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ARTICLE INFO ABSTRACT

Keywords: Background and objectives: Few studies have evaluated the link between working memory (WM) and post-
PTSD traumatic stress disorder (PTSD). Further, it is unknown whether this relationship is accounted for by other
Re-experiencing symptoms relevant variables including negative affect, emotional dysregulation, or general non-WM-related cognitive
W_orkmg Memory control deficits, which are associated with PTSD. The purpose of this study was to determine the extent to which
Visuospatial WM . . . o
a computerized WM task could predict PTSD symptomology incrementally beyond the contribution of other
relevant variables associated with PTSD.
Methods: Thirty veterans were eligible to complete emotional symptom questionnaires, a heart-rate variability
measure, and computerized tasks (i.e., emotional Stroop and automated complex span tasks). A three-stage hi-
erarchical regression was conducted with the PCL-5 total score and symptom clusters (i.e., re-experiencing,
avoidance, hyperarousal, and negative cognition/mood) as the dependent variable.
Results: Results revealed that only the re-experiencing symptom cluster was significantly predicted by executive,
verbal, and visuospatial WM tasks, which explained an additional 29.7% of the variance over and above other
relevant variables. Most notably, the visuospatial task was the only WM task that significantly explained PCL-5
re-experiencing symptoms.
Limitations: This study was based on a small sample of veterans with PTSD and causality cannot be determined
with this cross-sectional study.
Conclusions: Overall, the results suggest that deficits in visuospatial WM are significantly associated with PTSD
re-experiencing symptoms after controlling for other relevant variables. Further research should evaluate
whether an intervention to improve visuospatial WM capacity can be implemented to reduce re-experiencing
symptoms.

1. Introduction

Post-traumatic stress disorder (PTSD) includes re-experiencing,
avoidance, hyperarousal, and negative cognition/mood following
exposure to trauma (American Psychiatric Association, 2013). Re-
searchers suggest that PTSD may be maintained by the encoding and
retrieval of traumatic memories (Brewin et al., 1996), and have found an
association between PTSD and working memory (WM) deficits (Saun-
ders et al., 2015; Schweizer & Dalgleish, 2011). WM is a limited capacity
workspace that temporarily holds and manipulates information for
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complex tasks (Baddeley & Hitch, 1974). Individuals with elevated
trait-anxiety display WM deficits, which may impede relevant task
processes (Eysenck & Calvo, 1992; Stout et al., 2015; Bishop, 2007).
Given that PTSD is often comorbid with other anxiety disorders (Zoell-
ner et al.,, 2011; Conwayet al., 2005) and high trait anxiety is a
vulnerability factor for the disorder (Schweizer, Samimi, et al., 2017), it
is expected that similar WM deficits would be observed in PTSD. Evi-
dence suggests that WM deficits lead to recurrent intrusions in those
with PTSD due to inefficient filtering of threatening material, which may
result in re-experiencing symptoms (i.e., images, flashbacks, and
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nightmares; Bishop, 2007; Schweizer & Dalgleish, 2011).

Re-experiencing symptoms are central to PTSD and may cause
extreme distress, functional impairment, or dissociation from present
surroundings (Ashley, Honzel, Larsen, Justus, & Swick, 2013; Michael,
Ehlers, Halligan, & Clark, 2005). Additionally, intrusive memories are
experienced as visual stimuli more than other sensory types (Ehlers
et al., 2002; Hackmann et al., 2004). Re-experiencing symptoms are
associated with deficits in visuospatial performance (Gurvits et al.,
2002), increased heart rate (Chou et al., 2014), sensory components
(Ehlers et al., 2002), and a poor ability to exercise cognitive control and
disengage from salient cues (Verwoerd et al., 2009), for which adaptive
WM functioning is crucial (Angelidis et al., 2019; Berggren, 2020; Stout
et al., 2015; Ye et al., 2018). These intrusive experiences are considered
a hallmark feature of PTSD and are more frequently endorsed in these
individuals (Durham et al., 1985; Genest et al., 1990; Matthijssen et al.,
2017). Therefore, some investigators suggest that other PTSD symptoms
clusters like hyperarousal, avoidance, and mood/cognition are second-
ary to intrusions (Laposa & Rector, 2012).

Despite the association between WM and PTSD, there is little
research on the relationship between PTSD symptom clusters and WM
domains (e.g., operational, verbal, spatial). Therefore, examining the
pattern of WM deficits associated with PTSD symptom clusters is
important to understand the specificity of cognitive deficits in PTSD.
Research has shown that lower operational and visuospatial WM per-
formance is associated with greater intrusive symptoms (Brewin &
Smart, 2005) and that impaired visual WM is a risk factor for
re-experiencing symptoms (Mirabolfathi et al., 2016). Further, repeated
trauma exposure is associated with poorer visuospatial memory function
(Smith et al., 2015; Tempesta et al., 2012). Brain regions associated with
visuospatial attention and WM processes (Shackman et al., 2006), are
activated during periods of intense stress and anxiety (Keller et al.,
2000). Tapping or eye-movements during visuospatial tasks reduced
intrusions, suggesting that individuals were able to distract themselves
from fully encoding triggering memories (Holmes et al., 2004; Lilley
et al.,, 2009). Indeed, studies in eye-movement desensitization and
reprocessing (EMDR) therapy, a treatment that focuses on
re-experiencing PTSD symptoms (Matthijssen et al., 2017), has shown a
relationship between visuospatial processing and WM (Kavanagh et al.,
2001; Lilley et al., 2009). Taken together, examining WM domains is a
critical avenue of research to better understand susceptibility to PTSD
symptom clusters, especially re-experiencing symptoms.

Little is known about the relationship between WM deficits and re-
experiencing symptoms. A WM deficit may be a pre-existing vulnera-
bility factor that contributes to the risk of developing PTSD (Verwoerd
et al., 2011), or a cognitive symptom correlated with PTSD (Honzel
et al.,, 2014; Koso & Hansen, 2006). Thus, our cross-sectional study
sought to further evaluate the association between PTSD and impaired
WM. We examined measures of (1) negative affect (e.g., depression,
anxiety, and stress), (2) emotion dysregulation, and (3) non-WM
cognitive variables (Kashdan et al., 2010; Klemanski et al., 2012; Price
et al., 2006; Tull et al., 2007) as other relevant variables that may in-
fluence the PTSD-WM relationship.

Negative affect significantly impedes WM performance (Lee et al.,
2012; Moran, 2016; Schoofs et al., 2008), and is elevated in PTSD
(Ehring & Quack, 2010; Etkin & Wager, 2007; Vujanovic et al., 2013).
Although WM deficits in PTSD are partially attributed to anxiety and
depressive symptoms (Dretsch et al., 2012), research has shown that
after controlling for these emotional variables, there was a significant
association between cognitive control deficits and re-experiencing
symptoms, which was not observed for other PTSD symptoms
(Bomyea et al., 2012; Dretsch et al., 2012). Therefore, it is important to
control for negative affect to accurately evaluate the PTSD-WM
relationship.

Negative affect and emotional dysregulation are highly overlapping,
yet considered clinically distinct (Bradley et al., 2011). Emotion dysre-
gulation is significantly associated with PTSD symptoms (Aupperle
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et al., 2012; Badour & Feldner, 2013) and viewed as a distal vulnera-
bility factor, which may lead to the development of PTSD after traumatic
exposure (Lanius et al., 2010). Physiological indices are insightful in-
dicators of emotion dysregulation (Beauchaine et al., 2007; Davies et al.,
2015) as visceral reactions are promising biomarkers of having experi-
enced a traumatic event (Schuettler & Boals, 2010). Heart rate vari-
ability (HRV) is a recognized physiological index of self-regulatory
capacity (Applehans & Luecken, 2006; Reynard et al., 2011) with
diminished HRV indicating emotional dysregulation (Chalmers et al.,
2014; Godfrey et al., 2019). Decreased HRV is evident in PTSD (Gillie &
Thayer, 2014) and associated with poor performance on cognitive
control tasks (Gillie & Thayer, 2014; Nagpal et al., 2013; Norte et al.,
2013). Therefore, HRV is employed in this study as a valuable psycho-
physiological tool to evaluate emotional dysregulation.

In terms of non-WM cognitive variables, research has shown that
cognitive control measures like inhibition and hyper-vigilance toward
threat are related to PTSD symptomology (Aupperle et al., 2012; Pineles
et al., 2009). Difficulty with attention disengagement from threat may
be related to executive dysfunction in PTSD and can contribute to
maintenance of the disorder (Aupperle et al., 2012). Specifically, re-
searchers have suggested that re-experiencing and hyperarousal symp-
toms may interfere with inhibitory control, or pre-existing inhibitory
control deficits may exacerbate PTSD symptoms (Aupperle et al., 2012;
DeGutis et al., 2015). Researchers should examine whether the observed
association is merely attributable to general cognitive control deficits
that do not directly reflect WM processes. In particular, cognitive control
in the emotional context is an important covariate to consider in eluci-
dating the PTSD-WM association (Gray, 2004). The term affective con-
trol refers to the ability to attend and respond to goal-relevant
information, while inhibiting distracting emotional information
(Schweizer et al., 2020). The emotional Stroop (eStroop) task is an
established measure of affective control, which assesses the ability to
attend to the target while disregarding emotional distracters (Aupperle
etal., 2012; Tipples & Sharma, 2000). Importantly, the eStroop does not
directly tap into WM processes unlike other well-known WM tasks (e.g.,
n-back; Song et al., 2017; Malhi et al., 2005; Rahm et al., 2013).
Therefore, the eStroop can serve as a useful instrument of affective
control, which will allow us to account for other non-WM cognitive
features that may influence the PTSD-WM relationship.

More research is needed to better understand whether PTSD is
characterized by general WM deficits or whether such deficits are
limited to trauma-related emotional cues. Regarding this issue, existing
research is mixed. Some studies demonstrate that WM deficits are more
pronounced toward trauma-related emotional cues (Zhang et al., 2013;
Schweizer & Dalgleish, 2011, 2016; Dolcos, 2013), while other studies
show that PTSD is associated with general WM deficits in a
non-emotional context (Hale et al., 2011; Kanstrup et al., 2020; Kessler
etal., 2020; Morey et al., 2009; Nejati et al., 2018). In terms of the use of
emotional stimuli on WM tasks, research has shown that those exposed
to trauma demonstrate poorer performance to negative emotional cues
during WM tasks (Zhang et al., 2013; Schweizer et al., 2017; 2017),
enhanced activity in ventral emotional processing regions (Morey et al.,
2009), and increased memory for emotionally charged events increasing
distraction away from goal-relevant tasks (Dolcos, 2013). However,
there is also evidence suggesting the presence of non-emotional, general
WM deficits associated with PTSD. The dorsolateral prefrontal cortex,
associated with WM and attention, was disrupted by distractors inde-
pendent of trauma content (Morey et al., 2009). Experiments have
shown positive training findings using non-emotional stimuli such as
Tetris (Kanstrup et al., 2020; Kessler et al., 2020; Bomyea & Amir,
2011). Those with PTSD showed inferior WM compared to controls, but
no significant differences in WM performance for emotional and
non-emotional stimuli (Nejati et al., 2018). Taken together, our study
sought to address whether non-trauma related general WM deficits
would be found across specific WM domains in association with PTSD
symptom clusters, which has yet to be examined. This is an important
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question to lay the groundwork for examining how WM processes in
PTSD are modulated by trauma-related affective cues in future
investigations.

We examined the PTSD-WM association while controlling for rele-
vant covariates, including anxiety and depressive symptoms, emotional
dysregulation, and non-WM-related affective control deficits. We hy-
pothesized that lower levels of WM would be significantly associated
with PTSD severity, especially re-experiencing symptoms, while con-
trolling for these covariates. We also aimed to evaluate the association
between PTSD symptom clusters and WM domains (verbal, operational,
and visuospatial).

2. Method
2.1. Participants

Seventy-six veterans were recruited for a larger randomized control
trial investigating WM training from the Milwaukee Veterans Affairs
(VA), University of Wisconsin — Milwaukee (UWM), and surrounding
Milwaukee region. Inclusion criteria were as follows: spoke fluent En-
glish, had access to internet, and scored >38 on the PTSD Checklist for
DSM-5 (PCL-5; Weathers et al., 2013). Exclusion criteria included sui-
cidality, substance use disorder within the past three months, psychotic
disorders, unmanaged bipolar disorder, brain injury, neurocognitive
disorder, organic mental disorder, or a neurological disorder diagnosis.
Eligibility was assessed based on the Mini International Neuropsychi-
atric Interview 6.0. (MINI; Sheehan et al., 1998), chart review, and
self-report. Of the 76 prescreening responders, 30 were eligible for the
study.

2.2. Materials and procedure

The current study was reviewed and approved by the Institutional
Review Boards of both the Milwaukee VA and UWM Human Research
Protection Program. Participants completed self-report measures, and
physiological and computerized tasks (see below).

PTSD symptoms. The PTSD Checklist (PCL-5; Weathers et al., 2013)
measures PTSD symptoms across four clusters: Re-experiencing,
Avoidance, Negative alterations in cognition and mood, and Hyper-
arousal. The measure consists of 20 items rated on a 5-point scale from
0 (“not at all”) to 4 (“extremely”). The PCL-5 has good test-retest reli-
ability (r = 0.82-0.84), internal consistency (a = 0.94-0.96), and con-
vergent/discriminant validity in trauma exposed veterans and college
students (Blevins et al., 2015; Bovin et al., 2016).

General Anxiety and Depression Symptoms. The Depression Anxiety
and Stress Scale (DASS-21) is a 21-item measure on a 4-point scale from
0 (“did not apply to me at all”) to 3 (“applied to me very much or most of
the time™). The DASS-21 has good internal consistency and convergent/
discriminant validity (Henry & Crawford, 2005).

Physiological measure of emotional dysregulation. Emotion dysregula-
tion was measured by comparing HRV prior to (resting baseline) and
during (exposure) a stress challenge task (i.e., Dysregulation index =
Baseline — Exposure). Prior to monitoring, participants chose 12 of 60
words that were rated as most relevant to their trauma. A BioHarness
strap and sensor (Zephyr Performance Systems) was positioned tightly
across the chest to monitor the electrocardiogram using OmniSense 5.1
software. Monitoring commenced at baseline, with participants sitting
at rest wearing a headset without audio recording and watching a sli-
deshow of generic nature pictures for 3 min. During the 3-min exposure
task, participants closed their eyes to focus on each of the selected
words, which were randomly repeated three times. Kubios HRV 2.2
software was used to analyze the electrocardiogram data using the time-
domain method. The root mean square of successive difference (RMSSD)
was used to measure short-term variability (Shaffer & Ginsberg, 2017).
RMSSD is an appropriate HRV index related to emotion regulation
(Godfrey et al., 2019) and psychophysiology (Bigger et al., 1988; Owen
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& Steptoe, 2003), is preferred for its statistical characteristics (Buccel-
letti et al., 2009), and accurately represents parasympathetic activity
(Chalmers et al., 2014).

Affective Control. The Emotional Stroop Task (eStroop) was used to
measure affective control (Schweizer et al., 2020). Participants were
presented with a series of colored words with emotional or neutral
valence (Williams et al., 1996). Subjects were to identify the word color
by pressing the appropriate key on a computer keyboard. Participants
were to ignore the word content and respond quickly while maintaining
accuracy. The task lasted approximately 4 min, and two index scores,
using all positive, negative, and neutral words, were computed (i.e.,
Positive Interference Bias = Positive RT — Neutral RT; Negative Inter-
ference Bias = Negative RT — Neutral RT).

Working memory tasks. The Automated Complex Span Tasks (Oswald
et al., 2015) assessed operational (O-Span), reading/verbal (R-Span),
and symmetry/visuospatial (S-Span) WM abilities and took approxi-
mately 20-25 min to complete. The tasks capture the multifaceted
functioning of WM more effectively than simple span tasks (e.g., digit
span; Redick et al., 2012). The main structure of these three tasks con-
sists of a processing component (e.g., a simple arithmetic operation) and
a storage component (i.e., the to-be-remembered letter) to measure in-
dividual differences in WM (Oswald et al., 2015).

The O-Span instructs the participant to view simple arithmetic
problems, determine whether the presented answer is correct, and
remember a letter for future recall (e.g., 5 + 3 = ?, 8, S). Once the
sequence of math problems and letter presentations was complete,
participants recalled items on a 4 x 3 matrix of letters in the order
presented. These steps (arithmetic operation, storage and recall) were
presented on sequential display screens to reduce verbal rehearsal of the
items (Oswald et al., 2015). The number of items gradually increased,
after a correct recall, to reflect the maximum WM capacity. The set sizes
ranged from 3 to 7 items and were repeated three times for each set.

The R-Span and S-Span had a similar procedure. The R-Span involves
reading a sentence consisting of 10-15 words and determining whether
the sentences make sense (approximately half of the sentences make
sense). The R-Span set sizes ranged from 3 to 7 items per set. The S-Span
is a test of visuospatial WM and requires the participant to remember
locations of grids in a serial order. Participants were first presented with
a series of red squares shown on a 4 x 4 matrix and instructed to
remember the sequence at the recall phase. Participants were then
presented with black and white squares on an 8 x 8 matrix and asked to
decide whether the black squares were symmetrical along the vertical
axis. Finally, participants were instructed to recall the location of the red
squares. Set sizes ranged from 2 to 5 items and were repeated three
times. In total, the O-Span and R-Span included 30 items to be recalled,
and the S-Span included 24 items.

Complex span tasks are interpreted in two ways. First, researchers
must decide whether to use absolute or partial scores. The absolute score
is the sum of all trials where all items are recalled in the correct serial
order (Redick et al., 2012). The partial score is the sum of items recalled
in the correct serial order, regardless of whether the entire trial is
recalled correctly (Redick et al., 2012). Research has advocated for the
use of partial scores when evaluating complex span results because of its
higher internal consistency, and preservation of incomplete trials
(Conway & Pleydell-Pearce, 2000; Friedman & Miyake, 2005; Redick
et al., 2012). Second, researchers must determine whether to use
non-weighted or weighted scoring. In non-weighted scoring, the number
of items remembered are treated equally regardless of the length of the
set they belong to (Dokic et al., 2018). Correctly recalled items from
individual sets are calculated as a proportion and the final result is the
average of all the sets combined (Dokic¢ et al., 2018). In weighted
scoring, longer sets are given more weight in the final result. (Pokic
et al., 2018). We used the weighted partial score for each WM task by
dividing the partial span score by the total possible score (i.e., [partial
span score/30] for O-Span and R-Span or [partial span score/24] for
S-Span).
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Although the span tasks are moderately inter-correlated (r = 0.36 to
0.68), particularly for O-Span and R-Span (Redick et al., 2012), the
literature has differentiated their utility. The R-Span assesses WM for
semantic processing of sentences while retaining letters, and a
meta-analysis also showed that the R-Span is a stronger predictor of
reading comprehension than the O-Span (Daneman & Merikle, 1996). In
contrast, the O-Span utilizes the arithmetic calculation as the primary
task while retaining letters, and thus tap into more operational aspect of
WM. Other studies have used these WM span tasks to assess the multi-
faceted aspects of WM (Larsen et al., 2019; Bomyea & Amir, 2011).

2.3. Data analysis

Hierarchical regression analyses were conducted using the total and
subscale scores of the PCL-5 as the dependent measure, with covariates
in Step 1. Step 1 included self-report indices of general emotional
distress. We expected emotion variables to explain most of the variance
in PTSD symptomology and clusters. We also entered the RMSSD HRV
index and the eStroop (i.e., the Positive Interference Bias and Negative
Interference Bias indices) in Step 1. In Step 2, the three WM indices were
entered into the model (i.e., O-Span, R-Span, and S-Span) as main
predictors.

3. Results
3.1. Descriptive statistics

Table 1 presents the demographic and clinical characteristics of the
sample.

3.2. Correlations

The results, shown in Table 2, suggest a significant correlation be-
tween the DASS-21 and the PCL-5 symptom clusters, p < 0.05. There was
also a significant correlation between the PCL-5 Re-experiencing cluster
and S-Span, such that greater re-experiencing symptoms was associated
with lower S-Span performance, r = —0.56. There was no association
between the PCL-5 symptom clusters and the RMSSD or eStroop tasks, p
> 0.5.

3.3. PTSD symptom clusters and working memory performance

Various indices supported the statistical assumptions for regression
analysis, including the homogeneity of variance (no systematic rela-
tionship between the variability of the residuals and outcomes), the
overall linear Q-Q plot showing few/negligible outliers with a small
Cook’s distance (<1), and no evidence of multicollinearity (i.e., Toler-
ance >0.1, VIF <10).

Total PCL-5 Symptom Severity Score. In Step 1, DASS-21, eStroop, and
HRV data accounted for 56.5% of the variance in the PCL-5 Total, F(6,
21) = 4.55, p = 0.004. In Step 2, the WM tasks did not significantly
explain additional variance in overall PTSD severity, F(3, 18) = 1.34, p
=0.29, R?A = 0.079.

Cluster B: Re-experiencing Cluster. The Step 1 covariates explained
41.90% of the variance in re-experiencing symptoms, F(6, 21) = 2.53, p
= 0.053. In Step 2, the WM tasks explained an additional 29.70% of the
variance, F(3, 18) = 6.29, p = 0.004, R?A = 0.30. Notably, the S-Span
task was the only WM task that significantly explained PCL-5 re-expe-
riencing symptoms (f = —0.50, t = —4.27, p < 0.001), unlike R-Span ($
=0.13, t=1.18, p = 0.25) and O-Span (8 = 0.08, t = 1.11, p = 0.28).
Multicollinearity was not indicated for this analysis (VIF = 1.34-1.82).

Cluster C: Avoidance. The Step 1 covariates did not significantly
explain the variance, F(6, 21) = 1.44,p = 0.25, R?=0.29.1In Step 2, the
WM tasks additionally explained only 9.0% of the variance in avoidance
symptoms, F(3, 18) = 0.87, p = 0.47, R?A = 0.09.

Cluster D: Negative Cognition and Mood. The Step 1 covariates
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Table 1
Baseline demographic, clinical, and computerized task characteristics of the
sample.

Demographic
Age (M, SD) 49.93 (13.38)
Gender (% Male) 66.67%
Ethnicity (% Hispanic, n) 33% (n=1)
Race (%, n)
White 53.33% (n = 16)

African American
Native American

33.33% (n = 10)
3.33% (n=1)

Multiracial 10% (n = 3)
Education (%, n)

Some High School 33%(n=1)

High School Diploma 6.7% (n = 2)

53.5% (n = 16)
16.7% (n = 5)
20.0% (n = 6)
(%, n)

16.7% (n = 5)

Some College
Bachelor’s Degree
Master’s Degree
Marital Status
Never married

Married 50.0% (n = 15)
Divorced/Annulled 30.0% (n=19)
DASS-21 M (SD)
DASS-21 Total 58.53 (23.35)
Depression 20.87 (9.46)
Anxiety 16.2 (9.85)
Stress 21.47 (8.25)
PCL-5 M (SD)
PCL-5 Total 52.97 (11.89)
Cluster B 12.87 (3.87)
Cluster C 5.63 (2.16)
Cluster D 18.77 (5.42)
Cluster E 15.70 (3.37)
RMSSD M (SD)
Baseline 68.34 (73.17)
Exposure 37.65 (31.05)

30.68 (62.25)
M (SD)

968.96 (393.77)
960.96 (410.34)
954.74 (352.60)
19.54 (124.83)
12.58 (98.28)

Dysregulation index (Baseline — Exposure)
Emotional Stroop (eStroop)
eStroop Negative RT
eStroop Positive RT
eStroop Neutral RT
eStroop Negative Interference Bias (Neg. RT-Neut. RT)
eStroop Positive Interference Bias (Pos. RT-Neut. RT)

Automated Complex Span Tasks M (SD)/%

R-SPAN_Partial Weighted Score 17.76 (5.86)
R-SPAN Overall Accuracy 59%

S-SPAN _Partial Weighted Score 10.52 (5.69)
S-SPAN Overall Accuracy 45%

O-SPAN Partial Weighted Score 15.14 (8.06)
O-SPAN Overall Accuracy 50%

Note: DASS-21 = Depression, Anxiety, Stress Scale-21 Items; PCL-5 = PTSD
Checklist for DSM-5; RMSSD = Root Mean Squared of the Successive Differences
(Heart Rate Variability); eStroop = Emotional Stroop Task; RT = Reaction Time;
R-Span = Reading Complex Span Task; S-Span = Spatial Complex Span Task; O-
Span = Operation Complex Span Task; Overall Accuracy Scores = partial span/
total of span task (i.e., 30 or 24).

significantly explained 56.5% of the variance, F(6, 21) = 4.54, p
0.004. The WM tasks did not explain additional variance, F(3, 18) =
0.09, p = 0.94, R?A = 0.007.

Cluster E: Arousal. The Step 1 covariates significantly explained the
variance, F(6, 21) = 2.56, p = 0.05, R? = 0.42. The addition of the WM
tasks did not significantly explain the variance, F(3, 18) = 1.50, p =
0.25, R?A = 0.12.

3.4. Association between Re-experiencing symptoms and visuospatial WM

To further assess the magnitude of S-Span’s association with re-
experiencing symptoms, we conducted a regression analysis to
examine the proportion of variance uniquely explained by S-Span. Thus,
we repeated the analysis, entering the DASS-21 factors, eStroop and
HRV variables in Step 1, O-Span and R-Span in Step 2, and S-Span in Step
3. After controlling all these relevant variables, S-Span explained an
additional 28.7% of the variance in re-experiencing symptoms (R? =
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Table 2
Correlations of PTSD symptom clusters and PTSD covariates.
1 2 3 4 5 6 7 8 9 10 11 12 13

1. O-SPAN

2. R-SPAN 44"

3. S-SPAN .42° 48"

4. PCL-5 Total -21 -17 -.37

5. Cluster B -12 -.14 -.56" .83"

6. Cluster C .20 -.01 -.25 717 63"

7. Cluster D -21 -.05 -12 .85" .51° 50"

8. Cluster E -38 -.34 -.32 74 .56° .34 47"

9. RMSSD -21 -.20 =31 .37 .37 .09 .27 38"

10. Depression -.20 -.06 -19 64" .53 .15 64" .51° .37

11. Anxiety -.07 -.07 -.14 .56" 54" .34 50" .32 .27 44"

12. Stress -14 .05 -.06 .40° 47° .01 .33 .34 .18 64" .65"

13. Negative .10 17 =12 -.02 .02 -.06 .10 -.24 -.14 .16 -.08 .10

14. Positive -13 -.03 -.24 -.15 -.14 -.20 =11 -.06 -.18 -.15 -.10 -.14 41°
Note: O-SPAN = Operation Complex Span; R-SPAN = Reading Complex Span; S-SPAN = Symmetry Complex Span; PCL-5 Total = PTSD Checklist for DSM-5 Total;

Cluster B = PCL-5 Re-experiencing; Cluster C = PCL-5 Avoidance; Cluster D = PCL-5 Negative Cognition and Mood; Cluster E = PCL-5 Hyperarousal; RMSSD = Root
Mean Squared of the Successive Differences (Heart Rate Variability); Depression = DASS-21 Depression; Anxiety = DASS-21 Anxiety; Stress = DASS-21 Stress;

Negative = eStroop Negative Bias; Positive = eStroop Positive Bias.
@ Correlation is significant at the 0.01 level (2-tailed).
b Correlation is significant at the 0.05 level (2-tailed).

0.72, F(1,18) = 18.25, p < 0.001; # = —0.50, t = —4.27, p < 0.001, large
effect size; See Fig. 1).

4. Discussion

Researchers have identified a relationship between heightened trait-
anxiety and WM deficits (Bishop, 2007; Moran, 2016; Stout et al., 2013),
yet little research has evaluated the association between WM domains (i.
e., verbal, operational, and visuospatial) and PTSD symptoms (Schwe-
izer & Dalgleish, 2011; Shaw et al., 2009; Weber et al., 2005). We
evaluated re-experiencing symptoms, which are central to PTSD and
more frequently endorsed than other PTSD symptom clusters (e.g.,
avoidance, mood/cognition, hyperarousal; Durham et al., 1985; Genest
et al., 1990; Matthijssen et al., 2017; Laposa et al., 2012). We sought to
determine whether WM is a cognitive correlate of PTSD symptom
severity while considering other important variables including negative
affect, emotional dysregulation, and non-WM affective control pro-
cesses. An additional aim was to evaluate the relationship between PTSD
symptom clusters and WM domains.

Our data revealed that the visuospatial WM index is significantly
associated with re-experiencing symptoms, even after controlling for
other PTSD-relevant variables. The visuospatial WM index explained a
large amount of variance (approximately 26%) in re-experiencing
symptoms, which suggests that the level of visuospatial WM

25-
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0- [ ]
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15
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10
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Fig. 1. Correlation between S-Span and Re-experiencing Symptoms. Gray zone
indicates the 95% confidence interval of the regression line.

functioning is a useful cognitive correlate of the re-experiencing symp-
tom cluster. Despite the theoretical relevance of the HRV-based dysre-
gulation index and the general eStroop-based affective control index,
they were not significant predictors of PTSD symptom clusters in our
sample. Negative affect, as assessed by the DASS-21, was significantly
associated with PTSD symptoms, but visuospatial WM emerged as the
cognitive variable most strongly associated with PTSD re-experiencing
symptoms among all study variables.

Our findings align with previous research showing that repeated
trauma exposure was positively associated with poorer visuospatial
memory function (Smith et al., 2015; Tempesta et al., 2012. There are a
few reasons why this may be. First, visuospatial WM deficits may be
linked to re-experiencing symptoms because many of these symptoms
occur in the form of visual recollections (Ehlers et al., 2002; Hackmann
et al., 2004). Second, re-experiencing involves frequent and repeated
visual intrusions that may be triggered by real or imaginary events,
which can be highly distressing (Brewin et al., 2010). Further,
re-experiencing can be maintained by avoiding environmental/visual
triggers, which contributes to the inability to filter out threatening cues
(Lissek & van Meurs, 2015). Taken together, visual intrusions are
commonly experienced in PTSD and re-experiencing symptoms may
reflect concurrent deficits in visuospatial WM.

Further investigations are needed to understand why associations
were not found between deficits in other WM domains (e.g., verbal and
operational) and other PTSD symptom clusters (e.g., hyperarousal,
avoidance, negative alterations in mood). While some studies have
found impairments in verbal memory (Johnsen & Asbjgrnsen, 2008),
and executive function deficits (Polak et al., 2012) in PTSD samples, our
data showed that operational and verbal WM was not significantly
correlated with any PTSD symptoms. There are a few potential expla-
nations for these findings. First, it is possible that R-Span and/or O-Span
do not adequately capture verbal and operational deficits relevant for
PTSD. In other words, solving math problems and determining semantic
congruency may be unrelated to PTSD symptoms as compared to vi-
suospatial processes. Second, impaired visuospatial WM may be asso-
ciated with the diminished ability to filter out irrelevant visuospatial
trauma cues, which would make the affected individual more vulnerable
to elevated re-experiencing symptoms. As mentioned, visual memories
are the most commonly experienced form of intrusive symptoms (Ehlers
et al., 2002), and visuospatial WM deficits may play a greater role in
PTSD symptoms, relative to other domains of WM. Third, PTSD symp-
toms may display negligible associations with WM indices except for the
re-experiencing symptom cluster. Recent work in visuospatial WM
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training, such as the visual n-back, showed reduced intrusions in
thought suppression tasks, improved WM, and reduced PTSD symptoms
(Bomyea & Amir, 2011; Larsen et al., 2019). Though few studies have
evaluated WM training, our preliminary results support the link between
visuospatial WM and PTSD.

Our sample did not display a significant relationship between re-
experiencing symptoms and affective control. Research suggests that
individuals with PTSD demonstrate difficulty with attention disen-
gagement from salient emotional cues due to difficulties with affective
control (Bardeen & Orcutt, 2011; El Khoury-Malhame et al., 2011;
Khanna et al., 2017; Schweizer, Samimi, et al., 2017). While the eStroop
task controls for emotional stimuli interference, it does not directly
assess WM processes and may not be as relevant for PTSD symptom-
atology, which may explain the lack of an association between eStroop
and PTSD symptoms. In our study, even compared to other WM tasks (i.
e., verbal, operational), the visuospatial WM task was the only cognitive
domain to correlate with re-experiencing symptoms, which suggests that
visuospatial WM deficits are more specifically linked to re-experiencing
symptoms. Another consideration is the type of stimuli used in the tasks.
The eStroop task used valanced words (verbal stimuli), while the vi-
suospatial WM task used patterns and designs (visuospatial stimuli).
Thus, the results suggest that re-experiencing symptoms are more
closely linked to cognitive deficits in the visuospatial, rather than verbal,
modality. Clarke and colleagues (2003) found that individuals with
PTSD excessively relied on visuospatial coding of information on a WM
updating task (i.e., a visuo-verbal target detection task), relative to
verbal, phonological, and symbolic representations of the stimuli. A
reliance on nonverbal WM and a shift away from verbal processing has
been found in other studies evaluating PTSD and is important to further
understand the nature of intrusive traumatic memories (Bremner et al.,
1999; Clark et al., 2003; Rauch et al., 1996). Considering the reliance on
nonverbal WM in PTSD, it is conceivable that cognitive deficits in vi-
suospatial WM are more strongly associated with PTSD symptoms,
particularly re-experiencing symptoms, compared to deficits in verbal
cognitive processing. Taken together, our findings contribute to the
literature by suggesting that visuospatial WM deficits are associated
with increased PTSD symptoms (De Bellis et al., 2010; Li et al., 2020;
Mirabolfathi et al., 2020; Morey et al., 2009). However, affective control
across different modes of stimuli related to traumatic experiences (e.g.,
affective go/no-go based on words vs. faces/pictures; Amick et al., 2013;
Sadeh et al., 2018) should be assessed.

Although HRYV, an established indicator of emotional dysregulation,
is significantly lower in those with PTSD compared to controls and
associated with poor cognitive control (Gillie & Thayer, 2014; Nagpal
etal., 2013; Norte et al., 2013; Tan et al., 2011), our study did not find a
significant relationship between HRV and any PTSD symptom clusters.
HRV was evaluated in a stress-challenge by auditory presentation of
salient trauma words. Enhancement of the impact and duration of the
challenge may be necessary to generate a meaningful context for
PTSD-related emotional dysregulation (Hauschildt et al., 2011), as HRV
indices can be sensitive to task demands, situational factors, and random
variation (Maestri et al., 2007; Pinna et al., 2007).

This study is not without limitations. First, a relatively small sample
of individuals may increase the potential for false positives and reduced
measurement precision (Sandercock, 2007). Therefore, the results are
preliminary and require further research to corroborate these findings.
Nonetheless, a large effect size of the association between visuospatial
WM and re-experiencing symptoms is noteworthy. Future research
should use a large clinical sample as the currently underpowered study
may have missed a meaningful pattern in other aspects of the WM-PTSD
relationship. Second, participants were all veterans. Thus, the general-
izability of our findings cannot be established without examining in-
dividuals presenting with diverse demographic characteristics and
traumatic experiences. Third, we did not measure WM filtering directly
in this study, as the Automated Complex Span tasks are primarily
focused on the retention and operation of information presented across
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different stimulus domains. Future work may consider a task that
directly evaluates filtration of irrelevant information from WM (e.g.,
emotional change detection task; Stout et al., 2013; Stout et al., 2015).
Fourth, we did not gather data related to the length/course of illness.
Future research should evaluate the relationship between chronic
re-experiencing symptoms and visuospatial WM. Fifth, our findings are
cross-sectional and do not allow for causal inference regarding the
WM-PTSD relationship. To this end, further investigation is needed to
assess whether visuospatial WM deficits lead to greater re-experiencing
problems or vice versa. Future studies should include non-PTSD anxious
controls to examine whether the observed PTSD-WM relationship is
attributable to general anxiety psychopathology, as opposed to the as-
sociation with a particular PTSD symptom cluster.

Despite these limitations, our study contributes novel findings to the
existing literature by presenting a specific pattern of the PTSD-WM
relationship. First, visuospatial WM deficits may be a specific cogni-
tive deficit substantially correlated with re-experiencing symptoms in
PTSD. Second, it appears unlikely that PTSD is characterized by gener-
alized WM deficits across all domains. Third, only a certain facet of PTSD
symptoms (re-experiencing) may be strongly associated with WM defi-
cits. Given the current findings, visuospatial WM is expected to have
incremental validity in explaining re-experiencing symptoms in PTSD
even when considering other important variables related to negative
affect, emotional dysregulation, and general affective control.
Continuing research is warranted to better understand the nature and
role of WM processes in PTSD psychopathology.

Funding source

The project described was supported by the National Center for
Advancing Translational Sciences, National Institutes of Health, Award
Number UL1TR001436. The content is solely the responsibility of the
author(s) and does not necessarily represent the official views of the
NIH. In addition, this project was funded by the Research and Education
Program Fund, a component of the Advancing a Healthier Wisconsin
endowment at the Medical College of Wisconsin. This manuscript is also
partially the result of work supported with resources and the use of fa-
cilities at the Clement J. Zablocki VAMC, Milwaukee, WI.

Authors statement

Author Abel S. Mathew contributed to conceptualization, literature
searches, data collection, statistical analyses, and preparation of the
manuscript.

Author Salahadin Lotfi contributed to conceptualization, literature
review, data collection, statistical analyses, and preparation of the
manuscript.

Author Kenneth P. Bennett contributed to conceptualization, litera-
ture review, and data collection.

Author Sadie E. Larsen contributed to conceptualization, data
acquisition, data collection, and critical review of the manuscript.

Author Caron Dean contributed to data acquisition, data collection,
and critical review of the manuscript.

Author Christine L. Larson contributed to data acquisition and crit-
ical review of the manuscript.

Author Han-Joo Lee contributed to literature searches, conceptuali-
zation, statistical analyses, and preparation of the manuscript. All au-
thors materially and substantially participated in research and
manuscript preparation.

Declaration of interest

The authors of the current manuscript have no conflict of interest to
report.

Downloaded for Anonymous User (n/a) at University of Wisconsin-Milwaukee from ClinicalKey.com by Elsevier on July 17,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



A.S. Mathew et al.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.

0rg/10.1016/j.jbtep.2021.101714.

References

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (DSM-5). American Psychiatric Pub.

Amick, M. M., Clark, A., Fortier, C. B., Esterman, M., Rasmusson, A. M., Kenna, A., ...
McGlinchey, R. (2013). PTSD modifies performance on a task of affective executive
control among deployed OEF/OIF veterans with mild traumatic brain injury. Journal
of the International Neuropsychological Society: JINS, 19(7), 792.

Angelidis, A., Solis, E., Lautenbach, F., van der Does, W., & Putman, P. (2019). I'm going
to fail! Acute cognitive performance anxiety increases threat-interference and
impairs WM performance. PloS One, 14, Article e0210824.

Applehans, B. M., & Luecken, L. J. (2006). Attentional processes, anxiety, and the
regulation of cortisol reactivity. Anxiety, Stress, and Coping, 19(1), 81-92.

Ashley, V., Honzel, N., Larsen, J., Justus, T., & Swick, D. (2013). Attentional bias for
trauma-related words: Exaggerated emotional Stroop effect in Afghanistan and Iraq
war veterans with PTSD. BMC Psychiatry, 13(1), 86.

Aupperle, R. L., Melrose, A. J., Stein, M. B., & Paulus, M. P. (2012). Executive function
and PTSD: Disengaging from trauma. Neuropharmacology, 62(2), 686-694.

Baddeley, A. D., & Hitch, G. (1974). Working memory. In Psychology of learning and
motivation, 8 pp. 47-89). Academic press.

Badour, C. L., & Feldner, M. T. (2013). Trauma-related reactivity and regulation of
emotion: Associations with posttraumatic stress symptoms. Journal of Behavior
Therapy and Experimental Psychiatry, 44(1), 69-76.

Bardeen, J. R., & Orcutt, H. K. (2011). Attentional control as a moderator of the
relationship between posttraumatic stress symptoms and attentional threat bias.
Journal of Anxiety Disorders, 25(8), 1008-1018.

Beauchaine, T. P., Gatzke-Kopp, L., & Mead, H. K. (2007). Polyvagal theory and
developmental psychopathology: Emotion dysregulation and conduct problems from
preschool to adolescence. Biological Psychology, 74(2), 174-184.

Berggren, N. (2020). Anxiety and apprehension in visual working memory performance:
No change to capacity, but poorer distractor filtering. Anxiety, Stress, & Coping, 33,
299-310.

Bigger, J. T., Jr., Kleiger, R. E., Fleiss, J. L., Rolnitzky, L. M., Steinman, R. C., &
Miller, J. P. (1988). Components of heart rate variability measured during healing of
acute myocardial infarction. The American Journal of Cardiology, 61(4), 208-215.

Bishop, S. J. (2007). Neurocognitive mechanisms of anxiety: An integrative account.
Trends in Cognitive Sciences, 11(7), 307-316.

Blevins, C. A., Weathers, F. W., Davis, M. T., Witte, T. K., & Domino, J. L. (2015). The
posttraumatic stress disorder checklist for DSM-5 (PCL-5): Development and initial
psychometric evaluation. Journal of Traumatic Stress, 28(6), 489-498.

Bomyea, J., & Amir, N. (2011). The effect of an executive functioning training program
on working memory capacity and intrusive thoughts. Cognitive Therapy and Research,
35(6), 529-535.

Bomyea, J., Amir, N., & Lang, A. J. (2012). The relationship between cognitive control
and posttraumatic stress symptoms. Journal of Behavior Therapy and Experimental
Psychiatry, 43(2), 844-848.

Bovin, M. J., Marx, B. P., Weathers, F. W., Gallagher, M. W., Rodriguez, P., Schnurr, P. P.,
& Keane, T. M. (2016). Psychometric properties of the PTSD checklist for diagnostic
and statistical manual of mental disorders—fifth edition (PCL-5) in veterans.
Psychological Assessment, 28(11), 1379.

Bradley, B., DeFife, J. A., Guarnaccia, C., Phifer, M. J., Fani, M. N., Ressler, K. J., &
Westen, D. (2011). Emotion dysregulation and negative affect: Association with
psychiatric symptoms. The Journal of Clinical Psychiatry, 72(5), 685.

Bremner, J. D., Staib, L. H., Kaloupek, D., Southwick, S. M., Soufer, R., & Charney, D. S.
(1999). Neural correlates of exposure to traumatic pictures and sound in vietnam
combat veterans with and without posttraumatic stress disorder: A positron emission
tomography study. Biological Psychiatry, 45(7), 806-816.

Brewin, C. R., Dalgleish, T., & Joseph, S. (1996). A dual representation theory of
posttraumatic stress disorder. Psychological Review, 103(4), 670.

Brewin, C. R., Gregory, J. D., Lipton, M., & Burgess, N. (2010). Intrusive images in
psychological disorders: Characteristics, neural mechanisms, and treatment
implications. Psychological Review, 117(1), 210.

Brewin, C. R., & Smart, L. (2005). Working memory capacity and suppression of intrusive
thoughts. Journal of Behavior Therapy and Experimental Psychiatry, 36(1), 61-68.

Buccelletti, F., Gilardi, E., Scaini, E., Galiuto, L., Persiani, R., Biondi, A., Basile, F., &
Gentiloni Silveri, N. (2009). Heart rate variability and myocardial infarction:
Systematic literature review and metanalysis. European Review for Medical
Pharmacological Sciences, 13(4), 299-307.

Chalmers, J. A., Quintana, D. S., Abbott, M. J., & Kemp, A. H. (2014). Anxiety disorders
are associated with reduced heart rate variability: A meta-analysis. Frontiers in
Psychiatry, 5, 80.

Chou, C. Y., Marca, R. L., Steptoe, A., & Brewin, C. R. (2014). Heart rate, startle response,
and intrusive trauma memories. Psychophysiology, 51(3), 236-246.

Clark, C. R., McFarlane, A. C., Morris, P., Weber, D. L., Sonkkilla, C., Shaw, M., ...
Egan, G. F. (2003). Cerebral function in posttraumatic stress disorder during verbal
working memory updating: A positron emission tomography study. Biological
Psychiatry, 53(6), 474-481.

Journal of Behavior Therapy and Experimental Psychiatry 75 (2022) 101714

Conway, A. R. A., Kane, M. J., Bunting, M. F., Hambrick, D. Z., Wilhelm, O., &

Engle, R. W. (2005). Working memory span tasks: A methodological review and
user’s guide. Psychonomic Bulletin and Review, 12, 769-786.

Conway, M. A., & Pleydell-Pearce, C. W. (2000). The construction of autobiographical
memories in the self-memory system. Psychological Review, 107(2), 261.

Daneman, M., & Merikle, P. M. (1996). Working memory and language comprehension:
A meta-analysis. Psychonomic Bulletin & Review, 3(4), 422-433.

Davies, C. D, Niles, A. N., Pittig, A., Arch, J. J., & Craske, M. G. (2015). Physiological and
behavioral indices of emotion dysregulation as predictors of outcome from cognitive
behavioral therapy and acceptance and commitment therapy for anxiety. Journal of
Behavior Therapy and Experimental Psychiatry, 46, 35-43.

De Bellis, M. D., Hooper, S. R., Woolley, D. P., & Shenk, C. E. (2010). Demographic,
maltreatment, and neurobiological correlates of PTSD symptoms in children and
adolescents. Journal of Pediatric Psychology, 35(5), 570-577.

DeGutis, J., Esterman, M., McCulloch, B., Rosenblatt, A., Milberg, W., & McGlinchey, R.
(2015). Posttraumatic psychological symptoms are associated with reduced
inhibitory control, not general executive dysfunction. Journal of the International
Neuropsychological Society-JINS.

boki¢, R., Koso-Drljevi¢, M., & Papo, N. (2018). Working memory span tasks: Group
administration and omitting accuracy criterion do not change metric characteristics.
PloS One, 13(10), Article e0205169.

Dolcos, F. (2013). Linking enhancing and impairing effects of emotion—the case of
PTSD. Frontiers in Integrative Neuroscience, 7, 26.

Dretsch, M. N., Thiel, K. J., Athy, J. R., Irvin, C. R., Sirmon-Fjordbak, B., & Salvatore, A.
(2012). Mood symptoms contribute to working memory decrement in active-duty
soldiers being treated for posttraumatic stress disorder. Brain and Behavior, 2(4),
357-364.

Durham, T. W., McCammon, S. L., & Allison, E. J., Jr. (1985). The psychological impact
of disaster on rescue personnel. Annals of Emergency Medicine, 14(7), 664-668.
Ehlers, A., Hackmann, A., Steil, R., Clohessy, S., Wenninger, K., & Winter, H. (2002). The
nature of intrusive memories after trauma: The warning signal hypothesis. Behaviour

Research and Therapy, 40(9), 995-1002.

Ehring, T., & Quack, D. (2010). Emotion regulation difficulties in trauma survivors: The
role of trauma type and PTSD symptom severity. Behavior Therapy, 41(4), 587-598.

El Khoury-Malhame, M., Reynaud, E., Soriano, A., Michael, K., Salgado-Pineda, P.,
Zendjidjian, X., ... Khalfa, S. (2011). Amygdala activity correlates with attentional
bias in PTSD. Neuropsychologia, 49(7), 1969-1973.

Etkin, A., & Wager, T. D. (2007). Functional neuroimaging of anxiety: A meta-analysis of
emotional processing in PTSD, social anxiety disorder, and specific phobia. American
Journal of Psychiatry, 164(10), 1476-1488.

Eysenck, M. W., & Calvo, M. G. (1992). Anxiety and performance: The processing
efficiency theory. Cognition & Emotion, 6(6), 409-434.

Friedman, N. P., & Miyake, A. (2005). Comparison of four scoring methods for the
reading span test. Behavior Research Methods, 37, 581-590.

Genest, M., Levine, J., Ramsden, V., & Swanson, R. (1990). The impact of providing help:
Emergency workers and cardiopulmonary resuscitation attempts. Journal of
Traumatic Stress, 3(2), 305-313.

Gillie, B. L., & Thayer, J. F. (2014). Individual differences in resting heart rate variability
and cognitive control in posttraumatic stress disorder. Frontiers in Psychology, 5, 758.

Godfrey, K. M., Juarascio, A., Manasse, S., Minassian, A., Risbrough, V., & Afari, N.
(2019). Heart rate variability and emotion regulation among individuals with
obesity and loss of control eating. Physiology & Behavior, 199, 73-78.

Gray, J. R. (2004). Integration of emotion and cognitive control. Current Directions in
Psychological Science, 13(2), 46-48.

Gurvits, T. V., Lasko, N. B., Repak, A. L., Metzger, L. J., Orr, S. P., & Pitman, R. K. (2002).
Performance on spatial copying tasks in individuals with chronic posttraumatic
stress disorder. Psychiatry Research, 112(3), 263-268.

Hackmann, A., Ehlers, A., Speckens, A., & Clark, D. M. (2004). Characteristics and
content of intrusive memories in PTSD and their changes with treatment. Journal of
Traumatic Stress: Official Publication of The International Society for Traumatic Stress
Studies, 17(3), 231-240.

Hale, S., Rose, N. S., Myerson, J., Strube, M. J., Sommers, M., Tye-Murray, N., &
Spehar, B. (2011). The structure of working memory abilities across the adult life
span. Psychology and Aging, 26(1), 92.

Hauschildt, M., Peters, M. J., Moritz, S., & Jelinek, L. (2011). Heart rate variability in
response to affective scenes in posttraumatic stress disorder. Biological Psychology, 88
(2-3), 215-222.

Henry, J. D., & Crawford, J. R. (2005). The short-form version of the Depression Anxiety
Stress Scales (DASS-21): Construct validity and normative data in a large non-clinical
sample. British Journal of Clinical Psychology, 44(2), 227-239.

Honzel, N., Justus, T., & Swick, D. (2014). Posttraumatic stress disorder is associated
with limited executive resources in a working memory task. Cognitive, Affective, &
Behavioral Neuroscience, 14(2), 792-804.

Johnsen, G. E., & Asbjgrnsen, A. E. (2008). Consistent impaired verbal memory in PTSD:
A meta-analysis. Journal of Affective Disorders, 111(1), 74-82.

Kanstrup, M., Kontio, E., Geranmayeh, A., Lauri, K. O., Moulds, M. L., & Holmes, E. A.
(2020). A single case series using visuospatial task interference to reduce the number
of visual intrusive memories of trauma with refugees. Clinical Psychology &
Psychotherapy.

Kashdan, T. B., Breen, W. E., & Julian, T. (2010). Everyday strivings in war veterans with
posttraumatic stress disorder: Suffering from a hyper-focus on avoidance and
emotion regulation. Behavior Therapy, 41(3), 350-363.

Kavanagh, D. J., Freese, S., Andrade, J., & May, J. (2001). Effects of visuospatial tasks on
desensitization to emotive memories. British Journal of Clinical Psychology, 40(3),
267-280.

Downloaded for Anonymous User (n/a) at University of Wisconsin-Milwaukee from ClinicalKey.com by Elsevier on July 17,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.jbtep.2021.101714
https://doi.org/10.1016/j.jbtep.2021.101714
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref1
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref1
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref2
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref2
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref2
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref2
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref3
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref3
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref3
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref4
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref4
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref5
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref5
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref5
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref6
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref6
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref9
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref9
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref10
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref10
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref10
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref12
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref12
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref12
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref13
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref13
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref13
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref14
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref14
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref14
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref15
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref15
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref15
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref16
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref16
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref18
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref18
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref18
http://refhub.elsevier.com/S0005-7916(21)00079-3/opt7wLeCAq8hy
http://refhub.elsevier.com/S0005-7916(21)00079-3/opt7wLeCAq8hy
http://refhub.elsevier.com/S0005-7916(21)00079-3/opt7wLeCAq8hy
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref21
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref21
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref21
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref22
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref22
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref22
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref22
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref23
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref23
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref23
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref24
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref24
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref24
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref24
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref25
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref25
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref26
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref26
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref26
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref27
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref27
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref28
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref28
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref28
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref28
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref29
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref29
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref29
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref30
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref30
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref31
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref31
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref31
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref31
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref33
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref33
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref33
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref34
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref34
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref35
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref35
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref36
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref36
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref36
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref36
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref37
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref37
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref37
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref38
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref38
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref38
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref38
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref39
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref39
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref39
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref40
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref40
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref41
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref41
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref41
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref41
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref42
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref42
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref44
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref44
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref44
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref45
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref45
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref46
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref46
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref46
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref47
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref47
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref47
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref48
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref48
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref49
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref49
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref51
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref51
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref51
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref52
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref52
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref53
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref53
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref53
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref54
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref54
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref55
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref55
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref55
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref56
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref56
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref56
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref56
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref57
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref57
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref57
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref58
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref58
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref58
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref60
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref60
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref60
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref61
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref61
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref61
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref62
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref62
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref63
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref63
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref63
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref63
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref64
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref64
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref64
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref65
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref65
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref65

A.S. Mathew et al.

Keller, J., Nitschke, J. B., Bhargava, T., Deldin, P. J., Gergen, J. A., Miller, G. A., &
Heller, W. (2000). Neuropsychological differentiation of depression and anxiety.
Journal of Abnormal Psychology, 109(1), 3.

Kessler, H., Schmidt, A. C., James, E. L., Blackwell, S. E., von Rauchhaupt, M., Harren, K.,
... Axmacher, N. (2020). Visuospatial computer game play after memory reminder
delivered three days after a traumatic film reduces the number of intrusive memories
of the experimental trauma. Journal of Behavior Therapy and Experimental Psychiatry,
67, 101454.

Khanna, M. M., Badura-Brack, A. S., McDermott, T. J., Embury, C. M., Wiesman, A. I,
Shepherd, A., ... Wilson, T. W. (2017). Veterans with post-traumatic stress disorder
exhibit altered emotional processing and attentional control during an emotional
Stroop task. Psychological Medicine, 47(11).

Klemanski, D. H., Mennin, D. S., Borelli, J. L., Morrissey, P. M., & Aikins, D. E. (2012).
Emotion-related regulatory difficulties contribute to negative psychological
outcomes in active-duty Iraq war soldiers with and without posttraumatic stress
disorder. Depression and Anxiety, 29(7), 621-628.

Koso, M., & Hansen, S. (2006). Executive function and memory in posttraumatic stress
disorder: A study of Bosnian war veterans. European Psychiatry, 21(3), 167-173.
Lanius, R., Frewen, P., Vermetten, E., & Yehuda, R. (2010). Fear conditioning and early
life vulnerabilities: Two distinct pathways of emotional dysregulation and brain

dysfunction in PTSD. European Journal of Psychotraumatology, 1(1), 5467.

Laposa, J. M., & Rector, N. A. (2012). The prediction of intrusions following an analogue
traumatic event: Peritraumatic cognitive processes and anxiety-focused rumination
versus rumination in response to intrusions. Journal of Behavior Therapy and
Experimental Psychiatry, 43(3), 877-883.

Larsen, S. E., Lotfi, S., Bennett, K. P., Larson, C. L., Dean-Bernhoft, C., & Lee, H. J. (2019).
A pilot randomized trial of a dual n-back emotional working memory training
program for veterans with elevated PTSD symptoms. Psychiatry Research, 275,
261-268.

Lee, R. S, Hermens, D. F., Porter, M. A., & Redoblado-Hodge, M. A. (2012). A meta-
analysis of cognitive deficits in first-episode major depressive disorder. Journal of
Affective Disorders, 140(2), 113-124.

Lilley, S. A., Andrade, J., Turpin, G., Sabin-Farrell, R., & Holmes, E. A. (2009).
Visuospatial working memory interference with recollections of trauma. British
Journal of Clinical Psychology, 48(3), 309-321.

Lissek, S., & van Meurs, B. (2015). Learning models of PTSD: Theoretical accounts and
psychobiological evidence. International Journal of Psychophysiology, 98(3), 594-605.

Li, Y., Zhu, H,, Ren, Z., Lui, S., Yuan, M., Gong, Q., ... Zhang, W. (2020). Exploring
memory function in earthquake trauma survivors with resting-state fMRI and
machine learning. BMC Psychiatry, 20(1), 43.

Maestri, R., Pinna, G. D., Porta, A., Balocchi, R., Sassi, R., Signorini, M. G., ... Raczak, G.
(2007). Assessing nonlinear properties of heart rate variability from short-term
recordings: Are these measurements reliable? Physiological Measurement, 28(9),
1067.

Malhi, G. S., Lagopoulos, J., Sachdev, P. S., Ivanovski, B., & Shnier, R. (2005). An
emotional Stroop functional MRI study of euthymic bipolar disorder. Bipolar
Disorders, 7, 58-69.

Matthijssen, S. J., Verhoeven, L., van den Hout, M. A., & Heitland, I. (2017). Auditory
and visual memories in PTSD patients targeted with eye movements and counting:
The effect of modality-specific loading of working memory. Frontiers in Psychology, 8,
1937.

Michael, T., Ehlers, A., Halligan, S. L., & Clark, D. M. (2005). Unwanted memories of
assault: What intrusion characteristics are associated with PTSD? Behaviour Research
and Therapy, 43(5), 613-628.

Mirabolfathi, V., Moradi, A. R., & Bakhtiari, M. (2016). Emotional working memory in
post-traumatic stress disorder and depression. Advances in Cognitive Science.

Mirabolfathi, V., Schweizer, S., Moradi, A., & Jobson, L. (2020). Affective working
memory capacity in refugee adolescents. Psychological Trauma: Theory, Research,
Practice, and Policy.

Moran, T. P. (2016). Anxiety and working memory capacity: A meta-analysis and
narrative review. Psychological Bulletin, 142(8), 831.

Morey, R. A., Dolcos, F., Petty, C. M., Cooper, D. A., Hayes, J. P., LaBar, K. S., &
McCarthy, G. (2009). The role of trauma-related distractors on neural systems for
working memory and emotion processing in posttraumatic stress disorder. Journal of
Psychiatric Research, 43(8), 809-817.

Nagpal, M., Gleichauf, K., & Ginsberg, J. (2013). Meta-analysis of heart rate variability as
a psychophysiological indicator of posttraumatic stress disorder. Journal of Trauma &
Treatment, 3(2167-1222), 1000182.

Nejati, V., Salehinejad, M. A., & Sabayee, A. (2018). Impaired working memory updating
affects memory for emotional and non-emotional materials the same way: Evidence
from post-traumatic stress disorder (PTSD). Cognitive Processing, 19(1), 53-62.

Norte, C. E., Souza, G. G. L., Vilete, L., Marques-Portella, C., Coutinho, E. S. F.,
Figueira, 1., & Volchan, E. (2013). They know their trauma by heart: An assessment
of psychophysiological failure to recover in PTSD. Journal of Affective Disorders, 150
(1), 136-141.

Oswald, F. L., McAbee, S. T., Redick, T. S., & Hambrick, D. Z. (2015). The development of
a short domain-general measure of working memory capacity. Behavior Research
Methods, 47(4), 1343-1355.

Owen, N., & Steptoe, A. (2003). Natural killer cell and proinflammatory cytokine
responses to mental stress: Associations with heart rate and heart rate variability.
Biological Psychology, 63(2), 101-115.

Pineles, S. L., Shipherd, J. C., Mostoufi, S. M., Abramovitz, S. M., & Yovel, 1. (2009).
Attentional biases in PTSD: More evidence for interference. Behaviour Research and
Therapy, 47(12), 1050-1057.

Journal of Behavior Therapy and Experimental Psychiatry 75 (2022) 101714

Pinna, G. D., Maestri, R., Torunski, A., Danilowicz-Szymanowicz, L., Szwoch, M., La
Rovere, M. T., & Raczak, G. (2007). Heart rate variability measures: A fresh look at
reliability. Clinical Science, 113(3), 131-140.

Polak, A. R., Witteveen, A. B., Reitsma, J. B., & OIff, M. (2012). The role of executive
function in posttraumatic stress disorder: A systematic review. Journal of Affective
Disorders, 141(1), 11-21.

Price, J. L., Monson, C. M., Callahan, K., & Rodriguez, B. F. (2006). The role of emotional
functioning in military-related PTSD and its treatment. Journal of Anxiety Disorders,
20(5), 661-674.

Rahm, C., Liberg, B., Wiberg-Kristoffersen, M., Aspelin, P., & Msghina, M. (2013). Rostro-
caudal and dorso-ventral gradients in medial and lateral prefrontal cortex during
cognitive control of affective and cognitive interference. Scandinavian Journal of
Psychology, 54(2), 66-71.

Rauch, S. L., Van Der Kolk, B. A., Fisler, R. E., Alpert, N. M., Orr, S. P., Savage, C. R,, ...
Pitman, R. K. (1996). A symptom provocation study of posttraumatic stress disorder
using positron emission tomography and script-driven imagery. Archives of General
Psychiatry, 53(5), 380-387.

Redick, T. S., Broadway, J. M., Meier, M. E., Kuriakose, P. S., Unsworth, N., Kane, M. J.,
& Engle, R. W. (2012). Measuring working memory capacity with automated
complex span tasks. European Journal of Psychological Assessment.

Reynard, A., Gevirtz, R., Berlow, R., Brown, M., & Boutelle, K. (2011). Heart rate
variability as a marker of self-regulation. Applied Psychophysiology and Biofeedback,
36(3), 209.

Sadeh, N., Spielberg, J. M., & Hayes, J. P. (2018). Impulsive responding in threat and
reward contexts as a function of PTSD symptoms and trait disinhibition. Journal of
Anxiety Disorders, 53, 76-84.

Sandercock, G. (2007). Normative values, reliability and sample size estimates in heart
rate variability. Clinical Science, 113(3), 129-130.

Saunders, N., Downham, R., Turman, B., Kropotov, J., Clark, R., Yumash, R., &
Szatmary, A. (2015). Working memory training with tDCS improves behavioral and
neurophysiological symptoms in pilot group with post-traumatic stress disorder
(PTSD) and with poor working memory. Neurocase, 21(3), 271-278.

Schoofs, D., Preus, D., & Wolf, O. T. (2008). Psychosocial stress induces working memory
impairments in an n-back paradigm. Psychoneuroendocrinology, 33(5), 643-653.

Schweizer, S., & Dalgleish, T. (2011). Emotional working memory capacity in
posttraumatic stress disorder (PTSD). Behaviour Research and Therapy, 49(8),
498-504.

Schweizer, S., & Dalgleish, T. (2016). The impact of affective contexts on working
memory capacity in healthy populations and in individuals with PTSD. Emotion, 16
(1), 16.

Schweizer, S., Gotlib, I. H., & Blakemore, S. J. (2020). The role of affective control in
emotion regulation during adolescence. Emotion, 20(1), 80.

Schweizer, S., Samimi, Z., Hasani, J., Moradi, A., Mirdoraghi, F., & Khaleghi, M. (2017).
Improving cognitive control in adolescents with post-traumatic stress disorder
(PTSD). Behaviour Research and Therapy, 93, 88-94.

Schweizer, T., Schmitz, J., Plempe, L., Sun, D., Becker-Asano, C., Leonhart, R., &
Tuschen-Caffier, B. (2017). The impact of pre-existing anxiety on affective and
cognitive processing of a Virtual Reality analogue trauma. Plos One, 12(12).

Shackman, A. J., Sarinopoulos, 1., Maxwell, J. S., Pizzagalli, D. A., Lavric, A., &
Davidson, R. J. (2006). Anxiety selectively disrupts spatial working memory.
Emotion, 6(1), 40.

Shaffer, F., & Ginsberg, J. P. (2017). An overview of heart rate variability metrics and
norms. Frontiers in Public Health, 5, 258.

Shaw, M. E., Moores, K. A., Clark, R. C., McFarlane, A. C., Strother, S. C., Bryant, R. A, ...
Taylor, J. D. (2009). Functional connectivity reveals inefficient working memory
systems in post-traumatic stress disorder. Psychiatry Research: Neuroimaging, 172(3),
235-241.

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., ...
Dunbar, G. C. (1998). The Mini-International Neuropsychiatric Interview (MINI):
The development and validation of a structured diagnostic psychiatric interview for
DSM-IV and ICD-10. The Journal of Clinical Psychiatry.

Smith, K. V., Burgess, N., Brewin, C. R., & King, J. A. (2015). Impaired allocentric spatial
processing in posttraumatic stress disorder. Neurobiology of Learning and Memory,
119, 69-76.

Song, S., Zilverstand, A., Song, H., Uquillas, F. D. O., Wang, Y., Xie, C., ... Zou, Z. (2017).
The influence of emotional interference on cognitive control: A meta-analysis of
neuroimaging studies using the emotional Stroop task. Scientific Reports, 7(1), 1-9.

Stout, D. M., Shackman, A. J., Johnson, J. S., & Larson, C. L. (2015). Worry is associated
with impaired gating of threat from working memory. Emotion, 15(1), 6.

Stout, D. M., Shackman, A. J., & Larson, C. L. (2013). Failure to filter: Anxious
individuals show inefficient gating of threat from working memory. Frontiers in
Human Neuroscience, 7, 58.

Tan, G., Dao, T. K., Farmer, L., Sutherland, R. J., & Gevirtz, R. (2011). Heart rate
variability (HRV) and posttraumatic stress disorder (PTSD): A pilot study. Applied
Psychophysiology and Biofeedback, 36(1), 27-35.

Tempesta, D., Mazza, M., Iaria, G., De Gennaro, L., & Ferrara, M. (2012). A specific
deficit in spatial memory acquisition in post-traumatic stress disorder and the role of
sleep in its consolidation. Hippocampus, 22(5), 1154-1163.

Tipples, J., & Sharma, D. (2000). Orienting to exogenous cues and attentional bias to
affective pictures reflect separate processes. British Journal of Psychology, 91(1),
87-97.

Tull, M. T., Jakupcak, M., McFadden, M. E., & Roemer, L. (2007). The role of negative
affect intensity and the fear of emotions in posttraumatic stress symptom severity
among victims of childhood interpersonal violence. The Journal of Nervous and
Mental Disease, 195(7), 580-587.

Downloaded for Anonymous User (n/a) at University of Wisconsin-Milwaukee from ClinicalKey.com by Elsevier on July 17,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0005-7916(21)00079-3/sref66
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref66
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref66
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref67
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref67
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref67
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref67
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref67
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref68
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref68
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref68
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref68
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref70
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref70
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref70
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref70
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref71
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref71
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref72
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref72
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref72
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref73
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref73
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref73
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref73
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref74
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref74
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref74
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref74
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref75
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref75
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref75
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref76
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref76
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref76
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref78
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref78
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref79
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref79
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref79
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref81
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref81
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref81
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref81
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref82
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref82
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref82
http://refhub.elsevier.com/S0005-7916(21)00079-3/optqL6rbO69zQ
http://refhub.elsevier.com/S0005-7916(21)00079-3/optqL6rbO69zQ
http://refhub.elsevier.com/S0005-7916(21)00079-3/optqL6rbO69zQ
http://refhub.elsevier.com/S0005-7916(21)00079-3/optqL6rbO69zQ
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref84
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref84
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref84
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref85
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref85
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref86
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref86
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref86
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref88
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref88
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref89
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref89
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref89
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref89
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref90
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref90
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref90
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref92
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref92
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref92
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref94
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref94
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref94
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref94
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref95
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref95
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref95
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref96
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref96
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref96
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref97
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref97
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref97
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref98
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref98
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref98
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref99
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref99
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref99
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref101
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref101
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref101
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref102
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref102
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref102
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref102
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref103
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref103
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref103
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref103
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref104
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref104
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref104
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref105
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref105
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref105
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref106
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref106
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref106
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref107
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref107
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref108
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref108
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref108
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref108
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref109
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref109
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref110
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref110
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref110
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref111
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref111
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref111
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref112
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref112
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref113
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref113
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref113
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref114
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref114
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref114
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref115
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref115
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref115
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref116
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref116
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref117
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref117
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref117
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref117
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref118
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref118
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref118
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref118
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref119
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref119
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref119
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref120
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref120
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref120
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref121
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref121
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref122
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref122
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref122
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref124
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref124
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref124
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref125
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref125
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref125
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref126
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref126
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref126
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref127
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref127
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref127
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref127

A.S. Mathew et al.

Verwoerd, J., Wessel, 1., & de Jong, P. J. (2009). Individual differences in experiencing
intrusive memories: The role of the ability to resist proactive interference. Journal of
Behavior Therapy and Experimental Psychiatry, 40(2), 189-201.

Verwoerd, J., Wessel, 1., de Jong, P. J., Nieuwenhuis, M. M., & Huntjens, R. J. (2011).
Pre-stressor interference control and intrusive memories. Cognitive Therapy and
Research, 35(2), 161-170.

Vujanovic, A. A., Hart, A. S., Potter, C. M., Berenz, E. C., Niles, B., & Bernstein, A. (2013).
Main and interactive effects of distress tolerance and negative affect intensity in
relation to PTSD symptoms among trauma-exposed adults. Journal of
Psychopathology and Behavioral Assessment, 35(2), 235-243.

Weathers, F. W., Litz, B. T., Keane, T. M., Palmieri, P. A., Marx, B. P., & Schnurr, P. P.
(2013). The PTSD checklist for DSM-5 (PCL-5). Scale available from the National
Center for PTSD at www.ptsd.va.gov.

Journal of Behavior Therapy and Experimental Psychiatry 75 (2022) 101714

Weber, D. L., Clark, C. R., McFarlane, A. C., Moores, K. A., Morris, P., & Egan, G. F.
(2005). Abnormal frontal and parietal activity during working memory updating in
post-traumatic stress disorder. Psychiatry Research: Neuroimaging, 140(1), 27-44.

Williams, J. M. G., Mathews, A., & MacLeod, C. (1996). The emotional Stroop task and
psychopathology. Psychological Bulletin, 120(1), 3.

Ye, C., Xu, Q., Liu, Q., Cong, F., Saariluoma, P., Ristaniemi, T., & Astikainen, P. (2018).
The impact of visual working memory capacity on the filtering efficiency of
emotional face distractors. Biological Psychology, 138, 63-72.

Zhang, J. N., Xiong, K. L., Qiu, M. G., Zhang, Y., Xie, B., Wang, J., ... Zhang, J. J. (2013).
Negative emotional distraction on neural circuits for working memory in patients
with posttraumatic stress disorder. Brain Research, 1531, 94-101.

Zoellner, L. A., Rothbaum, B. O., & Feeny, N. C. (2011). PTSD not an anxiety disorder?
DSM committee proposal turns back the hands of time. Depression and Anxiety, 28
(10), 853.

Downloaded for Anonymous User (n/a) at University of Wisconsin-Milwaukee from ClinicalKey.com by Elsevier on July 17,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0005-7916(21)00079-3/sref128
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref128
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref128
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref129
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref129
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref129
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref130
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref130
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref130
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref130
http://www.ptsd.va.gov
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref132
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref132
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref132
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref133
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref133
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref134
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref134
http://refhub.elsevier.com/S0005-7916(21)00079-3/sref134
http://refhub.elsevier.com/S0005-7916(21)00079-3/optD3a88AyKqL
http://refhub.elsevier.com/S0005-7916(21)00079-3/optD3a88AyKqL
http://refhub.elsevier.com/S0005-7916(21)00079-3/optD3a88AyKqL
http://refhub.elsevier.com/S0005-7916(21)00079-3/optMbgTaZ13fz
http://refhub.elsevier.com/S0005-7916(21)00079-3/optMbgTaZ13fz
http://refhub.elsevier.com/S0005-7916(21)00079-3/optMbgTaZ13fz

	Association between spatial working memory and Re-experiencing symptoms in PTSD
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Materials and procedure
	2.3 Data analysis

	3 Results
	3.1 Descriptive statistics
	3.2 Correlations
	3.3 PTSD symptom clusters and working memory performance
	3.4 Association between Re-experiencing symptoms and visuospatial WM

	4 Discussion
	Funding source
	Authors statement
	Declaration of interest
	Appendix A Supplementary data
	References


