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ABSTRACT
Cognitive bias modification (CBM) is a class of 
mechanised psychological interventions designed to 
target specific aberrant cognitive processes considered 
key in the aetiology and/or maintenance of specific 
psychiatric disorders. In this review, we outline a 
multistage translational process that allows tracking 
progress in CBM research. This process involves 
four steps: (1) the identification of reliable cognitive 
targets and establishing their association with specific 
disorders; (2) clinical translations designed to rectify the 
identified cognitive targets; (3) verification of effective 
target engagement and (4) testing of clinical utility 
in randomised controlled trials. Through the prism of 
this multistage process, we review progress in clinical 
CBM research in two cognitive domains: attention and 
interpretation; in six psychiatric conditions: anxiety 
disorders, major depressive disorder, post-traumatic 
stress disorder, addictive disorders, eating disorders and 
obsessive–compulsive disorder. The review highlights 
achievement as well as shortcomings of the CBM 
approach en route to becoming a recognised evidence-
supported therapy for these disorders.

INTRODUCTION
Cognitive bias modification (CBM) is a class of 
interventions targeting aberrant cognitive processes 
considered key in the aetiology and maintenance 
of different psychopathologies. CBM focuses on 
underlying mechanistic dysfunctions, rather than 
on symptoms used as basis for diagnostic categories. 
Reliable CBM procedures depend on a multistage 
translational process involving (1) identification 
of reliable treatment targets (ie, biassed cognitive 
functions related to a specific disorder); (2) clinical 
translation to rectify the identified bias; (3) effec-
tive target engagement (ie, the devised translation 
effectively modifies the identified bias); and (4) 
testing of clinical utility in randomised controlled 
trials (RCTs).1

The most advanced CBM procedures focus on 
attention and interpretation biases. Attention bias 
modification (ABM) typically uses spatial cues or 
gaze-contingent reinforcement to train patients 
to allocate attention to neutral or positive over 
negative stimuli.2 Cognitive bias modification of 
interpretation (CBM-I) trains participants to disam-
biguate information in a neutral or positive manner 
over a negative manner.3 See figures 1–3 for exam-
ples of trials in ABM and CBM-I tasks. Here, using 
the prism of the multistage translational process 

described previously, we review progress in ABM 
and CBM-I research across various psychopatholo-
gies. We address target identification, target engage-
ment and symptom reduction while specifically 
focusing on clinical populations and formal RCTs.

ANXIETY DISORDERS
Attentional biases in processing threat-related infor-
mation have been assigned a prominent role in the 
aetiology and maintenance of anxiety disorders.3 
Experimental work established that the attentional 
system of anxious individuals is indeed distinctively 
sensitive to threat-related stimuli, favouring atten-
tion allocation to threat over neutral stimuli.4 Extant 
evidence establish threat-related attention biases 
in anxiety as viable therapeutic targets in adults. 
In contrast, studies in youth are scanter, and meta-
analyses suggest small effect sizes and conflicting 
results. Hypervigilance towards threat was found 
in reaction time (RT)-based studies,5 whereas threat 
avoidance emerged in eye-tracking studies.6

Successful modification of attention biases in 
anxious individuals using ABM procedures has 
been demonstrated in numerous RCTs with meta-
analyses indicating greater reductions of threat-
related bias from pretreatment to post-treatment in 
ABM compared with control conditions.7 Anxiety 
reduction following ABM has been observed in 8 
out of the 10 reported meta-analyses summarising 
this field,8 indicating small-to-medium clinical effect 
sizes. A recent network meta-analysis of ABM trials 
also reported significant symptom reduction in 
ABM compared with waitlist and shame conditions, 
excluding post-traumatic stress disorder (PTSD).9

Patients’ age has emerged as a potential mediator of 
ABM efficacy, suggesting an inverted U-shaped effect 
with greater symptom reduction evident in adoles-
cents and young adults relative to young children and 
older adults.7 A pooled patient-level meta-analysis 
has also shown that higher baseline bias predicts 
greater bias reduction from pretreatment to post-
treatment, subsequently predicting greater anxiety 
relief following ABM.7 Finally, stronger effects of 
ABM were noted when delivered in controlled lab 
settings rather than remotely at home.7 10

Threat hypersensitivity in anxiety also manifests in 
interpretation biases. Relative to non-anxious indi-
viduals, anxious adult patients are prone to interpret 
ambiguous information as threatening.11 Similarly, 
anxiety disorder content-congruent interpretation 
biases are evident in clinically anxious youth, with 
patients with social anxiety, separation anxiety or 
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simple phobia exhibiting an interpretation bias specifically for 
subtype-specific items.12 Together, these findings render interpre-
tation biases as another viable target for intervention.

Clinical RCTs of CBM-I are more scarce. However, meta-
analyses of extant RCTs suggest that CBM-I significantly reduces 
the targeted biases and outperforms waitlist or sham training in 
anxiety reduction.9 13

In summary, CBM shows promising clinical potential for the 
treatment of anxiety disorders. Most RCTs of ABM indicate effec-
tive bias modification and reduction in anxiety symptoms, placing 
it at the forefront of CBM interventions on the verge of accep-
tance as evidence-supported therapy. However, recent findings 
suggesting that traditional control conditions may also serve to 
reduce anxiety,14 and concerns regarding the reliability of some bias 
measurements15 warrant additional research on the mechanisms 
underlying ABM treatment response. Indeed, preliminary studies 
and RCTs suggest that applying eye-tracking technology may offer 
more reliable and robust ABM protocols for anxiety.16 Though 
results from CBM-I in anxiety disorders are promising, larger and 
more definitive RCTs in clinical patients are still required to deter-
mine its clinical utility.

DEPRESSION
Echoing the depressed mood and anhedonia of depression, two 
types of attention biases have been noted in depressed patients: 
(1) prioritising attention to negative over neutral and positive 
stimuli and (2) lacking an attentional bias in favour of positive over 

neutral or negative stimuli. Meta-analyses of RT-based studies17 
and eye-tracking studies4 support the existence of both biases in 
depressed compared with non-depressed individuals, indicating 
small and moderate-to-large effect sizes for RT and eye-tracking 
studies, respectively, rendering both types of biases viable targets 
for intervention.

The number of clinical RCTs in depression is small. Modifica-
tion of attentional biases has been successful in most RCTs training 
depressed individuals to attend away from negative and/or towards 
positive stimuli,18 19 with a meta-analysis suggesting small-to-
medium effect sizes.20 While the clinical efficacy of ABM in depres-
sion has been questioned in an older meta-analysis, including both 
clinical and subclinical RCTs,21 more recent clinical RCTs have 
shown significant symptom reductions after ABM compared with 
control training.18 However, such clinical efficacy was not found 
for web-based ABM.19 Moderators’ analyses suggest that ABM 
may be better suited for patients in their first depressive episode 
than for patients with recurrent episodes.22

A similar ‘double bias’ has been also observed in relation to 
interpretation biases in depression. Specifically, a meta-analysis 
indicates both negative and a lack of a positive interpretation 
biases in depressed patients compared with healthy controls, 
both of medium effect size.23

Conclusions about the effect sizes of CBM-I on bias in depressed 
patients cannot be drawn due to a small number of RCTs and meta-
analyses that conflate CBM interventions and/or psychopatholo-
gies.20 However, extant clinical RCTs in depression indicate both 

Figure 1  In each trial of the probe detection task, the most commonly 
used RT-based form of ABM, a fixation cross is followed by two stimuli 
of various valences, which are then replaced with a visual probe (eg, an 
arrow pointing left or right) at the location of one of the stimuli. Patients 
are asked to discriminate the probe’s type as quickly and accurately 
as possible. For example, when aiming to rectify an attentional bias 
towards threat, target arrows will be placed at the location of the 
neutral face location with higher frequency than in the threat face 
location. With repeated trials (and training sessions), patients gradually 
learn the predictive value of neutral faces in relation to target location 
and thus shift their attention to these locations as this facilitates task 
performance. Repeated training is thought to rectify the bias and 
consequently reduce symptoms. Treatment protocols range from 1 to 
24 sessions, presenting 100–400 trials per session. The most commonly 
applied protocols involve eight biweekly sessions with 160 trials per 
session. Face stimuli were taken from the Karolinska Directed Emotional 
Faces stimulus set. ABM, attention bias modification; RT, reaction time.

Figure 2  In each trial of gaze-contingent therapy, a second-
generation ABM protocol using eye-tracking technology, participants 
view a matrix of mixed valance stimuli and are reinforced with music 
when looking at the targeted stimuli. For example, if the aim is to 
increase attention to neutral over disgusted faces with the intention to 
rectify a bias observed in patients with SAD, music will play as long as 
the patient is fixating on one of the neutral faces and will stop when 
fixating on one of the disgusted faces. With repeated trials of this 
protocol, attention is gradually shifted away from threat and symptoms 
reside. Face stimuli were taken from the Karolinska Directed Emotional 
Faces stimulus set. ABM, attention bias modification; SAD, social anxiety 
disorder.
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decrease in negative bias and increase in positive bias after CBM-I 
compared with control training and waitlist conditions when modi-
fying negative-valenced interpretations24 but less favourable results 
when modifying hostile interpretations.25 A network meta-analysis 
examining the clinical potential of CBM-I found it to significantly 
reduce both primary and comorbid depression compared with 
waitlist.9

Application of imagery rather than verbal stimuli in CBM-I 
appear to increase training effects on negative interpretation bias 
and symptoms.26 Also, unlike in anxiety, RCTs of CBM-I in depres-
sion suggest clinical potential for remote delivery without compro-
mising efficacy.26

In summary, both ABM and CBM-I appear to engage their 
targeted biases and reduce symptoms in depression. However, 
the small number of formal RCTs precludes definitive conclusions 
about the clinical utility of CBM in depression.

POST-TRAUMATIC STRESS DISORDER
Cognitive models of PTSD assign an important role for cogni-
tive biases in vulnerability to, and maintenance of, the disorder, 
including threat-related and trauma-related attention and inter-
pretation biases.27 However, empirical studies of attention bias in 
PTSD have produced inconsistent findings. Some studies report 
bias towards threat,28 others away from threat,29 and some find no 
evidence for bias.30 Given these inconsistencies, it was suggested 
that PTSD may be characterised by hyper-fluctuation of threat-
related attention. A new index, attention bias variability (ABV), 
estimates fluctuation between bias towards and away from threat.30 
ABV is consistently elevated in patients with PTSD relative to other 
anxiety disorders and healthy controls,30 making it a viable target 
for modification in this disorder. Eye-tracking studies of attention 
bias in PTSD suggest an additional target, with patients consistently 
displaying greater sustained attention on threat stimuli relative to 
control populations.31

Eye-tracking-based RCTs of ABM in PTSD are yet to be 
published. In contrast, four RT-based RCTs of ABM as a stand-
alone treatment have been conducted. These clinical RCTs have 
compared ABM away from threat and attention control training 
(ACT) aimed at reducing ABV. ACT, originally designed as a 
placebo–control version of ABM, does not shift attention towards 
a specific valenced direction, but rather is thought to enhance 
control over one’s attention in an emotional setting.32 One RCT 
found ABM and ACT to be equally effective in reducing PTSD 
symptoms,33 whereas three more recent RCTs have favoured ACT 
over ABM.32 34 Specifically, two independent RCTs of veterans 
with PTSD indicate that ACT significantly reduced ABV and 

post-traumatic symptoms, with reduction of ABV partially medi-
ating symptom reduction.32 An additional RCT compared ACT 
with a bias-contingent attention bias modification (BC-ABM), in 
which civilian patient’s attention was trained according to their 
pretreatment bias.34 Results showed that while both protocols led 
to clinical improvement, ACT was superior to BC-ABM. Research 
of ABM in PTSD is in its early days, as is research on its potential 
moderators. Extant evidence suggests promise for ACT along with 
a need for more decisive RCTs.

Research on interpretation biases suggest that individuals with 
PTSD tend to endorse threat-related and trauma-related interpre-
tations for ambiguous information. For example, compared with 
veterans without PTSD, veterans with PTSD were more likely to 
choose combat-related words in sentence-completion tasks,35 and 
civilians with PTSD were more likely to disambiguate words in a 
threatening manner.36 To the best of our knowledge, only one clin-
ical RCT to date examined CBM-I in PTSD. Using an appraisal-
based CBM, this RCT found no differences between active and 
control conditions.37

In summary, more research is needed within the field of CBM 
for PTSD. ACT, targeting ABV reduction, has shown preliminary 
promise of clinical efficacy. Eye-tracking studies suggest enhanced 
dwelling on threat and offer a solid target for interventions based 
on eye-tracking technology. CBM-I for PTSD is currently an 
uncharted territory calling for further research.

ADDICTIVE DISORDERS
ABM in the context of addictions was designed to change a hypoth-
esised selective attention to abused substances or to cues predicting 
their use. Such cues are thought to automatically capture attention 
and weaken control over impulses, thereby supporting a cycle of 
addiction.38 Reviews concerning alcohol-related and cigarette-
related attentional biases in alcoholics and smokers indicate mixed 
evidence of bias.39 In contrast, compared with non-users, cocaine 
addicts appear to allocate more attention to their drug-related 
cues.40

Some RCTs indicate that ABM can successfully modify attention 
towards alcohol and smoking-related stimuli.41 However, a review 
of 18 studies of various addictions found unreliable evidence of 
pretraining to post-training reduction in attention bias.42 Thus, 
despite initial promise, the empirical evidence supporting ABM’s 
target viability, target engagement and effectiveness for addictions 
has been mixed. In alcohol dependence, evidence of effectiveness 
appears to be restricted to its application as an add-on to regular 
treatment for relapse prevention with small effect sizes.43 Given 

Figure 3  In each trial of the word–sentence association paradigm, one of the most common CBM-I tasks, patients are presented with a fixation 
cross followed by a word representing either a benign or a negative interpretation to an ambiguous situation presented in the following screen. 
Patients are then asked if the word and situation presented were related. Positive feedback is provided for responses that accept benign interpretation 
or reject negative interpretations. With repeated trials, it is expected that patients will make more benign or positive interpretation, rectifying an 
interpretative bias and reducing symptoms. CBM-I, cognitive bias modification of interpretation.
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the obstacles ABM is facing in addiction, research on moderators 
of treatment outcome may be premature.

The tendency to endorse substance-related interpretations for 
ambiguous information is far less researched. Early studies found 
evidence for alcohol-relevant interpretation bias in alcohol-
dependent patients, with a positive correlation between bias and 
harmful drinking.44 Negative bias was also associated with more 
cravings and less confidence in the ability to resist substance use 
among inpatients.45 To our knowledge, no clinical RCTs of CBM-I 
in addiction have been conducted.

In summary, evidence of substance-related attention bias in 
alcoholism and smoking appears less consistent than in other 
drug addictions. The clinical efficacy of ABM in drug addiction 
is evident in multisession protocols, and efficacy in alcoholism 
is evident in relapse prevention when applied as an adjuvant to 
other established treatments. For CBM-I to have clinical relevance 
in addictions, future research must examine clinical samples in 
extended protocols.

EATING DISORDERS (EDS)
Cognitive models of EDs suggest that symptomatic preoccupation 
with food and disliked body parts could manifest in aberrant atten-
tion and interpretation of ED-related information.46 For instance, 
attentional threat avoidance of food stimuli is thought to reflect 
avoidance of the threat such stimuli pose to restrictive food intake. 
A meta-analysis indicates greater bias away from food stimuli in 
ED relative to healthy controls.47 In contrast, body-related stimuli 
appear to capture greater attention in patients with ED relative 
to controls, with patients overly attending to overweight-related 
stimuli and to images of regions of their body they consider 
unattractive.48

To our knowledge, no clinical RCTs examining ABM with 
food stimuli for ED have been conducted. A meta-analysis of 
non-clinical studies aimed at improving eating habits found ABM 
to be effective in reducing attentional avoidance of food stimuli 
and corresponding eating behavior when compared with control 
conditions.49 A review of the efficacy of ABM for appearance-
related stimuli among healthy, subclinical and clinical populations 
suggests large effects of ABM on attention, but with no reliable 
reduction in ED symptoms.50 This latter results pattern suggests 
that attention biases might not play a causal role in body-related 
ED symptom expression.

Interpretation biases in ED have also gained support, with 
patients with ED more likely to attribute negative body inter-
pretations to ambiguous sentences and scenarios, compared with 
healthy individuals.51 A review of CBM-I for appearance-related 
interpretation bias among healthy, subclinical and clinical popula-
tions suggests moderate-to-large reduction in bias, and smaller and 
less consistent effects on ED symptoms.50

In summary, CBM protocols for EDs use either food or body/
appearance-related stimuli. While both have been targeted in 
ABM, only appearance-related stimuli have been applied in 
CBM-I. Results indicate successful ED bias modification through 
both ABM and CBM-I, but further examination of clinical efficacy 
in RCTs is still necessary.

OBSESSIVE–COMPULSIVE DISORDER (OCD)
Extant research on threat-related attention biases in clinical OCD 
reveals conflicting findings, with some studies reporting bias 
towards threat52 and others failing to demonstrate this bias.53 
These mixed findings were attributed to potentially overlooking 
massive heterogeneity in OCD where biassed attention may mani-
fest only when assessed via idiosyncratic stimuli.

Most ABM studies in OCD have used analogue proof-of-
concept samples rather than clinically diagnosed patients, gener-
ally showing effective bias modification but no reliable reduction 
in OCD symptoms.54 The scant work on ABM in clinical OCD 
precludes definitive conclusions about its clinical utility.

Research in both clinical and subclinical samples consistently 
implicates interpretation biases in OCD.55 The only clinical RCT to 
examine patients with OCD did find that interpretations changed 
in response to CBM-I training, with patients also demonstrating 
less OCD symptoms relative to a control group.56 Still, more 
research is needed to determine the clinical efficacy of CBM-I for 
OCD.

In summary, while ABM and CBM-I both demonstrate target 
engagement in reducing respective biases, clear evidence on clinical 
efficacy in OCD is still lacking.

CONCLUSION
Here we provide an overview of attention and interpretation bias 
modification protocols as an evidence-supported intervention for 
various psychopathologies. CBM protocols show promise in a variety 
of clinical domains. However, progress along the translational road 
towards reliable treatment establishment varies between pathologies. 
The clinical efficacy of ABM has been extensively supported in RCTs 
for anxiety disorders but requires more research in all other diag-
nostic domains. In contrast, CBM-I has shown considerable promise 
for eating and anxiety disorders, whereas evidence in other disorders 
is limited. Importantly, many reviews and meta-analyses, on which 
much of the information provided here relies, conflate different 
types of CBM (eg, ABM and CBM-I) and/or compiled psychopa-
thologies when reporting combined clinical and target engagement 
effects, making it difficult to ascertain conclusions for specific disor-
ders and specific CBM interventions. It is crucial for future experi-
mental and meta-analytical work to refrain from mixing apples and 
oranges in CBM studies, and from providing misguiding interpreta-
tions as reflecting the state-of-the-art.

The advantages of CBM over traditional clinical treatment warrant 
efforts to further develop evidence-supported CBM. CBM interven-
tions are shorter and more cost-effective than traditional treatments 
and may be used as a first-line intervention to deliver early and 
available treatment, reducing costs and freeing resources of tradi-
tional therapy for those who need it. CBM is mechanised and can 
be delivered remotely with minimal costs, meeting the growing need 
to increase accessibility in both in routine and under circumstances 
in which in-person treatment is limited. To date, most CBM research 
has indicated reduced efficacy with remote delivery, but preliminary 
evidence suggests bias reduction among adolescents with heightened 
anxiety and depression symptoms and among patients with OCD.57 
Therefore, novel approaches to this issue are a priority. Finally, we 
strongly recommend application of the science-driven multistage 
translational process taken by CBM researchers towards the estab-
lishment of reliable and effective CBM procedures. This approach, 
while sometimes tedious and highly invested, is still producing one 
of the most productive, creative and rigorous progress in clinical 
psychological science.

Contributors  YBH was responsible for initiating and conceptualising this review. 
CDG was the major contributor in writing the manuscript. AL and YBH revised the 
manuscript, assisted in the final conceptualisation of the manuscript and assisted 
in finalising it for submission. All authors read and approved the final version of the 
manuscript.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  There are no competing interests.

Patient consent for publication  Not required.



46 Gober CD, et al. Evid Based Ment Health 2021;24:42–46. doi:10.1136/ebmental-2020-300216

Clinical review

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data sharing not applicable as no datasets were 
generated and/or analysed for this study. Not applicable as this is a narrative review.

ORCID iD
Chelsea Dyan Gober http://​orcid.​org/​0000-​0001-​9954-​7572

REFERENCES
	 1	 Lazarov A, Bar-Haim Y. Emerging domain-based treatments for pediatric anxiety 

disorders. Biol Psychiatry.
	 2	 Bar-Haim Y. Research review: attention bias modification (ABM): a novel treatment for 

anxiety disorders. J Child Psychol Psychiatry 2010;51:859–70.
	 3	 MacLeod C, Mathews A. Cognitive bias modification approaches to anxiety. Annu Rev 

Clin Psychol 2012;8:189–217.
	 4	 Armstrong T, Olatunji BO. Eye tracking of attention in the affective disorders: a meta-

analytic review and synthesis. Clin Psychol Rev 2012;32:704–23.
	 5	 Dudeney J, Sharpe L, Hunt C. Attentional bias towards threatening stimuli in children 

with anxiety: a meta-analysis. Clin Psychol Rev 2015;40:66–75.
	 6	 Lisk S, Vaswani A, Linetzky M, et al. Systematic review and meta-analysis: Eye-tracking 

of attention to threat in child and adolescent anxiety. J Am Acad Child Adolesc 
Psychiatry 2020;59:88–99.

	 7	 Price RB, Wallace M, Kuckertz JM, et al. Pooled patient-level meta-analysis of children 
and adults completing a computer-based anxiety intervention targeting attentional 
bias. Clin Psychol Rev 2016;50:37–49.

	 8	 Jones EB, Sharpe L. Cognitive bias modification: a review of meta-analyses. J Affect 
Disord 2017;223:175–83.

	 9	 Fodor LA, Georgescu R, Cuijpers P, et al. Efficacy of cognitive bias modification 
interventions in anxiety and depressive disorders: a systematic review and network 
meta-analysis. Lancet Psychiatry 2020;7:506–14.

	10	 Teng M-H, Hou Y-M, Chang S-H, et al. Home-delivered attention bias modification training 
via smartphone to improve attention control in sub-clinical generalized anxiety disorder: a 
randomized, controlled multi-session experiment. J Affect Disord 2019;246:444–51.

	11	 Hirsch CR, Meeten F, Krahé C, et al. Resolving ambiguity in emotional disorders: the 
nature and role of interpretation biases. Annu Rev Clin Psychol 2016;12:281–305.

	12	 Klein AM, Rapee RM, Hudson JL, et al. Content-specific interpretation biases in 
clinically anxious children. Behav Res Ther 2019;121:103452.

	13	 Krebs G, Pile V, Grant S, et al. Research review: cognitive bias modification of 
interpretations in youth and its effect on anxiety: a meta-analysis. J Child Psychol 
Psychiatry 2018;59:831–44.

	14	 Mogg K, Waters AM, Bradley BP. Attention bias modification (ABM): review of effects 
of multisession ABM training on anxiety and threat-related attention in high-anxious 
individuals. Clin Psychol Sci 2017;5:698–717.

	15	 McNally RJ. Attentional bias for threat: crisis or opportunity? Clin Psychol Rev 
2019;69:4–13.

	16	 Lazarov A, Pine DS, Bar-Haim Y. Gaze-contingent music reward therapy for social 
anxiety disorder: a randomized controlled trial. Am J Psychiatry 2017;174:649–56.

	17	 Peckham AD, McHugh RK, Otto MW. A meta-analysis of the magnitude of biased 
attention in depression. Depress Anxiety 2010;27:1135–42.

	18	 Yang W, Zhang JX, Ding Z, et al. Attention bias modification treatment for adolescents 
with major depression: a randomized controlled trial. J Am Acad Child Adolesc 
Psychiatry 2016;55:208–18.

	19	 Krejtz I, Holas P, Rusanowska M, et al. Positive online attentional training as a means 
of modifying attentional and interpretational biases among the clinically depressed: an 
experimental study using eye tracking. J Clin Psychol 2018;74:1594–606.

	20	 Hallion LS, Ruscio AM. A meta-analysis of the effect of cognitive bias modification on 
anxiety and depression. Psychol Bull 2011;137:940–58.

	21	 Mogoaşe C, David D, Koster EHW. Clinical efficacy of attentional bias modification 
procedures: an updated meta-analysis. J Clin Psychol 2014;70:1133–57.

	22	 Shamai‐Leshem D, Lazarov A, Pine DS, et al. A randomized controlled trial of gaze‐
contingent music reward therapy for major depressive disorder. Depress Anxiety 
2020:23089.

	23	 Everaert J, Podina IR, Koster EHW. A comprehensive meta-analysis of interpretation 
biases in depression. Clin Psychol Rev 2017;58:33–48.

	24	 Hirsch CR, Krahé C, Whyte J, et al. Interpretation training to target repetitive negative 
thinking in generalized anxiety disorder and depression. J Consult Clin Psychol 
2018;86:1017–30.

	25	 Smith HL, Dillon KH, Cougle JR. Modification of hostile interpretation bias in 
depression: a randomized controlled trial. Behav Ther 2018;49:198–211.

	26	 Williams AD, Blackwell SE, Mackenzie A, et al. Combining imagination and reason in the 
treatment of depression: a randomized controlled trial of Internet-based cognitive-bias 
modification and internet-CBT for depression. J Consult Clin Psychol 2013;81:793–9.

	27	 Ehlers A, Clark DM. A cognitive model of posttraumatic stress disorder. Behav Res Ther 
2000;38:319–45.

	28	 Bardeen JR, Orcutt HK. Attentional control as a moderator of the relationship 
between posttraumatic stress symptoms and attentional threat bias. J Anxiety Disord 
2011;25:1008–18.

	29	 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;31:124–9.

	30	 Naim R, Abend R, Wald I, et al. Threat-related attention bias variability and 
posttraumatic stress. Am J Psychiatry 2015;172:1242–50.

	31	 Lazarov A, Suarez-Jimenez B, Tamman A, et al. Attention to threat in posttraumatic 
stress disorder as indexed by eye-tracking indices: a systematic review. Psychol Med 
2019;49:705–26.

	32	 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 U.S. combat 
veterans. Am J Psychiatry 2015;172:1233–41.

	33	 Schoorl M, Putman P, Van Der Does W. Attentional bias modification in 
posttraumatic stress disorder: a randomized controlled trial. Psychother Psychosom 
2013;82:99–105.

	34	 Lazarov A, Suarez-Jimenez B, Abend R, et al. Bias-contingent attention bias 
modification and attention control training in treatment of PTSD: a randomized 
control trial. Psychol Med 2019;49:2432–40.

	35	 Kimble MO, Kaufman ML, Leonard LL, et al. Sentence completion test in 
combat veterans with and without PTSD: preliminary findings. Psychiatry Res 
2002;113:303–7.

	36	 Amir N, Coles ME, Foa EB. Automatic and strategic activation and inhibition of 
threat-relevant information in posttraumatic stress disorder. Cognit Ther Res 
2002;26:645–55.

	37	 de Kleine RA, Woud ML, Ferentzi H, et al. Appraisal-based cognitive bias modification 
in patients with posttraumatic stress disorder: a randomised clinical trial. Eur J 
Psychotraumatol 2019;10:1625690.

	38	 Wiers RW, Gladwin TE, Hofmann W, et al. Cognitive bias modification and cognitive control 
training in addiction and related psychopathology: mechanisms, clinical perspectives, and 
ways forward. Clin Psychol Sci 2013;1:192–212.

	39	 Field M, Cox WM. Attentional bias in addictive behaviors: a review of its development, 
causes, and consequences. Drug Alcohol Depend 2008;97:1–20.

	40	 Leeman RF, Robinson CD, Waters AJ, et al. A critical review of the literature on attentional 
bias in cocaine use disorder and suggestions for future research. Exp Clin Psychopharmacol 
2014;22:469–83.

	41	 Attwood AS, O’Sullivan H, Leonards U, et al. Attentional bias training and cue 
reactivity in cigarette smokers. Addiction 2008;103:1875–82.

	42	 Heitmann J, Bennik EC, van Hemel-Ruiter ME, et al. The effectiveness of attentional 
bias modification for substance use disorder symptoms in adults: a systematic review. 
Syst Rev 2018;7:160.

	43	 Boffo M, Zerhouni O, Gronau QF, et al. Cognitive bias modification for behavior 
change in alcohol and smoking addiction: Bayesian meta-analysis of individual 
participant data. Neuropsychol Rev 2019;29:52–78.

	44	 Woud ML, Pawelczak S, Rinck M, et al. Alcohol-Related interpretation bias in alcohol-
dependent patients. Alcohol Clin Exp Res 2014;38:1151–9.

	45	 Beard C, Peckham AD, Griffin ML, et al. Associations among interpretation bias, 
craving, and abstinence self-efficacy in adults with substance use disorders. Drug 
Alcohol Depend 2019;205:107644.

	46	 Williamson DA, Muller SL, Reas DL, et al. Cognitive bias in eating disorders: 
implications for theory and treatment. Behav Modif 1999;23:556–77.

	47	 Brooks S, Prince A, Stahl D, et al. A systematic review and meta-analysis of cognitive 
bias to food stimuli in people with disordered eating behaviour. Clin Psychol Rev 
2011;31:37–51.

	48	 Jiang MYW, Vartanian LR. A review of existing measures of attentional biases in body 
image and eating disorders research. Aust J Psychol 2018;70:3–17.

	49	 Turton R, Bruidegom K, Cardi V, et al. Novel methods to help develop healthier 
eating habits for eating and weight disorders: a systematic review and meta-analysis. 
Neurosci Biobehav Rev 2016;61:132–55.

	50	 Matheson E, Wade TD, Yiend J. Utilising cognitive bias modification to remedy appearance 
and self-worth biases in eating disorder psychopathology: a systematic review. J Behav Ther 
Exp Psychiatry 2019;65:101482.

	51	 Williamson DA, Perrin L, Blouin DC, et al. Cognitive bias in eating disorders: 
interpretation of ambiguous body-related information. Eat Weight Disord 
2000;5:143–51.

	52	 Amir N, Najmi S, Morrison AS. Attenuation of attention bias in obsessive-compulsive 
disorder. Behav Res Ther 2009;47:153–7.

	53	 Harkness EL, Harris LM, Jones MK, et al. No evidence of attentional bias in obsessive 
compulsive checking on the dot probe paradigm. Behav Res Ther 2009;47:437–43.

	54	 Najmi S, Amir N. The effect of attention training on a behavioral test of contamination 
fears in individuals with subclinical obsessive-compulsive symptoms. J Abnorm Psychol 
2010;119:136–42.

	55	 Jelinek L, Hottenrott B, Moritz S. When cancer is associated with illness but no longer with 
animal or zodiac sign: investigation of biased semantic networks in obsessive-compulsive 
disorder (OCD). J Anxiety Disord 2009;23:1031–6.

	56	 Salemink E, Wolters L, de Haan E. Augmentation of treatment as usual with online 
cognitive bias modification of interpretation training in adolescents with obsessive 
compulsive disorder: a pilot study. J Behav Ther Exp Psychiatry 2015;49:112–9.

	57	 Zhang M, Ying J, Song G, et al. Web-Based cognitive bias modification interventions 
for psychiatric disorders: Scoping review. JMIR Ment Health 2019;6:e11841.

http://orcid.org/0000-0001-9954-7572
http://dx.doi.org/10.1111/j.1469-7610.2010.02251.x
http://dx.doi.org/10.1146/annurev-clinpsy-032511-143052
http://dx.doi.org/10.1146/annurev-clinpsy-032511-143052
http://dx.doi.org/10.1016/j.cpr.2012.09.004
http://dx.doi.org/10.1016/j.cpr.2015.05.007
http://dx.doi.org/10.1016/j.jaac.2019.06.006
http://dx.doi.org/10.1016/j.jaac.2019.06.006
http://dx.doi.org/10.1016/j.cpr.2016.09.009
http://dx.doi.org/10.1016/j.jad.2017.07.034
http://dx.doi.org/10.1016/j.jad.2017.07.034
http://dx.doi.org/10.1016/S2215-0366(20)30130-9
http://dx.doi.org/10.1016/j.jad.2018.12.118
http://dx.doi.org/10.1146/annurev-clinpsy-021815-093436
http://dx.doi.org/10.1016/j.brat.2019.103452
http://dx.doi.org/10.1111/jcpp.12809
http://dx.doi.org/10.1111/jcpp.12809
http://dx.doi.org/10.1177/2167702617696359
http://dx.doi.org/10.1016/j.cpr.2018.05.005
http://dx.doi.org/10.1176/appi.ajp.2016.16080894
http://dx.doi.org/10.1002/da.20755
http://dx.doi.org/10.1016/j.jaac.2015.12.005
http://dx.doi.org/10.1016/j.jaac.2015.12.005
http://dx.doi.org/10.1002/jclp.22617
http://dx.doi.org/10.1037/a0024355
http://dx.doi.org/10.1002/jclp.22081
http://dx.doi.org/10.1016/j.cpr.2017.09.005
http://dx.doi.org/10.1037/ccp0000310
http://dx.doi.org/10.1016/j.beth.2017.08.001
http://dx.doi.org/10.1037/a0033247
http://dx.doi.org/10.1016/S0005-7967(99)00123-0
http://dx.doi.org/10.1016/j.janxdis.2011.06.009
http://dx.doi.org/10.1002/da.22157
http://dx.doi.org/10.1176/appi.ajp.2015.14121579
http://dx.doi.org/10.1017/S0033291718002313
http://dx.doi.org/10.1176/appi.ajp.2015.14121578
http://dx.doi.org/10.1159/000341920
http://dx.doi.org/10.1017/S0033291718003367
http://dx.doi.org/10.1016/S0165-1781(02)00229-9
http://dx.doi.org/10.1023/A:1020309326976
http://dx.doi.org/10.1080/20008198.2019.1625690
http://dx.doi.org/10.1080/20008198.2019.1625690
http://dx.doi.org/10.1016/j.drugalcdep.2008.03.030
http://dx.doi.org/10.1037/a0037806
http://dx.doi.org/10.1111/j.1360-0443.2008.02335.x
http://dx.doi.org/10.1186/s13643-018-0822-6
http://dx.doi.org/10.1007/s11065-018-9386-4
http://dx.doi.org/10.1111/acer.12334
http://dx.doi.org/10.1016/j.drugalcdep.2019.107644
http://dx.doi.org/10.1016/j.drugalcdep.2019.107644
http://dx.doi.org/10.1177/0145445599234003
http://dx.doi.org/10.1016/j.cpr.2010.09.006
http://dx.doi.org/10.1111/ajpy.12161
http://dx.doi.org/10.1016/j.neubiorev.2015.12.008
http://dx.doi.org/10.1016/j.jbtep.2019.101482
http://dx.doi.org/10.1016/j.jbtep.2019.101482
http://dx.doi.org/10.1007/BF03354444
http://dx.doi.org/10.1016/j.brat.2008.10.020
http://dx.doi.org/10.1016/j.brat.2009.02.004
http://dx.doi.org/10.1037/a0017549
http://dx.doi.org/10.1016/j.janxdis.2009.07.003
http://dx.doi.org/10.1016/j.jbtep.2015.02.003
http://dx.doi.org/10.2196/11841

	From cognitive targets to symptom reduction: overview of attention and interpretation bias modification research
	Abstract
	Introduction
	Anxiety disorders
	Depression
	Post-traumatic stress disorder
	Addictive disorders
	Eating disorders (EDs)
	Obsessive–compulsive disorder (OCD)
	Conclusion
	References


