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Abstract

Anxiety is the most common mental health problem in youth. Numerous studies have identified that youth anxiety is associ-
ated with interpretation bias or the attribution of threatening meaning to ambiguity. Interpretation bias has been proposed as
a mechanism underlying the development and maintenance of pediatric anxiety. Theoretically, interpretation bias should be
content-specific to individual youth anxiety symptom domains. However, extant studies have reported conflicting findings
of whether interpretation bias is indeed content specific to youth anxiety symptoms or diagnoses. The present meta-analysis
aimed to synthesize the literature and answer the question: is the relationship between interpretation bias and anxiety content
specific? Search of PubMed and PsycINFO databases from January 1, 1960 through May 28, 2019 yielded 9967 citations,
of which 19 studies with 20 comparisons and 2976 participants met eligibility criteria. Meta-analysis with random effects
models was conducted to examine an overall effect (Pearson ) between anxiety domain and content-specific interpretation
bias in single sample studies, and an overall effect size difference (Cohen’s d) in studies comparing anxious to non-anxious
youth. Results support a content specific correlation between interpretation bias and anxiety symptom domain in single sam-
ple studies (r=0.18, p=0.03). However, it is currently undetermined whether this relationship holds in studies that compare
the relationship between content-specific interpretation bias and anxiety in anxious versus non-anxious youth. A variety of
methodologic considerations across studies are discussed, with implications for further investigation of interpretation bias
and youth anxiety.
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Introduction of children and adolescents who initially experience treat-

ment benefits will go on to experience symptom and dis-

Anxiety is the most common mental health problem across
development, with onset during the pediatric period [1, 2].
The presence of anxiety disorder in childhood and/or ado-
lescence is associated with significant impairments in home,
school, and social domains [3]. Additionally, without treat-
ment anxiety confers significant risk for future mental health
problems, including worse anxiety, depression, suicidality,
and substance abuse/dependence [3—5]. However, even cur-
rent gold-standard treatments (cognitive behavioral therapy;
selective serotonin reuptake inhibitors) are ineffective for a
substantial proportion of youth [6], and approximately 50%
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order recurrence by adulthood [7]. Experts have called for
the identification of mechanisms that underlie anxiety, and
directly targeting those processes in treatment, which may
improve the ways in which we both understand and are able
to address youth anxiety [8, 9].

One such possible anxiety mechanism is interpretation
bias or the appraisal of threatening meaning from envi-
ronmental ambiguity [10-12]. For example, a noise at
night outside one’s window may be perceived as the wind
(neutral interpretation) or a robber (threatening interpre-
tation). Numerous studies have determined that anxious
youth [13, 14] and adults [15] exhibit a threat interpre-
tation bias when presented with ambiguous information,
as compared to their non-anxious counterparts. Within
anxious samples, this bias is strongly associated with
anxiety severity [16], as well as other anxiety-related con-
structs such as physiological reactivity during stress [17].
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Threat-focused interpretation bias has also been shown
as a more stable and reliable marker of pediatric anxiety
disorder than other forms of cognitive bias (e.g., attention
bias for threat; [16]). Moreover, self-reported interpreta-
tion bias in anxious youth can be modified with CBT [18],
and novel cognitive bias modification interventions for
interpretation bias (CBM-I) provide preliminary support
for directly targeting and reducing interpretation bias with
subsequent reductions in anxiety [19, 20]. Together, these
data suggest that interpretation bias may have significant
potential as a malleable target that might be modified to
treat youth anxiety.

However, questions remain about interpretation bias,
answers to which would have a significant bearing on how
this construct is assessed with experimental and self-report
methods, as well as modified in CBM-I. Specifically: is
threat-focused interpretation bias content specific to youth
anxiety symptoms? Asked differently, do anxious youth
exhibit threat-focused interpretation bias irrespective of
whether ambiguous stimuli are congruent with their anxiety
symptoms, or is content specificity, or congruency between
ambiguous stimuli and symptoms, necessary to demonstrate
a strong and stable link between bias and anxiety? Answers
to this question would have several important research/
experimental and clinical implications. For example, a
content-specific relationship would argue that interpreta-
tion bias assessment tools and CBM-I intervention stimuli
would need to match the content of youth anxiety symptoms.
In contrast, if the relationship between bias and symptoms is
not content-specific, and youth exhibit interpretation biases
for many types of ambiguous stimuli (even those that are
not directly relevant to their symptoms), this would argue
that addressing all interpretation biases, rather than using
a targeted, personalized approach, may serve as both treat-
ments for current symptoms and prevention of future anxiety
Ssymptoms.

Some initial evidence does support content specificity
of interpretation bias to anxiety symptoms. First, anxiety is
extremely heterogeneous. Youth with the same diagnoses
(e.g., generalized anxiety) can report widely variable fears
(e.g., academic failure versus health concerns), and even
different specific fear beliefs within the same disorder sub-
type and content domain (e.g., fears about the future might
be expressed as never getting into college versus teachers
and other authority figures perceiving that one is not smart
versus not being able to live as an independent adult). It
is therefore not surprising that fear belief and subsequent
cognitive bias, profiles support the notion that interpretation
bias may be content specific to individuals’ symptoms [21].
Yet extant studies that have examined content specificity of
interpretation bias to youth anxiety have evidenced mixed
results, without a definitive answer regarding whether bias
is strongest for matched anxiety domain.
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One prior meta-analysis has tested the relationship between
youth anxiety and negative interpretation bias broadly and
included a smaller subset of studies in a moderation analysis to
test content specificity [22]. This meta-analysis found a mod-
erate positive effect size (d=0.62), suggesting a relationship
between negative interpretation bias and anxiety in youth. In
a subsample of studies, they also found that when interpreta-
tion bias was content specific to the anxiety subtype, the asso-
ciation between bias and anxiety was stronger. However, this
work has some methodological constraints that limit inferences
about the relationship between content specificity of threat-
focused interpretation bias to anxiety in youth, particularly
related to the broad inclusion criteria. First, and perhaps most
importantly, the meta-analysis included studies that assessed
both threat and negative biases broadly, although there is evi-
dence that broadly negative, non-threat stimuli are linked to
depression, and not anxiety, in youth [23]. Second, studies
were included in which parents reported on youth bias, which
could be a reflection of parental anxiety and not necessarily
reflect youth perceptions of ambiguity. Interpretation bias by
its operational definition would best be reported by the indi-
vidual for whom the bias is being assessed. Third, the meta-
analysis included a wide variety of bias measures, some of
which do not reflect bias as the interpretation of threat (or even
negative information) from ambiguity and rather might reflect
other stages of information processing. Finally, it excluded
studies that were only comprised of a clinically anxious or
elevated anxiety symptom group. Arguably, determining
whether interpretation bias is content specific to anxiety or not
is most relevant to clinical groups for purposes of translation
to intervention for youth anxiety. Despite these limitations, the
Stuijfzand meta-analysis [22] provides support for the rela-
tionship between anxiety and interpretation bias broadly, and
preliminary support for the content specificity hypothesis.

To extend and specify the work previously conducted by
Stuijfzand and colleagues, and to synthesize the small but
growing empirical literature, the present meta-analysis was
conducted. We aimed to answer the question: is the relation-
ship between threat interpretation bias and youth anxiety con-
tent specific to the youth anxiety symptom domain? Answer-
ing this question with a focus on threat interpretation bias
(which of the various cognitive biases has the strongest link
to youth anxiety) may have significant implications for how
we understand interpretation bias and its relationship to anxi-
ety, as well as how bias is assessed and targeted in clinically
anxious youth.
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Methods
Operational definitions and eligibility criteria

Included studies were those that examined the content speci-
ficity of threat interpretation bias as related to youth anxiety.
Interpretation bias measures were defined as those which
provided objectively ambiguous and hypothetical informa-
tion to which participants interpreted or attributed either
threatening or neutral meaning, designed to elicit biased or
neutral responses [24]. Content specificity was defined as an
assessment of bias that was relevant to and congruent with
an anxiety symptom subtype. For example, examination of
interpretation bias for social threat would be content specific
to social anxiety symptoms.

A priori inclusion criteria included: (1) paper published
in peer-reviewed English journal, (2) empirical investiga-
tion (e.g., not a review), (3) included youth under the age
of 18, (4) included a measure of interpretation bias where
youth attributed threatening or non-threatening meaning (or
responses were coded to identify threatening or non-threat-
ening meaning) to ambiguous information, (5) included a
measure of anxiety, (6) examined content specificity to one
or more sets of anxiety symptom subtypes (e.g., separa-
tion, social, generalized, spider), and (7) provided sufficient
data to examine the relationship between content-specific
interpretation bias and anxiety symptom subtype (including
either Means and standard deviation, effect sizes, correlation
or group comparison statistic and significance values, and/
or covariance to calculate correlations).'

Systematic literature review and data extraction

A flow diagram of study selection is provided in Fig. 1. Iden-
tification of key articles occurred in two ways. We searched
PsycINFO and PubMed databases for peer-reviewed data
sources (January 1, 1960 through May 28, 2019) that
included the following stem keywords: interpretation®,
interpretation bias, cognitive bias, appraisal™, judgement*,
attribution®, content specificity, specific*, child*, adolesc*,
pediatric*, youth*, anxi*, phobia*. The search was limited
by publication in English peer-reviewed journals. Title,
abstracts and, if eligible, full articles, were reviewed inde-
pendently by the first author and either the second author or
another research assistant. The first and last authors resolved
questions or discrepancies. Given the few studies produced

! Seven studies met inclusion criteria 1 through 4 described above,
but did not provide sufficient data to calculate effect sizes and were
therefore excluded: [25-31]

Two studies met inclusion criteria 1 through 4 described above but
examined bias in other disorder group samples and were therefore
excluded: [32, 33]

by the search that met criteria for inclusion (particularly
inclusion of an interpretation bias measure that included
and provided data for ambiguous stimuli), there was 100%
agreement on study inclusion/exclusion. The first author
also reviewed reference lists, as well as previously published
review articles to identify studies that may have been missed
in the database search.

In total, 19 studies were included in the meta-analysis
(see Tables 1 and 2). One study [34] included two sets of
comparisons: a diagnosed group compare to a control group,
and an elevated anxiety symptoms group compared to a con-
trol group. Separate effects were calculated comparing the
diagnosed versus control group, and elevated anxiety symp-
toms versus control group, and for this reason, the study is
listed twice in Table 2, separating demographic informa-
tion for each diagnosed and elevated symptoms groups. To
meet core exclusion criteria for this meta-analysis, studies
at minimum had to examine interpretation bias stimuli that
were congruent to the anxiety symptom domain in the same
participants. For example, some studies compared GAD
interpretation bias stimuli to GAD symptoms, representing
content specificity, in a single group of youth or compared
between two groups of youth. In addition, some studies also
examined incongruent interpretation bias and anxiety symp-
tom domain (e.g., comparing GAD-relevant interpretation
bias stimuli with social anxiety symptoms in a single group
of youth, or comparing across two groups). Importantly, the
inclusion of interpretation bias stimuli that was incongruent
to the anxiety symptom domain was not necessary to meet
study inclusion criteria. However, as some studies examined
both congruent and incongruent interpretation bias stimuli
and anxiety symptoms, we examined both relationships.

Data were extracted from the information published in the
19 articles. Data were extracted and coded for: total number
of participants, youth age, gender, racial/ethnic composi-
tion, target population (for single sample studies: unselected,
elevated symptoms/subclinical, or diagnosed; for group
comparison studies: diagnosed or elevated symptom anxious
group), interpretation measure used (i.e., sentences, pictures)
and type of interpretation task. Assessments of interpretation
bias varied in the included studies. In regard to type of bias
task, as shown in Table 1, 10 out of 12 single sample studies
used a bias task (i.e., reading a vignette with unlimited time,
subjective ambiguous situations questionnaire) that would
be considered to tap “controlled cognition”—computerized
or other non-paper—pencil task with stimuli presented and
youth responds without time limit [e.g., 43, 45, 49]. The
tasks and questionnaires tapping “controlled cognition” are
also susceptible to social desirability—the tendency for indi-
viduals to present a more favorable or desirable image of
themselves on questionnaires [58]. In contrast, two of those
12 studies used a forced-choice reaction time task—during
which participants had to respond quickly (200-36,500 ms),
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Fig.1 Consort diagram of study
selection

9967 Studied Retrieved from PsycINFO and PubMed
4 Hand searching and reference lists

i—’ 16 Duplicates

9951 Abstracts Reviewed ‘

v

9797 Excluded
3208 Not empirical data
2335 Did not include youth under age 18
4161 Did not include measure of interpretation bias
20 Did not include anxiety measure
73 Not content specific measurement of interpretation bias

154 Articles Reviewed

v

v

123 Excluded
38 Did not include a measure of interpretation bias
8 Did not include anxiety measure
77 Not content specific measurement of interpretation bias

34 Articles included

v

\4

9  Excluded
2 Other diagnosis
7 Cannot calculate correlation

19 Articles included

12 single sample

7 group comparison

which would be presumed to tap “uncontrolled cognition”
because participants would not have time to fully process
stimuli before a response was required. Type of interpreta-
tion task was coded into three categories: subjective ques-
tionnaire (SQ; i.e., ambiguous situations questionnaire),
uncontrolled bias task (UT; i.e., forced-choice reaction time
task during which participants had to respond quickly),
and controlled bias task (CT; e.g., unlimited time to read a
vignette or view a picture).

Studies were identified as containing single sample cor-
relational data or group comparison data based on study
methods. The single sample correlational studies used a
single sample of participants, and the group comparison
studies compared a diagnosed or elevated symptom group
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to a control group. For single sample studies, correlations
(Pearson’s r) were extracted for the association between
interpretation bias and anxiety symptoms for each avail-
able content specific (e.g., social bias and social anxiety
symptoms) and incongruent (e.g., social bias and general-
ized anxiety symptoms) domain. For group comparison
studies, data were extracted for means and standard devia-
tions of content specific and incongruent interpretation
bias in both affected (anxious diagnosed or symptomatic)
and control groups. In studies with more than one content-
specific or incongruent bias/anxiety relationship, data for
all outcomes were entered within the study, with a sum-
mary effect across those outcomes entered for the study for
each content specific and incongruent relationships. Raw
data for anxiety and bias outcomes were extracted by the
first and second author, with 100% agreement.
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Study Outcome Statistics for each study Correlation and 95% CI
Lower Upper

limit limit  Correlation Z-Value p-Value
Haller et al. (2016) Social 0273 0597 0450 4649  0.000 ——
In-Albon et al. (2008) Separation 0.030  0.266 0.150 2446  0.014 ——
Klein et al. (2014) Spider 0022 0384 0210 2184  0.029 —B—
Klein et al. (2019) GAD 0.262 0.556 0.420 4.884 0.000 =
Klein, Bakens, et al. (2018) GAD -0.012 0.140 0.065 1.662 0.096
Klein, Folkstra, et al. (2018) Social -0.126  0.204 0040 0470 0638 —t
Lau et al. (2013) Social 0218 0.718 0.510 3.233 0.001 T
Lisk et al. (2018) Social -0.697 0.117 -0.356  -1.489 0.136 =
Mobach et al. (2019) Separation 0.393  0.485 0.440 16.361 0.000
Muris, Kindt, et al. (2000)  GAD -0.404 -0.040 -0230 -2.365 0.018 —R—
Muris, Luermans, et al.(2000)Social -0.542 -0.146 -0.360 -3.220 0.001 -—.—
Vassilopoulosa et al. (2012) Social 0.335 0.552 0450 6.974 0.000

0.018 0.327 0.177 2.184 0.029 -‘-1-

-1.00 -0.50 0.00 0.50 1.00

Fig.2 Correlations for content specific bias

Statistical approach and outcomes by aim

Our first aim was to test whether interpretation bias is con-
tent-specific, or stronger for bias stimuli that are matched to
the anxiety symptom domain. To achieve this aim, we con-
ducted two sets of analyses. First, we conducted two overall
effect size calculations for single sample correlational stud-
ies, with an overall effect for interpretation bias that was
content specific to anxiety symptom domain, and a separate
overall effect for interpretation bias that was incongruent
with anxiety symptoms. Second, we conducted an overall
effect size calculation for group comparison studies exam-
ining bias that was content specific to the anxiety domain.
There was only one study [35] that examined an incongru-
ent bias-anxiety relationship, which was determined to be
insufficient to examine within a meta-analytic framework.
Thus, three total overall effect sizes were calculated: single
sample/congruent (12 studies), single sample/incongruent (6
studies), group comparison/congruent (7 studies), as well as
the single effect for the single group comparison/incongru-
ent study.

The second aim was to examine whether the relationship
between interpretation bias and anxiety was moderated by
content specificity of bias. Therefore, we decided a priori
that if the overall effect for content specificity of interpreta-
tion bias was statistically significant, a post-hoc exploratory
moderation analysis would be conducted for that set of stud-
ies with bias congruency vs. incongruency as the moderator.
As only a single group comparison study included data that
would allow examination of incongruent bias, a moderation
analysis for bias type was not possible for group comparison
studies.

Does Not Favor Content Specificity Favors Content Specificity

Data were analyzed with Comprehensive Meta-Analy-
sis Version 3 software [36]. Whenever possible, raw data
(means and standard deviations, Pearson’s r) were used to
calculate effect sizes. When data reported used significance
tests or other effect size measures, data were transformed
to r values for single sample studies and d values for group
comparisons. For the first aim, effect sizes (ES) for single
sample studies were indexed and are presented in Figs. 2
and 3 using Pearson’s r (correlation coefficient) for single
sample correlational studies.? Effect sizes for group compar-
isons were indexed and presented in Fig. 4 using Cohen’s d
(standardized mean difference). Positive ES reflect a greater
relationship between the type of interpretation bias (content-
specific or congruent, incongruent) and anxiety. Based on
Cohen’s guidelines for ES interpretation [38, 39], for sin-
gle sample studies that included correlations, we interpret a
small ES as an r=0.1, medium ES as an r=0.3, and large
ES as an r=0.5 [38, 59, 60]. For group comparison studies
that included means and standard deviations, we interpreted
a small ES as d=0.20, medium ES as d=0.50, and large ES
as d=0.80 [38, 59, 60].

However, we also required that the p value of the effect
should be significant (i.e., <0.05) in order to interpret the
magnitude of the effect. For the second aim, models analo-
gous to analysis of variance were estimated comparing mean
effect sizes for interpretation bias grouped by classification
on the potential moderator of content specificity (content

2 Comprehensive Meta-Analysis software converts the correlation
coefficient to the Fisher’s z scale, with analyses performed using
transformed values, with the results converted back to correlations to
presentations [37]

@ Springer
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Study Qutcome Statistics for each study Corvelation and 95% CI
Lower Upper
Correlation limit  limit Z-Value p-Value
In-Albon et al. (2008) Separation symptoms x Social bias 0090 -0031 0208 1461 0144
Klein, Folkstra et al. (2018)Social symptoms x Spider bias 0.080 -0086 0242 0942 0346
Klein et al. (2014) Spider symptoms x Social bias -0.050 -0.237 0.140 -0513 0608
Muris et al. (2000) GAD symptoms x Separation bias -0.370 -0524 -0.192 -3923 0.000
Mobach et al. (2019) Separation symptoms x Social bias 0235 0181 0288 8298 0.000 .'
Klein et al. (2019) GAD symptoms x Separation bias 0320 0.151 0471 3618 0.000 +
0.059 -0.111 0226 0683 0.495
-1.00 -0.50 0.00 0.50 1.00
Does Not Favor Content Specificity Favors Content Specificty
Fig.3 Correlations for incongruent content bias
Study Outcome Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Value p-Value
Giannini et al. (2016) Social 0.346 0250 0062 -0.144 0835 1382 0.167 .
In-Albon et al. (2009) Combined -0.160  0.148  0.022 -0.449 0129 -1.083 0279 —_——
Loscalzo et al. (2018) Social 0.817 0133 0018 0557 1077 6.166 0.000
Miers et al. (2008) Social 1.179 0254 0.064 0682 1676 4649 0.000
Muris, Merckelbach, et al.(2000) Social 0828 0204 0042 -1.227 -0428 -4061 0.000 ——
Smith-Janik et al. (2013) Spider 0.366 0.263 0.069 -0.149 0881 1393 0.164 .
Yuetal. (2019) Social 0.948 0.288 0.083 0384 1512 3294 0.001 o—
0370 0267 0071 -0.154 0893 1385 0.166 — e =
-1.00 -0.50 0.00 0.50 1.00

Fig.4 Group comparison for content specific bias

specific/congruent versus incongruent) effects. Importantly,
and as discussed in the Limitations section, we did not calcu-
late power a priori and as such, results should be interpreted
with caution and consideration of this limitation. Addition-
ally, it is important to consider the results of this study
within the context of a small number of included studies. It
should also be noted that prior research has concluded that
meta-analyses can be used to synthesize and identify trends
from as few as two studies [64].

Given the heterogeneity between studies in regard to
both sample selection, how interpretation bias was assessed,
and interpretation bias type, a random-effects model was
selected in order to be more conservative, rather than a
fixed-effects parameter. Heterogeneity across studies was
examined with the forest plot and Q and /7 statistics. Finally,
publication bias was examined with a visual inspection of
the funnel plot for asymmetry and Egger’s test. The likeli-
hood of unpublished studies was accounted for using the
Duval and Tweedie’s Trim-and-Fill method, which tests the
influence of possible adjustments to the estimated effect due
to publication bias [40]. Sensitivity analysis was examined
using the Rosenthal fail-safe N test. The fail-safe number is
computed as the number of studies with average sample size

@ Springer

Does Not Favor Content Specificity Favors Content Specificity

and non-significant outcomes that are needed in order for the
effect size of the meta-analysis to reach a non-significance
level [41].

Results
Included studies and study characteristics

Of the 9967 citations identified, 19 studies examined con-
tent specificity for one or more threat interpretation bias
domains in the context of youth anxiety and were included
in the final analysis (Tables 1 and 2; [14, 34, 35, 42-57]. Of
these 19 studies, 12 examined correlations between content
specificity (or incongruency) of interpretation bias to anxiety
domain in a single sample, and 7 examined content specific-
ity of interpretation bias between a diagnosed or elevated
anxiety symptom group to a non-anxious or low anxiety
symptom group. As mentioned above, as one study [34]
included two sets of comparisons, a total of 20 ES calcula-
tions were conducted based on 2976 participants. Within-
study sample sizes ranged from 25 to 603. Across studies,
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Study Outcome Statistics for each study Correlation and 95% CI
Lower Upper

Correlation limit limit Z-Value p-Value
Haller et al. (2016) Social 0450 0273 0597 4849  0.000 | ——
In-Albon et al. (2008) Separation 0150 0030 0266 2445 0014 —.—
Kein et al. (2014) Spider symptoms x Social bias 0050 -0237 0140 -0513 0608
Klein et al. (2019) GAD 0420 0262 055 4884 0000 —-
Klein, Bakens, et al. (2018)  GAD 0065 -0.012 0140 1662 0.096 B~
Klein, Folkstra, et al (2018)  Social 0040 -0.126 0204 0470 0638 +
Lauret al. (201) Social 0510 0218 0718 3233 0001 ——
Lisketal(2016) Socl 0356 0697 0117 -1489 0136 .
Mobach et al. (2019) Separation 0440 02393 0485 16361 0.000 .
M, Kk, ol (2009) . OAD 0230 -0404 -0040 2365 0018 ——
Muris, Luermans, et al. (2000) Social 0360 -0542 -0.146 -3220 0.001 S i—
Vassilopoulosa et al. (2012)  Social 0450 0335 0552 6974 0.000 -1-

0154 0008 0310 1849 0.064 -
.00 -0.50 0.00 0.50 1.00

Fig.5 Correlation by content specificity moderation

youth age included both children and adolescents, ranging
from 5 to 18 years old.

Notably, interpretation bias measures varied widely. The
current study classified tasks into three categories: subjec-
tive questionnaires (SQ; 6 studies), uncontrolled bias tasks
(UT; i.e., stimuli presented and/or youth had to respond in
a time-limited manner; 3 studies), and controlled bias tasks
(CT; i.e., computerized or other non-paper—pencil task with
stimuli presented and youth responds without time limit; 10
studies). Additionally, the total number of items or stimuli
varied widely across interpretation bias measures, ranging
from a single stimulus [54] to 56 [46]. As discussed in the
limitations section of the discussion below, prior research
has questioned the psychometric properties of tasks consist-
ing of only a few items [20, 62].

Overall effect size calculations

The overall summary effect examining content specific bias
in single sample studies resulted in a small and statistically
significant effect (r=0.18; 95% CI 0.02-0.33; p=0.03). The
forest plot and Q and /? statistics indicated significant het-
erogeneity (Q=171.514, p<0.001, I*=93.59%), with the
effect size for individual studies ranging from a » of — 0.36
[53] to 0.51 [49]. See Fig. 2 for a summary of individual
study effects.

The overall summary effect examining incongruent bias
in single sample studies did not result in a significant effect
(r=0.06; 95% CI — 0.11-0.23; p=0.50). See Fig. 3 for a
summary of individual study effects.

The overall summary effect examining content specific
bias in group comparison studies resulted in a small, statis-
tically insignificant effect (d=0.37; 95% CI — 0.15-0.89;
p=0.17). See Fig. 4 for a summary of individual study
effects.

Does Not Favor Content Specificity Favors Content Specificity

Only one group comparison study provided data to cal-
culate incongruent content bias and anxiety symptoms
[35]; this study did not indicate a significant relationship
between anxiety and incongruent content interpretation bias
(d=-0.05;95% CI — 0.34-0.24; p=0.06).

Results suggest that there may be evidence of content
specificity of threat-focused interpretation bias by anxiety
symptom domain across single sample studies of youth,
but that evidence of content specificity across group com-
parison studies of youth with diagnosed/elevated symptom
compared to typically-developing/low symptom youth is not
significant. As findings in this important domain of research
continue to accumulate, future meta-analytic work may help
to clarify whether these results hold.

Content specificity of interpretation bias
with anxiety: moderation

Because the overall summary effect for content specific bias
in single sample studies was statistically significant, we
examined whether bias type (congruent versus incongruent)
moderated the relationship between interpretation bias and
anxiety. This moderation analysis revealed a small effect that
trended toward but did not quite reach, significance (r=0.19
95% CI — 0.01-0.31; p=0.06). See Fig. 5 or a summary of
individual study effects which reflect the moderation analy-
sis; each effect is interpreted as estimated models analo-
gous to analysis of variance (i.e., the correlation reflects the
difference between effects for congruent versus incongru-
ent effects within that study. Results reveal that bias type
(congruent or incongruent) did not significantly moderate
the relationship between interpretation bias and anxiety. As
mentioned above, since we did not calculate power a priori,
there are various conclusions that can be inferred. One such
conclusion from these results suggests that the relationship
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between interpretation bias and anxiety is the same regard-
less of bias type. Meta-analysis replication with more studies
(as they are published) may increase confidence or identify
alternative findings.

Publication bias

Publication bias, or effects associated with a greater likeli-
hood of publication with significant outcomes, was exam-
ined for content specific bias in single sample studies. Visual
inspection of the funnel plot and Egger’s test suggested that
publication bias was not significant (r=1.33, p=0.21).
The Duval and Tweedie trim-and-fill method suggested
that no studies were likely missing that would increase the
effect. The Rosenthal fail-safe N suggested that 322 studies
with null findings would reduce the overall-effect p value
to become non-significant. We did not examine publica-
tion bias for the other effects calculated above because the
summary effects were not statistically significant. Results
demonstrate that publication bias is not significant, provid-
ing evidence that the published literature is systematically
representative of the population of completed studies [61].
Thus, it is unlikely that conclusions are drawn from this
meta-analysis conflict with results from completed studies.

Discussion

In attempts to improve our understanding and treatment
of pediatric anxiety, researchers have turned to the assess-
ment and intervention of underlying cognitive mechanisms
[8, 9]. One such mechanism—interpretation bias, or the
threatening appraisal of ambiguity—has been consistently
and strongly linked to youth anxiety. Interpretation bias has
also demonstrated preliminary efficacy as a malleable treat-
ment target, with downstream effects on anxiety symptoms,
using experimental therapeutic intervention (i.e., cognitive
bias modification; [19, 20]). However, interpretation bias is
also typically measured and manipulated (in CBM-I) using
a standardized set of questionnaire items or stimuli across
multiple anxiety disorders/symptoms. This may be incon-
sistent with theoretical models, which propose that this bias
might be most strongly associated with anxiety when the
introduced ambiguity is content-specific to individual youth
anxiety-related symptoms (i.e., fears and worries). To this
end, the current systematic review and meta-analysis sought
to answer the question: is threat interpretation bias content
specific to anxiety subtype in youth?

Results of this investigation suggest that, across single
sample studies of youth, there is evidence for a small and
statistically significant effect for content specificity of threat-
focused interpretation bias by anxiety symptom domain
(r=0.18, p=0.03). In contrast, across the single sample

@ Springer

studies, there was no evidence that higher levels of anxiety
or anxiety diagnoses were associated with interpretation bias
for incongruent symptom domains. These findings occur
in the context of extant literature in which all but one of
the included studies were unselected youth or those with
elevated symptoms; only one single sample study included
clinically anxious youth. These findings support the notion
that to accurately measure interpretation bias in typically-
developing youth or those with elevated symptoms, the bias
should be relevant to youth anxiety symptom domains. Thus,
it is uncertain at this time whether these results might be
generalized to youth with anxiety disorders.

In group comparisons that examined youth with anxiety
disorders or elevated anxiety symptoms against youth who
were non-anxious or those with low anxiety symptoms, the
non-significant p value revealed a lack of group differences.
As indicated above, replication of this meta-analysis with a
greater number of studies (as work is conducted and results
published) may increase confidence or identify alternative
findings. The overall effect was small but not statistically
significant (d=0.37; 95% CI — 0.15-0.89; p=0.17). When
interpreting this result, two critical methodologic factors
emerged from these studies that may have influenced this
non-significant finding. First, as illustrated in Fig. 4, there
was much heterogeneity in effects between studies, and the
study that evidenced the strongest effects against content
specificity [54] was also the study with the largest sample
size, and therefore had the largest weight when calculat-
ing the overall pooled effect size across studies. Second,
the number of trials or items in the interpretation bias tasks,
particularly within the group comparison studies, was quite
small: total number of items or stimuli ranged from 1 to 8
(with the study with the largest sample size [54] and one
other study [55] only including 1 item). Thus, many effects
in the group comparison analysis were dependent on youth
responses to one or a very few numbers of stimuli, raising
questions about the psychometric validity of extant tasks
for assessing content specificity of bias to anxiety symptom
domain. This review of the extant literature provides com-
pelling evidence for a need to consider whether and how
use of the extant threat-focused interpretation bias measures
might be divided into item/stimuli subtypes for purposes
of assessing content specificity. Answering these questions
would have significant research, experimental, and clinical
implications, particularly related to how interpretation bias
is assessed with experimental and self-report methods, as
well as how modifications may be made to current cognitive
bias modification for interpretations (CBM-I) stimuli.

Limitations

This review and meta-analysis are not without limita-
tions. The various interpretation tasks used and how they
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operationally defined interpretation bias may reflect differ-
ent stages of interpretation (e.g., uncontrolled versus con-
trolled). We attempted to minimize heterogeneity with a
stringent definition of interpretation bias (e.g., calculation of
possible risk or other related constructs were not included).
Relatedly, interpretation bias may operate differently in anx-
ious and non-anxious youth. We were not able to parse apart
examination of content specificity of bias to anxiety between
clinically anxious youth, those with elevated symptoms, and
youth without any history of anxiety due to the number of
studies and various recruitment strategies/inclusion criteria
employed. As interpretation bias continues to be studied in
the context of youth anxiety, future work to understand the
relationship between bias and anxiety in youth across a vari-
ety of anxiety symptom and diagnostic levels, and compared
to non-anxious youth, may help to clarify whether there are
differences in groups of youth for whom content specificity
of bias to symptoms is relevant. As mentioned above, we did
not conduct a priori power analyses in this meta-analysis.
Power analyses can be important as they aid in determining
if there is a reasonable probability of detecting significant
effect sizes. It should be noted that while this is a limitation
of the current meta-analysis, it is also a limitation of the
field, as it is rare that meta-analytic studies utilize a priori
power analyses. Relatedly, we were deliberate in our a priori
analytic decisions given significant heterogeneity in meas-
ures, methods, and samples; effects were analyzed using a
random-effects rather than a fixed-effects model. This more
conservative approach accounts for the fact that individual
study results included may be affected by random sampling
errors and covariates—both measured and unmeasured.”
Finally, some may consider our work a “mini-meta-analy-
sis” [63] given the relatively few number of studies that met
the criteria for each analysis. Simultaneously, as mentioned
above, there are compelling data and recommendations that
meta-analyses can be used to identify trends from as few as
two studies if there is theoretical and empirical rationale to
do so [64]. Some researchers conducting meta-analyses will
contact authors for information that was not previously pub-
lished in an attempt to include more data. Indeed, this was
our prior approach with meta-analytic work previously con-
ducted by our group to answer different questions. With this
project and with our future meta-analytic work, however, we
deliberately chose not to contact authors. From a practical
perspective, in another Meta-Analysis recently conducted by
our research group, only 2 of 6 authors who we contacted
responded, despite three attempts to contact each author.
Difficulties in obtaining data from authors have been identi-
fied previously as a significant challenge in meta-analysis,
and the reason for examining publication bias [65] which
we do in the current manuscript. Including studies from a
subset of those contacted because others did not respond
may still result in publication bias. Finally, and importantly,

this limitation reflects a larger issue in the field regarding
raw data being excluded from published papers. It has been
recommended that researchers publish raw data so that oth-
ers can benchmark and calculate effect sizes [66—-70]. Thus,
our decision to exclude studies that did not include raw data
for the current project and our work moving forward is con-
sistent with expert recommendations to the field.

The number of studies that met all inclusion and no exclu-
sion criteria reflects a small yet growing literature, and we
hope that this work further encourages clinical and experi-
mental psychologists to continue pursuing the relationship
between interpretation bias and youth anxiety. Given these
limitations, we still view this work as valuable and impor-
tant, particularly given the fact that extant studies examining
content specificity have yielded mixed results.

Recommendations and future directions

The findings of this systematic review and meta-analysis
have implications with clear recommendations for our-
selves and our colleagues as we continue to work toward
clarifying the relationship between interpretation bias and
anxiety. First, careful attention to how interpretation bias
is measured, including assessment modality, method, and
the number of stimuli may result in bias assessment that is
more suited to examine content specificity. Equally impor-
tant, 7 studies were excluded from this meta-analysis that
appeared to have methods from which content specific bias
and symptom data might be extracted, but for which no data
were presented in their papers. Including raw data (covari-
ance for the association between bias and anxiety symptoms
in single sample studies; means and standard deviations for
group comparison studies) or providing effect sizes when-
ever possible will allow those conducting research in this
area to benchmark findings against one another, particularly
in comparing the same or similar measures. Next, work is
currently being conducted to assess the time course and
components of interpretation bias more broadly—from brief
reaction time measures to self-reports. Some data suggest
that uncontrolled interpretation bias (i.e., for which stimuli
are presented quickly and/or response required quickly) may
be more strongly associated with anxiety [16], as controlled
processing measures such as self-reports may draw upon
higher level cognitive processes beyond the interpretation
stage of information processing. While this meta-analysis
only found three studies that assessed bias in a way that draw
upon uncontrolled rather than controlled cognition, as more
researchers pursue performance-based measures of bias,
the relationship between content specificity of bias to anxi-
ety symptoms may be clarified. Additionally, if the current
results for single sample effects, which found content speci-
ficity of bias to symptoms, are replicated with a larger num-
ber of group comparison studies in youth, content-specific
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stimuli might be used to modify interpretation bias with cog-
nitive bias modification interventions. Furthermore, as noted
in the limitations section, the primary goal of this work was
to examine whether interpretation bias is content specific, or
stronger for interpretation stimuli matched to anxiety symp-
tom domain. The examination of gender, race/ethnicity, age,
type of bias task, anxiety subtype, and presence/absence of
anxiety diagnosis are all important variables that may affect
the relationship between interpretation bias and anxiety and
would require a larger accumulation of research studies to
pursue. Future research should investigate interpretation bias
in diverse samples, both clinically and demographically, to
see if effects are specific to certain groups or are generaliz-
able across all youth.

Finally, this work has the potential for clinical translation.
Prior work, particularly in adult samples, has begun to sup-
port the use of cognitive bias modification for interpretation
bias (CBM-I). CBM-I is a computerized intervention that
attempts to reduce anxiety symptoms by directly targeting
and reducing interpretation bias; in this experimental inter-
vention, participants are provided with real-time corrective
feedback when they select threat-relevant interpretations
of ambiguity, with the expectation that they will learn to
automatically make more neutral (rather than threat) inter-
pretations over time. To date, CBM-I studies in both youth
and adults have demonstrated preliminary efficacy, but pri-
marily use a standardized set of stimuli across all partici-
pants irrespective of participant anxiety symptoms [19, 20,
49]. The present findings, should they be replicated as the
interpretation bias literature continues to grow, may support
the use of personalized, rather than standardized, CBM-I
stimuli. Additionally, as this meta-analysis found a relation-
ship between content-specific interpretation bias stimuli and
youth anxiety symptoms in unselected youth, future work is
needed to determine the extent to which interpretation bias
might be an adaptive versus problematic feature of youth
cognition that confers risk for anxiety disorder.

In conclusion, given the above-described limitations and
relatively small extant literature, at this time we are unable
to definitively answer whether interpretation bias is content
specific to youth anxiety symptoms. The data presented
herein adds more rigorous support to the prior meta-analytic
work [22] and child anxiety theories about information pro-
cessing [10-12] that threat interpretation bias may indeed
be content specific to individual youths’ anxiety symptoms.
As with all scientific literature, more work in this area will
clarify the present ambiguity, leading to a better understand-
ing of interpretation bias as an anxiety mechanism and treat-
ment target.

Author contributions All authors contributed to the study conception
and design. Material preparation, data extraction, and analysis were
performed by Anni Subar, Kaeli Humphrey, and Michelle Rozenman.

@ Springer

The first draft of the manuscript was written by Anni Subar and
Michelle Rozenman and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest None of the authors have any conflicts of interest
for the current work. The last author has received funding in the last
3 years from the National Institute of Mental Health (R61MH121552),
NIH/NCATS (ULI1TR000124), University of Denver Professional
Research Opportunities for Faculty, and UCLA Friends of Semel Re-
search Scholar Program to conduct research unrelated to the current
work.

References

1. Beesdo K, Knappe S, Pine DS (2009) Anxiety and anxiety disor-
ders in children and adolescents: developmental issues and impli-
cations for DSM-V. Psychiatr Clin North Am 32(3):483-524. https
://doi.org/10.1016/j.psc.2009.06.002

2. Merikangas KR, He J, Burstein M, Swanson SA, Avenevoli S, Cui
L, Benjet C, Georgiades K, Swendsen J (2010) Lifetime preva-
lence of mental disorders in U. S. Adolescents: results from the
national comorbidity survey replication—adolescent supplement
(Ncs-a). J Am Acad Child Adolesc Psychiatry 49(10):980-989.
https://doi.org/10.1016/j.jaac.2010.05.017

3. Bittner A, Egger HL, Erkanli A, Jane Costello E, Foley DL,
Angold A (2007) What do childhood anxiety disorders predict? J
Child Psychol Psychiatry 48(12):1174-1183. https://doi.org/10.
1111/5.1469-7610.2007.01812.x

4. Pine DS, Cohen P, Gurley D, Brook J, Ma Y (1998) The risk
for early-adulthood anxiety and depressive disorders in adoles-
cents with anxiety and depressive disorders. Arch Gen Psychiatry
55(1):56. https://doi.org/10.1001/archpsyc.55.1.56

5. Benjamin CL, Harrison JP, Settipani CA, Brodman DM, Kendall
PC (2013) Anxiety and related outcomes in young adults 7 to 19
years after receiving treatment for child anxiety. J Consult Clin
Psychol 81(5):865-876. https://doi.org/10.1037/a0033048

6. Walkup JT, Albano AM, Piacentini J, Birmaher B, Compton SN,
Sherrill JT, Ginsburg GS, Rynn MA, McCracken J, Waslick B,
Iyengar S, March JS, Kendall PC (2008) Cognitive behavioral
therapy, sertraline, or a combination in childhood anxiety. N Engl
J Med 359(26):2753-2766. https://doi.org/10.1056/NEIM0a0804
633

7. Ginsburg GS, Becker EM, Keeton CP, Sakolsky D, Piacentini J,
Albano AM, Compton SN, Iyengar S, Sullivan K, Caporino N,
Peris T, Birmaher B, Rynn M, March J, Kendall PC (2014) Natu-
ralistic follow-up of youths treated for pediatric anxiety disorders.
JAMA Psychiatry 71(3):310-318. https://doi.org/10.1001/jamap
sychiatry.2013.4186

8. March JS (2011) Looking to the future of research in pediat-
ric anxiety disorders. Depress Anxiety 3:322-333. https://doi.
org/10.1002/da.20754

9. Sherrill JT (2008) Commentary: expanding the research agenda
on interventions for child and adolescent anxiety disorders. Cogn
Behav Pract 15(2):166-171. https://doi.org/10.1016/j.cbpra
.2007.11.002

10. Daleiden EL, Vasey MW (1997) An information-processing per-
spective on childhood anxiety. Clin Psychol Rev 17(4):407—429.
https://doi.org/10.1016/S0272-7358(97)00010-X

11. Field AP, Lester KJ (2010) Is there room for development in
developmental models of information processing biases to


https://doi.org/10.1016/j.psc.2009.06.002
https://doi.org/10.1016/j.psc.2009.06.002
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1111/j.1469-7610.2007.01812.x
https://doi.org/10.1111/j.1469-7610.2007.01812.x
https://doi.org/10.1001/archpsyc.55.1.56
https://doi.org/10.1037/a0033048
https://doi.org/10.1056/NEJMoa0804633
https://doi.org/10.1056/NEJMoa0804633
https://doi.org/10.1001/jamapsychiatry.2013.4186
https://doi.org/10.1001/jamapsychiatry.2013.4186
https://doi.org/10.1002/da.20754
https://doi.org/10.1002/da.20754
https://doi.org/10.1016/j.cbpra.2007.11.002
https://doi.org/10.1016/j.cbpra.2007.11.002
https://doi.org/10.1016/S0272-7358(97)00010-X

European Child & Adolescent Psychiatry (2022) 31:1341-1352

1351

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

threat in children and adolescents? Clin Child Fam Psychol Rev
13(4):315-332. https://doi.org/10.1007/s10567-010-0078-8
Muris P, Field AP (2008) Distorted cognition and pathological
anxiety in children and adolescents. Cogn Emot 22(3):395-421.
https://doi.org/10.1080/02699930701843450

Creswell C, Schniering CA, Rapee RM (2005) Threat interpre-
tation in anxious children and their mothers: comparison with
nonclinical children and the effects of treatment. Behav Res Ther
43(10):1375-1381. https://doi.org/10.1016/j.brat.2004.10.009
Miers AC, Blote AW, Bogels SM, Westenberg PM (2008) Inter-
pretation bias and social anxiety in adolescents. J Anxiety Disord
22(8):1462—1471. https://doi.org/10.1016/j.janxdis.2008.02.010
Amir N, Beard C, Bower E (2005) Interpretation bias and social
anxiety. Cognitive Therapy Res 29(4):433-443. https://doi.
org/10.1007/s10608-005-2834-5

Rozenman M, Amir N, Weersing VR (2014) Performance-based
interpretation bias in clinically anxious youths: relationships with
attention, anxiety, and negative cognition. Behav Ther 45(5):594—
605. https://doi.org/10.1016/j.beth.2014.03.009

Rozenman M, Vreeland A, Piacentini J (2017) Thinking anxious,
feeling anxious, or both? Cognitive bias moderates the relation-
ship between anxiety disorder status and sympathetic arousal in
youth. J Anxiety Disord 45:34—42. https://doi.org/10.1016/j.janxd
i5.2016.11.004

Waters AM, Wharton TA, Zimmer-Gembeck MJ, Craske MG
(2008) Threat-based cognitive biases in anxious children: com-
parison with non-anxious children before and after cognitive
behavioural treatment. Behav Res Ther 46(3):358-374. https://
doi.org/10.1016/j.brat.2008.01.002

Cristea I, Kok RN, Cuijpers P (2015) The efficacy of cognitive
bias modification interventions for mental health problems: a
meta-analysis. Eur Psychiatry 30:850. https://doi.org/10.1016/
S0924-9338(15)30663-5

Hallion LS, Ruscio AM (2011) A meta-analysis of the effect of
cognitive bias modification on anxiety and depression. Psychol
Bull 137(6):940-958. https://doi.org/10.1037/a0024355
Gonzalez A, Rozenman M, Langley AK, Kendall PC, Ginsburg
GS, Compton S, Walkup JT, Birmaher B, Albano AM, Piacentini
J (2017) Social interpretation bias in children and adolescents with
anxiety disorders: psychometric examination of the self-report
of ambiguous social situations for youth (SASSY) scale. Child
Youth Care Forum 46(3):395-412. https://doi.org/10.1007/s1056
6-016-9381-y

Stuijfzand S, Creswell C, Field AP, Pearcey S, Dodd H (2018)
Research review: Is anxiety associated with negative inter-
pretations of ambiguity in children and adolescents? A sys-
tematic review and meta-analysis. J Child Psychol Psychiatry
59(11):1127-1142. https://doi.org/10.1111/jcpp.12822

Hankin BL, Gibb BE, Abela JRZ, Flory K (2010) Selective atten-
tion to affective stimuli and clinical depression among youth:
role of anxiety and specificity of emotion. J Abnorm Psychol
119(3):491-501. https://doi.org/10.1037/a0019609

Crick NR, Dodge KA (1994) A review and reformulation
of social information-processing mechanisms in children’s
social adjustment. Psychol Bull 115(1):74-101. https://doi.
org/10.1037/0033-2909.115.1.74

Orchard F, Apetroaia A, Clarke K, Creswell C (2017) Cognitive
bias modification of interpretation in children with social anxiety
disorder. J Anxiety Disord 45:1-8. https://doi.org/10.1016/j.janxd
i5.2016.10.012

Perez-Olivas G, Stevenson J, Hadwin JA (2011) The association
between elevated maternal panic-like and depression symptoms
and separation-related interpretive biases in offspring. J Child Fam
Stud 20(2):232-239. https://doi.org/10.1007/s10826-010-9408-1
Sportel BE, de Hullu E, de Jong PJ, Nauta MH (2013) Cogni-
tive bias modification versus CBT in reducing adolescent social

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

anxiety: a randomized controlled trial. PLoS ONE 8(5):e64355.
https://doi.org/10.1371/journal.pone.0064355

van Niekerk RE, Klein AM, Allart-van Dam E, Rinck M,
Souren PM, Hutschemaekers GJ, Becker ES (2018) Biases in
interpretation as a vulnerability factor for children of parents
with an anxiety disorder. ] Am Acad Child Adolesc Psychiatry
57(7):462-470. https://doi.org/10.1016/j.jaac.2018.04.009
Vassilopoulos SP, Blackwell SE, Moberly NJ, Karahaliou
E (2012) Comparing imagery and verbal instructions for the
experimental modification of interpretation and judgmental bias
in children. J Behav Ther Exp Psychiatry 43(1):594-601. https
://doi.org/10.1016/].jbtep.2011.08.004

Vassilopoulos SP, Brouzos A (2016) Cognitive bias modifica-
tion of interpretations in children: processing information about
ambiguous social events in a duo. J Child Fam Stud 25(1):299—
307. https://doi.org/10.1007/s10826-015-0194-7
Vassilopoulos SP, Moberly NJ, Lau JY (2015) Cognitive bias
modification training in children affects anxiety during anticipa-
tory processing of social evaluation. Int J Cogn Ther 8(4):318-
334. https://doi.org/10.1521/ijct.2015.8.4.318

Klein AM, Salemink E, de Hullu E, Houtkamp E, Papa M, van
der Molen M (2018) Cognitive bias modification reduces social
anxiety symptoms in socially anxious adolescents with mild
intellectual disabilities: a randomized controlled trial. J] Autism
Dev Disord 48(9):3116-3126. https://doi.org/10.1007/s1080
3-018-3579-9

Houtkamp EO, van der Molen MJ, de Voogd EL, Salemink
E, Klein AM (2017) The relation between social anxiety and
biased interpretations in adolescents with mild intellectual dis-
abilities. Res Dev Disabil 67:94-98. https://doi.org/10.1016/j.
ridd.2017.06.003

Loscalzo Y, Giannini M, Miers AC (2018) Social anxiety and
interpretation bias: examining clinical and subclinical components
in adolescents. Child Adolesc Ment Health 23(3):169-176. https
://doi.org/10.1111/camh.12221

In-Albon T, Dubi K, Rapee RM, Schneider S (2009) Forced
choice reaction time paradigm in children with separation anxiety
disorder, social phobia, and nonanxious controls. Behav Res Ther
47(12):1058-1065. https://doi.org/10.1016/j.brat.2009.08.003
Borenstein M, Hedges L, Higgins J, Rothstein H (2013) Compre-
hensive meta-analysis version 3. Biostat, Engelwood

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR (2009)
Introduction to meta-analysis. John Wiley & Sons, Hoboken
Cohen J (1988) Statistical power analysis for the behavioral sci-
ences. Academic press, New York

Cohen J (1992) Statistical power analysis. Curr Dir Psychol Sci
1(3):81-101. https://doi.org/10.1111/1467-8721.ep10768783
Duval S, Tweedie R (2000) Trim and fill: a simple funnel-plot-
based method of testing and adjusting for publication bias in
meta-analysis. Biometrics 56(2):455-463. https://doi.org/10.1111/
j-0006-341X.2000.00455.x

Mullen B (1989) Advanced BASIC meta-analysis. Lawrence Erl-
baum Associates, Hillsdale

Giannini M, Loscalzo Y (2016) Social anxiety and adolescence:
interpretation bias in an Italian Sample. Scand J Psychol 57:65—
72. https://doi.org/10.1111/sjop.12263

Haller SPW, Raeder SM, Scerif G, Cohen Kadosh K, Lau JYF
(2016) Measuring online interpretations and attributions of
social situations: links with adolescent social anxiety. J] Behav
Ther Exp Psychiatry 50:250-256. https://doi.org/10.1016/j.jbtep
.2015.09.009

In-Albon T, Klein A, Rinck M, Becker E, Schneider S (2008)
Development and evaluation of a new paradigm for the assess-
ment of anxiety-disorder-specific interpretation bias using picture
stimuli. Cogn Emot 22(3):422-436. https://doi.org/10.1080/02699
930701872293

@ Springer


https://doi.org/10.1007/s10567-010-0078-8
https://doi.org/10.1080/02699930701843450
https://doi.org/10.1016/j.brat.2004.10.009
https://doi.org/10.1016/j.janxdis.2008.02.010
https://doi.org/10.1007/s10608-005-2834-5
https://doi.org/10.1007/s10608-005-2834-5
https://doi.org/10.1016/j.beth.2014.03.009
https://doi.org/10.1016/j.janxdis.2016.11.004
https://doi.org/10.1016/j.janxdis.2016.11.004
https://doi.org/10.1016/j.brat.2008.01.002
https://doi.org/10.1016/j.brat.2008.01.002
https://doi.org/10.1016/S0924-9338(15)30663-5
https://doi.org/10.1016/S0924-9338(15)30663-5
https://doi.org/10.1037/a0024355
https://doi.org/10.1007/s10566-016-9381-y
https://doi.org/10.1007/s10566-016-9381-y
https://doi.org/10.1111/jcpp.12822
https://doi.org/10.1037/a0019609
https://doi.org/10.1037/0033-2909.115.1.74
https://doi.org/10.1037/0033-2909.115.1.74
https://doi.org/10.1016/j.janxdis.2016.10.012
https://doi.org/10.1016/j.janxdis.2016.10.012
https://doi.org/10.1007/s10826-010-9408-1
https://doi.org/10.1371/journal.pone.0064355
https://doi.org/10.1016/j.jaac.2018.04.009
https://doi.org/10.1016/j.jbtep.2011.08.004
https://doi.org/10.1016/j.jbtep.2011.08.004
https://doi.org/10.1007/s10826-015-0194-7
https://doi.org/10.1521/ijct.2015.8.4.318
https://doi.org/10.1007/s10803-018-3579-9
https://doi.org/10.1007/s10803-018-3579-9
https://doi.org/10.1016/j.ridd.2017.06.003
https://doi.org/10.1016/j.ridd.2017.06.003
https://doi.org/10.1111/camh.12221
https://doi.org/10.1111/camh.12221
https://doi.org/10.1016/j.brat.2009.08.003
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1111/sjop.12263
https://doi.org/10.1016/j.jbtep.2015.09.009
https://doi.org/10.1016/j.jbtep.2015.09.009
https://doi.org/10.1080/02699930701872293
https://doi.org/10.1080/02699930701872293

1352

European Child & Adolescent Psychiatry (2022) 31:1341-1352

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Klein AM, Titulaer G, Simons C, Allart E, de Gier E, Bogels SM,
Becker ES, Rinck M (2014) Biased interpretation and memory in
children with varying levels of spider fear. Cogn Emot 28(1):182—
192. https://doi.org/10.1080/02699931.2013.810144

Klein AM, Bakens R, van Niekerk RE, Ouwens MA, Rapee RM,
Bogels SM, Becker ES, Rinck M (2018) The relation between
generalized anxiety disorder symptoms and content-specific
interpretation biases for auditory stimuli in children. J Behav
Ther Exp Psychiatry 61:121-127. https://doi.org/10.1016/j.jbtep
.2018.06.011

Klein AM, Flokstra E, van Niekerk R, Klein S, Rapee RM, Hud-
son JL, Bogels SM, Becker ES, Rinck M (2018) The role of self-
reports and behavioral measures of interpretation biases in chil-
dren with varying levels of anxiety. Child Psychiatry Hum Dev
49(6):897-905. https://doi.org/10.1007/s10578-018-0804-x
Klein AM, Rapee RM, Hudson JL, Morris TM, Schneider SC,
Schniering CA, Becker ES, Rinck M (2019) Content-specific
interpretation biases in clinically anxious children. Behav Res
Ther 121:103452. https://doi.org/10.1016/j.brat.2019.103452
Lau JYF, Pettit E, Creswell C (2013) Reducing children’s social
anxiety symptoms: exploring a novel parent-administered cog-
nitive bias modification training intervention. Behav Res Ther
51(7):333-337. https://doi.org/10.1016/j.brat.2013.03.008

Lisk SC, Pile V, Haller SPW, Kumari V, Lau JYF (2018) Mul-
tisession cognitive bias modification targeting multiple biases
in adolescents with elevated social anxiety. Cognit Ther Res
42(5):581-597. https://doi.org/10.1007/s10608-018-9912-y
Mobach L, Rinck M, Becker ES, Hudson JL, Klein AM (2019)
Content-specific interpretation bias in children with varying levels
of anxiety: the role of gender and age. Child Psychiatry Hum Dev
50(5):803-814. https://doi.org/10.1007/s10578-019-00883-8
Muris P, Kindt M, Bogels S, Merckelbach H, Bjorn G, Moulaert
V (2000) Anxiety and threat perception abnormalities in normal
children. J Psychopathol Behav Assess 22:183-199. https://doi.
org/10.1023/A:1007588524525

Muris P, Luermans J, Merckelbach H, Mayer B (2000) “Dan-
ger is lurking everywhere”. The relation between anxiety and
threat perception abnormalities in normal children. J Behav Ther
Exp Psychiatry 31(2):123-136. https://doi.org/10.1016/S0005
-7916(00)00016-1

Muris P, Merckelbach H, Damsma E (2000) Threat perception
bias in nonreferred, socially anxious children. J Clin Child Psy-
chol 29(3):348-359. https://doi.org/10.1207/S15374424]CCP29
03_6

Smith-Janik SB, Green JS, Teachman BA (2013) Age differences
in information processing biases in spider fear. Int J Cogn Ther
6(4):401-420. https://doi.org/10.1521/ijct.2013.6.4.401

@ Springer

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Vassilopoulos SP, Banerjee R (2012) Social anxiety and content
specificity of interpretation and judgemental bias in children:
specificity of cognitive biases in children. Infant Child Dev
21(3):298-309. https://doi.org/10.1002/icd.746

Yu M, Westenberg PM, Li W, Wang J, Miers AC (2019) Cultural
evidence for interpretation bias as a feature of social anxiety in
Chinese adolescents. Anxiety, Stress, Coping 32(4):376-386.
https://doi.org/10.1080/10615806.2019.1598556

Van de Mortel TF (2008) Fake it: social desirability response bias
in self-report research. Aust J Adv Nurs 25(4):40

Ellis PD (2010) The essential guide to effect sizes: statistical
power, meta-analysis, and the interpretation of research results.
Cambridge University Press, Cambridge

Rosenthal JA (1996) Qualitative descriptors of strength of asso-
ciation and effect size. J Soc Serv Res 21(4):37-59. https://doi.
org/10.1016/0005-7967(95)00082-8

Rothstein HR, Sutton AJ, Borenstein M (2005) Publication bias
in meta-analysis: prevention, assessment and adjustments, 1-7
Heeren, Mogoase, Philippot, & McNally (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.
¢pr.2015.06.001

Goh JX, Hall JA, Rosenthal R (2016) Mini meta-analysis of your
own studies: some arguments on why and a primer on how: mini
meta-analysis. Soc Personal Psychol Compass 10(10):535-549.
https://doi.org/10.1111/spc3.12267

Valentine JC, Pigott TD, Rothstein HR (2010) How many studies
do you need? A primer on statistical power for meta-analysis. J
Educ Behav Stat 35(2):215-247. https://doi.org/10.3102/10769
98609346961

Greco T, Zangrillo A, Biondi-Zoccai G, Landoni G (2013) Meta-
analysis: pitfalls and hints. Heart Lung Vessel 5(4):219-225
Grissom RJ, Kim JJ (2012) Effect sizes for research: Univariate
and multivariate applications. Routledge, London

Hedges L, Olkin I (2014) Statistical methods for meta-analysis.
Academic press, Cambridge

Kraemer H, Gavins A (1982) A nonparametric technique for meta-
analysis effect size calculation. Psychol Bull 91(2):404. https:/
doi.org/10.1037/0033-2909.91.2.404

Rosenthal R (1986) Meta-analytic procedures for social science
research. Educ Res J 15(8):18-20

Zakzanis KK (2001) Statistics to tell the truth, the whole truth, and
nothing but the truth Formulae, illustrative numerical examples,
and heuristic interpretation of effect size analyses for neuropsy-
chological researchers. Arch Clin Neuropsychol 16(7):653-667.
https://doi.org/10.1093/arclin/16.7.653


https://doi.org/10.1080/02699931.2013.810144
https://doi.org/10.1016/j.jbtep.2018.06.011
https://doi.org/10.1016/j.jbtep.2018.06.011
https://doi.org/10.1007/s10578-018-0804-x
https://doi.org/10.1016/j.brat.2019.103452
https://doi.org/10.1016/j.brat.2013.03.008
https://doi.org/10.1007/s10608-018-9912-y
https://doi.org/10.1007/s10578-019-00883-8
https://doi.org/10.1023/A:1007588524525
https://doi.org/10.1023/A:1007588524525
https://doi.org/10.1016/S0005-7916(00)00016-1
https://doi.org/10.1016/S0005-7916(00)00016-1
https://doi.org/10.1207/S15374424JCCP2903_6
https://doi.org/10.1207/S15374424JCCP2903_6
https://doi.org/10.1521/ijct.2013.6.4.401
https://doi.org/10.1002/icd.746
https://doi.org/10.1080/10615806.2019.1598556
https://doi.org/10.1016/0005-7967(95)00082-8
https://doi.org/10.1016/0005-7967(95)00082-8
https://doi.org/10.1016/j.cpr.2015.06.001
https://doi.org/10.1016/j.cpr.2015.06.001
https://doi.org/10.1111/spc3.12267
https://doi.org/10.3102/1076998609346961
https://doi.org/10.3102/1076998609346961
https://doi.org/10.1037/0033-2909.91.2.404
https://doi.org/10.1037/0033-2909.91.2.404
https://doi.org/10.1093/arclin/16.7.653

	Is interpretation bias for threat content specific to youth anxiety symptomsdiagnoses? A systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Operational definitions and eligibility criteria
	Systematic literature review and data extraction
	Statistical approach and outcomes by aim

	Results
	Included studies and study characteristics
	Overall effect size calculations
	Content specificity of interpretation bias with anxiety: moderation
	Publication bias

	Discussion
	Limitations
	Recommendations and future directions

	References




