014) and as a consequence of alcohol’s disinhibiting effects (Rose
&Duka, 2008). There is an ongoing debate about whether inhibitory
control (e.g., DeGutis et al., 2015) versus general executive func-
tioning (e.g., Aupperle et al., 2012) is mechanistically more impor-
tant to PTSD development and chronicity, which the present study
sought to address.

Alcohol use may also be an important mechanism in the mainte-
nance of PTSD symptoms. AUD is highly prevalent in those with
PTSD, with an estimated comorbidity of 30%–50% (Hawn et al.,
2020). One prominent framework, the “self-medication” model,
suggests that individuals engage in problematic alcohol use to cope
with or avoid negative internal experiences related to PTSD
(Khantzian, 1997). According to this model, alcohol use could
be associated with worse PTSD outcomes because it reflects greater
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avoidance-coping in general, which has shown to be a strong
predictor of a worse symptom trajectory (Badour et al., 2012;
Pineles et al., 2011). In contrast, the “mutual maintenance” model
suggests more direct interactions between PTSD symptoms and
alcohol use, such that increases in alcohol use worsen PTSD
symptoms, which in turn can lead to more alcohol use (Simpson
et al., 2014). Both models have support in the literature. For
example, though baseline alcohol use has been associated with
PTSD symptom severity (Kaysen et al., 2006), multiple studies have
found little-to-no association between continued alcohol use and
worsening PTSD symptoms (Kaysen et al., 2011; Langdon et al.,
2016), supporting the self-medication model. However, in a study
following a marine deployment cycle, greater postdeployment
alcohol use was associated with worsening PTSD symptoms after
each subsequent time point 1-, 5-, and 8-months postdeployment,
supporting the mutual maintenance model (Berke et al., 2019; see
also Lee, Lee, et al., 2020; Nickerson et al., 2014; Noël et al., 2013).
In assessing support for these models, many of the previous studies
are limited in that they analyzed alcohol use categorically rather than
continuously (e.g., presence/absence of AUD; Kaysen et al., 2006;
Lee, Lee, et al., 2020; McFarlane et al., 2009; Zatzick et al., 2002,
2006), while others failed to account for lifetime alcohol use (Berke
et al., 2019; Langdon et al., 2016; Lee, Lee, et al., 2020; McFarlane
et al., 2009; Zatzick et al., 2002, 2006). Also, most studies either
examined PTSD symptom changes in samples where only a small
proportion of participants had a PTSD diagnosis (Berke et al., 2019;
Kaysen et al., 2006; Nickerson et al., 2014) or did not assess for
PTSD diagnosis (Langdon et al., 2016; Lee, Lee, et al., 2020).
A more comprehensive examination of the effects of alcohol
use on PTSD changes over time in a sample diagnosed with
PTSD could better clarify the role of current and previous alcohol
use in maintaining PTSD.
Another important way that alcohol use and inhibitory control

may contribute to the chronicity of PTSD is by affecting responses
to treatment. Greater baseline and lifetime alcohol use have been
associated with increased PTSD treatment dropout (Bedard-
Gilligan et al., 2018; Zandberg et al., 2016), and comorbid
AUD was associated with poorer treatment response after pro-
longed exposure therapy (Zang et al., 2019). A recent study
assessing the effect of a 12-month prolonged exposure protocol
reported that higher levels of alcohol use from each preceding
assessment were associated with less PTSD symptom improve-
ments on the following assessment (Tripp et al., 2020). In terms of
the relationship between cognitive abilities and PTSD treatment
response, poorer pretreatment color-word inhibition, inhibition/
switching, and working memory performance have been shown
to predict smaller reductions in PTSD symptoms following cogni-
tive processing therapy (CPT) for PTSD (Crocker et al., 2018),
whereas in another study of trauma-focused therapy, poorer pre-
treatment learning/memory predicted reduced PTSD improve-
ments (Haaland et al., 2016). Notably, Crocker et al. (2018)
also found that following an executive function training program,
individuals with worse inhibitory control and working memory
improved their performance and benefited more from CPT.
Taken together, these studies suggest that alcohol use and inhibi-

tory control contribute to the chronicity of PTSD and to the effec-
tiveness of PTSD treatments. The present study sought to extend the
current literature in three important ways. First, beyond treatment
studies, only a few studies have examined the predictors of PTSD

symptom changes over time (e.g., Karstoft et al., 2015; Lee, Lee,
et al., 2020), and even fewer have studied symptom changes
in individuals with a PTSD diagnosis (e.g., Sripada et al., 2017),
where PTSD symptom changes are most relevant. Second, though
inhibitory control and alcohol use have been implicated in the time
course and chronicity of PTSD symptoms, the specificity of their
relationship from other cognitive and clinical measures and each
other has not been thoroughly tested. The present study collected a
comprehensive clinical and cognitive battery to better characterize
this specificity. Finally, we extended previous studies through more
rigorously quantifying PTSD symptom changes by combining con-
tinuousmeasures of PTSD changewith a reliable change group-based
approach and factoring in regression to the mean effects, which have
routinely been not taken into account in previous studies.

The Present Study

We recruited a sample of 187 post-9/11 combat veterans with a
diagnosis of PTSD and assessed cognitive performance, alcohol use,
and other clinical variables (including depression, sleep, and pain)
at baseline and follow-up approximately 2 years later. To test the
hypothesis that baseline inhibitory control abilities specifically predict
PTSD symptom changes over time, we compared validated measures
of inhibitory control (Delis-Kaplan Executive Function System
[D-KEFS] Color-Word Interference Test, i.e., Stroop) to other exec-
utive functions beyond inhibitory control as well as measures of
verbal learning and memory. To better understand the role of alcohol
use, we assessed continuous measures of current and lifetime alcohol
use in predicting changes in PTSD symptoms. Finally, we examined
PTSD changes by applying a reliable change approach, accounting for
effects of regression to the mean. For converging evidence, we also
compared separate groups with significantly improving, chronic, or
worsening PTSD symptoms.

Method

Participants

Participants were drawn from a pool of 345 post-9/11 combat
deployed veterans recruited into the Translational Research Center
for Traumatic Brain Injury (TBI) and Stress Disorders (TRACTS;
for a more in-depth description of the sample and methods, see
McGlinchey et al., 2017) who participated in data collection at
baseline and follow-up visits between the years 2010 and 2019.
Participants were recruited from the greater Boston metropolitan
area and throughout New England via a full-time recruitment
specialist who attended Yellow Ribbon Events, Task Force Meet-
ings, and other events involving U.S. veterans. In the process of
recruitment, it was made clear to potential volunteers that our study
focuses on understanding TBI, blast exposure, and mental health
issues as the result of military service. The term baseline indicates
participants’ first testing session. However, it is important to note
that we do not have assessments from either before deployment or
before participants developed PTSD (see the Limitations section
for further discussion on this). The TRACTS exclusionary criteria
included participants who had a history of neurological/physical
impairments (n = 4), moderate to severe TBI (n = 1), or psychotic
disorders (n = 6), including bipolar disorder and/or suicidal/
homicidal ideation requiring crisis intervention at either assess-
ment. As this study aimed to examine PTSD symptom changes in
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those diagnosed with PTSD, a group where PTSD symptom
change is most relevant, we focused on individuals with a baseline
PTSD diagnosis (n = 206, though see Supplemental Materials
for analyses of individuals without a PTSD diagnosis). Eighteen
additional participants were removed due to evidence of reduced
effort on the Medical Symptom Validity Test (see below) at either
time point. One participant was removed due to missing data on
the primary measure of PTSD symptom severity at follow-up.
This left a final sample of 187 participants (see Table 1). The VA
Boston Healthcare System institutional review board approved
this study, written consent was obtained from all participants,
and research was conducted in accordance with the Declaration
of Helsinki.

Clinical and Alcohol Use Measures

Clinical Measures

During each assessment session, PTSD diagnosis and severity
were assessed using the Clinician-Administered PTSD Scale for
the Diagnostic and Statistical Manual of Mental Disorders, fourth
edition (CAPS-IV; Blake et al., 1995). The CAPS-IV has shown to
have excellent reliability (test–retest reliability of .89; Weathers
et al., 2001). For mood, anxiety, and alcohol use, we also obtained
additional continuous measures (e.g., Depression Anxiety and
Stress Scale; Henry & Crawford, 2005; Lovibond & Lovibond,
1995) and diagnostic measures from the Structured Clinical Inter-
view for Diagnostic and Statistical Manual of Mental Disorders,
fourth edition. Pain was assessed using the McGill Pain Question-
naire (Melzack, 1975), and sleep was assessed using the Pittsburgh
Sleep Quality Index (Buysse et al., 1989). TBI was assessed using
the Boston Assessment of TBI–Lifetime and diagnosis of a mild/
moderate/severe TBI was performed using the Department of
Defense consensus criteria for TBI severity as defined in the
Clinical Practice Guidelines: Management of Concussion—Mild
TBI (Fortier et al., 2014). Clinical measures were highly correlated
with each other (see Supplemental Table S1), consistent with
previous studies (e.g., Riley et al., 2019).

Alcohol Use

The LDH (Skinner & Sheu (1982) was administered to provide an
estimate of current drinking behavior (average and max drinks on a
drinking day) and total lifetime alcohol consumption. Total lifetime
consumption was adjusted for weight and was also log-transformed
due to its nonnormal distribution (see Supplemental Figure S1). This
retrospective semistructured interview assesses drinking patterns
across the lifespan based on drinking frequency, average number
of drinks on drinking days, and maximum number of drinks for each
drinking phase. The first drinking phase was defined as the earliest
age at which at least one alcoholic drink per month was consumed
regularly. In accordance with LDH standardized administration
guidelines, each subsequent phase was characterized by a clinically
meaningful change in frequency and/or quantity of drinking. Phase-
based drinking analyses of the LDH have previously been used in
veteran populations, offering a more nuanced look at drinking history
prior, during, and after deployment (Jacob et al., 2013). We focused
our follow-up analyses on the first three drinking phases since >80%
of participants had these three phases. Additional related drinking
variables, such as continuous measures of current drinking (maxi-
mum and average drinks on a drinking day) and National Institute on
Alcohol Abuse and Alcoholism criteria for binge drinking status
(National Institute on Alcohol Abuse and Alcoholism, 2015; males:
≧5 drinks/day and ≧1 drinking day/month; females: ≧4 drinks/day
and ≧1 drinking day/month), were quantified from the LDH to
provide a comprehensive assessment of drinking behaviors.

Cognitive Measures

Performance Validity and Premorbid Functioning

To assess whether effort was sufficient to produce valid test scores,
participants were administered the verbalMedical SymptomValidity
Test (Green, 2004), similar to our previous studies (e.g., Riley et al.,
2019). Per administration guidelines, participants who were below
the cut scores defined by the testing manual were excluded (n = 18).
Premorbid intelligence quotient was estimated using the Wechsler
Test of Adult Reading (WTAR; Wechsler, 2001).

Executive Functions: Inhibitory Control

We focused on measures of inhibitory control from the D-KEFS
Color-Word Interference Test (CWI, i.e., Stroop Test). The CWI
Test involves quickly and accurately reporting the color of a word
(e.g., green) while ignoring interference caused by the mismatched
name of the word (e.g., blue). It involves both distractor suppression
and response inhibition aspects of inhibitory control. The CWI
Inhibition/Switching task is similar to the standard CWI Inhibition,
but participants must switch between reading the word (an automatic
response) and inhibiting the word reading to identify the color of
the word. We included both CWI Inhibition and CWI Inhibition/
Switching measures, since they measure slightly different aspects
of inhibitory control, with Inhibition/Switching having greater
inhibitory demands (Bohnen et al., 1992; Delis et al., 2001). The
two inhibition measures were standardized, z-scored, and averaged
into a composite inhibitory control score which was used in the
following analyses instead of the individual conditions to increase
reliability and decrease Type I errors. We also report the results of
CWI Inhibition and Inhibition/Switching scores separately in the
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Table 1
Baseline Characteristics and Demographics of Post-9/11 Veteran
Sample

Demographics Means/percentages

Sample size 187
Gender (M:F) 163:24
Age at baseline (years) 32.79 (8.78)
Education (years) 13.80 (1.82)
Race
Black 7%
White 76%
Other 17%

Estimated premorbid intelligence (WTAR) 103 (11)
Time since baseline (days) 767 (370)
Military mTBI (%) 57%
Lifetime mTBI (%) 74%

Note. Group means are reported with standard deviation in parentheses.
mTBI = mild traumatic brain injury; WTAR = Wechsler Test of Adult
Reading.
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Supplemental Materials, which were very similar to the CWI
composite score results. Though it may be suggested that CWI
Inhibition/Switching measures task-switching, unlike typical task-
switching paradigms the participant switches between an automatic
and controlled version of the same task. Further, CWI Inhibition/
Switching better correlated with Color-Word Inhibition (r = .58, p <
.001) than task-switching tasks, Trail Making Test Number/Letter
Switching subtest (r = .33, p < .001; Delis et al., 2001), or the
Cambridge Neuropsychological Test Automated Battery (CANTAB)
Intra–Extra Dimensional Set Shift Task (IED; r = −.11, p = .168;
http://www.cantab.com).

Executive Functions: Domains Beyond Inhibitory Control

Our remaining executive function battery included the following
measures: D-KEFS Trail Making Test Number/Letter Switching
subtest, that is, Trails B, as a measure of working memory/switching
(Delis et al., 2001), D-KEFS verbal fluency (including letter and
category switching subtests; Delis et al., 2001), CANTAB IED
(number of stages completed) as a measure of task-switching (http://
www.cantab.com), and Auditory Consonant Trigrams as a measure
of working memory (ACT; Shura et al., 2016). The ACT was not
administered to all participants at follow-up; therefore, within-group
changes were not examined with this measure. All cognitive mea-
sures were age-adjusted z scores except for the IED, where scaled
scores were not provided and z scores of the total stages were used.
To create a composite measure of executive functions not including
inhibitory control, z scores across all measures were averaged.

Verbal Learning and Memory

We measured verbal learning and memory using the California
Verbal Learning Test–Second Edition (CVLT-II; Woods et al.,
2006). We created a verbal memory composite score consisting
of the mean age-adjusted z scores of total learning, short-delay
free recall, long-delay free recall, and long-delay recognition hits
(see Riley et al., 2019).

Measuring Changes in PTSD Symptoms

We examined change in PTSD symptoms across time points both
continuously and categorically. To isolate continuous changes over
time that were not attributable to regression to the mean, we
computed a continuous, regression-based reliable change metric
(i.e., the reliable change index [RCI], standardized regression-based
[SRB] model, RCISRB, McSweeny et al., 1993), as it adjusts for
baseline performance, test–retest reliability, and inequality of
variance, using the following formula: Xffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2∗ðstdðT1CAPSÞ∗
ffiffiffiffiffiffiffiffiffi
ð1−R

p
Þ2Þ

p

(Hinton-Bayre, 2016). In this formula, X represents PTSD symp-
toms at follow-up (Time 2 CAPS) adjusted for baseline PTSD
symptoms (Time 1 CAPS), and R is the test–retest reliability of
the CAPS-IV (.89,Weathers et al., 2001). Next, to identify groups of
individuals that demonstrated a significant change in PTSD symp-
tomatology, we used statistically significant change, jRCISRBj >
1.96, falling outside the 95% confidence interval. We also used a
one-tailed cutoff of jzj = 1.645, which showed a very similar
pattern of results as 1.96 (see Supplemental Tables S7 and S8). Using
the 1.96 cutoff, we identified significant individual-level reductions
in PTSD symptoms in 21 veterans (Improved PTSD), worsening
PTSD symptoms in 28 (Worsened PTSD), and 138 with consistent

PTSD symptoms (chronic PTSD, no statistically significant reliable
change). Our grouping approach ensured that group membership was
not driven by regression to themean, an issue that often plagues PTSD
longitudinal studies (e.g., Kamphuis et al., 2021).

Clinical, Functional, and Cognitive Changes Across Time

Before examining predictors of change over time, we first sought
to characterize which clinical, functional, and cognitive measures
significantly changed from baseline to follow-up at the group level
(paired t tests, ordinal ANOVAs, and McNemar’s χ2 tests). These
were exploratory, descriptive analyses and were false-discovery rate
(FDR)-corrected for multiple comparisons at .05.

Baseline Predictors of Continuous PTSD Symptom
Changes and Symptom Change Groups

The main goal of this study was to identify baseline predictors of
changes in PTSD symptoms over time in post-9/11 veterans with a
baseline PTSD diagnosis. We examined hypothesized associations
of the continuous reliable change in CAPS-IV (RCISRB) with
measures of alcohol consumption and inhibitory control. For alcohol
consumption, we separately analyzed current (both average and max
drinks on a drinking day) and lifetime consumption (LDH total
weight corrected, log transformed), since they may show dissociable
effects (e.g., Gmel et al., 2000). For inhibitory control, to reduce
Type I errors, we focused on the z-score averaged composite of CWI
Inhibition and Inhibition/Switching. Because alcohol use and inhib-
itory control were our hypothesized measures of interest, we did not
FDR-correct these measures. FDR-correction at .05 was applied
across all demographic, clinical, and cognitive variables by groups of
analyses, that is, once for continuous analyses and once for categor-
ical analyses.

To examine if effects were specific to inhibitory control, we also
performed analyses on a composite measure of the executive
function measures not including inhibitory control as well as with
the verbal memory composite measure (see Riley et al., 2019).
Finally, as a further measure of the task specificity of cognitive
measures predicting PTSD symptom changes, we ran both forward
and backward stepwise regression models predicting the RCISRB,
including all the executive function measures as potential predictors
(e.g., Trails Number/Letter Switching, FAS-Letter Fluency). We
took a data-driven approach here as an exploratory complement to
the theoretical approach used throughout the study. To determine if
any additional baseline demographic or clinical variables predicted
PTSD symptom changes, we also correlated these baseline measures
with RCISRB (or performed unpaired t tests/analyses of variance
[ANOVAs] for categorical variables). Because these analyses were
exploratory, we performed FDR-correction at 0.05.

In addition to examining predictors of continuous RCISRB, for
converging evidence, we applied a categorical approach comparing
groups with Improved PTSD, Worsened PTSD, and Chronic PTSD
using χ2 tests and one-way ordinal ANOVAs. Similar to the continu-
ous RCISRB analyses, we focused on the hypothesized domains of
current and lifetime alcohol consumption, inhibitory control, and
executive functions beyond inhibitory control. We also performed
exploratory group comparisons of demographics and other clinical
variables, FDR-corrected at 0.05.
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Differences in Treatment Engagement
Among PTSD Change Groups

We sought to assess between-group differences (χ2 tests) in
treatment participation between baseline and follow-up to determine
if differences in PTSD symptom changes could be explained by
treatment participation. Treatment was defined as psychotropic med-
ication (e.g., selective serotonin reuptake inhibitors) management
with at least one prescription refill and/or evidence of psychotherapy
sessions (e.g., CPT, cognitive behavioral therapy, prolonged expo-
sure, marital counseling, acceptance and commitment therapy, eye
movement desensitization and reprocessing, group reeducation ther-
apy) in either inpatient or outpatient settings at Veterans Affairs
Hospitals, Vet Centers, or private practices. Alcoholics Anonymous
(AA) meetings were excluded, as AA meetings do not directly treat
PTSD. Treatment (psychotherapy and medication management) was
assessed based on participants’ reports during an open-ended
clinician-administered treatment interview at follow-up. In addition,
psychotropic medication management was further assessed using
participants’Veterans Affairs medical records dated after the baseline
assessment. Treatment participation was coded dichotomously, indi-
cating the presence or absence of any treatment between baseline
and follow-up.
In addition, we further parsed treatment participation based on

treatment type, as significant differences in the increased efficacy of
psychotherapy, compared to medication management, have been
reported (Zoellner et al., 2019). Therefore, we coded three additional
dichotomous treatment variables that reflect the presence or absence
of psychotherapy only, medication management only, or combined
treatment (psychotherapy and medication management). We looked
at a subset of our sample where the chronic group additionally
displayed clinically meaningful stability (±10 points or less on the
CAPS-IV; Schnurr & Lunney, 2016). Details regarding these addi-
tional analyses and results are reported in Supplemental Table S4.

Associations Between PTSD Changes With
Changes in Inhibitory Control and Alcohol Use

Last, we sought to determine if changes in PTSD symptoms were
associated with significant changes in inhibitory control and alcohol
use (or other clinical variables) and determine if the Improved/
Chronic/Worsened PTSD groups differed in their changes. We ran
correlations between change scores (Time 2 residuals after control-
ling for Time 1) and compared changes in Improved, Chronic, and
Worsened PTSD groups.

Transparency and Openness

Raw data files are available following standard data-sharing
protocols at the VA Boston Healthcare System (please contact
the corresponding author). Computer syntax is available through
SPSS and R at request. The study design and analysis plan were not
preregistered.

Sample Size Justification

The present study is part of the ongoing TRACTS longitudinal
study and has previously found significant cross-sectional associa-
tions between PTSD symptoms and both alcohol use (Maksimovskiy

et al., 2014) and inhibitory control (Esterman et al., 2019). Previous
studies have found significant associations between better baseline
inhibitory control and a decrease in PTSD symptoms after treatment
(e.g., Haaland et al., 2016; N = 42; Crocker et al., 2018, N = 74) as
well as decreased alcohol use and decreased PTSD (e.g., Lee, Lee,
et al., 2020, N = 1,353). Relevant to the current investigation, a
previous treatment study relating the CWI Inhibition and Inhibition/
Switching tasks to PTSD symptom change over time (Crocker et al.,
2018) found effect sizes of r = 0.29. Thus, with α = .05 and 1−β =
.80, it should only require 69 participants to adequately detect these
associations. Similarly, while no studies to our knowledge have
compared LDH to PTSD symptom change, previous studies relating
current alcohol use to PTSD symptom change from Time 1 to Time 2
(Lee, Lee, et al., 2020) found an effect size of r = .19 and would
require 167 participants. Thus, our current sample size of 187
participants should provide adequate power to detect inhibitory
control and alcohol use associations with PTSD changes.

Results

Clinical, Functional, and Cognitive Changes Over Time

Across the entire sample (N = 187), most clinical, functional, and
cognitive variables remained stable at the group level when com-
paring baseline and follow-up assessments, with some notable
exceptions (see Supplemental Materials, Tables S2 and S3). First,
we observed overall significant reductions in PTSD symptoms;
CAPS, baseline: M = 68.19, SD = 18.72; follow-up: M = 59.67,
SD = 25.15, t(186) = 5.36, q < .001, as well as reduced alcohol
consumption; drinks on a drinking day, baseline: M = 6.96, SD =
4.31; follow-up: M = 6.66, SD = 4.45, t(184) = 2.35, p = .02; max
drinks, baseline:M= 11.93, SD= 7.17; follow-up:M= 11.41, SD=
7.01, t(184) = 2.53, p = .014. Unsurprisingly, we found that
the Improved PTSD group showed significant PTSD symptom
improvement, with an average symptom reduction on the CAPS-
IV of 43.91, and 19 of these 21 individuals no longer me diagnostic
criteria for PTSD at follow-up. The Worsened PTSD group showed
significantly increased PTSD symptoms, with an average symptom
increase of 23.43.

With regard to cognitive performance (Supplemental Table S3),
we found significant improvements in composite inhibitory control,
baseline: M = 0.05, SD = 0.79; follow-up: M = 0.28, SD = 0.81,
t(163) = 5.41, p < .001. The only other significant changes in the
cognitive battery were worsening performance on the FAS category
switching, baseline: M = .50, SD = 1.05; follow-up: M = .23,
SD = 1.24, t(176) = 2.99, p = .003, q = .032.

Associations Between Baseline Demographic and
Clinical Variables With PTSD Symptom Changes

In our characterization of baseline variables predicting PTSD
changes over time, before examining our measures of interest, we
first sought to examine demographic and clinical variables predict-
ing PTSD changes. As can be seen in Table 2, correlations between
demographic/clinical variables with PTSD symptoms changes
(RCISRB) failed to reach significance. Likewise, when examining
groups with Improved, Chronic, or Worsened PTSD symptoms, we
found no significant group differences (see Table 2).
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Association Between Baseline Alcohol Use and
PTSD Symptom Change

We next examined the hypothesized relationships between base-
line current and lifetime alcohol use with PTSD symptom changes.
For baseline current alcohol use, we first performed correlations
between average and maximum drinks on a drinking day. We found
that drinks on a drinking day at baseline did not significantly predict
PTSD RCISRB change (average: r = .11, p = .121; max: r = .07,
p = .320). Consistent with this, we also failed to find significant
differences between Worsened, Chronic, and Improved groups
in baseline average drinks on a drinking day, F(183) = 2.70, p =
.102. However, the maximum drinks on a drinking day significantly
differed between groups, maximum: F(183) = 4.59, p = .033. We
also found that the Improved PTSD group had a trend towards a
lower rate of baseline current alcohol use disorder (0.00%) com-
pared to Worsened (17.86%) or Chronic (20.00%) PTSD groups,
χ2(2) = 4.93, p = .085.
We next examined the relationship between LDH and PTSD

RCISRB change. We found that higher lifetime alcohol consumption
at baseline was significantly associated with worsening PTSD symp-
toms (r = .24, p = .001, see Table 2). Consistent with this, we found
that the Worsened PTSD group had significantly greater lifetime
alcohol consumption compared to the Chronic or Improved groups,
F(182) = 6.73, p = .010. The difference was driven by the Worsened
and Improved groups, Improved M = 7.69, SD = 1.40, Worsened
M = 6.69, SD = 1.97, t(147) = .04. Other comparisons between
alcohol measures and PTSD change groups were not significant.
To better characterize these differences in lifetime drinking,

similar to previous studies (e.g., Jacob et al., 2013), we next
examined the distinct drinking phases from the LDH starting
from the earliest age at which at least one alcoholic drink per month
was consumed regularly (see Figure 1 and Supplemental Figure S2,
for a comparison of the Worsened, Chronic, and Improved PTSD
groups). Using an ANCOVA with average drinks on a drinking day
as the dependent measure, lifetime drinking phase as a factor (1, 2,
or 3), and PTSD RCISRB as a covariate of interest, we found a
significant main effect of phase, F(158) = 4.15, p = .043, where
Phase 1 drinking was significantly lower than Phases 2 and 3 (M =
5.56; 7.68; 7.91, respectively, p < .001). We also found a significant
interaction between phase and RCISRB, F(158) = 6.51, p = .012,
where there was a greater relationship between RCISRB and average
drinks on a drinking day for Phase 3 (r= .18, p= .027) than Phases 1
or 2 (r = −.03 and −.03, p = .659 and .696). We found a similar
pattern of results when examining the Improved, Chronic, and
Worsened PTSD groups. Specifically, a repeated-measures ANOVA
revealed a significant Group × Phase (Phases 1–3 included) interac-
tion when predicting average drinks on a drinking day, F(2, 157) =
3.96, p = .004. As can be seen in Figure 1, compared to Phase 2,
during Phase 3 the Improved PTSD group reduced their average
drinks on a drinking day, whereas the Worsened and Chronic PTSD
groups increased their average drinks. In Phase 3, the Worsened
PTSD group’s average number of drinks on a drinking day (M =
10.35, SD = 9.91) was nearly double that of the Improved PTSD
group (M = 5.24, SD = 3.97, p = .026), and a similar pattern was
observed for themax drinks on a drinking day (Worsened PTSDM=
16.52, SD = 12.60; Improved PTSDM = 8.74, SD = 7.54, p = .028)
and the rate of binge drinking during this phase (85.71% of the
Worsened PTSD; 47.62% of the Improved PTSD group, p = .004).

This divergent pattern between the Improved PTSD and Worsened
PTSD groups remained for all subsequent phases. The shift during
Phase 3 in individuals’ early-to-mid 20s is notable, as it coincides
with the average age of military enlistment at 21 (Reynolds &
Shendruk, 2018) and suggests that drinking more versus less
during this time has important implications for recovering from
postdeployment PTSD.

Association Between Baseline Cognitive
Performance and PTSD Symptom Changes

We next examined relationships between baseline cognitive
performance and PTSD changes over time, focusing on the hypoth-
esized executive function subdomain of inhibitory control. As can
be seen in Table 3, we found that better inhibitory control perfor-
mance (composite of CWI Inhibition and Inhibition/Switching) was
significantly associated with greater PTSD improvements over time
(RCISRB), r = −.18, p = .017, with the Inhibition/Switching task
having a numerically stronger relationship with PTSD change (r =
−.19, p = .012) than the Inhibition task (r = −.13, p = .094). When
examining the composite of executive functions excluding inhibi-
tory control measures (Trail Making Test Number/Letter Switching,
FAS-Letter Fluency, Category Switching, IED, ACT), we did not
find a significant relationship with PTSD change (r = −.08, p =
.262), suggesting that this association is more specific to inhibitory
control rather than other executive functions. We further confirmed
the specificity of inhibitory control by performing stepwise linear
regression models predicting PTSD RCISRB scores using all of our
executive function measures. Both backward and forward stepwise
regressions identified themodel with composite inhibitory control as
the only predictor resulting in the best model fit, F(1, 166) = 5.77,
p = .017.

Corroborating these findings, we found that composite inhibitory
control also significantly differed between the Improved, Chronic,
and Worsened PTSD groups, Worsened: M = −0.15, SD = 0.85;
Chronic: M = 0.02, SD = .82; Improved: M = 0.39, SD = 0.47,
F(166) = 5.018, p = .026, where the difference was driven by the
Improved group, which had significantly greater composite inhibi-
tory control scores than both the Worsened and Chronic groups,
t(43) = −2.569, p = .014; t(141) = −1.995, p = .048, respectively.

Finally, when examining verbal learning and memory composite
from the CVLT-II, we did not observe any associations with PTSD
symptom change or differences between Worsened, Chronic, and
Improved groups (all ps > .500).

Comparing LDH and Inhibitory Control in
Predicting PTSD Symptom Change

Our results showed that both greater lifetime alcohol consumption
and worse inhibitory control at baseline were related to worsening
PTSD symptoms over a 2-year period. Previous studies have observed
significant associations between inhibitory control performance and
drinking behaviors (Carbia et al., 2018), though in the present study
these measures were not significantly correlated (lifetime alcohol
consumption and composite inhibitory control, r=−.07, p= .396). A
regression model including the composite inhibitory control and
lifetime alcohol consumption as predictors of PTSD symptom change
(RCISRB) was significant, F(2, 164) = 7.67, p ≤ .001, adjusted
R2= 0.074, and both composite inhibitory control and lifetime alcohol
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consumption significantly predicted unique variance in PTSD symp-
tom changes (betas = −.17 and .23; p = .022 and .003, respectively).
Both variables remained significant predictors when controlling for
additional covariates (estimated premorbid intelligence quotient, age,
and education), which did not account for any additional variance in
PTSD symptom changes (see Model 3 in Table 4).

Can Treatment Engagement Explain Individual
Differences in PTSD Change?

There were no differences between Worsened, Chronic, and
Improved groups in treatment participation (see Methods for treat-
ment participation description), including the three broad treatment
types (psychotherapy only, medication management only, and com-
bined treatment; see Supplemental Materials for more details), during
the interval between baseline and follow-up (χ2(2) = 1.42, p = .491).
Specifically, 71.43% of the Worsened PTSD group, 84.00% of
the Chronic PTSD group, and 61.91% of the Improved PTSD
participated in some form of treatment (e.g., medication management

or psychotherapy). All analyses were repeated after removing
those participants with missing treatment frequency data, and group
differences yielded identical results (see Supplemental Results and
Supplemental Table S4). Thus, additional factors such as inhibitory
control and LDH likely contributed to PTSD symptom changes above
and beyond the effects of engaging in treatment.

Associations Between PTSD Changes With
Changes in Inhibitory Control and Alcohol Use

Though a full examination of relationships between changes in
clinical and cognitive variables with PTSD symptom changes is
beyond the scope of this study, these analyses can be found in the
Supplemental Materials (Supplemental Tables S5 and S6). Relevant
to the current findings, we did find that increases in the average and
max drinks consumed on drinking days between the two time points
were not significantly associated with increased PTSD symptoms
over time (r = .10, p = .165; r = .06, p = .443, respectively). All
groups decreased their max drinks on a drinking day between time
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Figure 1
Lifetime Drinking History in Groups With Worsened, Chronic, or Improved PTSD

Note. Each line in the top panel represents the average drinks on a drinking day within each phase for
theWorsened PTSD (red), Chronic PTSD (green), and Improved PTSDgroups (blue). In the lower panel,
the distribution of average drinks on a drinking day for each phase is displayed for the Worsened PTSD
(red), Chronic PTSD (green), Improved PTSD groups (blue). The error bars reflect the standard error of
the mean for each group.Within the table, Drinking Phase (%) indicates the percent of individuals within
each group who reported that phase of drinking, as not every individual had multiple phases of drinking
throughout their lifetime. A phase shift represents a clinically meaningful change in drinking behaviors
defined by quantity and/or frequency. Age reflects the average age at which the drinking phase started.
PTSD = posttraumatic stress disorder. See the online article for the color version of this figure.
*Significant differences between the Improved, Chronic, and Worsened PTSD groups.
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points, and for average drinks on a drinking day, the Worsened
group alone numerically increased, albeit nonsignificantly (baseline:
M = 8.18 SD = 5.32; follow-up:M = 8.50 SD = 6.38; q = .975, see
Supplemental Materials). Further, we found that PTSD symptom
changes were not associated with changes in the composite inhibi-
tory control score (r = −.13, p= .095). In general, inhibitory control
scores improved over time for all three groups, though this was not
significant in any single group after FDR correction, except in the
Chronic PTSD group (baseline M = .03, SD = .80; follow-up
M = .35, SD = .88; q < .001).

Discussion

This study utilized a well-characterized sample of 187 post-9/11
veterans with a diagnosis of baseline PTSD who were assessed
approximately 2 years later and examined predictors of continuous
PTSD symptom changes as well as differences between subgroups
with significantly Improved, Worsened, or Chronic PTSD. Our
results revealed several important and novel findings. First, we
found that better baseline inhibitory control abilities as measured
by the Color-Word Interference Test (i.e., Stroop), but not other
executive functions or memory abilities, were specifically associated
with greater PTSD symptom improvements over time. We also
found that veterans’ drinking history over the past 10–15 years
was significantly associated with changes in PTSD symptoms over
time, more so than baseline current alcohol consumption. Finally,
our results suggest that reduced inhibitory control and elevated
prolonged drinking behavior act more as stable traits/preexisting
risk factors for chronic andworsening PTSD rather than the effects of
PTSD symptomatology. These findings provide insights into the
factors affecting the progression and chronicity of PTSD and may
have important treatment implications.
In veterans with a baseline diagnosis of PTSD, we found that

improvements in PTSD symptoms over a 2-year period were
significantly associated with better baseline inhibitory control
performance, though PTSD improvements were not significantly
associated with other executive functions or cognitive measures.
This specific effect was also found when examining the separate
PTSD change subgroups (see Table 2), with the Improved PTSD
group showing significantly better baseline inhibitory control
performance than the Chronic and Worsened PTSD groups. These
findings suggest that inhibitory control deficits play a role in the
maintenance of PTSD symptoms and that individuals with PTSD

and above-average inhibitory control abilities may experience
better long-term PTSD outcomes compared to those with poorer
inhibitory control abilities. This is consistent with studies demon-
strating that poorer pretrauma inhibitory control is a risk factor for
developing PTSD after trauma exposure (Samuelson et al., 2020),
that inhibitory control is specifically related to greater PTSD
symptoms beyond general executive functions in a trauma-exposed
population (DeGutis et al., 2015), and that inhibitory control
deficits play a role in maintaining PTSD symptoms (Aupperle
et al., 2012). The present study extends these studies by demon-
strating that, even in those who meet diagnostic criteria for PTSD,
above-average inhibitory control abilities can serve as a protective
factor against chronic or worsening PTSD symptoms.

These results are more consistent with a model of PTSD in which
inhibitory control represents a preexisting risk factor or protective
trait rather than strictly a consequence of PTSD. Though we found
that better baseline composite inhibitory control performance pre-
dicted PTSD symptom improvements, PTSD symptom changes
between time points were not significantly associated with changes
in composite inhibitory control performance over time. This em-
phasizes the importance of more stable inhibitory control abilities to
PTSD chronicity rather than inhibitory control tracking PTSD
severity. This is consistent with results from a recent PTSD study
of trauma-focused therapy. Crocker et al. (2018) found that, in post-
9/11 veterans with PTSD, worse baseline executive functioning
(including inhibition, inhibition/switching, and working memory)
predicted poorer CPT outcomes. Further, the addition of compen-
satory cognitive training targeting executive functions to CPT
allowed those with worse inhibitory control to benefit more from
therapy (Crocker et al., 2018). These findings, along with the current
results and neuroimaging findings during inhibitory control tasks
predicting treatment responses (Bryant et al., 2021; Falconer et al.,
2013), support a model in which preexisting inhibitory control
abilities affect the maintenance of PTSD symptoms as well as
treatment success (Aupperle et al., 2012). Contrasting this model,
Haaland et al. (2016) found that, in female veterans with PTSD, only
baseline learning/memory performance predicted PTSD trauma-
focused treatment success, whereas inhibition and inhibition/switch-
ing improvements were associated with PTSD improvements after
treatment. Additional studies would be useful to further characterize
whether inhibitory control plays more of a prominent role as a
preexisting factor/predictor of PTSD chronicity and treatment
success versus a correlate of PTSD symptomatology, as well as
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Table 4
Linear Regression Models Predicting Reliable Change in PTSD (RCISRB) in the Full Sample

Predictors Model 1 Model 2 Model 3

Inhibitory control composite −0.18* (0.23) −0.17* (0.23) −0.18* (0.24)
Log total lifetime drinks (weight-adjusted; LDH) 0.23** (0.13) 0.21** (0.13)
Estimated premorbid intelligence (WTAR) 0.07 (0.02)
Age 0.09 (0.02)
Education −0.01 (0.11)
Adjusted R2 0.03 0.07 0.07
Model p .017 <.001 .006

Note. Values represent standardized betas and the betas’ associated standard error is italicized in parentheses. RCI =
reliable change index; LDH = Lifetime Drinking History; WTAR = Wechsler Test of Adult Reading; PTSD =
posttraumatic stress disorder; SRB = standardized regression-based model.
* p < .05. ** p < .01.
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determine if this relationship is moderated by gender or the type
of trauma exposure.
In addition to showing the contribution of inhibitory control to

PTSD chronicity, the current results also demonstrated that alcohol
use significantly predicted changes in PTSD symptoms. Notably,
LDH over the last 10–15 years (starting around the age of typical
military enlistment) was a stronger predictor of PTSD change than
current alcohol use. In particular, the Improved group had less
lifetime alcohol consumption than the Chronic and Worsened
groups, suggesting that lower lifetime alcohol consumption may
be a protective factor against more long-term PTSD. We observed a
significant differentiation in drinking habits in the early-to-mid 20s
that was maintained throughout subsequent drinking phases, with
the Improved PTSD group decreasing their alcohol consumption
during this period and with Worsened/Chronic PTSD groups
increasing alcohol consumption. To our knowledge, this is the first
study to demonstrate a relationship between alcohol-related beha-
viors across lifetime drinking phases and PTSD symptom changes.
Though the greater association of previous versus current drinking
behavior to PTSD changes is notable, it could be possible that
previous drinking behavior is simply a more reliable and valid
measure than current drinking because participants may be more
willing to endorse past alcohol problems and may minimize or
underreport current drinking (Neumann et al., 2009).
Our results demonstrating the contribution of drinking history to

PTSD changes, along with finding that alcohol use changes over 2
years show little-to-no correlations with PTSD changes, provide
support for the self-medication rather than the mutual maintenance
model of alcohol use in PTSD. Both models predict that PTSD is
associated with higher alcohol use, and indeed, we found that
veterans in the present study had ~2–4 times the alcohol consump-
tion of the general U.S. population (Chan et al., 2007). However,
only the mutual maintenance model predicts that increases in
alcohol use would be associated with worsened PTSD symptoms
(Simpson et al., 2014), which the current results do not support
(PTSD change vs. change in average drinks: r = .10, p = .165; vs.
change max drinks: r= .06, p= .443). Our finding is consistent with
previous longitudinal studies of PTSD and alcohol use across 2
years (Kaysen et al., 2006, 2011; Langdon et al., 2016; Nickerson
et al., 2014). Though these results are promising, using more fine-
grained temporal assessments of alcohol consumption and PTSD
symptoms (e.g., using ecological momentary assessments) over
days/weeks rather than months/years would be important to confirm
these findings (Khantzian, 1997; Tripp et al., 2020).
Taken together, these results suggest that PTSD symptom

chronicity is not significantly related to baseline alcohol consump-
tion (except when considering maximum drinks), nor is it related to
changes in alcohol consumption between time points. Rather, the
results support the effects of lifetime drinking quantity on PTSD
symptom changes. One possibility is that LDH may better capture
more trait-based or preexisting differences in behavioral impulsivity
(Gröpper et al., 2016; Nigg et al., 2006) than current alcohol
consumption. For example, in Phase 3, the Improved Group,
compared to the Chronic and Worsened groups, may have had or
exerted more self-control that allowed them to dampen their drink-
ing behaviors, and this was maintained through their subsequent
drinking phases. Behavioral impulsivity is a multifaceted personal-
ity disposition related to deficient emotional or behavioral self-
control in everyday life decisions (Duckworth & Kern, 2011;

Whiteside & Lynam, 2001) and is a related but distinct construct
from inhibitory control, which represents the ability to override
impulses to accomplish a goal-directed task (Sadeh et al., 2015).
Behavioral impulsivity is consistently related to higher alcohol use
(e.g., in veterans with PTSD symptoms; see Mahoney et al., 2020),
and several aspects of behavioral impulsivity could also play a role
in maintaining PTSD symptoms, such as difficulty with emotion
regulation and a propensity toward risky behavior (a PTSD diag-
nostic item in the Diagnostic and Statistical Manual of Mental
Disorders, fifth edition). Future work would be useful to examine
whether specific aspects of behavioral impulsivity are related to the
chronicity of PTSD symptoms.

The results of the present study have potentially important clinical
and treatment implications. First, they suggest that individuals with
PTSD and poorer inhibitory control and/or greater LDH are at an
increased risk for chronic PTSD and should be more closely
monitored and potentially targeted with interventions. All groups
generally improved in the inhibitory control tasks across timepoints,
suggesting that improvements may be a practice effect. However,
Worsened and Chronic groups never reached the Improved group’s
performance on inhibitory control tasks (see Supplemental Table
S3). Our results suggest that interventions specifically targeting
inhibitory control may be particularly beneficial and, similar to
Crocker et al. (2018), could be readily paired with trauma-focused
therapies to reduce PTSD symptoms. These include computer-based
inhibitory training programs shown to improve PTSD symptoms,
such as attentional control training (Badura-Brack et al., 2015;
Lazarov et al., 2019), response inhibition training (Echiverri-
Cohen et al., 2021), and interference control training (Bomyea
et al., 2015). They could also include inhibitory control-enhancing
pharmacological interventions such as methylphenidate (McAllister
et al., 2016) and cognitive skills training targeting inhibitory control
(Fortier et al., 2018; Maraver et al., 2016). The current results also
highlight the utility in clinically assessing alcohol use across the
lifespan beyond just current drinking in individuals with PTSD.
Clinicians might benefit from focusing more on the onset of problem
drinking, earlier life patterns of alcohol use, and the historical
function of alcohol in an individual’s life.

Though the current findings are robust and have potentially
important implications, there are several limitations, and future
studies would be useful to build on these results. First, the sample
was composed of mostly male (87%) post-9/11 veterans, and it is
unclear if these results apply to females or other types of trauma,
necessitating replication in a nonveteran population. Additionally,
we assessed participants with a PTSD diagnosis and are unable to
determine if inhibitory control differences were present before
their diagnosis or trauma exposure. Samuelson et al. (2020) found
that in post-9/11 veterans, predeployment inhibitory control perfor-
mance significantly predicted postdeployment PTSD symptom
severity, suggesting that the performance differences we observed
may have been present before trauma exposure. It could be that
PTSD symptoms further exacerbate inhibitory control abilities (see
Vasterling & Arditte Hall, 2018, though our data do not necessarily
support this), and this would be important to test in future studies. A
third limitation is that baseline inhibitory control and lifetime
alcohol use only predicted 7% of the variance in PTSD symptom
change. Incorporating additional inhibitory control tasks (e.g.,
go/no-go task) and including “hot” inhibitory control tasks that
use trauma-related or emotional distractors (e.g., emotional Stroop;
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Ashley et al., 2013) could allow a better characterization of inhibi-
tory control and greater predictive ability. Also, while we excluded
participants based on evidence of reduced effort on the Medical
Symptom Validity Test, we did not quantify over versus under-
reporting of clinical symptoms, which could have helped with
interpretation of PTSD symptom changes. Another limitation is
that treatment-related information was obtained from clinical notes/
reports, and additional details, such as the length of treatment, were
limited. Finally, additional time points would have allowed for a
better examination of the trajectory of PTSD symptomology.
The current findings advance the understanding of PTSD in several

ways. They suggest that preexisting inhibitory control abilities and
early adulthood drinking behavior are significant predictors of the
long-term chronicity of PTSD. They also suggest that the associations
between PTSD change and inhibitory control/lifetime drinking are
specific, with other cognitive, clinical, and alcohol consumption
measures not significantly predicting PTSD symptom changes. These
findings complement studies showing the importance of inhibitory
control and alcohol consumption to the development of PTSD and
provide a framework for future investigations into the mechanisms of
impulsivity and inhibitory control in PTSD. Finally, the current
findings have clear clinical implications, suggesting that clinicians
should closely monitor individuals with these risk factors and use
innovative targeted interventions such as inhibitory control training
and pharmacotherapies to improve PTSD and functional outcomes in
this vulnerable group.
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