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A B S T R A C T   

Across clinical and subclinical samples, anxiety has been associated with increased attentional capture by cues 
signaling danger. Various cognitive models attribute the onset and maintenance of anxiety symptoms to mal
adaptive selective information processing. In this brief review, we 1) describe the evidence for the relations 
between anxiety and attention bias toward threat, 2) discuss the neurobiology of anxiety-related differences in 
threat bias, 3) summarize work investigating the developmental origins of attention bias toward threat, and 4) 
examine efforts to translate threat bias research into clinical intervention. Future directions in each area are 
discussed, including the use of novel analytic approaches improving characterization of threat-processing-related 
brain networks, clarifying the role of cognitive control in the development of attention bias toward threat, and 
the need for larger, well-controlled randomized clinical trials examining moderators and mediators of treatment 
response. Ultimately, this work has important implications for understanding the etiology of and for intervening 
on anxiety difficulties among children and adults.   

1. Attentional biases in human anxiety 

Across clinical and subclinical samples, anxiety relates to increased 
attentional allocation to threat-related cues (Abend et al., 2018, 2021; 
Bar-Haim et al., 2007; Bishop, 2007; Cisler and Koster, 2010; Dudeney 
et al., 2015; MacLeod and Mathews, 2012). As such, theories implicate 
threat-related attentional biases in the etiology and maintenance of 
anxiety (Bishop, 2007; Lau and Waters, 2017; MacLeod et al., 2002; 
Mathews and MacLeod, 2002). In this brief review, we: 1) describe the 
relation between anxiety and threat-related attention, 2) discuss the 
neurobiology involved in this relation, 3) summarize relevant develop
mental work, and 4) examine interventions aiming to reduce anxiety by 
directly manipulating threat-biased attention. 

1.1. Theory and evidence for attention bias toward threat and its relation 
to anxiety 

Many cognitive models attribute anxiety symptoms to maladaptive 
information processing (Eysenck et al., 2007; MacLeod and Mathews, 
2012; Mogg and Bradley, 2016). These models recognize the relations 
between clinical measures of anxiety and attention bias toward negative 
information (Abend et al., 2021; Bar-Haim et al., 2007; Cisler and 

Koster, 2010; Dudeney et al., 2015; Van Bockstaele et al., 2014). When 
considering these theories, a critical point involves differentiating be
tween attention versus motoric responses to threats. Anxiety involves 
hypervigilance of attention toward potentially threatening stimuli (as 
will be discussed in more detail below). However, studies also routinely 
show that individuals with anxiety tend to avoid situations where they 
might encounter a threat. The role of avoidant behavior, as opposed to 
hypervigilant attention, in anxiety disorders has been reviewed else
where (e.g., Pittig et al., 2018). The present review focuses on how 
anxiety relates to information processing, particularly attentional pro
cessing, of threat. 

Attentional bias to threat has been assessed using various experi
mental paradigms such as the emotional Stroop, visual search, 
emotional spatial cuing task, and dot-probe task. The most commonly 
used of these is the dot-probe task. In the dot-probe, two stimuli that 
differ in emotional content (usually one threat-related and one neutral, 
such as an angry face paired with a neutral face) are briefly shown on a 
computer screen, followed by a visual probe that appears at the former 
location of one of the stimuli (Fig. 1; MacLeod et al., 1986). Participants 
are asked to discriminate between two variants of the probe (e.g., the 
letters ‘F′ and ‘E′, the shapes ‘.’ and ‘:’, or the direction of the arrows ‘<’ 
and ‘>’). In the assessment version of the task, the probes appear with 
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equal probability at the location of the threat-related (threat congruent 
trials) and neutral stimuli (threat incongruent trials; MacLeod et al., 
1986). Because participants are faster to discriminate the probe identity 
at the attended location, faster reaction times (RTs) on congruent trials 
relative to incongruent trials (quantified as the difference in mean RTs) 
indicate attention bias toward threat, whereas the opposite pattern in
dicates avoidance of threat (Bar-Haim, 2010). 

Compared to non-anxious control participants, anxious participants 
tend to show more biased attention toward threatening stimuli (Abend 
et al., 2021; Cisler and Koster, 2010; Salum et al., 2018; Van Bockstaele 
et al., 2014), although the magnitude of meta- and mega-analytic effects 
is generally modest (Abend et al., 2018; Bar-Haim et al., 2007; Dudeney 
et al., 2015). Large heterogeneity of effect sizes across studies may be 
partly explained by the fact that greater bias toward threat is observed 
when participants find stimuli more subjectively threatening. For 
example, attention bias scores are typically greater for fear-relevant 
images (e.g., snakes, spiders) than non-fear-relevant stimuli (e.g., 
flowers, mushrooms), and attention bias toward spiders is even greater 
among participants reporting particularly high levels of spider fear, as 
compared to those reporting lower levels of spider fear (Lipp and 
Derakshan, 2005). Similarly, greater attention bias toward faces 
expressing disgust has been associated with higher subjective ratings of 
emotional reactivity during a subsequent social stressor (Çek et al., 
2016). 

Recent work suggests that traditional RT-based measures of threat- 
biased attention may be unreliable (McNally, 2019; Rodebaugh et al., 
2016). This may be, in part, because taking the difference of two highly 
correlated scores (as dot-probe RTs tend to be) results in a difference 
score with very little unique variability and, thus, poor internal consis
tency (Infantolino et al., 2018; McNally, 2019). On the other hand, 
neuroimaging- and eye-tracking-based measures of attention bias have 
been shown to have acceptable reliability and demonstrate associations 
with anxiety (Clauss et al., 2022; Haller et al., 2018; Lazarov et al., 2016; 
White et al., 2016; but see also Lisk et al., 2020 which did not find ev
idence of threat-biased attention in anxious youth as measured via 
ocular dwell time). Recent advances in attention bias measurement also 
suggest that alternative bias calculations, relying on proportion scores or 
accuracy derived indices of attention rather than on 
response-time-based indices, can produce measurements with high in
ternal consistency and reliability (e.g., Grafton et al., 2021). 

Cognitive models considering attention bias commonly distinguish 
between automatic and strategic processes, including forms of 

emotional regulation (Mogg and Bradley, 2016). Automatic processes 
include rapid, unintentional, uncontrolled cognitive processes outside 
awareness (i.e., bottom-up or stimulus-driven processes which may be 
supported by the amygdala and other subcortical limbic regions), 
whereas strategic processes include more controllable, intentional, and 
conscious processes (e.g., executive functions, cognitive control sup
ported by regions of the prefrontal cortex; PFC) (Browning et al., 2010; 
Corbetta and Shulman, 2002; Shechner and Bar-Haim, 2016; Shiffrin 
and Schneider, 1977). Mogg and Bradley’s integrated framework holds 
that bottom-up and top-down systems interact to influence whether 
thoughts and behavior are oriented toward adaptive goals versus on 
processing goal-irrelevant threat information which could pose danger 
for the individual (Mogg and Bradley, 2016). Anxiety may increase the 
salience via a pre-attentive threat evaluation mechanism, biasing 
attention toward the potential threat even in the absence of conscious 
awareness. Chronic or severe anxiety, then, may stem from an imbalance 
between bottom-up and top-down systems, favoring bottom-up pro
cesses (Bar-Haim et al., 2007; Mathews and MacLeod, 2002; Mogg and 
Bradley, 2016). As will be described in the next section, this cognitive 
account is supported by neuroimaging research. 

1.2. Neurobiology of threat-related attention and anxiety 

Hemodynamic neuroimaging studies have characterized the cortical 
and subcortical neural circuitry involved in allocating attention toward 
and away from potential threat (Bishop, 2007; Heeren et al., 2013; Hur 
et al., 2019; Shechner and Bar-Haim, 2016). From these studies, 
amygdala-prefrontal circuitry, in particular, appears sensitive to 
emotional salience and influences top-down control (Bishop, 2007; 
Sequeira et al., 2021). As will be discussed in this section, most evidence 
examining the neural correlates of anxiety links anxious symptoms to 
amygdala hyper-reactivity to threat paired with insufficient control due 
to prefrontal hypo-reactivity (Bishop, 2007; Shechner and Bar-Haim, 
2016). 

Specific circuitry components include the amygdala and anterior 
cingulate cortex (Etkin et al., 2004). Prefrontal cortex (PFC) regions 
influence attentional control (Browning et al., 2010; Corbetta and 
Shulman, 2002): the ventrolateral PFC (vlPFC) supports the shifting of 
attention in response to environmental factors (Corbetta and Shulman, 
2002); the dorsolateral PFC (dlPFC) supports maintenance of 
task-relevant goals (Bishop, 2009); dorsomedial PFC (dmPFC) regulates 
the interface between affective and motor responses, whereas 

Fig. 1. Schematic of dot-probe task (adapted 
from Gober et al., 2021). In this example, par
ticipants are asked to indicate the direction of 
the arrow via a button press. Faster reaction 
times on threat congruent trials (when the 
arrow appears in the previous location of the 
angry face) than on threat incongruent trials 
(when the arrow appears in the previous loca
tion of the neutral face) may indicate the pres
ence of an attention bias toward threat. In the 
assessment version of the task, the probes 
appear with equal probability at the location of 
the threat-related (threat congruent trials) and 
neutral stimuli (threat incongruent trials; 
MacLeod et al., 1986). However, when adapted 
for attention bias modification (ABM) training, 
the probes nearly always (e.g., on approxi
mately 90% of trials) appear in the previous 
location of the neutral stimulus. By reducing 
the likelihood that the probe will appear at the 
position of the threatening stimulus, ABM aims 
to shift attention away from threat gradually 
and implicitly over repeated trials (MacLeod 

and Mathews, 2012; Shechner and Bar-Haim, 2016).   
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ventromedial PFC (vmPFC) regulates subcortical, limbic processing in 
support of context-relevant emotion regulation (Etkin et al., 2011). 
These regions function in tandem as an integrated neural network 
(Shechner and Bar-Haim, 2016). 

In neuroimaging studies of threat-related attention, participants with 
clinical anxiety show differences in the function of these brain regions 
relative to non-anxious peers. These differences have been most evident 
in the vlPFC and dlPFC, with anxious participants showing lower levels 
of activation while viewing threatening stimuli compared to non- 
anxious participants (Britton et al., 2012; Fani et al., 2012; Monk 
et al., 2008; Telzer et al., 2008). Neuroimaging studies also find 
anxiety-related differences in fronto-amygdala connectivity in angry 
versus neutral face contrasts (Hardee et al., 2013; Monk et al., 2008). 
Similar patterns emerge in treatment studies of anxiety, such that in
creases in vlPFC responses to angry faces during the dot-probe task have 
been observed following cognitive behavioral therapy (CBT) and phar
macological intervention (i.e., selective serotonin reuptake inhibitors; 
Maslowsky et al., 2010). Moreover, vlPFC increases, along with amyg
dala decreases, have also been observed following direct training of 
threat-related attention (Britton et al., 2015; Eldar and Bar-Haim, 2010; 
Taylor et al., 2014; White, Sequeira et al., 2017). Taken together, neu
roimaging work highlights brain activation and connectivity among 
fronto-amygdala regions as key to understanding altered threat-related 
attention in anxiety. 

Advancements in data analytic techniques have yielded new insights 
into this brain circuitry. For example, a recent study of adolescents 
compared patterns of functional connectivity at rest to those during the 
dot-probe task across 17 empirically-defined brain components 
including the dorsal visual stream, sensory-motor system, visual cortical 
areas, executive control network, and others (Harrewijn et al., 2020). 
Connectivity matrices from each paradigm were positively correlated 
with each other, suggesting that functional hierarchies in the brain may 
remain stable across states. Although the degree of similarity between 
the resting and dot-probe connectivity matrices did not directly relate to 
anxiety, greater similarity between the two matrices was associated with 
greater threat bias as measured via RT on the dot-probe task (Harrewijn 
et al., 2020). This suggests that adolescents with a higher degree of 
overlap between their “default” and threat-related attention brain states 
may allocate more attention toward threat, and therefore may be at 
increased risk for anxiety difficulties. Future work will likely benefit 
from the continued advancement of neuroimaging analytic techniques. 

1.3. Developmental course of the relations among threat bias, 
temperament, and anxiety 

Understanding the origins of threat bias could improve assessment 
sensitivity. Behavioral inhibition (BI), an early-childhood temperament 
style involving negative reactivity to or avoidance of unfamiliar people 
or contexts, is a strong risk factor for an anxiety diagnosis later in life 
(Clauss and Blackford, 2012; Fox et al., 2020; Kagan et al., 1984; 
Sandstrom et al., 2020). Nevertheless, up to 60% of children with a 
history of BI do not develop anxiety disorders (Biederman et al., 1993; 
Gladstone et al., 2005). Thus, there is a need to identify moderators of 
the BI-anxiety relation. Using the dot-probe task, Pérez-Edgar et al. 
showed that adolescents with a history of BI showed greater 
threat-biased attention than those with low BI, and found that the 
relation between early BI and anxiety was significantly stronger among 
those with high levels of threat bias (Pérez-Edgar et al., 2010). Another, 
more recent study of younger children with a history of BI showed no 
direct association between BI and threat-biased attention, and found BI 
predicted anxiety among children displaying attention bias toward 
threat, away from positive, or with no bias but not among those with a 
bias away from threat or toward positive (White et al., 2016). 

BI has also been associated with altered processing of events that are 
not explicitly threatening, but that may nevertheless signal potential 
threat. Specifically, adolescents with a history of BI showed greater 

electrophysiological responses to novel auditory tones (Marshall et al., 
2009; Reeb-Sutherland et al., 2009) and to errors (McDermott et al., 
2009) than those without such history (Marshall et al., 2009; Reeb-Su
therland et al., 2009). Among those with a history of high BI, those with 
larger electrophysiological responses indicating greater attention to 
these events were at greater risk of an anxiety diagnosis compared to 
high BI adolescents with smaller responses (McDermott et al., 2009; 
Reeb-Sutherland et al., 2009). This work highlights attention to poten
tial threat, broadly defined, as a key component in the relation between 
BI and anxiety (Cole et al., 2016; Fox et al., 2020; Morales et al., 2015; 
Morales, Taber-Thomas et al., 2017; Nozadi et al., 2016; Pérez-Edgar 
et al., 2011; White, Degnan et al., 2017). 

The association between BI and heightened vigilance to novelty is 
apparent early in life, though the mechanisms underlying this associa
tion remain unclear. There is some evidence that young children and 
adults with a history of BI display a lower threshold for heightened 
amygdala activity to novelty (A. S. Fox and Kalin, 2014) and show less 
amygdala-PFC connectivity (Filippi et al., 2022). Some evidence sug
gests that parental anxiety, which is associated with BI (Muris et al., 
2011), may influence children’s attention bias to threat (Fox et al., 
2022). Parental anxiety is concurrently associated with infants’ threat 
bias (Morales, Brown et al., 2017), and parental anxiety during early 
childhood predicts children’s faster detection of angry faces 3 years later 
(Aktar et al., 2019). Similarly, daughters of mothers with a mood or 
panic disorder have also been shown to have greater attention bias to 
threat relative to daughters of mothers with no psychiatric history 
(Mogg et al., 2012; Montagner et al., 2016). 

Consistent with other models of anxiety, work on the BI-anxiety link 
has also focused on the role of cognitive control in modulating height
ened vigilance to novelty. Although few studies examine relations be
tween threat bias and effortful control, Lonigan and Vasey found that 
children with elevated attention bias toward threat did not develop 
elevated anxiety if they also exhibited high levels of self-reported 
effortful control (Lonigan and Vasey, 2009). With regard to BI, there 
is evidence that children with a history of high BI whose parents rate 
them as having lower levels of set shifting skills (an example of control) 
during middle childhood display heightened anxiety as adolescents than 
those with greater set shifting skills (Buzzell et al., 2021). Similar find
ings emerge from laboratory assessments of cognitive control. For 
example, behaviorally inhibited children who displayed heightened task 
switching skills (as assessed on the Dimensional Change Card Sort task) 
were less anxious than those with lower task switching skills (White 
et al., 2011). Recent work guided by Dual Mechanisms of Control Theory 
(Braver, 2012) distinguished between proactive (i.e., early, preparatory) 
and reactive (i.e., late, as-needed) modes of control and found that 
children with a history of BI tend to use less proactive control strategies 
than their low-BI peers (Buzzell et al., 2021; Troller-Renfree et al., 
2019). This is especially important because children with BI who use less 
proactive or more reactive strategies experience greater anxiety (Buzzell 
et al., 2021; Troller-Renfree et al., 2019; Troller-Renfree et al., 2019; 
Valadez et al., 2021, 2022). Such control-style-specific patterns of 
moderation have been observed using parent-reported (Buzzell et al., 
2021), behavioral (Troller-Renfree et al., 2019; Troller-Renfree et al., 
2019; Valadez et al., 2022), and neural measures of proactive and 
reactive control (Buzzell et al., 2017; Valadez et al., 2021). Together, 
this work suggests that a more flexible cognitive control style (indicated 
by greater use of proactive than reactive control) may decrease anxiety 
risk among children with a history of high BI. Fig. 2 presents an inte
grative model relating these variables and building on other risk con
ceptualizations (Bar-Haim et al., 2007; Fox et al., 2020, in press; Mogg 
and Bradley, 2016; Pérez-Edgar et al., 2011). 

1.4. Clinical implications of the role of threat bias in anxiety 

The discovery of anxiety-related attention bias motivated the design 
of procedures to reduce anxiety via the manipulation of this attention 

E.A. Valadez et al.                                                                                                                                                                                                                              



Neuroscience and Biobehavioral Reviews 142 (2022) 104917

4

bias (Macleod, 1995). One such intervention protocol, attention bias 
modification (ABM), uses an adapted version of the dot-probe task. As 
noted previously, the assessment version of the task involves probes 
presented equally often in the screen locations where the threatening or 
neutral stimuli formerly appeared. In the modified, training version of 
the task, however, the probes nearly always (e.g., on 90% of trials) 
appear in the previous location of the neutral stimulus (MacLeod and 
Mathews, 2012; Shechner and Bar-Haim, 2016). Because the probe 
location is manipulated to increase the likelihood of targets appearing at 
the location of one type of stimulus or the other, the desired attention 
bias is implicitly and gradually induced over repeated training trials 
(Abend et al., 2013, 2014; Shechner and Bar-Haim, 2016). 

Support for ABM’s efficacy is reviewed elsewhere (Fodor et al., 2020; 
Gober et al., 2021; Lazarov and Bar-Haim, 2021). Briefly, numerous 
randomized clinical trials (RCTs) have demonstrated successful modi
fication of attention bias, with greater reductions of threat bias from 
pre-treatment to post-treatment in an ABM condition compared to a 
waitlist control condition (Gober et al., 2021; Price, Wallace et al., 
2016). Anxious symptom reduction following ABM has been observed in 
8 out of 10 reported meta-analyses addressing this question, with 
small-to-medium effect sizes (Gober et al., 2021; Jones and Sharpe, 
2017). Yet, a number of studies have failed to find significant effects of 
ABM on anxiety. A recent meta-analysis including a total of 65 ABM 
anxiety studies found that ABM did not significantly improve anxiety 
compared to waitlist and sham treatment conditions (typically a version 
of the task not designed to shift attention toward a specific valenced 
direction; Fodor et al., 2020). Importantly, however, this meta-analysis 
pooled a heterogeneous mix of ABM-related protocols; it combined 
laboratory experiments and clinical trials with wide-ranging sham 
control conditions, clinical and subclinical populations, outcomes, and 
with varying levels of blinding, making results somewhat difficult to 
interpret (see Blackwell, 2020 for a commentary). Perhaps most notably, 
this meta-analysis combined studies examining effects of ABM on anx
iety symptoms with studies testing its effects on symptoms of 
post-traumatic stress disorder (PTSD). Although PTSD and anxiety dis
orders have some overlapping symptoms, many of PTSD’s hallmark 
symptoms are unique (e.g., recurrent intrusive memories following 
exposure to one or more traumatic events). As such, PTSD is recognized 
as separate from anxiety disorders in both the Diagnostic and Statistical 
Manual of Mental Disorders (5th edition) (American Psychiatric Asso
ciation, 2013) and the International Classification of Diseases (11th 
edition) (World Health Organization, 2019). Perhaps more important to 
the current discussion, however, accumulating evidence suggests 
different patterns of attention allocation in PTSD relative to anxiety 
disorders, with PTSD samples demonstrating biased attention specif
ically toward trauma-relevant stimuli (Pergamin-Hight et al., 2015). 
When Fodor et al. excluded the seven trials involving participants with 
PTSD symptoms, ABM’s superiority over both sham and waitlist control 
conditions reached significance (Fodor et al., 2020). Nevertheless, in 
addition to substantial effect size heterogeneity across studies, the au
thors noted either uncertain or high risk of researcher bias (e.g., 
outcome reporting bias) in the majority of studies they examined, 

raising the need for more pre-registered, well-controlled trials with 
larger sample sizes to mitigate researcher bias and enable testing of 
potential treatment moderators. 

Thus far, several potential moderators of ABM efficacy have 
emerged. These include patient factors such as pre-treatment threat bias 
and patient age, with larger treatment effects observed among those 
with greater pre-treatment threat bias (Price, Wallace et al., 2016) and 
among adolescents and young adults compared to younger children or 
older adults (Price, Wallace et al., 2016). The ABM delivery setting may 
also moderate treatment outcome, as multiple studies find larger treat
ment effects among those receiving ABM in a laboratory setting than 
online (Cristea et al., 2015; Fodor et al., 2020; Heeren et al., 2015; 
Linetzky et al., 2015; Price, Wallace et al., 2016; Teng et al., 2019). 
Additional work in this vein will help optimize treatment protocols and 
help identify target patient candidates for ABM treatment to maximize 
clinical benefit. 

Given work discussed in the previous section finding that a 
temperament of BI is associated with heightened attention bias to threat 
and that those with BI who show this bias are at especially elevated risk 
for anxiety difficulties, individuals with a history of BI may be particu
larly promising candidates for ABM treatment. One RCT tested the ef
ficacy of ABM in a sample of 9- to 12-year-old children who were all 
identified as high in BI. Although active ABM did not modify RT bias 
scores, it significantly reduced separation anxiety symptoms compared 
to a sham ABM condition (Liu et al., 2018). This study also included 
fMRI assessments at baseline and post-treatment and found that, 
compared to sham ABM, active ABM significantly decreased amygdala 
and insula activation and increased vlPFC activation during incongruent 
(vs. congruent) dot-probe trials. Furthermore, mediation analysis 
revealed that increases in vlPFC activation mediated the relation be
tween intervention group assignment and changes in separation anxiety 
symptoms (Liu et al., 2018). In other words, even in the absence of 
behavioral changes, ABM may increase top-down regulatory brain ac
tivity in children with BI, which, in turn, may lead to anxiety reduction. 

In addition to serving as a stand-alone treatment, ABM has also been 
tested as an adjuvant to CBT in three RCTs involving anxious youth, with 
encouraging but mixed results (Salum et al., 2018; Shechner et al., 2014; 
White, Sequeira et al., 2017). Shechner et al. found that both CBT 
+ active ABM and CBT + sham ABM showed greater improvements in 
clinician-rated anxiety than a group receiving CBT alone, but that the 
CBT + active ABM group showed greater improvements in self- and 
parent-rated anxiety than the CBT + sham ABM group. White et al. 
found that CBT + active ABM resulted in greater clinician-rated anxious 
symptom improvement than CBT + sham ABM. Salum et al. found sig
nificant improvement in clinician-rated anxiety in both a CBT + active 
ABM group and a CBT + sham ABM group but found no significant 
differences between them. Taken together, this work suggests ABM 
holds preliminary promise as an adjuvant treatment to CBT. However, it 
also aligns with studies assessing ABM as a standalone treatment which 
find that even sham ABM may be effective at alleviating anxiety (Pettit 
et al., 2020). 

That anxiety reduction has been observed even in sham ABM con
ditions relative to waitlist controls raises key questions about the 
mechanism(s) underlying ABM treatment response. Specifically, it sug
gests that treatment expectancies or mere exposure to threat-relevant 
stimuli may be sufficient to achieve anxiety reduction, even in the 
absence of any attention manipulation. To address these questions, a 
recent RCT compared four treatments that dissociated spatial attention 
and threat exposure while equating treatment expectancies (Linetzky 
et al., 2020). Linetzky et al. found that although changes in self-rated 
attentional control correlated with changes in anxiety symptoms, all 
four groups demonstrated large reductions in anxiety with no significant 
differences between groups. The authors concluded that results did not 
support either spatial attention or threat exposure as underlying 
mechanisms and instead may point to possible expectancy effects, 
nonspecific treatment effects on general attention control ability, or 

Fig. 2. Model of relations among behavioral inhibition, attention toward po
tential threat, cognitive control style, and anxiety. 
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behavioral activation due to attending twice-weekly sessions (Linetzky 
et al., 2020). 

Overall, although important questions remain about moderators and 
mechanisms of ABM’s impact on anxiety, the bulk of RCT evidence 
suggests ABM continues to show promise for youth and adults with 
anxiety disorders when used as a stand-alone treatment or as an adju
vant treatment to CBT (Lazarov and Bar-Haim, 2021). More 
well-controlled, large-N RCTs will likely be needed before ABM is 
accepted as a frontline evidence-supported therapy for anxiety. Addi
tionally, novel and possibly more robust ABM interventions are 
emerging that directly manipulate participants’ eye gaze (Lazarov et al., 
2017; Price, Greven et al., 2016). Lastly, more efforts to identify the 
precise causal mechanism(s) behind ABM’s clinical benefits are needed 
to inform optimization of ABM-related protocols and thus further 
improve treatment outcomes. 

2. Summary and conclusions 

Maladaptive selective information processing likely plays a role in 
the onset and maintenance of anxiety disorders. A large body of work 
has begun to elucidate the neurobiology involved in, the developmental 
origins of, and the clinical benefits of manipulating threat-biased 
attention. These ongoing efforts may benefit from the use of novel an
alytic approaches improving characterization of threat-processing- 
related brain networks and behavior, from clarifying the role of cogni
tive control in the development of attention bias toward threat, and from 
larger ABM studies examining moderators and mediators of treatment 
response. Ultimately, this work has important implications for under
standing the etiology and ability to intervene on anxiety difficulties 
among children and adults. 
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Ernst, M., Fox, N.A., Pine, D.S., Pérez-Edgar, K., 2013. Patterns of Neural 
Connectivity During an Attention Bias Task Moderate Associations Between Early 
Childhood Temperament and Internalizing Symptoms in Young Adulthood. Biol. 
Psychiatry 74 (4), 273–279. https://doi.org/10.1016/j.biopsych.2013.01.036. 

Harrewijn, A., Abend, R., Linke, J., Brotman, M.A., Fox, N.A., Leibenluft, E., Winkler, A. 
M., Pine, D.S., 2020. Combining fMRI during resting state and an attention bias task 
in children. NeuroImage 205, 116301. https://doi.org/10.1016/j. 
neuroimage.2019.116301. 

Heeren, A., De Raedt, R., Koster, E., Philippot, P., 2013. The (neuro)cognitive 
mechanisms behind attention bias modification in anxiety: Proposals based on 
theoretical accounts of attentional bias. Front. Hum. Neurosci. 7 https://www. 
frontiersin.org/article/10.3389/fnhum.2013.00119.  

Heeren, A., Mogoașe, C., Philippot, P., McNally, R.J., 2015. Attention bias modification 
for social anxiety: A systematic review and meta-analysis. Clin. Psychol. Rev. 40, 
76–90. https://doi.org/10.1016/j.cpr.2015.06.001. 

Hur, J., Stockbridge, M.D., Fox, A.S., Shackman, A.J., 2019. Chapter 16 - Dispositional 
negativity, cognition, and anxiety disorders: An integrative translational 
neuroscience framework. In: Srinivasan, N. (Ed.), Progress in Brain Research, Vol. 
247. Elsevier, pp. 375–436. https://doi.org/10.1016/bs.pbr.2019.03.012. 

Infantolino, Z.P., Luking, K.R., Sauder, C.L., Curtin, J.J., Hajcak, G., 2018. Robust is not 
necessarily reliable: From within-subjects fMRI contrasts to between-subjects 
comparisons. NeuroImage 173, 146–152. https://doi.org/10.1016/j. 
neuroimage.2018.02.024. 

Jones, E.B., Sharpe, L., 2017. Cognitive bias modification: A review of meta-analyses. 
J. Affect. Disord. 223, 175–183. https://doi.org/10.1016/j.jad.2017.07.034. 

Kagan, J., Reznick, J.S., Clarke, C., Snidman, N., Garcia-Coll, C., 1984. Behavioral 
inhibition to the unfamiliar (JSTOR). Child Dev. 55 (6), 2212–2225. https://doi.org/ 
10.2307/1129793. 

Lau, J.Y.F., Waters, A.M., 2017. Annual Research Review: An expanded account of 
information-processing mechanisms in risk for child and adolescent anxiety and 
depression. J. Child Psychol. Psychiatry 58 (4), 387–407. https://doi.org/10.1111/ 
jcpp.12653. 

Lazarov, A., Bar-Haim, Y., 2021. Emerging domain-based treatments for pediatric 
anxiety disorders. Biol. Psychiatry 89 (7), 716–725. https://doi.org/10.1016/j. 
biopsych.2020.08.030. 

Lazarov, A., Abend, R., Bar-Haim, Y., 2016. Social anxiety is related to increased dwell 
time on socially threatening faces. J. Affect. Disord. 193, 282–288. https://doi.org/ 
10.1016/j.jad.2016.01.007. 

Lazarov, A., Pine, D.S., Bar-Haim, Y., 2017. Gaze-contingent music reward therapy for 
social anxiety disorder: a randomized controlled trial. Am. J. Psychiatry 174 (7), 
649–656. https://doi.org/10.1176/appi.ajp.2016.16080894. 

Linetzky, M., Pergamin-Hight, L., Pine, D.S., Bar-Haim, Y., 2015. Quantitative evaluation 
of the clinical efficacy of attention bias modification treatment for anxiety disorders. 
Depress Anxiety 32 (6), 383–391. https://doi.org/10.1002/da.22344. 

Linetzky, M., Pettit, J.W., Silverman, W.K., Pine, D.S., Bar-Haim, Y., 2020. What drives 
symptom reduction in attention bias modification treatment? A randomized 
controlled experiment in clinically anxious youths. Clin. Psychol. Sci. 8 (3), 
506–518. https://doi.org/10.1177/2167702620902130. 

Lipp, O.V., Derakshan, N., 2005. Attentional bias to pictures of fear-relevant animals in a 
dot probe task. Emotion 5 (3), 365–369. https://doi.org/10.1037/1528- 
3542.5.3.365. 

Lisk, S., Vaswani, A., Linetzky, M., Bar-Haim, Y., Lau, J.Y.F., 2020. Systematic review 
and meta-analysis: eye-tracking of attention to threat in child and adolescent 
anxiety. e1 J. Am. Acad. Child Adolesc. Psychiatry 59 (1), 88–99. https://doi.org/ 
10.1016/j.jaac.2019.06.006. 
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