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Abstract

Post-traumatic stress disorder (PTSD) is a chronic and debilitating condition characterized by
persistent intrusive memories. Although effective treatments exist for PTSD, there is a need for
development of alternative treatments. Diminished ability to control proactive interference may
contribute to re-experiencing symptoms and may be a novel intervention target. The present study
tested an intervention designed to modify proactive interference control. Forty-two women with
PTSD were randomly assigned to a computerized cognitive training or a control condition. The
impact of these programs on cognitive performance and symptoms was assessed. PTSD re-
experiencing symptoms and interference control performance improved significantly more for
individuals in the training group relative to those in the control group. Other PTSD and general
distress symptoms improved equally over time in both groups. Cognitive training of this type may
hold promise as a novel intervention for reducing PTSD symptoms, although the mechanism of
action and implications for models of PTSD requires future study.

Keywords
PTSD; cognitive control; executive functioning; treatment; cognitive training

1. Introduction

Epidemiological estimates of exposure to trauma (defined by the APA DSM-IV (2000)
“Criterion A”) range from 55 to 89% (Breslau et al., 1998; Kessler, Sonnega, Bromet, &
Hughes, 1995; Stein, Walker, Hazen, & Ford, 1997). Though many individuals experience
PTSD-like symptoms in the immediate aftermath of a traumatic stressor (e.g., distressing
memories), only a minority goes on to develop the chronic, debilitating symptoms that
constitute PTSD (Kessler et al., 1995; McNally, Bryant, & Ehlers, 2003). Individual
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differences in characteristics present before, during, or after a traumatic event may be
important in understanding why some individuals go on to develop PTSD while others
recover naturally.

The ability to regulate thought content, including the emergence and dismissal of memories,
is one such factor that may account for variability in PTSD development. Persistence of
distressing intrusive thoughts may stem from ineffective utilization of cognitive systems -
specifically aspects of executive functioning - to inhibit or down-regulate information (e.g.,
Anderson & Levy, 2008; Joormann, Yoon, & Siemer, 2010; Verwoerd, de Jong, & Wessel,
2008). Recurrently accessing traumatic memories, potentially due to diminished executive
functioning control, may conversely contribute to PTSD etiology or maintenance (e.g.,
McFarlane, Yehuda, & Clark, 2002). Executive functioning refers to domain-general control
faculties that govern cognitive sub-processes used in higher order cognition (Miyake,
Friedman, Emerson, Witzky, & Howerter, 2000). For the present purposes, the term
interference control refers to the specific inhibitory sub-function of executive functioning
designed to prevent irrelevant, incorrect, or otherwise unwanted but competing information
from intruding into or persisting in working memory (e.g., Friedman & Miyake, 2004i).
Interference control is a critical aspect of executive functioning that enables individuals to
regulate unwanted thoughts by preventing these thoughts from entering consciousness and
removing these thoughts once they come to mind (Unsworth, 2010).

In the case of PTSD, converging evidence implicates interference control as a key regulatory
process involved in modulating intrusive cognitions (i.e., re-experiencing symptoms). First,
compared to healthy controls, individuals with PTSD demonstrate deficits in interference
control (e.g., Aupperle, Melrose, Stein, & Paulus, 2012), and exhibit differences in
recruitment of brain regions thought to form the neural substrates of executive functioning
(Etkin & Wager, 2007). Individuals with PTSD show difficulty controlling proactive
interference, or difficulty regulating interference from previously learned stimuli when
attempting to remember more recently learned stimuli (e.g., Bunting, 2006), and difficulty
controlling proactive interference is associated with the re-experiencing PTSD symptom
cluster (Bomyea, Amir, & Lang, 2012; Vasterling, Brailey, Constans, & Sutker, 1998).
However, existing studies do not specify if interference control difficulty is a pre-existing
risk factor for PTSD development, a maintenance factor, or a consequence of the disorder.

Second, interference control ability is inversely associated with intrusive thoughts about
stressful experiences. Studies find that greater ability to control proactive interference is
associated with fewer intrusive memories after an analogue traumatic stressor (e.g.,
Verwoerd, Wessel, & de Jong, 2009; Verwoerd, Wessel et al., 2011; Wessel et al., 2008).
Performance during working memory capacity (WMC) tasks is similarly associated with
intrusive thoughts during deliberate though suppression attempts. WMC tasks assess the

IComponents of executive functioning utilized to regulate cognition have taken a variety of names based on different theoretical
models (e.g., attention control, central executive, cognitive control; see Wessel, Overwijk, Verwoerd, & de Vrieze, 2008). The
construct of interference control can be considered a type of inhibition; however, inhibition is multifaceted and may refer to inhibition
of pre-potent responses, inhibition of interference from other cognitions or memories, or inhibition of interference from distractors. A
thorough review of models (and controversies) related to executive functioning, inhibition and interference control is beyond the scope
of this paper (see for example Friedman and Miyake, 2004).
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amount of information that can be kept in working memory, and are highly dependent on
one’s ability to utilize interference control (Bunting, 2006; Conway et al., 2005; Friedman &
Miyake, 2004; Lustig, May, & Hasher, 2001; May, Hasher, & Kane, 1999). Results from
two studies by Brewin and colleagues indicated that better WMC performance was
associated with fewer intrusive thoughts while participants attempted to suppress neutral and
negative, personally-relevant thoughts (Brewin & Beaton, 2002; Brewin & Smart, 2005).
The association between proactive interference control and intrusive thoughts is consistent
with the hypothesis that re-experiencing symptoms are manifestations of a breakdown or
deficiency in this cognitive process.

Although existing literature posits that an association exists between proactive interference
control and intrusive thoughts, it does not speak to the potential causal role of interference
control in recurrent intrusive cognitions. Studies examining cognitive mechanisms of
anxiety have addressed the question of causality through randomization of participants to
experimental cognitive retraining programs, wherein participants repeatedly practice
engaging in specific tasks to manipulate the target cognitive process (e.g., attentional bias,
interpretation bias; Beard, 2011; MacLeod, 2012; Macleod & Mathews, 2012). Data from
other psychiatric and healthy samples suggests that aspects of executive functioning
performance are malleable with practice (e.g., Keshayan, Vinogradov, Rumsev, Sherrill, &
Wagner, 2014). Moreover, one study found that executive functioning training impacted
regulation of intrusive thoughts in non-clinical samples (Bomyea & Amir, 2011).
Reductions in intrusive thoughts as a result of interference control training in a clinical
sample would substantiate theoretical accounts of interference control as a potential
mechanism for dysregulation of intrusive thoughts in psychopathology (e.g., Verwoerd et al.
2008). However, the clinical applications of executive functioning training programs for
PTSD symptoms have yet to be explored.

Examining proactive interference control as an intervention target in PTSD has the potential
to contribute to our understanding and treatment of the disorder in a number of ways.
Existing psychosocial treatments focus on the content of trauma-related cognitions — that is,
the types of negative beliefs and expectations an individual has about trauma-related stimuli
and cues. While these cognitive behavioral treatments (e.g., prolonged exposure, cognitive
processing therapy) are effective and empirically supported (Ponniah & Hollon, 2009), they
require considerable time and effort from patients and may not be universally feasible, well
received, or effective (Bradley, Greene, Russ, Dutra, & Westen, 2005; Schottenbauer, Glass,
Arnkoff, Tendick, & Gray, 2008). In contrast, interference control training would aim to
alter the functioning of basic cognitive systems hypothesized to regulate re-experiencing
symptoms. If effective, this type of training would inform models of interference control in
PTSD, and potentially provide a novel approach to treatment that complements existing
intervention techniques.

The current study reports the results of a pilot randomized controlled trial of a computer-
based proactive control training program in women with PTSD secondary to sexual trauma
(clinicaltrials.gov Identifier: NCT02139137). The sample was limited to a specific trauma
type for a number of reasons. Given that sexual assault confers a higher risk for PTSD than
many other trauma types, it is critical to conduct clinical research in this population (e.g.,
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Breslau et al., 1998; National Center for Posttraumatic Stress Disorder, 2005). Results from
the current trial can also be compared to a substantial body of literature of randomized
controlled trials in this population. Participants were assigned to an eight-session cognitive
training (high interference control; HIC) or control program (low interference control; LIC).
The primary goal was to assess preliminary efficacy of the training on cognitions and
symptoms from baseline to post-training. We hypothesized that individuals in the training
condition would demonstrate improved cognitive performance (indexed by a WMC task)
and decreased PTSD re-experiencing symptoms (indexed by the Clinician Administered
PTSD Scale- Re-experiencing subscale), relative to the control condition. Secondary goals
were to assess the clinical significance of PTSD symptom change, examine generalizability
of symptom change to other PTSD symptom clusters, general distress and functional
impairment, and understand the feasibility and tolerability of the training program.

2. Materials and Methods

2.1 Participants

Participants included 47 women between the ages of 18 and 65 diagnosed with PTSD
secondary to sexual trauma. The study was approved by the institutional review boards
(IRB) at the University of California, San Diego and San Diego State University (SDSU).
Individuals were recruited to participate through several sources, including the university
subject pool at SDSU and referrals through affiliated mental health providers. IRB-approved
recruitment materials were also posted on multiple college campuses in San Diego County,
CA, in community posting areas, and through online websites (e.g., www.craigslist.org). All
recruitment materials and the informed consent documents indicated that participants would
be participating in an experimental study testing the effects of a computer-based program on
anxiety and traumatic stress symptoms.

At the initial intake assessment, diagnostic status was determined by a doctoral-level trainee
under the supervision of a licensed clinical psychologist (A.J.L.). The Structured Clinical
Interview for DSM-IV (SCID-1V; First, Spitzer, Gibbon, & Williams,1994), a semi-
structured interview that assesses past and present diagnostic criteria, was used to collect
information about Axis-1 disorders and treatment history. PTSD diagnosis was determined
using the Clinician-Administered PTSD Scale for DSM-1V (CAPS; Blake, Weathers, &
Nagy, 1995). Interviews were videotaped, and a portion of the tapes were rated by a second
independent clinician to assess inter-rater agreement for PTSD diagnoses. Interviewers
agreed on diagnostic status in all cases. The Life Events Checklist (Gray, Litz, Hsu, &
Lombardo, 2004) was used to assess trauma history as part of the CAPS administration.
Eligible participants were required to meet primary DSM-IV diagnosis of PTSD secondary
to a traumatic sexual experience. In the case where a participant had experienced multiple
traumatic events, she was considered eligible for the study if sexual assault was subjectively
considered the most distressing event. Exclusion criteria included current trauma- or PTSD-
focused psychosocial treatment, recent change in non-trauma focused psychosocial
treatment, active suicidality (i.e., expression of intent or plan to commit suicidal gestures, or
suicide attempt within the past 6 months), evidence of substance dependence in the past 6
months, and evidence of current or past schizophrenia, bipolar disorder, or organic mental
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disorder. Individuals with additional diagnoses were not excluded so long as PTSD was the
primary diagnosis. Participants taking medications (N = 6) were required to meet a six-week
stability criterion. In addition, all participants were required to meet English-language
proficiency criteria due to the linguistic requirements of the cognitive tasks (i.e., ability to
accurately comprehend and respond to all questions during the clinical assessment, and to
comprehend and follow instructions during the practice phase of the computer tasks).

In total, 202 women inquired about the program and 139 were screened for participation.
Sixty-four women were interviewed to assess eligibility (see Figure 1). Of those, 15 were
excluded because they did not meet eligibility criteria (PTSD not primary or sub-clinical: N
=9, met diagnostic criteria for Bipolar disorder: N = 2, had recent medication or therapy
changes: N = 2, reported that she had been diagnosed with dementia: N = 1, met multiple
exclusion criteria: N = 1), and two participants declined further participation after the initial
interview. Of the 47 women who were eligible and consented to participate, 42 attended the
baseline assessment session and were subsequently randomized to the HIC or LIC condition.
Of these, eight did not return to begin the intervention (HIC: N = 3, LIC: N = 5), nine
additional participants dropped out after treatment initiation and were unavailable for
subsequent assessments (HIC: N =4, LIC: N = 5), and four were removed for not following
study instructions or experiencing a change that would meet exclusion criteria (e.g.,
initiating new treatment). Although most individuals who dropped out of the study could not
be reached, reasons provided for dropping included unexpectedly leaving the San Diego area
(N = 1), obtaining new work that conflicted with appointment scheduling (N = 3), sudden
medical illness unrelated to the study (N =1), being advised by a provider or family member
not to participate (N = 2). There were no statistically significant differences in demographic
characteristics, baseline clinical characteristics, or initial perceived treatment acceptability
(all ps> .10) between women who completed the study and those who dropped out of
treatment prematurely.

2.2 Measures

2.2.1 Interviewer administered measures—The CAPS was administered during pre-
and post- training assessments to determine PTSD diagnosis and symptom severity; this
served as the primary symptom dependent measure. The CAPS is a structured interview
designed to measure symptoms of PTSD (Weathers, Keane, & Davidson, 2001). Severity
was determined using a total score of frequency and intensity ratings for each symptom
item. Dichotomous PTSD diagnosis was determined by converting severity and intensity
ratings using the “F1/12” scoring rule (i.e., a symptom is considered present if the frequency
is scored at least 1 and intensity is scored at least 2; Weathers, Ruscio, & Keane, 1999). The
SCID-1V was employed at the pre-training assessment to determine presence/absence of
comorbid Axis-I disorders according to DSM-IV criteria and to determine inclusion/
exclusion criteria.

2.2.2 Self-report measures—Participants completed a demographics form pre-training,
which included questions regarding participant age, ethnicity, marital status, and years of
education. Anxiety and depression were measured at pre- and post- training assessments.
The State Trait Anxiety Inventory (STAI-T; Spielberger, Gorsuch, Lushene, Vagg, &
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Jacobs, 1983) was administered to assess general anxiety. The STAI is a 40-item self-report
measure of anxiety with items scored on a one to four scale; the 20 items assessing feelings
of trait anxiety were used in the present study to assess general anxiety level. Total scores
for state and trait anxiety reflect the sum of items on respective scales. This measure
possesses adequate psychometric characteristics (Spielberger et al., 1983). In addition, the
Beck Depression Inventory-11 (BDI-11; Beck, Steer, & Brown, 1996) was administered to
assess symptoms of depression. The BDI-I1 is a 21-item scale assessing symptoms over the
previous two weeks. All items are multiple-choice and scored on a scale of zero to three;
total scores are based on the sum of items, ranging from zero to 63. The BDI-II is a reliable
and well-validated measure of depressive symptoms (Beck et al., 1996).

At the pre- and post-training assessment sessions, participants completed a brief treatment
credibility measure (TCM; adapted from Borkovec & Nau, 1972). This 3-item measure
assesses how logical the treatment seems, how confident the individual feels that the
treatment will be effective, and how confident the individual would be recommending the
treatment to a friend. Each item is rated on a zero to eight scale. As an additional measure of
acceptability, the number of sessions the participant attended was calculated after the
individual completed participation.

2.2.3 Working memory capacity assessment: Ospan—Proactive interference
control was assessed before and after the training program using a computerized WMC task
(Ospan; Unsworth et al., 2005) to determine whether cognitive gains from the training task
would be observed on a similar task with novel stimuli. In this task, each trial begins with a
fixation cross in the center of the screen for 500ms. Then, a completed math problem (e.g.,
“1+3 = 6”) appears on the screen. Half of the equations presented are correct and half are
incorrect. The participant determines whether the math solution is correct by selecting a box
on the screen using the mouse (left box for “yes,” right box for “no”). Once the participant
completes the math problem, a letter (e.g., “L”) appears on the screen for 500ms. Then the
next trial begins with another equation and letter, until the end of the set. At the end of each
set, a recognition screen listing twelve letters appears. Using the mouse, participants select
the letters that were presented in the correct serial order. Once the recognition for the set is
completed, the next set of trials begins in the same manner. The participant receives
feedback about their math accuracy and memory at the conclusion of each set. Consistent
with prior studies using this task, the assessment tested working memory span sizes from
two to seven (Conway et al., 2005). Performance was measured as the percent of items
correctly identified in the correct order. Sets and trials appeared in a different random order
for each participant.

2.3 Training Program

Participants were randomized to complete an eight-session version of the training program
described by Bomyea & Amir (2010). These paradigms consisted of two modified Reading
Span WMC tasks designed to vary in the amount of proactive interference control required
(Rspan tasks; Daneman & Carpenter, 1980, adapted by Lustig, et al., 2001). In this task,
each trial begins with a fixation cross in the center of the screen for 500ms. Then, a sentence
(e.g., “Jane walks her car in the park’) appears on the screen. The participant is asked to
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determine whether the sentence makes sense by selecting a box on the screen using the
mouse (left box for “yes,” right box for “no™). Half of the sentences presented were
grammatically correct (i.e., made sense) and half were not. Once the participant completes
the sentence problem, an item appears on the screen for 500ms. Then the next trial begins
with another sentence and item, until the end of the set. At the end of each set participants
view a recognition screen listing twelve items. Using the mouse, participants select the items
that were previously presented in the correct serial order. Once the recognition for the set is
completed, the next set of trials begins in the same manner. During the task, the participant
receives feedback about their sentence accuracy and memory at the conclusion of each set.
Participants completed three blocks of training in each session. Within each block,
participants trained on span sizes of two to six, with three repetitions of each span size
presented in random order. Thus, during the three blocks the participant completed 45 trials
total. Items and sentences used in the training task derived from four sets (one for each
week), with the order of sets counterbalanced across participants. Prior studies suggest that
WMC such as Rspan require proactive interference control to perform accurately as trials
progress. Item similarity is one factor that determines the amount of interference exists
within the task — stimuli that are more similar create more interference, while less similar
stimuli create less (Bunting, 2006).

2.3.1 High interference control (HIC) condition—The HIC condition, the
experimental training condition, was designed to contain high proactive interference across
trials by including item memoranda for all trials that were words (Bunting, 2006). Words
used in the training task were selected from the MRC Psycholinguistic Database and
included semantically unrelated words within the following parameters: length between four
to eight words, frequency ratings between 30 to 100, and familiarity ratings between 400
and 700.

2.3.2 Low interference control (LIC) condition—The LIC condition, the control
condition, was designed to contain relatively less proactive interference across trials, by
alternating item memoranda between words and numbers (digits one through 12) every three
trials (Bunting, 2006). Thus, although participants were required to remember the same total
number of items as in the HIC (i.e., storage requirements were equivalent), there was
relatively less proactive interference inherent in the task because trials with number
memoranda interfere minimally on trials with word memoranda and vice versa.

2.4 Procedure

2.4.1 Baseline pre-training assessment session—Upon arrival, participants were
informed about the study procedures, including a standardized description of the study
rationale, and gave written informed consent. Participants completed the clinical interview
and self-report assessments to ascertain current and past mental health diagnoses, anxiety,
depression levels, and trauma history. Eligible participants returned for a second assessment
session to complete the baseline Ospan assessment and additional self-report and cognitive
assessments. Individuals who completed all baseline assessments were randomly assigned to
the HIC condition or the LIC condition based on a computer-generated random number
system prior to attending the first training session. Conditions were assigned by an
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independent third party using computer software, so that participants and research personnel
remained blind to subjects’ conditions.

2.4.2 Training sessions—Participants returned to complete eight experimental sessions
over four weeks (approximately twice weekly). Selection of eight biweekly sessions was
based on prior research using cognitive bias modification techniques in anxious populations
(e.g., Amir et al., 2008). During each session, which lasted approximately 30 minutes, the
participant completed three blocks of the respective HIC or LIC task.

2.4.3 Post-training assessment session—One week after completion of the last
training session, participants returned to complete the post-training assessment. At this
point, participants completed a similar assessment battery to that used during the baseline
pre-training assessment session, including a clinical interview (CAPS), self-report packet
(STAI-T, BDI-II), and cognitive assessments (Ospan).

2.5 Statistical Analyses

Primary outcome measures included: 1) performance on the cognitive assessment of
proactive interference control (Ospan), and 2) PTSD re-experiencing symptoms (CAPS
symptom severity scores for re-experiencing items). Clinical significance of symptom
change was evaluated based on change in diagnostic status and/or a reduction of 80% or
more in total PTSD symptoms. Secondary analyses were conducted to examine the
generalization of the manipulation to other PTSD symptom clusters, general distress and
functional impairment (STAI-T, BDI-II, and SDS scores). All analyses were conducted
using SPSS version 18.0. Prior to conducting primary analyses, data were examined using
box plots. For one data point deemed to be an outlier in the cognitive task data (i.e., a value
lying outside three standard deviations of the mean for that variable), a winsorizing
procedure was applied by replacing the value with the next most extreme data point (Fox &
Knight, 2005; Tabachnick & Fidell, 2007). Analysis of covariance (ANCOVA) was used to
test group differences at post-training controlling for participants’ baseline scores for the
measure of interest (Van Breukelen, 2006; Vickers & Altman, 2001). Because PTSD
symptoms and education (as a proxy for vocabulary and reading ability) would be predicted
to impact cognitive performance on WMC tasks, these were also included as covariates on
analyses of Ospan score. Each analysis was conducted two ways. First, intent-to-treat (ITT)
analyses were conducted on all randomized participants, with missing data imputed using
the last observation carried forward (LOCF) method for individuals who did not complete
the post-training assessment. Second, these analyses were repeated including only
participants who completed all pre- and post-training assessments.

In addition, an exploratory mediation analysis was conducted in the ITT sample to examine
the potential effect of changes in cognitive functioning on changes in re-experiencing
symptoms. To determine the presence of mediation, analysis was conducted to determine
whether or not the potentially mediating variable (i.e., residualized change in Ospan)
partially or fully accounted for the relationship between the independent variable (i.e.,
condition, HIC or LIC) and the outcome of interest (i.e., residualized change in CAPS re-
experiencing symptoms). Originally described by Baron and Kenny (1986), mediation
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traditionally involves demonstration that the relationship between a given independent
variable and the outcome of interest is reduced when the mediator and independent variable
are modeled simultaneously (see also Mackinnon, Fairchild, & Fritz, 2007 for an updated
description of mediated effects). We used bootstrapping procedures to test the indirect effect
of group (HIC, LIC), on change in CAPS re-experiencing severity scores through change in
Ospan performance (Preacher & Hayes, 2008).

3.1 Baseline Characteristics

Tables 1 and 2 present descriptive data for sociodemographic and clinical variables.
Comorbid DSM-IV diagnoses included major depressive disorder or other mood disorders
(N =22, 52.4%), anxiety disorders (N = 20, 47.6%), substance abuse (N = 4, 9.5%), and
eating disorders (N = 2, 4.8%). Separate one-way analyses of variance (ANOVAs) indicated
that participants in the two groups did not differ on age or measures of clinical features,
including CAPS total severity, duration of PTSD symptoms, number of trauma types
experienced, STAI-T, BDI-II, SDS, or Ospan performance (all ps > .10). Chi-square
analyses did not reveal differences in participant ethnic background, education, income, or
marital status (all ps >.20). On average, participants reported a level of PTSD severity
considered to be in the low end of “severe” (i.e., a CAPS total score of 60-79; Weathers et
al., 2001), although there was considerable variability (range: 34 — 94). BDI-II scores
suggested participants were on average in the moderately severe range of depression (Beck
etal., 1996).

3.2 Credibility, Acceptability, and Adherence

On a scale of 0 (not at all) to 8 (very), participants on average rated the treatment as
moderately logical (M =5.33, SD = 1.62), indicated that they were moderately confident that
the treatment would work (M = 4.73, SD = 1.71), and reported that they were moderately
confident in recommending the program to others (M = 5.27, D = 1.43) at baseline. No
significant group differences were found on confidence, logic, or recommendation items of
the treatment credibility questionnaire at the pre-training assessment (ps > .10), but results
suggested that individuals in the LIC condition rated the program as more logical than those
in the HIC at the post-training assessment, F (1, 24) = 8.42, p < .01. Number of completed
sessions was assessed to determine if the HIC and LIC groups demonstrate differential drop-
out rates. Results suggested that there were no group differences in drop rate between the
HIC and LIC groups (p > .4).

3.3 Change in WMC

The effectiveness of the manipulation was assessed by comparing post-training WMC
(Ospan) performance between the groups using ANCOVA analysis. Results of the ITT
analysis revealed a significant effect of group, F(1, 42) = 8.45, p< .01, npz =.03, such that
individuals in the HIC group demonstrated higher Ospan scores than those in the LIC at
post-training. Similarly, in the subsample of participants who completed the protocol, there
was a significant effect of group, F(1, 20) = 4.81, p < .05, Tlp2 =.05.
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3.4 Change in PTSD Re-experiencing Symptoms

CAPS re-experiencing scale scores at post-training were submitted to ANCOVA analysis.
Results of the ITT analysis revealed a significant effect of group F(1, 42) =5.51, p< .03,
npz = .06, such that individuals in the HIC group demonstrated lower re-experiencing scale
scores than those in the LIC at post-training. Similarly, in the subsample of participants who
completed the protocol, there was a significant effect of group, F(1, 20) = 5.06, p < .04, npz
=.11. Figure 2 graphically depicts CAPS re-experiencing scale scores pre- and post-training.

3.5 Clinical Significance

To determine clinical significance of observed changes, the percentage of individuals in the
HIC and LIC groups who no longer met diagnostic criteria for PTSD at post assessment was
compared. Chi-squared analyses indicated no significant between-group difference in the
number of individuals who no longer meet diagnostic criteria on the CAPS in the ITT (45%
in HIC vs. 30% in LIC; X2(1) = 1.06, p = .30; ® = .16, p = .30) or completer samples (77%
in HIC vs. 63% in LIC; X2(1) = .51, p = .48; ® = .16, p = .49). Recovery status chi-square
analysis also indicated no significant difference in percentage of responders in the ITT (50%
in HIC vs. 30% in LIC; X%(1) = 1.74, p=.19; ® = -.20, p = .18) or completer samples (85%
in HIC vs. 75% in LIC; X2(1) = 0.30, p=.59; ® = .12, p = .60). No participants
experienced clinically significant deterioration.

3.6 Symptom Generalization

Symptoms from the avoidance and arousal clusters of the CAPS PTSD assessment were
entered into separate ANCOVA analyses. In both ITT and completer samples, there was no
significant effect of group on post-training avoidance (p > .3, .7, respectively) or arousal
symptoms (p > .2, .7, respectively). Symptoms of anxiety, depression, and functional
impairment post-training were also entered into separate ANCOVA analyses. Across all
analyses, results revealed no significant effect of group on post-training measures,
controlling for pre-training scores in the ITT (STAI-T: p> .2, BDI-II: p> .4, SDS: p> .4) or
completer samples (STAI-T: p> .4, BDI-II: p>.7, SDS: p > .2). Table 2 presents
descriptive information for CAPS total severity and SDS scores.

3.7 Exploratory Mediation Analysis

Overall, the mediation model accounted for a significant amount of the variance in
predicting change in CAPS re-experiencing severity scores, R2 = .20 F(2, 39) = 4.76, p = .
01. The direct path from the independent variable (group) to the mediator (change in Ospan
score) was significant, a = —0.64, t = —2.17, p = .04. The direct path from the mediator to the
dependent variable (change in CAPS re-experiencing scores) was marginally significant, b =
0.29,t=-1.93, p = .06. The total effect of group on change in CAPS re-experiencing scores
was significant, c = -0.68, t = —2.33 p = .03, but the effect of group on change in CAPS re-
experiencing scores while controlling for change in Ospan scores was not, ¢’ = —-0.49, t =
-1.65, p = .11. Examining the 95% confidence interval of the effect of change in Ospan
performance on change in CAPS re-experiencing symptoms (i.e., the indirect or ab path)
indicated that it overlapped with zero, 95% CI [-.55, .03]. Thus, the findings indicated that
the mediated effect did not reach statistical significance.
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4. Discussion

The current study sought to experimentally manipulate proactive interference control using a
WMC task in order to modify re-experiencing symptoms in a sample of women with PTSD.
Consistent with hypotheses, individuals in the HIC group demonstrated significantly better
cognitive performance post-training relative to those in the LIC group, controlling for pre-
training performance. Also consistent with hypotheses, individuals in the HIC condition
reported significantly lower levels of re-experiencing symptoms than those in the LIC,
controlling for initial re-experiencing symptom severity. Mediation analysis showed
evidence of partial mediation according to the guidelines established by Baron and Kenny
(1986); however, the indirect effect of change in WMC did not reach statistical significance
using bootstrapping techniques. In addition, there was no differential change between groups
in other types of PTSD symptoms, associated symptoms or clinical significance of
improvements. Examination of the pattern of means suggests that this lack of between-group
differences was driven in part by improvements in the LIC group. Findings represent the
first published study to our knowledge that suggests a computerized cognitive control
training program with neutral stimuli (i.e., “cold” or void of emotional valence) may have
beneficial effects on re-experiencing symptoms in individuals with PTSD.

Previous studies demonstrate that training on WMC tasks and cognitive processes more
broadly have the potential to alter performance on similar tasks; the first goal of this study
was to demonstrate the effectiveness of this specific program on WMC in a sample of
individuals with PTSD. While much of the literature on training of executive functioning
and cognitive control has conducted training with non-clinical samples (e.g., older adults,
Buschkuehl et al., 2008; unselected adults, Jaeggi et al., 2008, Harrison, Shipstead, Hicks,
Hembrick, Redick, & Engle, in press; Olesen, Westerberg, & Klingberg, 2004; Schweizer,
Hampshire, & Dalgleish, 2011), preliminary evidence suggests that similar kinds of training
protocols are beneficial for certain psychiatric patient populations (e.g., children with
ADHD, Klingberg et al., 2005; individuals with schizophrenia, Dickinson et al., 2010;
Vinogradov, Fisher, & de Villers-Sidani, 2012; depression, Siegle, Ghinassi, & Thase,
2007). Cognitive bias modification, using retraining of attention or interpretation of threat
stimuli, has similarly demonstrated efficacy in altering cognitive processes (e.g., Amir &
Taylor, 2011), but the use of non-valenced domain-general training (i.e., utilizing generic
cognitive processes in the absence of threat), has not been explored in PTSD. This study
represents the first piece of evidence suggesting that one specific cognitive process —
proactive interference control — is malleable with practice in this population. Compared to
the non-clinical participants who received a single session of training in Bomyea and Amir
(2011), participants in the current study achieved smaller gains in WMC performance in
spite of receiving seven more sessions. Effectively training the necessary proactive
interference control may be more difficult in this population relative to healthy
undergraduates, consistent with suggestions that individuals with certain types of
psychopathology may be more resistant to training due to deficits in the cognitive systems
that this type of training targets (Vinogradov et al., 2013). Alternatively, given that age
detrimentally influences cognitive plasticity (Mahncke, Bronstone, & Merzenich, 2006), the
difference in mean age across studies may account for differential training effects. Future
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study is needed to determine the optimal dose of such training procedures to achieve higher
cognitive performance, and what level of cognitive performance is optimal for experiencing
generalization to symptom reduction.

The second primary goal of the current study was to examine the effect of the HIC and LIC
programs on re-experiencing symptoms. A growing body of literature supports theoretical
models linking poor interference control ability to increased intrusive thoughts (e.g.,
Anderson & Levy, 2011). Existing data has been correlational in nature or experimental
within non-clinical samples (e.g., Bomyea, Amir, & Lang, 2012; Eren-Kocak, Kilic, &
Hizli, 2009). The present data are the first to indicate that manipulating interference control
via training may lead to a reduction in re-experiencing symptoms for individuals with
PTSD. Results are consistent with literature suggesting that modification of cognitive
processes, such as attention or interpretation biases, leads to a reduction of psychological
symptoms (Hallion & Ruscio, 2011). Unlike computerized cognitive bias modification
programs, however, this current training program did not explicitly tap cognitive biases or
processes in an effort to correct preferential processing of threat information. Instead, the
training program aimed to target affectively neutral cognitive control processes. The
reduction in symptoms suggests some degree of generalization of training gains may occur,
such that processes involved in interference control more generally play a role in the
regulation of emotionally-laden cognitive phenomena (e.g., traumatic memories).

Across both the HIC and LIC groups, most participants experienced reductions in overall
PTSD symptoms and depression. Given that PTSD is typically a chronic unremitting
disorder in the absence of treatment, the proportion of participants with clinical change and
the degree of symptom change suggests both LIC and HIC may have conferred benefits. For
example, response rates for the LIC were somewhat higher than typically reported for
waitlist or active intervention control groups (e.g., 10% Rothbaum et al., 2005; 20% Schnurr
et al., 2007; 26% Chard, 2005). Future work is needed to understand the course of change
across each of the symptom clusters, including the extent to which reduction in re-
experiencing symptoms might generalize to other symptom types over time. While no
statistically significant differential improvement occurred over time between the HIC and
LIC conditions, participants in the HIC group generally reported modestly greater
improvements in overall severity and self-rated functional impairment. The lack of statistical
differences between these two groups may reflect a combination of lack of statistical power
and effects of the LIC being a less potent version of the HIC (i.e., some degree of
interference control was still necessary for the task). However, firm conclusions about the
contribution of the LIC program to symptom and functioning changes cannot be made in the
absence of a waitlist control group.

In spite of differential change between the HIC and LIC groups on cognitive performance
and re-experiencing symptoms, the mechanism of change remains unclear. Mediation
analyses designed to test change in WMC as a mediator of the relationship between
condition and re-experiencing symptoms did not reach statistical significance. Given the
small sample, this type of analyses was likely underpowered to detect statistical significance
of the indirect path in a mediation approach. Alternatively, the measure utilized to assess
proactive interference control may not have optimally captured the purported cognitive
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process at work because of the additional cognitive capacities required for the task (e.g.,
memory). Other mechanisms may also account for the reduction in symptoms over time.
These might be non-specific factors such as the behavioral activation required to come to the
lab weekly, placebo expectancy effects from attending either the HIC or LIC sessions, or
talking openly about traumatic experiences with the assessor. Regression toward the mean is
another possible explanation for these changes, although it seems unlikely that this would
fully account for the changes observed in participants based on the observed effect sizes.
Although existing ranges for response rates in randomized controlled trials of psychosocial
interventions for female patients with PTSD vary widely (e.g., 39% for female veterans in
Schnurr et al., 2007; 73% for CPT for female sexual trauma survivors in Chard, 2005; 95%
for female sexual assault survivors in Rothbaum et al., 2005), the response rate for both the
HIC and LIC were within the range reported in other studies. The numbers in the present
study may be slightly higher due to the relatively mild overall severity of the sample. Future
study is needed to determine how the HIC and LIC tasks may differentially affect re-
experiencing symptoms, and if and how these two training programs may affect general
distress symptoms.

A number of limitations to the present study warrant consideration. First, the sample of
women recruited for the study was relatively small and characterized by a high drop-out
rate. Treatment drop-out rates are reported to be relatively high in some PTSD treatment
outcome studies (up to 55%; Schottenbauer et al., 2008). The rate in the present study (40%
of those randomized, 26% of those who began the intervention) is on the upper end of the
published rates in prior research. The relatively high rate of voluntary withdrawal from the
study could be due to a number of factors. First, given that avoidance is a cardinal feature of
PTSD, participants may have felt that returning to the lab after completing difficult
assessments (e.g., CAPS) was too difficult or unpleasant. Second, features of the study
design may have contributed. The study was not recruiting from treatment-seeking groups.
Thus, motivation to continue with the program may have been relatively diminished for
some individuals, particularly for those who perceived the computer program as
uninteresting or burdensome.

A number of characteristics of the sample also limit generalizability. The decision to select a
sample homogenous in terms of trauma history is consistent with other treatment outcome
studies for PTSD, and was done to maximize study power to detect an effect of the HIC/LIC
manipulation. However, this selection process limits conclusions that can be made about the
potential effects of the HIC or LIC programs in individuals with other types of trauma
exposure. Similarly, the use of relatively stringent inclusion/exclusion criteria means that
findings may not generalize to other samples with specific comorbid conditions or other
features that were not included in this study. In addition, although the participants all met
clinical diagnoses for PTSD, on average the level of symptomology was only moderate.

A final limitation of the study is the lack of a minimal-attention control group. Because the
study was designed to test one specific aspect of cognitive control — proactive interference
control — the two groups tested both completed similar programs with only this aspect
modified. The addition of an alternative control group would bolster the conclusions
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regarding the role of proactive interference control relative to regression toward the mean,
the effect of repeated testing, or other non-specific factors.

Debate exists regarding the effectiveness of intervention programs within the broader
literature on cognitive training; some authors optimistically (and cautiously) advocate for the
utility of such programs (Morrison & Chein, 2011), while others call into question the
validity of existing evidence for cognitive training (Redick et al., 2013; Shipstead, Redick,
& Engle, 2012). Although a recent meta-analysis provides support for the utility of training
programs for short-term cognitive gains on “near-transfer” tasks (i.e., generalization to test
that are very similar to trained tasks), evidence for the long-term benefit of completing such
training programs and the generalization of training effects beyond trained tasks is weak
(Melby-Lervag & Hulme, 2013; Shipstead, Redick, & Engle, 2012). The methods used in
the current study address some limitations of earlier cognitive training studies outlined in a
critical review of cognitive training programs authored by Shipstead and colleagues (e.g.,
using a novel complex span task to assess working memory, using an active control
comparison). Criticisms of cognitive training, however, highlight the need for multiple
assessments to verify that training gains truly modify the underlying construct of interest,
additional assessment across cognitive domains to determine far transfer (and beyond self
report, in the case of symptoms), and examination of the long-term benefit of training.
Inclusion of these criteria in future studies that evaluate cognitive training’s effects in PTSD
are needed to bolster confidence that such programs do indeed operate via cognitive
improvements.

Better understanding of ways to optimize training, if effects are replicated, is also needed.
As currently described and conceptualized by the authors (and others, see for example
Melby-Lervag & Hulme, 2013), training programs are considered akin to “strength training”
of a muscle; training is analogous to a taxing, repetitive exercise designed to strengthen
cognitive systems and underlying neural networks involved in complex cognition. In the
case of PTSD, training effects may naturally be perpetuated by successful cognitive
regulation over memories in daily life following training. Other, differing accounts of
training may also apply. As one example, cognitive training could be conceptualized as a
cognitive “vaccine” that is delivered, in a brief period, with the anticipation of enduring
effects over timell. In spite of growing literature on the effects of cognitive training in last
several decades, understanding of how training delivers its effects is still in a nascent state,
and research on this topic is a critical next step for this area.

In summary, this study experimentally tested two computerized programs designed to
differentially train proactive interference control, with hypotheses derived from prior theory
and empirical data suggesting a link between cognitive control and re-experiencing
symptoms. Results indicated that participants in the HIC demonstrated gains in WMC and
PTSD re-experiencing symptoms relative to those in the LIC, although both the HIC and
LIC conditions improved in general distress symptoms and functional impairment over time.
Results are promising in that participants completing this brief computerized intervention
demonstrated clinically significant reductions in distress. Future research is needed to

iiwe thank an anonymous reviewer for his or her thoughts on how to best conceptualize cognitive training effects.

J Anxiety Disord. Author manuscript; available in PMC 2016 August 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bomyea et al. Page 15

examine the mechanisms of action for such training, particularly within a larger and more
diverse sample.
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Did not return for randomization = 5
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Analyzed (N = 13)
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Figure 1.

Allocated to intervention (N = 20)
Received intervention (N = 15)
Did not receive intervention (N = 5)

Lost to follow-up (N =0)
Discontinued intervention (N =5)

Analyzed (N =38)
Excluded from analysis (N =2)

Flow chart of the progression of participants through the study
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Figure 2.
Mean severity score on the re-experiencing subscale of the Clinician Administered PTSD

Scale for the HIC (N = 13) and LIC (N = 8) groups (bars represent standard errors).
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Table 1

Baseline characteristics of ITT sample.

Variable

HIC(N=22)  LIC(N=20)

Mean Age (SD)

29.82 (1.71) 26.00 (10.6)

Education n n
<12 years 0 1
12 years 3 4
13 -15 years 11 8
16 years 6 5
> 16 years 2 2

Racial category
Caucasian 16 13
Black 2 1
Asian 4 5
Other/Biracial 0 1

Marital Status
Single 16 8
Married 2 6
Divorced 1 1
Cohabitating 2 2
Other/declined to respond 1 3

Income (thousands per year)

> $50 5 2

$20-50 8 6

<$15 8 12

Mean number of traumas (SD) 5.33 (2.52) 4.50 (1.92)

Mean months duration of PTSD (SD)  146.91 (159.33)  97.25 (113.46)
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