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Neural affective mechanisms associated with treatment
responsiveness in veterans with PTSD and comorbid alcohol
use disorder

Katia M. Harlé2b*, Alan N. Simmons2P, Sonya B. Norman2P, Andrea D. Spadoni2P
aVA San Diego Healthcare System, San Diego, CA, United States

bDepartment of Psychiatry, University of California San Diego, La Jolla, CA, United States

Abstract

Post-traumatic stress disorder (PTSD) is associated with neuro-physiological abnormalities
reflecting increased anticipatory anxiety and reactivity to traumatic cues. It remains unclear
whether neural mechanisms associated with PTSD treatment responsiveness, i.e. hyperactivation
of the affective salience network in the brain, extend to a comorbid PTSD and substance use
disorder population.

Thirty-one Veterans with PTSD and co-occurring alcohol use disorder (AUD) were randomly
assigned to either prolonged exposure or a non-exposure based treatment. They completed

an affective anticipation task while undergoing fMRI, immediately prior and after completing
treatment.

After controlling for type and length of treatment, larger reduction of PTSD symptoms was
associated with decreased anticipatory activation to negative trauma-related cues in the right
pre-Supplementary Motor Area (pre-SMA), a region associated with emotion regulation. Smaller
reduction in PTSD severity was associated with enhanced anticipatory activation to those cues
within the right para-hippocampal region, an affective processing region.

Our findings suggest that post-treatment reductions in anticipatory reactivity to trauma-
related cues in the pre-SMA and para-hippocampal area are associated with larger PTSD
symptom reduction in individuals with co-occurring PTSD and AUD. These results may offer
neurofeedback training targets as an alternative to or enhancement of other PTSD treatment
modalities in this population.
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Introduction

Disruptions in the anticipation and processing of traumatic cues or “triggers” is a hallmark
of Posttraumatic-Stress Disorder (PTSD) and is intricately related to each of the four clusters
of PTSD symptoms, i.e., re-experiencing, avoidance, negative cognitions, and physiological
arousal. Dysregulation of the neuro-endocrine stress response system is associated with
enhanced physiological arousal and threat monitoring. Such hyperarousal is likely to play a
critical role in perpetuating the cycle of anticipatory anxiety (negative thoughts and arousal)
and re-experiencing symptoms (e.qg., flashbacks, nightmares) by activating and generalizing
traumatic memories to trauma-unrelated contexts (Hayes et al., 2012; Sherin and Nemeroff,
2011), which may in turn increase hypervigilance and avoidance of those trauma-related
cues (Foa, 2006). Understanding how the neurophysiological substrates of such anticipatory
anxiety relates to PTSD severity and treatment responsiveness may help identify new
treatment targets for individuals with PTSD, including those with clinical comorbidities
such as alcohol and substance use disorders who may have particularly high traumatic cue
reactivity and anticipatory anxiety (Brady et al., 2000; Coffey et al., 2002).

At the neural level, evidence points to a dysregulation of the fear appraisal and regulation
system in PTSD. Neuroimaging studies suggest that individuals with PTSD have greater
activation of the emotional salience network, including the amygdala, anterior insular cortex,
and the dorsal anterior cingulate cortex (ACC)/pre-supplementary motor areas (SMA). The
amygdala has been robustly involved in processing affective salience, while the insula is
implicated in interoceptive awareness (Paulus and Stein, 2006) including prediction error
and expectancy violation monitoring (Preuschoff et al., 2008). The dorsal ACC/pre-SMA
region has been associated with monitoring of emotional conflict and emotional awareness
(Etkin and Wager, 2007; Lazarov et al., 2017), and the pre-SMA has been proposed as

an extension of the dorsal ACC emotional salience hub (Jilka et al., 2014; Nachev et

al., 2008). Finally, the hippocampus and parahippocampal area, regions associated with
encoding and activating of episodic memories (Van Strien et al., 2009), are recruited during
the anticipation of pain and other emotionally salient stimuli (Brooks et al., 2013; Brown
and Jones, 2008; Simmons et al., 2004). Importantly, this region is more activated, along
with salience network regions, in individuals with PTSD both with and without affective

or substance use comorbidities (Falconer et al., 2008; Linnman et al., 2011; Sakamoto et
al., 2005; Semple et al., 2000). Such pattern of increased emotional salience processing is
coupled with reduced activation of ventrolateral prefrontal cortex (PFC), regions associated
with reflective regulation of negative emotion and associated decrease in emational salience
network recruitment (Etkin and Wager, 2007; Shin and Liberzon, 2010). Overall, this points
to a pattern of increased processing and monitoring of emotionally salient stimuli as well

as ineffective regulation of this network in PTSD, leading to a failure to downregulate
psychophysiological response to traumatic cues.

While most evidenced-based treatments for PTSD aim to reduce anticipatory negative
emotion associated with trauma, exposure-based treatments appear particularly effective
at decreasing traumatic cue reactivity, particularly in individuals with co-occurring PTSD
and substance use disorders (Coffey et al., 2006; Nosen et al., 2014; Rauch et al., 2004).
Prolonged exposure (PE), a first-line manualized treatment for PTSD (Department of
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Veterans Affairs, 2017), is grounded in classical conditioning principles and the premise
that trauma-related cues become conditioned to elicit a heightened stress response (Foa et
al., 2007; Foa, 2006). Both imaginal and in-vivo exposure to those cues are thought to
facilitate regulation of the distress they evoke, so that cue-related anticipatory anxiety can
be extinguished (Foa, 2006). In contrast, other types of empirically based PTSD treatments
typically involve cognitive behavioral strategies focused on coping better in the present, and
do not include a focus on exposure to memories of past traumatic events, e.g., Seeking
Safety (SS) (Najavits, 2002). However, such modalities may still facilitate some degree

of exposure to traumatic memories, as trauma is discussed and processed with regard

to how trauma is affecting patients in the present. Present-focused treatments may also
successfully decrease anticipatory dysregulation symptoms in other ways, e.g., through
practice of cognitive reframing and relaxation techniques.

Consistent with the above neural findings, several cognitive-behavioral treatment studies
have linked a decrease in PTSD symptoms with post-treatment reduced activation of the
salience network during anticipation of negative stimuli, particularly the amygdala and
insula (Aupperle et al., 2013; Felmingham et al., 2007; Simmons et al., 2013b). A study of
combat Veterans undergoing 6-8 months of trauma-focused therapy found that, relative to
PTSD persistence, PTSD remission was associated with lower pre-treatment activation of
dorsal ACC, amygdala, and insula to negative pictures, similar to healthy \eteran controls’
activation patterns (\Van Rooij et al., 2015). Although some of these changes could relate

to treatment-specific effects (e.g., exposure-based vs not), they were observed regardless of
treatment structure, which may more primarily relate to mechanisms of change associated
with resolution of PTSD symptoms. For instance, the above study (Van Rooij et al., 2015)
identified affective neural markers of PTSD treatment responsiveness across a range of
trauma-focused treatments with distinct modalities (e.g., cognitive processing therapy, eye-
movement desensitization and reprocessing/EMDR, etc). Moreover, these studies did not
specifically control for the level of alcohol and substance use (e.g., as these may relate

to avoidance symptoms and neurophysiological changes). Thus, it remains unclear whether
the above findings may extend to a comorbid PTSD and alcohol use disorder (AUD)
population. In particular, some of the neural systems associated with PTSD severity decrease
in a non-comorbid PTSD population may be more complexly affected by heavy alcohol
use and hinder responsiveness of these neural regions to treatment regardless of modality.
A more limited or distinct set of neurophysiological markers may also be identified as
more responsive to PTSD symptom change and/or treatment modality in individuals with
comorbid PTSD and AUD.

To assess affective anticipation in this study, we used the Stimulus Expectancy Task
(STIMEX) which has been used extensively in both clinical and healthy populations, and
shown to reliably activate salience network areas (e.g., insula, amygdala) (Aupperle et al.,
2013; Aupperle et al., 2011; Simmons et al., 2004; Simmons et al., 2006; Simmons et

al., 2013b) as well as psychophysiological markers of hyperarousal (e.g., startle response)
(Acheson et al., 2012) in anticipation negative affective stimuli. Importantly, affective
anticipation activation patterns associated with this paradigm can differentiate individuals
with anxiety (Simmons et al., 2006; Simmons et al., 2011) and PTSD (Aupperle et al.,
2012; Simmons et al., 2013a; Simmons et al., 2013b) from healthy controls. The goals
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of this study were to: 1) extend previous neural studies of negative anticipation in PTSD
and identify treatment-related changes in affective anticipation among individuals with
co-occurring PTSD and AUD, the most prevalent substance use comorbidity in Veterans
with PTSD (Pietrzak et al., 2011); and 2) assess the distinct relationship of treatment type
Vs treatment responsiveness (operationalized as PTSD symptom deduction) with neural
processing changes supporting affective anticipation. An additional exploratory goal was
to assess the relationship between alcohol use change (assessed by proportion of heavy
drinking days) and neural activation associated with negative anticipation. Based on the
above research, we hypothesized that both PTSD symptom reduction and PE (relative to a
non exposure-based treatment) would have independent effects on decreasing anticipatory
anxiety to trauma cues, reflected by pre-to-post decreases in activation of emotional salience
and processing areas, including subcortical regions (e.g., amygdala, hippocampal area),
insula, and dorsomedial prefrontal/pre-SMA areas.

2. Methods

2.1. Participants

This study protocol was approved by the VA San Diego Human Subjects Review Board and
all participants gave written informed consent. A total of 51Veterans recently diagnosed with
PTSD and comorbid AUD with heavy drinking (i.e., >20 days of heavy drinking within the
last 90 days not in a restricted environment) were recruited for the fMRI study. Participants
from the parent study (clinical trial.gov number:NCT01601067; (Norman et al., 2019) were
randomly assigned to one of two evidence-based behavioral treatments, PE or SS. SS is an
integrated protocol focusing on coping skills for both PTSD and comorbid substance use
disorders (Najavits, 2002). This treatment addresses four components, including cognitive
skills, behavioral skills, interpersonal skills, and case management. In contrast, PE focuses
on both imaginal exposure to the traumatic event and in-vivo exposure to avoided activities/
locations associated with the trauma (Foa et al., 2007; Foa, 2006). This treatment encourages
processing of trauma related emotions and cognitions during exposure. Both therapies were
12 sessions with the option to extend to up to 16 sessions if therapy goals were not yet met.
Attendance in the current study ranged from 5 to 16 sessions (see below). Treatment was
administered by trained therapists supervised by licensed clinicians in an individual therapy
format at the San Diego VA Substance Abuse/Mental Iliness (SAMI) clinic.

Participants in the parent study were offered the opportunity to be screened for the
neuroimaging portion of the study during their parent study consent appointment. Exclusion
criteria included: being at acute suicidal risk, lifetime diagnosis of bipolar disorder

or schizophrenia, and fMRI-related criteria (i.e., irremovable ferromagnetic material,
pregnancy, claustrophobia). Any participant who received less than 4 face-to-face 90-minute
sessions of therapy were excluded from the study, as such minimum treatment dose has been
shown to be effective in reducing PTSD symptoms with both cognitive behavioral therapy
(Sijbrandij et al., 2007) and PE (Cigrang et al., 2017; Rauch et al., 2017) modalities. This
approach allowed us to maximize inclusion of treatment responders while controlling for
dosage effects in the subsequent analyses. Overall, 5 participants dropped out of the study
before completing treatment, and 14 participants dropped out of the study later but were
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unable to complete Post-treatment assessment. In total, 31 participants (about 61% of the
baseline sample) with both Pre- and Post-treatment assessments were included in the present
analyses.

Participants completed a clinical interview and a functional magnetic resonance imaging
(FMRI) session during which they performed the Stimulus Expectancy Task at two
timepoints: within 1-2 weeks before (pre-treatment) and after completing treatment (post-
treatment). Lifetime DSM-IV Axes | and 11 diagnoses were assessed with the Structured
Clinical Interview for DSM-1V (SCID)(First et al., 1995) and the Clinician-administered
PTSD scale for DSM-5 (CAPS-5)(Weathers et al., 2018), which has a high inter-rater
reliability (i.e., Cohen Kappa coefficients > .75 for PTSD diagnosis (Aker et al., 1999).
Level of alcohol use, including days of heavy drinking (defined as >4 drinks per day in
women and >5 drinks per day in men), was assessed with the timeline followback for a 90
days retrospective period (Sobell et al., 1988).

2.2. Stimulus expectancy task (STIMEX)

To measure potential changes in negative affective anticipation in relation to treatment
responsiveness and/or treatment type, participants completed the STIMEX while undergoing
fMRI, both prior to and immediately after completing treatment. The STIMEX is designed
to assess the perturbation from anticipating affective stimuli on neural processes supporting
performance on a continuous performance task (CPT), which measures one’s ability to
maintain selective attention on a repetitive task, e.g., cue-matched button presses (Simmons
et al., 2006). In the task, participants had to press a ‘Left” or ‘Right” mouse button whenever
they saw a blue circle or blue square, respectively, accompanied by a medium 500 Hz

tone (CPT). Each individual CPT trial were 2s long. Participants were instructed that if

the squares or circles turned green, accompanied by 250Hz tone, a relaxing nature image
would appear (n=86), whereas if they appeared in red and accompanied by 1000Hz tone, a
negative combat-related image would appear (n=86). Positive, affective control images were
selected from the International Affective Picture System (Bradley and Lang, 2007). Negative
images were selected from a picture database, and included military combat related images
from Irag. Image presentation started 6 seconds after stimulus onset (anticipation phase) and
lasted 2 seconds (see Fig. 1). There are a total of 290 trials (total duration 580 s), including
154 task control trials with no anticipation. Trial condition (CPT, positive-anticipation,
negative-anticipation) was pseudo-randomized. Behavioral data were collected and scored
for accuracy and latency of response during the CPT.

2.3. Image acquisition and preprocessing

Participants completed each of their scanning sessions (baseline and post-treatment) on a 3T
Siemens scanner with a twelve-channel head array coil. For each participant, T2*-weighted
echo planar imaging run sensitive to blood oxygenation level-dependent (BOLD) contrast
was collected while they completed the task (TR=2000msec, TE=40msec, 64 x 64 matrix,
20 4-mm axial slices, 290 scans). The fMRI acquisitions were time-locked to the onset

of each trial. The task was projected on a screen visible to participants through a mirror

in the head coil and participants used standard 4-key button press device to respond to
stimuli. During the same experimental session, a high resolution T1-weighted image was
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collected for each participant (MPRAGE, TR=11.A4msec, TE=4.4msec, flip angle=10°, field-
of-view=256 x 256, 1 mm3 voxels).

2.4. fMRI analyses

2.4.1. Individual-level analyses—Structural and functional image processing and
analysis were completed using analysis of functional neuroimages (AFNI) software (Cox,
1996) and R statistical packages (Pinheiro et al., 2011). Echo planar images were slice-time
(AFNI:3dTshift) and motion-corrected and aligned to high-resolution anatomic images in
ANTSR (antsRegistration:“SynBold”). Preprocessing steps also included temporal whitening
and a CompCor component-based noise correction. Volumes with >2% voxels marked as
outliers were censored and dropped from the analysis (AFNI: 3dToutcount). Outlier voxels
in the time series were interpolated (AFNI:3dDespike). Due to signal noise, a band pass
(-lowpass 0.08; -highpass 0.009) was applied to functional data. Time course of the BOLD
response during positive (affective control) and negative image anticipation relative to the
active CPT control was modeled with a General Linear Model (GLM) using 3dDeconvolve/
3dREMLTit (modeled with the linear interpolation TENT function) for the epoch starting at
stimulus onset over the following 18 seconds (modeled by 9 time GLM regressors). This
approach allowed us to estimate the hemodynamic response in the affective condition of
interest (negative-anticipation) relative the affective control (positive-anticipation).

2.4.2. Group-level analyses—Three types of effects on the negative anticipation phase
were investigated: treatment type (PE vs SS), pre-to-post change in PTSD symptom severity,
pre-to-post change in heavy alcohol use. In order to estimate the specific independent

effect of PTSD symptom change vs treatment, and given the constraints of our sample

size and data points, we conducted separate analyses, each controlling of the effect of the
other. For each analysis, a voxel-wise linear mixed-effects (LME) model was applied to

the regressor t statistics of our first-level 3dREMLYit using the R statistical software Ime4
package (Pinheiro et al., 2011). In a first LME analysis, a treatment type (PE vs SS) x

Visit (Pre- vs Post-Treatment) x Time (i.e., 9 TENT regressor) interaction was included,
with baseline/pre-treatment CAPS score, Pre- to Post- change in CAPS score, baseline

level of heavy drinking (i.e., percentage of heavy drinking days assessed over retrospective
assessment TLFB period), and number of therapy sessions received (to account for treatment
dosage) as covariates. A second LME tested a CAPS score x Visit (pre- vs post-treatment)

x Time interaction was included, with baseline CAPS score, treatment type (PE vs SS),
baseline level of heavy drinking, and number of therapy sessions received as covariates.

A third LME included percentage of heavy drinking days x Visit (pre- vs post-treatment)

x Time interaction, with baseline CAPS score, treatment type (PE vs SS), baseline level

of heavy drinking, and number of therapy sessions received as covariates. In these LMEs,
subject was treated as a random factor and all independent variables were centered. Variance
inflation factors (VIFs) were estimated for each model to gage any potential collinearity

and over-specification problems (e.g., VIF>5; R:usdm). We note that Pre-to-Post change in
heavy drinking was not included in the first two models as a covariate because: a) treatment
groups did not differ on this measure (see below) and b) inclusion of such covariate resulted
in model convergence failures due excessive collinearity (i.e., VIFs>5; see Supplemental
Material for group-level baseline analyses).

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.
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Voxelwise t-statistics for each interaction contrast of interest were extracted and submitted
to a multiple comparisons correction to determine a threshold cluster size based on

Monte Carlo simulations (AFNI: 3dFWHMX, 3dClustSim). Based on a voxel-wise a

priori probability of p<.001, a minimum of 6 contiguous voxels was found to result in a
corrected cluster-wise activation probability (i.e., familywise error/FWE) of p<.05. Finally,
for visualization and descriptive purposes, average percent signal difference for each time
point regressor was extracted from regions of activation that were found to survive this
cluster thresholding correction.

3. Results

3.1. Participants characteristics and clinical profile

Participants were mostly male (83.8%) with a mean age of 38.5 (SD=10.8). The sample
included 54.8% non-Hispanic Caucasian, 19.4% Hispanic, 6.5% African American, 6.5%
Asian American, 3.2% American Indian, and 9.7 % mixed race participants. Most
participants had completed some college (61.3%), while others graduated from college
(29.0%), or had completed high-school/GED (9.7%). Treatment groups (PE vs SS) did not
differ on these demographics or in the average number of therapy sessions completed during
treatment, M=12.2 (SD=2.8; ps>.05; Table 1).

As expected, PTSD symptom severity significantly decreased between Pre-treatment
(M=43.5, SD=9.0) and Post-treatment (M=24.5, SD=14.0) assessments, average Pre- to
Post-treatment change=-22.3, t (30)=7.8,p<.001. Average percentage decrease in CAPS
from baseline was —44.7% (SD=32%), which was significantly greater in the PE (-67.0%)
relative to the SS condition (-26.5%; t(30)=3.9,p<.001). Based on a median split on Pre-
Post CAPS difference scores (Median=-24), individuals with low CAPS decrease had CAPS
difference scores ranging from -2 to —19 (M=-7.8), while those with high CAPS decrease
had CAPS difference scores ranging from —24 to —36 (M=-27.9). This grouping was used
to summarize behavioral and neural differences pertaining to individuals® CAPS decrease
(i.e., PTSD symptom decrease) in subsequent tables and figures (while actual Pre-, Post-
treatment, and Pre-Post Change CAPS scores were used in the data analyses; see Methods).
The average Pre- to Post-treatment difference in percentage of heavy drinking days was
-36.0% (SD=27.7%), which represented an average percentage change from individual
baseline of —=74.9% (SD=28.3%). Treatment did not significantly differ in such patterns of
heavy drinking change (©>.05; see Table 1).

3.2. Behavioral performance

3.2.1. Response latencies—Ouverall, response times were similar across task
conditions Continuous Task/No Anticipation: Mean=905ms, Positive/Affective Control
Anticipation: Mean=905ms, Negative Anticipation: Mean=911ms; X2(2)2.2,p>.05). Visit
(Pre- vs Post-treatment) was not predictive of response time (Pre-Treatment=912ms;
Post-Treatment=901ms) and did not interact with condition to predict response time
(X2(2):4.5,p>.05). There were no main effect of treatment (PE vs SS) on response latencies
(x2(1)=1.4,p>.05) or any interaction with visit and task condition (x %(5)=4.8,>.05).
Similarly, CAPS score was not a significant predictor of response time (Xz(l) =.8,0>.05)

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.
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and did not interact with visit and task condition (y2(5) =2.1,1>.05) to predict response time
(see Table 2).

3.2.2. Performance accuracy—As expected, participants’ accuracy on the continuous
performance task was high (Mean=96.5%), which did not differ across conditions
(Continuous Task/No Anticipation: Mean=96.8%, Positive/Affective Control Anticipation:
Mean=96.8%, Negative Anticipation: Mean=95.8%; XZ(Z):.Q,p>.05). Accuracy rates were
also similar between Pre- and Post-treatment assessments (X2(1)=1.6,p>.05). Treatment
group (PE vs SS) was not significantly predictive of accuracy overall (X2(1)22.4,p>.05)

and did not significantly interact with visit or task condition to predict accuracy
(X2(5)=1.3,,0>.05). Similarly, CAPS score was not a significant predictor of accuracy (Xz(l)
=3.1,p>.05), and did not interact with visit or task condition (X2(5) =1.9,p>.05; see Table 2).

fMRI analyses

3.3.1. Treatment-related neural modulation of negative anticipation—
Controlling for baseline symptom severity, change in PTSD symptoms, baseline and change
in heavy drinking level, and number of therapy sessions, we found no cluster of activation
consistent with a Treatment x Visit x Time interaction on negative anticipation.

3.3.2. PTSD symptom change-related neural modulation of negative
anticipation—Two clusters were identified consistent with a CAPS x Visit x Time
interaction on BOLD signal during negative anticipation. One region was located in

the right pre-Supplementary Motor Area (SMA)/Brodmann Area 6 (volume=10 voxels/
640mms3; Peak-voxel (x, y, z): 11, 35, 57; F=25.1,p<.001; Fig. 2A). In this region,
individuals with greater pre-to-post CAPS decrease (described for ease of understanding
by grouping individuals into low and high CAPS-decreasers based on a median split of
CAPS Pre-Post difference scores) exhibited a greater deactivation in response negative
anticipation after treatment relative to their baseline assessment (Fig. 2B, top-left graph).
In contrast, individuals with lower CAPS decrease, i.e., those with smaller reduction of
PTSD symptoms, exhibited a positive activation to negative anticipation both before and
following treatment, with an earlier peak post-treatment (Fig. 2B, bottom left graph).
Moreover, at baseline, high and low-CAPS decreasers had a similar pattern of activation
to negative anticipation (Fig. 2B top-right graph), whereas high-CAPS decreasers exhibited
less activation to negative anticipation post-treatment (Fig. 2B bottom-right graph).

Another cluster of activation consistent with a significant CAPS x Visit x Time

interaction during negative anticipation was identified within the right para-hippocampal
gyrus/Brodmann Area 19 (volume=8 voxels/512mm3; Peak-voxel (X, y, z): 19, —44,

-4; F=20.1,p<.001; Fig. 3A). In this region, high CAPS-decreasers showed a similar
deactivation before and after treatment (Fig. 3B top-left graph), whereas low CAPS-
decreasers’ neural pattern changed from a deactivation to positive activation (Fig. 3B bottom
left graph). Before treatment, individuals with both low and high CAPS decrease exhibited
deactivations in anticipation of negative images (Fig. 3B top-right graph). After treatment,

a positive activation to negative anticipation was observed among low CAPS-decreasers,

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.
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whereas high CAPS-decreasers exhibited a deactivation to such negative anticipation (Fig.
3B bottom-right graph).

3.3.3. Heavy drinking change-related neural modulation of negative
anticipation—Controlling for baseline PTSD symptom severity, baseline heavy drinking
level, treatment type (PE vs SS), and number of therapy sessions, we found no cluster of
activation consistent with a percentage of heavy drinking days x Visit x Time interaction on
negative anticipation.

4. Discussion

The goal of this study was to identify neural mechanisms of negative affective anticipation
associated with PTSD treatment responsiveness in a comorbid PTSD and AUD population.
While both Prolonged Exposure (PE) and Seeking Safety (SS) were associated with a
significant pre-to-post decrease in PTSD symptoms, PE resulted in a significantly larger
decrease in PTSD symptoms relative to SS. Pre-to-post decrease in PTSD symptoms,
independently of treatment type, was associated with pre- to-post neural changes in two
areas associated with emotional processing, including the pre-SMA and para-hippocampal
regions. Individuals with larger decreases in PTSD symptoms (i.e., better treatment
responsiveness) exhibited a reduced anticipatory activation to negative cues, whereas those
with lower reductions in PTSD symptoms showed an enhanced activation during negative
anticipation in those regions after treatment. After controlling for pre-to-post change in
PTSD symptoms, no additional activation change pattern related to treatment type (PE vs
SS) was identified.

Negative anticipation neural activity was associated with the degree of PTSD symptom
change in the right pre-SMA, a prefrontal region adjacent to the dorsal ACC. In this cluster,
high vs low treatment responders, as defined by the degree of pre-to-post treatment CAPS
score change, did not differ at baseline with minimal anticipatory activation to negative cues.
Post-treatment, the high responder group (those with higher CAPS decrease) exhibited a
significant de-activation compared to baseline, whereas low responders exhibited a similar
but earlier activation peak when anticipating negative cues. The dorsal ACC/pre-SMA region
has been associated with emotional processing and regulation (Etkin and Wager, 2007;
Lazarov et al., 2017), particularly more explicit type of regulation such as re-appraisal
(Etkin et al., 2015). The significant pre-to-post deactivation in this region among high CAPS
decreasers suggests that individuals who reduced PTSD symptoms to a larger extent may be
more likely to modulate such type of affective processing, with a reduced need to engage
this region after treatment. In contrast, those with a lower CAPS decrease may still be
relying on such explicit regulation strategy following treatment. Relatedly, among Veterans
with combat-related PTSD performing an affective re-appraisal task, lower pre-treatment
activation of the dorsomedial PFC, an emotion regulation region adjacent to the dorsal

ACC, was associated with greater PTSD symptom reduction (Joshi et al., 2020). Overall,
these findings support the notion that reduced neural affective regulatory needs may be a
key indicator of better treatment responsiveness and clinical improvement. While explicit
regulation strategies were neither instructed nor assessed in the present study, future research
should incorporate such assessment to help elucidate individual differences in affective

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.
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anticipation processes among PTSD patients with comorbid AUD. Individuals with alcohol
dependence show greater pre-SMA activation in anticipation of conflict, which has been
linked to compensatory mechanism for cognitive control (Hu et al., 2015). It may be useful
to gage the efficacy of such affective regulation strategies in individuals with more complex
affective reactivity profiles, such as those with comorbid PTSD and AUD, for whom bottom
up emotional processing systems (e.g., limbic regions) may be more severely dysregulated
upon entering treatment (Semple et al., 2000).

Change in PTSD severity following treatment was also related to activation change in

the right para-hippocampal region. Specifically, those who responded better to treatment
(with larger symptom decrease) exhibited a similar deactivation pattern during negative
anticipation before and after treatment, whereas those with lower PTSD severity decrease
showed a significant increase in activation following treatment in this region. The
parahippocampus region activates in anticipation of aversive images in a similar task as
used in the present study (Simmons et al., 2004) and, like the insular cortex, has been
robustly involved in affective anticipation, including negative (Brown and Jones, 2008) and
rewarding stimuli (Brooks et al., 2013, food). Notably, parahippocampal activation has been
observed in response to both explicit and implicit presentation of aversive/trauma related
cues in individuals with PTSD (Linnman et al., 2011; Sakamoto et al., 2005; Thomaes et al.,
2009). Hyper-activation has also been observed in individuals with comorbid PTSD-AUD
(Semple et al., 2000) and heavy alcohol use has been linked to lower para-hippocampal
gray matter volumes and impaired memory (Meda et al., 2018). This points to a more
reactive affective processing role of this region, along with other salience processing regions
such as the amygdala, in the context of negative anticipation. One possible explanation

for the present results is that reduced ability to respond to a behavioral intervention and
reduce PTSD symptoms may relate to a paradoxical enhanced reactivity of this region to
trauma-related cues. This could reflect a failure to habituate to or re-frame the context of
traumatic cues despite being exposed to them in therapy.

In this study, we did not find any symptom-related or treatment-related effects in activation
of the amygdala or the insula, two salience network regions implicated in aversive
anticipation. Decreased activations in those regions have been observed following behavioral
treatment in individuals with PTSD (Aupperle et al., 2013; Duval et al., 2020; Felmingham
et al., 2007; Simmons et al., 2013b; Van Rooij et al., 2015) . However, in a recent clinical
trial examining treatment-related neural change in affective processing, reduced pre-to-post
treatment insula activation was not related to PTSD symptom changes based on CAPS
measures (Duval et al., 2020). Thus, such treatment-related reduction in insular activation to
affective processing may not necessarily have a systematic relationship with the magnitude
of symptoms change. While it is difficult to speculate on a null finding, one possible
interpretation is that heavy alcohol use in this dual diagnosis PTSD sample may impact the
neurobiology of these regions to limit change in response to treatment. Alcohol dependence
has been linked to lower amygdala volume (Wrase et al., 2008; Zhang et al., 2013),

while individuals with PTSD and comorbid alcohol abuse show abnormal activation of

the amygdala in a continuous performance task (Semple et al., 2000). Similarly, AUD is
associated with reduced insular volume and activation (Droutman et al., 2015; Makris et

al., 2008; Senatorov et al., 2014). Given the high rate of heavy drinking at baseline in
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this sample, amygdala and insula neural reactivity to the anticipation of traumatic cue may
be less detectable or more resistant to change after a behavioral intervention, relative to
other more plastic areas (e.g., hippocampus/para-hippocampal region) or regions involved in
explicit regulation (e.g., pre-SMA). The present results suggest that the pre-SMA and para-
hippocampal regions may be more promising markers of aversive anticipation modulation in
individuals with co-occurring PTSD and AUD.

This study has several limitations, including the absence of no-treatment and PTSD-only
control groups, and a relatively small sample size (albeit with a typical attrition rate).
Treatment length was also variable, although we controlled for treatment length in the
analyses. The results of this study are also specific and only generalizable to a population of
Veterans with co-occurring PTSD and AUD, which is a frequent comorbidity in the general
population (Smith and Cottler, 2018) and particularly common in trauma-exposed Veterans
(Norman et al., 2018; Norman et al., 2019). However, the absence of results specific to
heavy drinking or AUD symptoms, perhaps related to the limited range of severe alcohol
use at baseline in the present sample, is a limitation. Future investigations should assess

the neural signature of negative anticipation in a comorbid PTSD-AUD population with

a wider range of alcohol use pattern and severity. Finally, the present study focused on
assessing neural affective mechanisms of change associated with treatment responsiveness
in individuals with comorbid PTSD and AUD. A distinct and equally important question for
future research will be to identify baseline affective predictors of treatment responsiveness
in this population, which will be critical in order to develop robust predictive models of
treatment response.

In conclusion, among individuals with PTSD and comorbid AUD, greater PTSD symptom
reduction after a cognitive behavioral treatment is associated with reduced engagement of

a medial prefrontal region linked to emotional regulation during anticipation of traumatic
cues. In addition, low PTSD symptom reduction was associated with enhanced neural
reactivity of the parahippocampal region, a more reactive affective processing area, during
such negative anticipation. These effects extend above and beyond treatment-specific factors,
such as the degree of exposure therapy and amount of treatment sessions. Given that PE

has been associated with larger decreases in PTSD symptoms relative to non trauma-focused
comparison treatments (Watts et al., 2013), our findings are congruent with recent studies
highlighting the effectiveness of PE in reducing anticipatory cue reactivity at the neural level
(Aupperle et al., 2013; Simmons et al., 2013b). Our results are also consistent with the
notion that PE’s effectiveness in reducing PTSD symptoms may be mediated by a reduced
neurophysiological reactivity to traumatic cues. The regions identified in this study may thus
be promising neural targets for Veterans with comorbid PTSD and AUD in order to help
assess aversive anticipation reactivity and predict Veterans’ ability to successfully reduce
such reactivity with a cognitive behavioral intervention.
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Refer to Web version on PubMed Central for supplementary material.

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Harlé et al. Page 12

Acknowledgments

This research was supported by the Veterans Health Administration 1K2CX001584, IK2CX000864, and
1101CX000756 awarded to Katia M. Harlé, Andrea D. Spadoni, and Sonya Norman respectively, as well as Merit
101-CX001542 and Department of Defense Young Investigator grants, awarded to Alan N. Simmons. None of the
authors have any conflicts of interest to declare.

References

Acheson DT, Stein MB, Paulus MP, Ravindran L, Simmons AN, Lohr JB, Risbrough VB, 2012.
Effects of anxiolytic treatment on potentiated startle during aversive image anticipation. Hum.
Psychopharmacol. Clin. Exp 27, 419-427. 10.1002/hup.2243.

Aker AT, Ozeren M, Basoglu M, Kaptanoglu C, Erol A, Buran B, 1999. Clinician administered post
traumatic stress disorder scale (CAPS) reliability and validity study. Turk. Psikiyatri. Derg 10, 286—
293.

Aupperle RL, Allard CB, Grimes EM, Simmons AN, Flagan T, Behrooznia M, Cissell SH, Twamley
EW, Thorp SR, Norman SB, 2012. Dorsolateral prefrontal cortex activation during emotional
anticipation and neuropsychological performance in posttraumatic stress disorder. Arch. Gen.
Psychiatry 69, 360-371. 10.1001/archgenpsychiatry.2011.1539. [PubMed: 22474105]

Aupperle RL, Allard CB, Simmons AN, Flagan T, Thorp SR, Norman SB, Paulus MP, Stein MB,
2013. Neural responses during emotional processing before and after cognitive trauma therapy for
battered women. Psychiatry Res. Neuroimage 214, 48-55. 10.1016/j.pscychresns.2013.05.001.

Aupperle RL, Ravindran L, Tankersley D, Flagan T, Stein NR, Simmons AN, Stein MB, Paulus
MP, 2011. Pregabalin influences insula and amygdala activation during anticipation of emotional
images. Neuropsychopharmacology 36, 1466. 10.1038/npp.2011.32. [PubMed: 21430645]

Bradley MM, Lang PJ, 2007. Emotion and motivation. Handb. psychophysiol 3, 587-589.

Brady KT, Killeen TK, Brewerton T, Lucerini S, 2000. Comorbidity of psychiatric disorders and
posttraumatic stress disorder. J. Clin. Psychiatry

Brooks SJ, Cedernaes J, Schitth HB, 2013. Increased prefrontal and para-hippocampal activation
with reduced dorsolateral prefrontal and insular cortex activation to food images in obesity: a
meta-analysis of fMRI studies. PLoS One 8, e60393. 10.1371/journal.pone.0060393. [PubMed:
23593210]

Brown CA, Jones AK, 2008. A role for midcingulate cortex in the interruptive effects of pain
anticipation on attention. Clin. Neurophysiol 119, 2370-2379. 10.1016/j.clinph.2008.06.014.
[PubMed: 18752995]

Cigrang JA, Rauch SA, Mintz J, Brundige AR, Mitchell JA, Najera E, Litz BT, Young-McCaughan
S, Roache JD, Hembree EA, 2017. Moving effective treatment for posttraumatic stress disorder to
primary care: a randomized controlled trial with active duty military. Fam. Syst. Health 35, 450.
10.1037/fsh0000315. [PubMed: 29283612]

Coffey SF, Saladin ME, Drobes DJ, Brady KT, Dansky BS, Kilpatrick DG, 2002. Trauma and
substance cue reactivity in individuals with comorbid posttraumatic stress disorder and cocaine
or alcohol dependence. Drug Alcohol Depend 65, 115-127. 10.1016/s0376-8716(01)00157-0.
[PubMed: 11772473]

Coffey SF, Stasiewicz PR, Hughes PM, Brimo ML, 2006. Trauma-focused imaginal exposure
for individuals with comorbid posttraumatic stress disorder and alcohol dependence: revealing
mechanisms of alcohol craving in a cue reactivity paradigm. Psychol. Addict. Behav 20, 425.
10.1037/0893-164X.20.4.425. [PubMed: 17176177]

Cox RW, 1996. AFNI: software for analysis and visualization of functional magnetic resonance
neuroimages. Comput. Biomed. Res 29, 162-173. 10.1006/cbhmr.1996.0014. [PubMed: 8812068]

Department of Veterans Affairs, D.0.D., 2017. VA/DoD clinical practice guideline for the management
of posttraumatic stress disorder and acute stress disorder

Droutman V, Read SJ, Bechara A, 2015. Reuvisiting the role of the insula in addiction. Trends Cogn.
Sci 19, 414-420. 10.1016/j.tics.2015.05.005. [PubMed: 26066588]

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Harlé et al. Page 13

Duval ER, Sheynin J, King AP, Phan KL, Simon NM, Martis B, Porter KE, Norman SB, Liberzon
I, Rauch SA, 2020. Neural function during emotion processing and modulation associated with
treatment response in a randomized clinical trial for posttraumatic stress disorder. Depress.
Anxiety 10.1002/da.23022.

Etkin A, Bichel C, Gross JJ, 2015. The neural bases of emotion regulation. Nat. Rev. Neurosci 16,
693-700. 10.1038/nrn4044. [PubMed: 26481098]

Etkin A, Wager TD, 2007. Functional neuroimaging of anxiety: a meta-analysis of emotional
processing in PTSD, social anxiety disorder, and specific phobia. Am. J. Psychiatry 164, 1476.
10.1176/appi.ajp.2007.07030504. [PubMed: 17898336]

Falconer E, Bryant R, Felmingham KL, Kemp AH, Gordon E, Peduto A, Olivieri G, Williams LM,
2008. The neural networks of inhibitory control in posttraumatic stress disorder. J. Psychiatry
Neurosci 33, 413. [PubMed: 18787658]

Felmingham K, Kemp A, Williams L, Das P, Hughes G, Peduto A, Bryant R, 2007. Changes in
anterior cingulate and amygdala after cognitive behavior therapy of posttraumatic stress disorder.
Psychol. Sci 18, 127-129. 10.1111/j.1467-9280.2007.01860.x. [PubMed: 17425531]

First MB, Spitzer RL, Gibbon M, Williams JBW, 1995. Structured Clinical Interview for DSM-1V
Axis | Disorders New York State Psychiatric Institute, New York.

Foa E, Hembree E, Rothbaum BO, 2007. Prolonged exposure therapy for PTSD: emotional processing
of traumatic experiences (treatments that work) Oxford, Oxford University Press.

Foa EB, 2006. Psychosocial therapy for posttraumatic stress disorder. J. Clin. Psychiatry 67, 40-45.
[PubMed: 16602814]

Hayes JP, VanElzakker MB, Shin LM, 2012. Emotion and cognition interactions in PTSD: a review of
neurocognitive and neuroimaging studies. Front. Integr. Neurosci 6, 89. 10.3389/fnint.2012.00089.
[PubMed: 23087624]

Hu S, Ide JS, Zhang S, Sinha R, Chiang-shan RL, 2015. Conflict anticipation in alcohol
dependence—a model-based fMRI study of stop signal task. Neuroimage. Clin 8, 39-50. 10.1016/
j.nicl.2015.03.008. [PubMed: 26106526]

Jilka SR, Scott G, Ham T, Pickering A, Bonnelle V, Braga RM, Leech R, Sharp DJ, 2014. Damage
to the salience network and interactions with the default mode network. J. Neurosci 34, 10798-
10807. 10.1523/INEUROSCI.0518-14.2014. [PubMed: 25122883]

Joshi SA, Duval ER, Sheynin J, King AP, Phan KL, Martis B, Porter KE, Liberzon I, Rauch SA, 2020.
Neural correlates of emotional reactivity and regulation associated with treatment response in a
randomized clinical trial for post-traumatic stress disorder. Psychiatry Res. Neuroimag, 111062.
10.1016/j.pscychresns.2020.111062.

King LA, King DW, Vogt DS, Knight J, Samper RE, 2006. Deployment risk and resilience inventory:
a collection of measures for studying deployment-related experiences of military personnel and
veterans. Mil. Psychol 18, 89-120. 10.1207/s15327876mp1802_1.

Lazarov A, Zhu X, Suarez-Jimenez B, Rutherford BR, Neria Y, 2017. Resting-state functional
connectivity of anterior and posterior hippocampus in posttraumatic stress disorder. J. Psychiatr.
Res 94, 15-22. 10.1016/j.jpsychires.2017.06.003. [PubMed: 28633076]

Linnman C, Zeffiro TA, Pitman RK, Milad MR, 2011. An fMRI study of unconditioned responses in
post-traumatic stress disorder. Biol. Mood Anxiety Disord 1, 8. 10.1186/2045-5380-1-8. [PubMed:
22738227]

Makris N, Oscar-Berman M, Jaffin SK, Hodge SM, Kennedy DN, Caviness VS, Marinkovic K, Breiter
HC, Gasic GP, Harris GJ, 2008. Decreased volume of the brain reward system in alcoholism. Biol.
Psychiatry 64, 192—-202. 10.1016/j.biopsych.2008.01.018. [PubMed: 18374900]

Meda SA, Hawkins KA, Dager AD, Tennen H, Khadka S, Austad CS, Wood RM, Raskin S, Fallahi
CR, Pearlson GD, 2018. Longitudinal effects of alcohol consumption on the hippocampus and
parahippocampus in college students. Biol. Psychiatry Cogn. Neurosci. Neuroimage 3, 610-617.
10.1016/j.bpsc.2018.02.006.

Nachev P, Kennard C, Husain M, 2008. Functional role of the supplementary and pre-supplementary
motor areas. Nat. Rev. Neurosci 9, 856. 10.1038/nrn2478. [PubMed: 18843271]

Najavits L, 2002. Seeking safety: A treatment manual for PTSD and substance abuse Guilford Publ.

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Harlé et al. Page 14

Norman SB, Haller M, Hamblen JL, Southwick SM, Pietrzak RH, 2018. The burden of co-occurring
alcohol use disorder and PTSD in US military veterans: comorbidities, functioning, and suicidality.
Psychol. Addict. Behav 32, 224. 10.1037/adb0000348. [PubMed: 29553778]

Norman SB, Trim R, Haller M, Davis BC, Myers US, Colvonen PJ, Blanes E, Lyons R, Siegel EY,
Angkaw AC, 2019. Efficacy of integrated exposure therapy vs integrated coping skills therapy
for comorbid posttraumatic stress disorder and alcohol use disorder: a randomized clinical trial.
JAMA psychiatry 76, 791-799. 10.1001/jamapsychiatry.2019.0638. [PubMed: 31017639]

Nosen E, Littlefield AK, Schumacher JA, Stasiewicz PR, Coffey SF, 2014. Treatment of co-occurring
PTSD-AUD: Effects of exposure-based and non-trauma focused psychotherapy on alcohol
and trauma cue-reactivity. Behav. Res. Ther 61, 35-42. 10.1016/j.brat.2014.07.003. [PubMed:
25127178]

Paulus MP, Stein MB, 2006. An insular view of anxiety. Biol. Psychiatry 60, 383-387. 10.1016/
j.biopsych.2006.03.042. [PubMed: 16780813]

Pietrzak RH, Goldstein RB, Southwick SM, Grant BF, 2011. Prevalence and axis | comorbidity of
full and partial posttraumatic stress disorder in the United States: results from wave 2 of the
national epidemiologic survey on alcohol and related conditions. J. Anxiety Disord 25, 456—465.
10.1016/j.janxdis.2010.11.010. [PubMed: 21168991]

Pinheiro J, Bates D, DebRoy S, Sarkar D, 2011. The R development core team 2011 nlme: linear
and nonlinear mixed effects models. R Package Version 3, 1-102. R Foundation for Statistical
Computing, Vienna, Austria. Available at: http://cran.r-project.org/web/packages/nime/index.html.

Preuschoff K, Quartz SR, Bossaerts P, 2008. Human insula activation reflects risk prediction errors as
well as risk. J. Neurosci 28, 2745-2752. 10.1523/Jneurosci.4286-07.2008. [PubMed: 18337404]

Rauch SA, Cigrang J, Austern D, Evans A, Consortium SS, 2017. Expanding the reach of effective
PTSD treatment into primary care: prolonged exposure for primary care. Focus 15, 406-410.
10.1176/appi.focus.20170021. [PubMed: 31975871]

Rauch SA, Foa EB, Furr JM, Filip JC, 2004. Imagery vividness and perceived anxious
arousal in prolonged exposure treatment for PTSD. J. Traum. Stress 17, 461-465. 10.1007/
$10960-004-5794-8.

Sakamoto H, Fukuda R, Okuaki T, Rogers M, Kasai K, Machida T, Shirouzu I, Yamasue H,
Akiyama T, Kato N, 2005. Parahippocampal activation evoked by masked traumatic images
in posttraumatic stress disorder: a functional MRI study. Neuroimage 26, 813-821. 10.1016/
j.neuroimage.2005.02.032. [PubMed: 15955491]

Semple WE, Goyer PF, McCORMICK R, Donovan B, Muzic RF Jr, Rugle L, McCutcheon K, Lewis
C, Liebling D, Kowaliw S, 2000. Higher brain blood flow at amygdala and lower frontal cortex
blood flow in PTSD patients with comorbid cocaine and alcohol abuse compared with normals.
Psychiatry 63, 65-74. 10.1080/00332747.2000.11024895. [PubMed: 10855761]

Senatorov VV, Damadzic R, Mann CL, Schwandt ML, George DT, Hommer DW, Heilig M, Momenan
R, 2014. Reduced anterior insula, enlarged amygdala in alcoholism and associated depleted von
economo neurons. Brain 138, 69-79. 10.1093/brain/awu305. [PubMed: 25367022]

Sherin JE, Nemeroff CB, 2011. Post-traumatic stress disorder: the neurobiological impact of
psychological trauma. Dialogues Clin. Neurosci 13, 263. [PubMed: 22034143]

Shin LM, Liberzon I, 2010. The neurocircuitry of fear, stress, and anxiety disorders.
Neuropsychopharmacology 35, 169. 10.1038/npp.2009.83. [PubMed: 19625997]

Sijbrandij M, OIff M, Reitsma JB, Carlier 1V, de Vries MH, Gersons BP, 2007. Treatment of acute
posttraumatic stress disorder with brief cognitive behavioral therapy: a randomized controlled trial.
Am. J. Psychiatry 164, 82-90. 10.1176/ajp.2007.164.1.82. [PubMed: 17202548]

Simmons A, Matthews SC, Stein MB, Paulus MP, 2004. Anticipation of emotionally aversive visual
stimuli activates right insula. Neuroreport 15, 2261-2265. 10.1097/00001756-200410050-00024.
[PubMed: 15371746]

Simmons A, Strigo I, Matthews SC, Paulus MP, Stein MB, 2006. Anticipation of aversive visual
stimuli is associated with increased insula activation in anxiety-prone subjects. Biol. Psychiatry 60,
402-409. 10.1016/j.biopsych.2006.04.038. [PubMed: 16919527]

Simmons AN, Flagan TM, Wittmann M, Strigo IA, Matthews SC, Donovan H, Lohr JB, Paulus
MP, 2013a. The effects of temporal unpredictability in anticipation of negative events in combat

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.


http://cran.r-project.org/web/packages/nlme/index.html

1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Harlé et al.

Page 15

veterans with PTSD. J. Affect. Disord 146, 426-432. 10.1016/j.jad.2012.08.006. [PubMed:
22910447]

Simmons AN, Norman SB, Spadoni AD, Strigo IA, 2013b. Neurosubstrates of remission following
prolonged exposure therapy in veterans with posttraumatic stress disorder. Psychother. Psychosom
82, 382-389. 10.1159/000348867. [PubMed: 24061484]

Simmons AN, Stein MB, Strigo 1A, Arce E, Hitchcock C, Paulus MP, 2011. Anxiety positive subjects
show altered processing in the anterior insula during anticipation of negative stimuli. Hum. Brain
Mapp 32, 1836-1846. 10.1002/hbm.21154. [PubMed: 21181800]

Smith ND, Cottler LB, 2018. The epidemiology of post-traumatic stress disorder and alcohol use
disorder. Alcohol Res 39, 113. [PubMed: 31198651]

Sobell LC, Sobell MB, Leo Gl, Cancilla A, 1988. Reliability of a timeline method: assessing normal
drinkers’ reports of recent drinking and a comparative evaluation across several populations. Br. J.
Addict 83, 393-402. 10.1111/j.1360-0443.1988.tb00485.x. [PubMed: 3395719]

Thomaes K, Dorrepaal E, Draijer NP, de Ruiter MB, Elzinga BM, van Balkom AJ, Smoor PL, Smit J,
Veltman DJ, 2009. Increased activation of the left hippocampus region in Complex PTSD during
encoding and recognition of emotional words: a pilot study. Psychiatry Res. Neuroimage 171,
44-53. 10.1016/j.pscychresns.2008.03.003.

Van Rooij SJ, Kennis M, Vink M, Geuze E, 2015. Predicting treatment outcome in
PTSD: a longitudinal functional MRI study on trauma-unrelated emotional processing.
Neuropsychopharmacology 41, 1156-1165. 10.1038/npp.2015.257. [PubMed: 26289143]

Van Strien N, Cappaert N, Witter M, 2009. The anatomy of memory: an interactive overview of the
parahippocampal-hippocampal network. Nat. Rev. Neurosci 10, 272. 10.1038/nrn2614. [PubMed:
19300446]

Watts BV, Schnurr PP, Mayo L, Young-Xu Y, Weeks WB, Friedman MJ, 2013. Meta-analysis of
the efficacy of treatments for posttraumatic stress disorder. J. Clin. Psychiatry 74, e541-e550.
10.4088/JCP.12r08225. [PubMed: 23842024]

Weathers FW, Bovin MJ, Lee DJ, Sloan DM, Schnurr PP, Kaloupek DG, Keane TM, Marx BP,

2018. The clinician-administered PTSD scale for DSM-5 (CAPS-5): development and initial
psychometric evaluation in military veterans. Psychol. Assess 30, 383. 10.1037/pas0000486.
[PubMed: 28493729]

Wrase J, Makris N, Braus DF, Mann K, Smolka MN, Kennedy DN, Caviness VS, Hodge SM, Tang
L, Albaugh M, 2008. Amygdala volume associated with alcohol abuse relapse and craving. Am. J.
Psychiatry 165, 1179-1184. 10.1176/appi.ajp.2008.07121877. [PubMed: 18593776]

Zhang L, Kerich M, Schwandt ML, Rawlings RR, McKellar JD, Momenan R, Hommer DW, George
DT, 2013. Smaller right amygdala in Caucasian alcohol-dependent male patients with a history
of intimate partner violence: a volumetric imaging study. Addict. Biol 18, 537-547. 10.1111/
J.1369-1600.2011.00381.x. [PubMed: 21995346]

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2021 November 12.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Harlé et al.

Page 16

Task Conditions

Baseline CPT: /@
Positive Anticipation: /@

Positive Anticipation: -/.

Fig. 1.
Stimulus Expectancy Task (STIMEX) Timeline. In the task, participants had to press a ‘Left’

or “‘Right” mouse button whenever they saw a blue circle or blue square, a medium 500

Hz tone (CPT condition). If the squares or circles turned green, accompanied by a 250 Hz
tone, a relaxing nature image would appear (Positive Anticipation). If they appeared in red
and accompanied by a 1000 Hz tone, a negative combat trauma-related image would appear
(Negative Anticipation). Each individual CPT trial and image presentation were 2s long.
Anticipation phase (red or green trials) lasted 6s.
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Fig. 2.
A. Cluster of activation reflecting a significant Time x CAPS x Visit (Pre vs Post-Treatment)

during anticipation of negative images in the right pre-SMA (supplementary motor area/
Brodmann Area 6; cluster size= 11 voxels/704 mm3). B. Descriptive activation time course
by visit (pre/post) and extent of CAPS decrease (represented here as low vs high CAPS
decrease based on a median split for ease of presentation; i.e., Low CAPS Decrease:
Pre-Post CAPS Difference >-.24; High CAPS Decrease: Pre-Post CAPS Difference <-.24;
CAPS decrease was entered as a continuous variable in the present analyses). Left Side:
Individuals with greater CAPS decrease (Pre- to Post-Treatment), i.e., those with greater
reduction of PTSD symptoms, exhibited a deactivation during negative anticipation at
Post-Treatment (top graph); in contrast, individuals with lower CAPS decrease, i.e., those
with smaller reduction of PTSD symptoms, exhibited a positive earlier peak of activation
of similar amplitude to negative anticipation following treatment between pre- and post-
treatment assessments (bottom graph). Right Side: Before treatment, groups with a low vs
high CAPS decrease had minimal and similar anticipatory activation to negative images (top
graph); following treatment, individuals with a low CAPS decrease exhibited a positive
activation during negative anticipation, whereas those with a high reduction in PTSD
symptoms exhibited a deactivation to such negative anticipation (bottom graph). All graphs
(x axis): task trial time period in units of Repetition Time (TR) = 2s; Error bars=SEM.
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Fig 3.

A.g Cluster of activation reflecting a significant Time x CAPS x Visit (Pre vs Post-Treatment)
during anticipation of negative images in the right para-hippocampal gyrus/Brodmann
Areal9; cluster size= 8 voxels/512 mm3). B. Descriptive activation time course by (pre/post)
and extent of CAPS decrease (represented here as low vs high CAPS decrease based on a
median split for ease of presentation, i.e., Low CAPS Decrease: Pre-Post CAPS Difference
>-.24; High CAPS Decrease: Pre-Post CAPS Difference <—.24; CAPS decrease was entered
as a continuous variable in the present analyses). Left Side. Individuals with greater CAPS
decrease (pre- to post-treatment), exhibited similar deactivations during negative anticipation
before and after treatment (top graph); relative to baseline, individuals with lower CAPS
decrease exhibited a significantly higher activation to negative anticipation following
treatment (bottom graph). Right Side. Before treatment, both groups of individuals with

a low and high CAPS decrease exhibited similar deactivations in anticipation of negative
images (top graph); at Post-Treatment, individuals with a low CAPS decrease exhibited

a positive activation during negative anticipation, whereas those with a high reduction in
PTSD symptoms exhibited a deactivation to such negative anticipation (bottom graph).

All graphs (x axis): task trial time period in units of Repetition Time (TR) = 2s; Error
bars=SEM.
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