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Objective: Threat monitoring facilitates survival by allowing
one to efficiently and accurately detect potential threats.
Traumatic events can disrupt healthy threat monitoring, in-
ducing biased and unstable threat-related attention de-
ployment. Recent research suggests that greater attention
bias variability, that is, attention fluctuations alternating to-
ward and away from threat, occurs in participants with PTSD
relative to healthy comparison subjects who were either
exposed or not exposed to traumatic events. The current
study extends findings on attention bias variability in PTSD.

Method: Previous measurement of attention bias variability
was refined by employing a moving average technique.
Analyses were conducted across seven independent data
sets; in each, data on attention bias variability were collected
by using variants of the dot-probe task. Trauma-related and
anxiety symptoms were evaluated across samples by using

Threat monitoring facilitates survival by allowing one to
efficiently and accurately detect and respond to potential
threats in the environment. Threat monitoring involves
continuous balancing of various cognitive resources and
response patterns (1-5). Healthy adaptation requires people
to allocate attention to genuine threats in the environment
while ignoring other, similar but nonthreatening stimuli.
Traumatic events can offset this delicate balance and induce
cognitive biases that give rise to threat avoidance and threat-
related hypervigilance, among other clinical symptoms (6, 7).

Threat-related attention bias is one of the most consistently
demonstrated cognitive correlates of anxiety disorders (8, 9).
Nevertheless, research in posttraumatic stress disorder (PTSD)
has yielded rather mixed results, with some studies indicating
attention bias toward threat (10-14) and others showing at-
tention bias away from threat (12, 15-19). Importantly, attention
bias both toward and away from threat is congruent with two
primary symptom clusters of PTSD, namely hypervigilance and
avoidance/dissociation (20, 21), respectively. These incon-
sistencies in threat-related attention deployment can be viewed
as reflecting “instability” in threat monitoring in PTSD patients.
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structured psychiatric interviews and widely used self-report
questionnaires, as specified for each sample.

Results: Analyses revealed consistent evidence of greater
attention bias variability in patients with PTSD following
various types of traumatic events than in healthy participants,
participants with social anxiety disorder, and participants with
acute stress disorder. Moreover, threat-related, and not
positive, attention bias variability was correlated with PTSD
severity.

Conclusions: These findings carry possibilities for using at-
tention bias variability as a specific cognitive marker of PTSD
and for tailoring protocols for attention bias modification for
this disorder.

AJP in Advance (doi: 10.1176/appi.ajp.2015.14121579)

Considering this apparent instability, Iacoviello and col-
leagues (22) used a novel approach to quantify threat-related
attention biases in PTSD. This approach, termed “attention
bias variability,” indexes the degree to which attention
fluctuates between vigilance and avoidance and is based on
reaction time data derived from variants of the classic dot-
probe task (23). In this task, pairs of threat and neutral stimuli
are simultaneously presented across repeated trials. Each
stimulus pair is followed by a target probe appearing at the
location of either the threat stimulus (congruent trials) or the
neutral stimulus (incongruent trials). An attention bias score
is calculated as the difference between the mean reaction
times of these two types of trials. Typically, a single bias score
is calculated by averaging across all the trials presented
throughout the measurement session. In contrast, Iacoviello
et al. (22) derived attention bias variability by grouping, or
“binning,” consecutive 20-trial sequences on the dot-probe
task and calculating a bias score for each bin. The standard
deviation of the bias scores across bins was then divided by
the participant’s mean reaction time to generate the measure
of attention bias variability for each subject throughout the
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session. Results of this study revealed greater attention bias
variability in participants with PTSD than in trauma-exposed
participants without PTSD and nonexposed healthy partic-
ipants. Attention bias variability was also positively corre-
lated with PTSD symptom severity. These results suggest that
the magnitude of attention bias variability can index the
severity of perturbed threat monitoring in PTSD (22, 24, 25).
The current report extends this initial study in two ways.
First, we refined the measure of attention bias variability by
employing a moving average technique, rather than the
previously employed binning method, to generate a more
stable index that is influenced less by the number of trials in
any particular study. Second, through reanalysis of extant
data in seven studies that did not previously measure at-
tention bias variability, we probed four questions regarding
the relations between attention bias variability and PTSD:

1. Does high attention bias variability occur exclusively in
PTSD, or does it also occur in other forms of anxiety? To
test this we compared attention bias variability in patients
with PTSD, patients with social anxiety disorder, under-
graduates with high levels of trait anxiety, and healthy
comparison participants. We also tested whether atten-
tion bias variability is uniquely correlated with PTSD
symptoms or whether it also correlated with social anxiety
symptoms and trait anxiety scores.

2. Are different types of traumatic events associated with
disrupted attention bias variability? To address this ques-
tion, we compared attention bias variability in patients with
combat-related PTSD and patients with PTSD related to
motor vehicle accidents.

3. Is attention bias variability greater in chronic PTSD than
in acute stress disorder following combat exposure?

4. Ts the association between attention bias variability and
posttraumatic symptoms specific to threat-related stimuli
or is it evident for emotional stimuli in general (e.g., positive
stimuli).

We examined these issues through secondary analyses of
samples of Israel Defense Forces combat veterans diagnosed
with chronic PTSD, civilian survivors of motor vehicle
accidents who were diagnosed with PTSD, deployed Israel
Defense Forces soldiers with acute stress disorder following
combat exposure, U.S. Army soldiers following deployment
to Afghanistan, patients diagnosed with social anxiety dis-
order, and two samples of undergraduate students. The
samples were compared in terms of attention bias variability
as calculated by using data from variants of the dot-probe task
(described in the Method section).

METHOD

Samples

Combat PTSD. These participants were 37 male outpatients
recruited from the Israel Defense Forces posttrauma
treatment unit; their mean age was 36.1 years (SD=12.1,
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range=22-65). Participants were included if they were di-
agnosed with PTSD according to a structured clinical in-
terview based on the Clinician-Administered PTSD Scale
(CAPS) (26). For all participants, PTSD resulted from trau-
matic events that occurred in combat at least 3 years prior to
assessment; the time from traumatic events ranged from 3 to 40
years (mean=14.1 years, SD=10.1). Trauma-related symptoms
were also assessed by using a self-report questionnaire, the
PTSD Checklist (27). Participants completed a word-based
dot-probe task with 160 trials, similar to the one used by Wald
et al. (18, 19). General threat words were used, paired with
neutral words with the same number of letters and same
frequency of usage in the Hebrew language. Word pairs were
presented for 500 ms.

PTSD related to motor vehicle accidents. These participants
were 28 motor vehicle accident survivors with PTSD; 12 were
men, and the mean age was 34.8 years (SD=11.5, range 19-62).
Participants were diagnosed 3 months after the traumatic
event by using the CAPS interview (see 28) and completed
a word-based dot-probe task with 100 trials. General threat
words were used, paired with neutral words with the same
number of letters and same frequency of usage in the Hebrew
language. Word pairs were presented for 1,000 ms. Self-
reported PTSD symptoms were also assessed by using the
PTSD Checklist (27).

Combat acute stress disorder. This sample consisted of 41
Israel Defense Forces male infantry soldiers who were ex-
posed to combat and had PTSD Checklist scores above 50 on
surveys collected during deployment (see 29); their mean age
was 18.4 years (SD=0.6, range 18-20). A PTSD Checklist score
above 50 is considered a strict clinical cutoff for PTSD
symptoms (27). PTSD Checklist scores and threat-related
attention bias were measured during combat deployment in
the field and thus reflect acute stress disorder rather than
chronic PTSD. These participants completed a word-based
dot-probe task with 152 trials. General threat words were
used, paired with neutral words with the same number of
letters and same frequency of usage in the Hebrew language.
Word pairs were presented for 1000 ms.

U.S. Army soldiers. These participants were 83 U.S. Army
soldiers (65 men) from a U.S. Army National Guard trans-
portation company who took part in the study following their
deployment to Afghanistan. The sample varied widely in age
(18-24 years: 32.5%; 25-29 years: 36.3%; =30 years: 31.3%). It
comprised primarily enlisted soldiers (E1-E4: 56.9%; E5-E9:
36.9%) with a mean of 8.0 years in service (SD=6.2). Trauma-
related symptoms were assessed 6 months after combat
deployment, by means of the PTSD Checklist (27). These
soldiers were not diagnosed with PTSD or with acute stress
disorder but had been exposed to potentially traumatic events
during their deployment. Participants completed a face-
based dot-probe task with 120 trials (see 30) using stimuli
from the NimStim stimulus set (31). The dot-probe variant
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used included both neutral-angry and neutral-happy trials,
which were intermixed in presentation. Separate indices of
attention bias variability were calculated for the two trial
types. Face pairs were presented for 500 ms.

Social anxiety disorder. These participants were 91 patients
with social anxiety disorder diagnosed according to the Mini-
International Neuropsychiatric Interview (MINI) (32) and
the semistructured Liebowitz Social Anxiety Scale Interview
(33). Their mean age was 31.7 years (SD=8.1, range=18-57),
and the group contained 53 men. These participants com-
pleted a face-based dot-probe task with 120 trials, similar to
the one used by Bechor et al. (34), using stimuli from
the NimStim stimulus set (31). Face pairs were presented for
500 ms.

Normative and highly anxious undergraduates. The normative
sample consisted of 70 Tel Aviv University undergraduate
students; 51 were women, and their mean age was 22.9 years
(SD=2.0, range=19-28). Their mean trait anxiety score was
37.4 (SD=6.1, range=29-50) on the Spielberger State-Trait
Anxiety Inventory (35). The sample with high trait anxiety
consisted of 21 undergraduate students with high trait anxiety
scores (mean=56.1, SD=3.9, range=50-64); the group con-
tained 14 women and had a mean age of 23.3 years (SD=2.1,
range=19-27). The participants completed two sessions of
a face-based dot-probe task, exactly 1 week apart. The dot-
probe task consisted of 120 face stimuli trials and use of
stimuli from the NimStim stimulus set (31); it was similar to
the task used by Bechor et al. (34). Face pairs were presented
for 500 ms.

General Method

For all the seven samples, attention bias variability was
calculated according to the same procedure (described in the
following) with data collected by using variants of the dot-
probe task. Trauma-related and anxiety symptoms were
evaluated across samples by using structured psychiatric
interviews and widely used self-report questionnaires, as
specified in the descriptions of each study sample.

The Dot-Probe Task

The dot-probe task is frequently used to assess attention
biases toward or away from threat stimuli (9, 23). All samples
used the same basic task. Each trial began with a fixation sign.
Fixation was replaced by a pair of cue stimuli (either two
words or two faces), one emotion-laden and one neutral.
Following presentation of the cue stimuli, a target probe
appeared in the location previously occupied by one of the
stimuli, and participants had to discriminate the probe type
(e.g., “<” or “>”). In all samples the probe remained on the
screen until the participant responded, after which the next
trial began. Participants were instructed to focus their at-
tention on the fixation sign at the start of each trial and, when
the probe appeared, to identify its type as quickly as possible
without compromising accuracy. Across studies, stimuli were

ajp in Advance

NAIM ET AL

presented and data were collected by using E-Prime software
(Psychology Software Tools, Pittsburgh).

Attention Bias Variability

In accord with common practice for tasks relying on reaction
time data, before calculating attention bias variability we
removed trials in which participants appeared not to adhere
to standard task requirements. Specifically, we first excluded
trials with incorrect responses or trials in which reaction time
was extremely short (<150 ms, reflecting anticipatory re-
sponse) or long (>2,000 ms, reflecting possible lapses in task
performance). Then, outlier trials in which the reaction time
was outside *2.5 standard deviations of the participant’s
mean were also excluded.

Individual attention bias variability score for the re-
maining trials was calculated in four steps: 1) a trial-by-trial
moving average algorithm computed mean reaction times for
all successive 10 neutral trial blocks and all successive 10
threat trial blocks, 2) successive attention bias scores were
calculated by subtracting the first threat block average from
the first neutral block average, the second threat block av-
erage from the second neutral block average, etc., forming
a series of consecutive attention bias scores, 3) the standard
deviation of these successive bias scores was then calculated,
providing an index of variation in attention bias throughout
the session, and 4) this standard deviation score was divided
by the participant’s mean overall reaction time to control for
associations between mean and variance. Attention bias
variability reflects the within-session variability in threat-
related attention bias, normalized to individual task perfor-
mance (see Figure 1) (22).

Attention bias variability is a novel measure, and we know
of no reports of test-retest reliability. Attention bias vari-
ability is conceptualized as reflecting natural plasticity built
into the threat-monitoring system that is influenced by dif-
ferent contexts and situations, rather than indexing a stable
trait. Therefore, one would expect some, but not robust,
stability. Similar expectancies are typically voiced in relation
to constructs such as state anxiety (35). We examined test-
retest reliability in a normative sample of undergraduate
students and in Israel Defense Forces veterans with PTSD. In
both samples, two attention bias variability measurements
were taken 1 week apart, with the same task and same pro-
cedures—the face-based task and the word-based task for the
undergraduate students and the Israeli veterans with PTSD,
respectively. These analyses revealed significant but modest
test-retest reliability in the undergraduate sample (r=0.29,
N=70, p=0.02) (Figure 2A) and a slightly higher retest reliability
in the PTSD sample (r=0.40, N=26, p=0.04) (Figure 2B).

Data Analysis

To assess differences between samples in terms of attention
bias variability, we used one-way analyses of variance
(ANOVAs) followed by Tukey post hoc tests or, when con-
trasting just two samples, independent-sample t tests.
Pearson correlation coefficients were calculated to evaluate
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FIGURE 1. High and Low Attention Bias Variability As Computed by a Moving Average of Attention Bias Scores Throughout the

Dot-Probe Task
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associations between attention bias variability and symptom
scores. All tests were two-sided with alpha=0.05.

RESULTS

Specificity of High Attention Bias Variability to PTSD
We examined whether high attention bias variability is as-
sociated specifically with PTSD by comparing the scores for
attention bias variability in the social anxiety disorder sample,
the normative and highly anxious undergraduate samples, the
healthy combat-exposed U.S. Army soldiers, and the com-
bined pool of clinical PTSD samples (combat PTSD and motor
vehicle accident PTSD), as shown in Figure 3A. One-way
ANOVA revealed a significant group effect (F=14.41, df=4, 322,
p<0.0001). Tukey post hoc tests indicated that the PTSD group
had higher attention bias variability (mean=0.09, SD=0.04)
than the social anxiety disorder group (mean=0.06, SD=0.03),
the sample with high trait anxiety (mean=0.06, SD=0.02), the
normative undergraduate sample (mean=0.06, SD=0.02), and
the healthy combat-exposed U.S. Army soldiers (mean=0.06,
SD=0.03) (in all cases, p<<0.001). The social anxiety disorder,
high trait anxiety, normative undergraduate, and healthy
Army samples did not differ in attention bias variability (in
all cases, p>0.27).

Within the PTSD sample, higher attention bias variability
was associated with greater PTSD symptom severity, as rated
by either the PTSD Checklist (r=0.37, N=65, p=0.002) or the
CAPS (r=0.45, N=65, p=0.001) (see Figures 3B and 3C for
respective scatter plots). Nonsignificant correlations were
found between attention bias variability and social anxiety
symptoms (rated on the Liebowitz Social Anxiety Scale) in
the social anxiety disorder sample (r=0.05, N=90, p=0.67). In
addition, correlations between attention bias variability and
trait anxiety were not significant in the group with high trait
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anxiety (r=0.24, N=21, p=0.28) and the normative un-
dergraduate sample (r=0.17, N=70, p=0.17).

Do Different Traumatic Events Produce Different
Magnitudes of Attention Bias Variability?

We compared attention bias variability in the patients with
combat PTSD and the motor vehicle accident survivors with
PTSD by using an independent-sample t test. There was no
significant difference in attention bias variability (t=1.68, df=63,
p=0.10) between the combat group (mean=0.10, SD=0.04) and
the accident survivors (mean=0.08, SD=0.03). This suggests
that different traumatic events leading to a PTSD diagnosis do
not necessarily yield different magnitudes of attention bias
variability (Figure 4). This pattern held when we controlled for
symptom severity, based on the CAPS total score, as a covariate
in the analysis (F=0.83, df=1, 62, p=0.37). Furthermore, both
PTSD samples differed from the normative undergraduate
sample (combat versus normative: t=3.97, df=96, p<<0.001;
accident versus normative: t=6.22, df=105, p<<0.001).

We also examined correlations between attention bias
variability and PTSD symptoms within the two samples
separately. In the combat PTSD sample, greater attention bias
variability was associated with more severe symptoms on the
CAPS (r=0.45, N=37, p=0.007). A nonsignificant trend-level
correlation was found in the motor vehicle accident PTSD
sample (r=0.36, N=28, p=0.06). The magnitude of the two
correlations did not differ significantly (Fisher’s r-to-z=0.41,
p=0.68).

Is Attention Bias Variability Different in
Combat-Related PTSD and Combat-Related

Acute Stress Disorder?

To examine this we compared attention bias variability in
the Israeli Defense Forces combat-exposed groups with
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FIGURE 2. Attention Bias Variability 1-Week Test-Retest
Correlationsina Normative Sample of Undergraduate Studentsand
a Group of Veterans With PTSD
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PTSD and with acute stress disorder. An independent-
sample t test revealed higher attention bias variability for
combat-related PTSD (mean=0.09, SD=0.04) than for
combat-related acute stress disorder (mean=0.07,SD=0.03)
(t=3.38, df=61, p=0.001) (Figure 5). The two samples dif-
fered in age, with older participants in the combat PTSD
sample (t=9.02, df=76, p<<0.001), and in symptom severity,
with higher PTSD Checklist scores in the PTSD sample
(t=2.05, df=76, p=0.04). Consequently, we conducted an
ANCOVA with age and PTSD Checklist scores as covariates
to control for these differences. This analysis yielded the
same result: higher attention bias variability for combat
PTSD than for combat acute stress disorder (F=7.60, df=1,
74, p=0.007).

We tested the correlation between attention bias vari-
ability and PTSD Checklist score for each of the samples
separately. A significant correlation was observed in the
combat PTSD sample (r=0.40, N=37, p=0.01) but not in the
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FIGURE 3. Attention Bias Variability in Five Samples and Relation to
Scores on Self- and Clinician-Administered PTSD Scales®
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*p<0.001.

combat acute stress disorder sample (r=0.04, N=41, p=0.80),
with a significant difference in the magnitude of the two
correlations (Fisher’s r-to-z=1.63, p=0.05).
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FIGURE 4. Attention Bias Variability for PTSD Related to Motor
Vehicle Accidents and to Combat®

0.12

0.08
0.06
0.04
0.02

0.00 Motor Vehicle Combat
Accident

Attention Bias Variability Score

Type of Traumatic Event

@The difference was not statistically significant.

FIGURE 5. Attention Bias Variability in Combat-Related Acute
Stress Disorder and Combat-Related PTSD

0.12

0.08
0.06
0.04
0.02

Combat PTSD

Attention Bias Variability Score

Combat Acute
Stress Disorder

* p=0.001.

Is the Association Between Attention Bias Variability
and Posttraumatic Symptoms Specifically Related to
Threat?

To address this question, we calculated threat-related at-
tention bias variability (angry faces) and positive attention
bias variability (happy faces) in the sample of healthy combat-
exposed U.S. Army soldiers returning from deployment to
Afghanistan. The dot-probe variant used in this sample in-
cluded both neutral-angry and neutral-happy trials, and at-
tention bias variability was calculated separately for each trial
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type by using the same methods described above. Paired-
sample t tests comparing threat-related attention bias vari-
ability (mean=0.06, SD=0.03) and positive attention bias
variability (mean=0.06, SD=0.03) indicated no difference in
the magnitudes of the two scores (t=0.97, df=79, p=0.33).
Threat-related and positive attention bias variability were
significantly and modestly correlated (r=0.30, N=80, p=0.006).
Importantly, however, greater threat-related attention bias
variability was associated with more severe PTSD symp-
toms as measured with the PTSD Checklist (r=0.32, N=69,
p=0.008), whereas positive attention bias variability did not
correlate significantly with PTSD symptoms (r=0.07, N=69,
p=0.56). A Fisher’s r-to-z test indicated a significant dif-
ference between the magnitudes of these two correlations
(z=2.31, p=0.02).

DISCUSSION

The analyses presented here extend our understanding of
attention bias variability and its applicability as a cognitive
marker of aberrant attentional processes in PTSD. First, as for
the question of whether elevated attention bias variability
occurs exclusively in PTSD, analyses revealed elevated at-
tention bias variability in patients with PTSD relative to
patients with social anxiety disorder and to undergraduate
students with high trait anxiety, with higher attention bias
variability associated with greater PTSD symptom severity
only in the PTSD samples. Second, similar attention bias
variability magnitudes were observed for PTSD caused by
different traumatic events. Third, attention bias variability
was elevated in veterans with PTSD relative to soldiers with
acute stress disorder, with the latter displaying a magnitude of
attention bias variability similar to that of the non-PTSD
samples. Finally, threat-related attention bias variability, and
not positive attention bias variability, was correlated with
PTSD severity. These data extend the findings of Tacoviello
etal. (22), who first reported an association between attention
bias variability and PTSD, in a number of important ways.
Evidence of greater attention bias variability in individuals
with PTSD relative to social anxiety disorder, acute stress
disorder, high trait anxiety, and normative samples suggests
specificity of elevated attention bias variability in PTSD.
Attention bias toward threat occurs in anxiety disorders and
among individuals with elevated trait anxiety (9). In contrast,
increased variability between bias toward and away from
threat (attention bias variability) occurs only in PTSD, not in
social anxiety disorder or acute stress disorder or among
individuals with elevated trait anxiety. This could reflect
a unique pattern of attention allocation among individuals
who manifest persistent PTSD symptoms after a life-
threatening traumatic event. On the one hand, confronting
atraumatic event may evoke extreme allocation of attentional
resources toward threat stimuli in a way that hinders the
ability to suppress fear responses, even when the individual
is already in a safe context (for instance, see references 36
and 37). On the other hand, traumatic events can induce
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attentional avoidance of trauma-related stimuli, providing
a momentary relief from overwhelming anxiety (see refer-
ences 18 and 19). These conflicting response patterns, oc-
curring simultaneously during a traumatic event, might
challenge the delicate attentional balance normally kept by
the human threat-monitoring system.

Indeed, previous studies show that PTSD may involve
malfunction of different attentional processes related to fear
inhibition (38, 39) or may involve impaired attention control
(24). A review of executive function in PTSD indicated that
attention regulation and response inhibition are among the
most robust deficits experienced by patients with PTSD (24).
From this perspective, attention bias variability may reflect
the conflict between threat-related attentional hypervigi-
lance and attention suppression, revealed as attention dys-
regulation. Such perturbations at the attentional level may
then be transformed to chronic avoidance and arousal symp-
toms, appearing concurrently in PTSD. However, in the
case of attention bias variability, it is important to underscore
the finding that only threat-related attention bias variability,
and not positive attention bias variability, was related to PTSD
symptom severity, suggesting specificity rather than a more
general executive function deficit. Further work examining
relations among valence-specific measures of attention bias
variability and measures of response inhibition may clarify
the factors that produce perturbed attention bias variability
in PTSD.

Iacoviello et al. (22) reported elevated attention bias
variability in a combat-related PTSD sample and in an urban
civilian population with PTSD not related to combat trauma
(e.g., physical assault, accident, witnessing death or violence).
The current findings replicated those of elevated attention
bias variability in combat-related PTSD in a different sample
of soldiers, and they extended the finding of elevated at-
tention bias variability in patients with PTSD after a motor
vehicle accident, which is one of the most common events
leading to PTSD (40). Taken together, elevated attention bias
variability across different PTSD samples emphasizes the
potential value of attention bias variability as a general
cognitive marker for PTSD acquired through different types
of traumatic contexts.

The current findings also revealed higher attention bias
variability in PTSD relative to acute stress disorder. In ad-
dition, elevated attention bias variability was associated with
trauma-related symptoms in PTSD, but not in acute stress
disorder. These results further highlight the specificity of
attention bias variability to PTSD, but they also potentially
suggest that increased attention bias variability in PTSD
develops over time and is related to greater severity and
chronicity of symptoms. Stress symptoms typically reside in
most people who are exposed to potentially traumatic events.
Yet a PTSD diagnosis is made only after a more prolonged
period. In the same manner, so are threat-related attention
fluctuations that may become more rooted and accentuated
with time in certain individuals. Because the majority, but not
all, of individuals with acute stress disorder subsequently
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develop PTSD (41), more studies are needed to explore the
longitudinal trajectory of elevated attention bias variability,
possibly by comparing individuals diagnosed with acute
stress disorder who eventually develop PTSD to individuals
with acute stress disorder who do not develop PTSD by
means of a within-between study design. It would also be
interesting to test whether attention bias variability is nor-
malized following effective treatment of PTSD.

Finally, the results indicate that the association between
attention bias variability and posttraumatic symptoms is
specific to threat-related stimuli and is not evident for pos-
itive stimuli. These results are in line with theories suggesting
increased activation for threat stimuli in PTSD (for example,
seereference 42). However, current interpretation of positive
attention bias variability findings in PTSD must proceed with
caution because of the lack of important comparison groups.
There is literature showing that for anxious individuals, at-
tention orienting to positive stimuli is different from that for
threat-related stimuli. For threat-related stimuli, only anx-
ious but not healthy individuals show the classic threat bias.
For positive stimuli, positive biases seen in healthy individ-
uals are typically attenuated in anxiety (for a review, see
reference 43). More studies are needed to further explore the
dynamics of positive attention bias variability in PTSD rel-
ative to positive attention bias variability in normative and
other anxious populations.

The current data also carry implications for recent findings
on attention bias modification treatments (44, 45). Atten-
tion bias modification treatments systematically manipulate
threat-related attention biases in anxious populations, tradi-
tionally targeting a specific attentional bias toward threat in
anxiety disorders. Considering the apparent variability of at-
tention biases in patients with PTSD and the lack of clear-cut
evidence for an attention bias in a specific direction in PTSD,
future studies may consider the development of treatments
targeting normalization of attention bias variability instead.
Indeed, two recent randomized controlled trials in Israeli and
U.S. Armed Forces combat veterans with PTSD indicated that
computerized attention control treatment designed to nor-
malize fluctuations in threat-related attention was efficacious
in reducing PTSD symptoms and that symptom reduction was
mediated by reduction in attention bias variability (46).

While the neural substrates of attention bias variability are
still unknown, studying its neural networks and their per-
turbed function in PTSD could further highlight potential
targets for intervention. Neuroimaging studies in PTSD re-
veal consistent hyperactivation within limbic regions (par-
ticularly the amygdala and insula) and hypoactivation of
prefrontal regions, which are involved in enhanced attention
toward triggers associated with traumatic material (e.g., the
anterior cingulate), and regions thought to be primarily in-
volved in inhibition of responses to emotional stimuli and
decreased attention control (e.g., the ventromedial prefrontal
cortex) (for reviews and a meta-analysis, see references
47-49). Perturbations in this neural architecture and the
interconnectivity between its different components could

ajp.psychiatryonline.org 7


http://ajp.psychiatryonline.org

ATTENTION BIAS VARIABILITY AND POSTTRAUMATIC STRESS

serve as preliminary candidates for investigation of the neural
underpinnings of elevated attention bias variability in PTSD.

The current report should also be viewed in light of po-
tential limitations. First, the results presented here are based
on secondary analyses of samples from different studies; thus,
inherently, the samples were not fully matched, and there
were subtle differences among the dot-probe tasks employed
for the different samples. However, in-depth analyses suggest
that these differences in task characteristics did not affect the
reported findings. Thus, the current outcomes appear to
reflect repeated and robust evidence of elevated attention
bias variability in PTSD under diverse traumatic circum-
stances and populations and when measured with different
variants of the dot-probe task, suggesting robustness and
generalizability. However, future studies addressing the as-
sociation between attention bias variability and PTSD
through a priori hypotheses and preplanned studies could
better control for experimental and population factors in
order to provide a better estimate of the actual effect size of
the elevated attention bias variability in PTSD.

Second, in the currently analyzed PTSD samples, the
stimuli were not specifically tailored to the traumatic event
types experienced by the participants. A recent meta-analysis
indicates that threat-related attention bias is stronger in PTSD
when specific trauma stimuli are used in measurement (50).
Future studies could test whether such content specificity is
associated with even more elevated attention bias variability in
PTSD patients. Additionally, the current samples differed on
stimulus presentation durations. Stimulus presentation times
inthe dot-probe task could tap into different subcomponents of
attention (e.g., capture, disengagement, inhibition of return)
and thus could affect the interpretation of the mechanism of
attentional fluctuations indexed by attention bias variability.
While the current results indicate no differences in attention
bias variability and in the pattern of correlation between at-
tention bias variability and PTSD symptoms in two samples
whose stimuli were presented for 500 ms (combat PTSD) and
1000 ms (motor vehicle accident PTSD), future studies could
manipulate stimulus presentation times and perhaps use al-
ternative paradigms to shed light on this issue.

In conclusion, our findings offer a new perspective on
threat-related attention processes in PTSD, suggesting ele-
vated attention bias variability as a marker of this psycho-
pathology. Furthermore, attention bias variability can be
easily calculated and offers a new approach to data analysis of
attention bias tasks, looking at fluctuations in attention while
monitoring threat over time in addition to giving a single read
of attention bias directionality. Importantly, attention bias
variability could be calculated by using extant dot-probe data
in order to address a variety of critical questions related to
PTSD as well as other psychopathologies.

AUTHOR AND ARTICLE INFORMATION

From the School of Psychological Sciences, the Sagol School of Neu-
roscience, and the Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv,
Israel; the Division of Mental Health, Medical Corps, Israel Defense Forces,

8 ajp.psychiatryonline.org

Israel; the Emergency Department, Tel Aviv Medical Center, Tel Aviv, Israel;
the Center for Military Psychiatry and Neuroscience, Walter Reed Army
Institute of Research, U.S. Army Medical Research and Materiel Command,
Silver Spring, Md.; Darla Moore School of Business, University of South
Carolina, Columbia; and the Intramural Research Program, NIMH,
Bethesda, Md.

Address correspondence to Ms. Naim (reutnaim@post.tau.ac.il).

Drs. Sipos, Adler, and Quartana are based at the Walter Reed Army Institute
of Research, which is a U.S. Department of Defense research laboratory.
The views expressed here are those of the authors and do not necessarily
represent the official policy or position of the U.S. Army Medical Command
or the Department of Defense.

All authors report having no financial relationships with commercial
interests.

Received December 21, 2014; revision received March 31, 2015; accepted
April 6, 2015.

REFERENCES
1. Adolphs R: The biology of fear. Curr Biol 2013; 23:R79-R93
2. Davis M, Whalen PJ: The amygdala: vigilance and emotion. Mol
Psychiatry 2001; 6:13-34
3. Liddell BJ, Brown KJ, Kemp AH, et al: A direct brainstem-amygdala-
cortical ‘alarm’ system for subliminal signals of fear. Neuroimage
2005; 24:235-243
4. Pessoa L, Adolphs R: Emotion processing and the amygdala: from
a ‘low road’ to ‘many roads’ of evaluating biological significance. Nat
Rev Neurosci 2010; 11:773-783
5. Zald DH: The human amygdala and the emotional evaluation of
sensory stimuli. Brain Res Brain Res Rev 2003; 41:88-123
6. Das P, Kemp AH, Liddell BJ, et al: Pathways for fear perception:
modulation of amygdala activity by thalamo-cortical systems.
Neuroimage 2005; 26:141-148
7. Ehlers A, Clark DM: A cognitive model of posttraumatic stress
disorder. Behav Res Ther 2000; 38:319-345
8. Yiend J: The effects of emotion on attention: a review of attentional
processing of emotional information. Cogn Emotion 2010; 24:3-47
9. Bar-Haim Y, Lamy D, Pergamin L, et al: Threat-related attentional
bias in anxious and nonanxious individuals: a meta-analytic study.
Psychol Bull 2007; 133:1-24
10. Bryant RA, Harvey AG: Attentional bias in posttraumatic stress
disorder. J Trauma Stress 1997; 10:635-644
11. Jenkins MA, Langlais PJ, Delis DA, et al: Attentional dysfunction
associated with posttraumatic stress disorder among rape survivors.
Clin Neuropsychol 2000; 14:7-12
12. LitzBT, Weathers FW, MonacoV, etal: Attention, arousal, and memory
in posttraumatic stress disorder. J Trauma Stress 1996; 9:497-519
13. Moradi AR, Taghavi MR, Neshat Doost HT, et al: Performance of
children and adolescents with PTSD on the Stroop colour-naming
task. Psychol Med 1999; 29:415-419
14. Thrasher SM, Dalgleish T, Yule W: Information processing in post-
traumatic stress disorder. Behav Res Ther 1994; 32:247-254
15. Constans JI, McCloskey MS, Vasterling JJ, et al: Suppression of
attentional bias in PTSD. J Abnorm Psychol 2004; 113:315-323
16. Dalgleish T, Moradi AR, Taghavi MR, et al: An experimental in-
vestigation of hypervigilance for threat in children and adolescents
with post-traumatic stress disorder. Psychol Med 2001; 31:541-547
17. Pine DS, Mogg K, Bradley BP, et al: Attention bias to threat in
maltreated children: implications for vulnerability to stress-related
psychopathology. Am J Psychiatry 2005; 162:291-296
18. Wald I, Lubin G, Holoshitz Y, et al: Battlefield-like stress following
simulated combat and suppression of attention bias to threat. Psy-
chol Med 2011; 41:699-707
19. Wald I, Shechner T, Bitton S, et al: Attention bias away from threat
during life threatening danger predicts PTSD symptoms at one-year
follow-up. Depress Anxiety 2011; 28:406-411

ajp in Advance


mailto:reutnaim@post.tau.ac.il
http://ajp.psychiatryonline.org

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Vythilingam M, Blair KS, McCaffrey D, et al: Biased emotional at-
tention in post-traumatic stress disorder: a help as well as a hin-
drance? Psychol Med 2007; 37:1445-1455

Scully JH Jr: The American Psychiatric Association Textbook of
Psychiatry, 3rd ed (book review). J Clin Psychiatry 2000; 61:306
Tacoviello BM, Wu G, Abend R, et al: Attention bias variability and
symptoms of posttraumatic stress disorder. J Trauma Stress 2014; 27:
232-239

MacLeod C, Mathews A, Tata P: Attentional bias in emotional
disorders. J Abnorm Psychol 1986; 95:15-20

Aupperle RL, Melrose AJ, Stein MB, et al: Executive function and
PTSD: disengaging from trauma. Neuropharmacology 2012; 62:
686-694

Ode S, Robinson M D, Hanson DM: Cognitive-emotional dysfunction
among noisy minds: predictions from individual differences in re-
action time variability. Cogn Emotion 2011; 25:307-327

Blake DD, Weathers FW, Nagy LM, et al: The development of
aClinician-Administered PTSD Scale. J Trauma Stress 1995; 8:75-90
Blanchard EB, Jones-Alexander J, Buckley TC, et al: Psychometric
properties of the PTSD Checklist (PCL). Behav Res Ther 1996; 34:
669-673

Naim R, Wald I, Lior A, et al: Perturbed threat monitoring following
a traumatic event predicts risk for post-traumatic stress disorder.
Psychol Med 2013; 44:1-8

Wald I, Degnan KA, Gorodetsky E, et al: Attention to threats and
combat-related posttraumatic stress symptoms: prospective asso-
ciations and moderation by the serotonin transporter gene. JAMA
Psychiatry 2013; 70:401-408

Sipos ML, Bar-Haim Y, Abend R, et al: Postdeployment threat-
related attention bias interacts with combat exposure to account
for PTSD and anxiety symptoms in soldiers. Depress Anxiety 2014;
31:124-129

Tottenham N, Tanaka JW, Leon AC, et al: The NimStim set of facial
expressions: judgments from untrained research participants. Psy-
chiatry Res 2009; 168:242-249

Sheehan DV, Lecrubier Y, Sheehan KH, et al: The Mini-
International Neuropsychiatric Interview (M.I.N.L): the develop-
ment and validation of a structured diagnostic psychiatric interview
for DSM-IV and ICD-10. J Clin Psychiatry 1998; 59(suppl 20):22-33
Liebowitz MR, Campeas R, Levin A, et al: Pharmacotherapy of social
phobia: a condition distinct from panic attacks. Psychosomatics 1987;
28:305-308

Bechor M, Pettit JW, Silverman WK, et al: Attention Bias Modifi-
cation Treatment for children with anxiety disorders who do not
respond to cognitive behavioral therapy: a case series. J Anxiety
Disord 2014; 28:154-159

ajp in Advance

35.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

NAIM ET AL

Spielberger CD, Gorsuch RL, Lushene R, et al: Manual for the State-
Trait Anxiety Inventory. Palo Alto, Calif, Consulting Psychologists
Press, 1983

. Jovanovic T, Norrholm SD, Blanding NQ, et al: Impaired fear in-

hibition is a biomarker of PTSD but not depression. Depress Anxiety
2010; 27:244-251

Rauch SL, Shin LM, Phelps EA: Neurocircuitry models of post-
traumatic stress disorder and extinction: human neuroimaging re-
search—past, present, and future. Biol Psychiatry 2006; 60:376-382
Yehuda R, LeDoux J: Response variation following trauma: a trans-
lational neuroscience approach to understanding PTSD. Neuron 2007;
56:19-32

Yehuda R, McFarlane AC: Conflict between current knowledge
about posttraumatic stress disorder and its original conceptual basis.
Am J Psychiatry 1995; 152:1705-1713

Lukaschek K, Kruse J, Emeny RT, et al: Lifetime traumatic expe-
riences and their impact on PTSD: a general population study. Soc
Psychiatry Psychiatr Epidemiol 2013; 48:525-532

Bryant RA: Acute stress disorder as a predictor of posttraumatic stress
disorder: a systematic review. J Clin Psychiatry 2011; 72:233-239
Protopopescu X, Pan H, Tuescher O, et al: Differential time courses and
specificity of amygdala activity in posttraumatic stress disorder subjects
and normal control subjects. Biol Psychiatry 2005; 57:464-473
Frewen PA, Dozois DJA, Joanisse MF, et al: Selective attention to
threatversusreward: meta-analysis and neural-network modeling of
the dot-probe task. Clin Psychol Rev 2008; 28:307-337

Bar-Haim Y: Research review: attention bias modification (ABM):
a novel treatment for anxiety disorders. J Child Psychol Psychiatry
2010; 51:859-870

Macleod C: Cognitive bias modification procedures in the man-
agement of mental disorders. Curr Opin Psychiatry 2012; 25:114-120
Badura-Brack AS, Naim R, Ryan TJ, et al: Effect of attention training
on attention bias variability and PTSD symptoms: randomized
controlled trials in Israeli and US combat veterans. Am J Psychiatry
(in press)

Shin LM, Liberzon I: The neurocircuitry of fear, stress, and anxiety
disorders. Neuropsychopharmacology 2010; 35:169-191

Francati V, Vermetten E, Bremner JD: Functional neuroimaging
studies in posttraumatic stress disorder: review of current methods
and findings. Depress Anxiety 2007; 24:202-218

Etkin A, Wager TD: Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder,
and specific phobia. Am J Psychiatry 2007; 164:1476-1488
Pergamin-Hight L, Naim R, Bakermans-Kranenburg MJ, et al:
Content specificity of attention bias to threat in anxiety disorders:
a meta-analysis. Clin Psychol Rev 2015; 35:10-18

ajp.psychiatryonline.org 9


http://ajp.psychiatryonline.org

