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ARTICLE INFO ABSTRACT

Keywords: This study examined associations between anxiety symptomatology and cognitive and physiological threat re-
YO“F}‘ sponses during threat learning in a large sample of children and adolescents. Anxiety symptomatology severity
Anxiety symptoms along different dimensions (generalized anxiety, separation anxiety, social anxiety, and panic symptoms) was
Cognitive threat responses, physiological threat . D . . s o s
responses mgasured using parerlltal and self—re[?o'rts.. Participants completed differential threat acquisition and extinction
Generalization using an age-appropriate threat conditioning task. They then returned to the lab after 7-10 days to complete an
extinction recall task that also assessed threat generalization. Results indicated that more severe overall anxiety
was associated with greater cognitive and physiological threat responses during acquisition, extinction, and
extinction recall. During acquisition and extinction, all anxiety dimensions manifested greater cognitive threat
responses, while panic, separation anxiety, and social anxiety symptoms, but not generalized anxiety, were
related to heightened physiological threat responses. In contrast, when we assessed generalization of cognitive
threat responses, we found only generalized anxiety symptoms were associated with greater threat response
generalization. The study provides preliminary evidence of specificity in threat responses during threat learning

across youth with different anxiety symptoms.

1. Introduction

Excessive responses to potential threats are central features of anx-
iety symptomatology, encompassing aberrant threat appraisal and
physiological arousal (American Psychiatric Association, 2013). Studies
examining how these cognitive and physiological responses to threat are
learned commonly use threat conditioning paradigms. Despite the
emergence of anxiety symptoms in youth, previous threat conditioning
research has focused primarily on differences between anxious and
non-anxious adults. Moreover, the extant developmental studies have
considered anxious youth as one homogeneous group, although it is not
known whether distinct anxiety symptom dimensions (i.e., generalized
anxiety, separation anxiety, social anxiety, and panic symptoms) are
specifically associated with aberrant cognitive and physiological threat
responses. Here, we begin to examine specificity in associations between
symptom severity across anxiety dimensions and cognitive and physio-
logical threat responses in youth during threat learning.

Human responses to potential threats typically manifest as antici-
patory physiological responses reflected in changes in levels of somatic

arousal and as cognitive responses reflected in conscious subjective fear
states (DSM; LeDoux & Pine, 2016). Major developmental theories link
perturbations in learning threat-anticipatory responses to the emergence
of anxiety symptoms (Casey, Glatt, & Lee, 2015; Pine, 2007). To test
such theories, threat learning processes are commonly assessed using
threat conditioning paradigms. These enable the examination of
conditioned threat responses in well-controlled laboratory settings.
Specifically, during threat acquisition, a neutral stimulus (conditioned
stimulus; CS+) begins to signal threat through repeated pairing with an
aversive stimulus (unconditioned stimulus; US), while a safety cue (CS-)
is not reinforced. During threat extinction, the CS+ is repeatedly pre-
sented in the absence of the US, and participants learn to extinguish their
conditioned threat responses. During extinction recall, the retention of
extinction learning over time is assessed, while stimulus-related gener-
alization examines threat response to stimuli resembling the conditioned
threat cues. Several theories ascribe a role to perturbations in these
learning-related processes in the emergence and maintenance of anxiety
symptoms (for a review, see Pittig, Treanor, LeBeau, & Craske, 2018).
Despite the emergence of anxiety symptoms in early development
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(Beesdo, Knappe, & Pine, 2009; Kessler et al., 2005), most of the
empirical work on threat conditioning has been conducted with adult
samples (Treanor, Rosenberg, & Craske, 2021, Shechner, Hong, Britton,
Pine, & Fox, 2014). Meta-analyses of such studies indicate anxiety is not
associated with differential responses to the CSs but rather with stronger
responses to the safety cue during acquisition and stronger responses to
the threat cue during extinction learning (Duits et al., 2015; Lissek et al.,
2005). Some studies have examined the role of age and development in
threat learning and related processes. Compared to adults, adolescents
show attenuated extinction learning and recall (Ganella, Drummond,
Ganella, Whittle, & Kim, 2018; Pattwell et al., 2012) and greater threat
generalization as indicated by cognitive (ratings), physiological (SCR),
and behavioral (avoidance) measurements (Klein, Berger, Vervliet, &
Shechner, 2021; Schiele et al., 2016). Such age-related differences might
be related to structural and functional changes in brain maturation that
occur from adolescence through adulthood (Morriss, Christakou, & Van
Reekum, 2019).

Only a few studies have considered clinically anxious and non-
anxious youth (see meta-analysis by Dvir, Horovitz, Aderka, & Shech-
ner, 2019; Abend et al., 2020). These have consistently found pediatric
anxiety to be associated with stronger conditioned responses to both
threat and safety cues during acquisition and extinction, manifesting in
excessive cognitive threat appraisal and physiological responses. A
handful of studies have examined extinction recall and generalization
processes in youth, suggesting impaired extinction retention in anxious
compared to non-anxious youth (Craske et al., 2008; Treanor et al.,
2021). Finally, one study reported that following threat acquisition,
youth with anxiety showed excessive generalization of fear appraisal
(El-Bar, Laufer, Yoran-Hegesh, & Paz, 2017). Together, the initial evi-
dence generally links pediatric anxiety symptoms with excessive
cognitive and physiological threat responses during threat learning.

A shortcoming of prior work on pediatric populations is that anxiety
severity has been assessed overall without considering different symp-
tom dimensions. This may be incongruent with the distinct manifesta-
tion of specific anxiety symptoms. Namely, generalized anxiety
symptoms are primarily characterized by excessive cognitive response to
threat in the form of chronic and uncontrollable worry that may be
experienced across a variety of contexts (Olatunji, Broman-Fulks,
Bergman, Green, & Zlomke, 2010). Panic symptoms are characterized
by excessive autonomic arousal in response to stimuli or events
conferring risk of imminent threat (Brown & McNiff, 2009). In contrast,
social anxiety and separation anxiety symptoms are context-specific,
with specific worries and physiological responses elicited in social and
separation situations.

A handful of studies in adult populations have investigated the as-
sociation between specific anxiety symptom dimensions and differential
threat learning. These studies have shown that panic (Lissek et al., 2009;
Lissek et al., 2010; Neueder, Andreatta, & Pauli, 2019), generalized
anxiety (Lissek et al., 2014), and social anxiety symptoms (Hermann,
Ziegler, Birbaumer, & Flor, 2002; Lissek et al., 2008) are generally
associated with aberrant threat learning. While some similarities in
threat responses exist across anxiety dimensions, certain differences
emphasize the importance of examining the specific features of each
dimension. One recent study directly compared threat learning pro-
cesses for adult patients with panic and patients with generalized anx-
iety (Cooper, Grillon, & Lissek, 2018). Although both groups showed
similar levels of aberrant discrimination in self-reported risk ratings
during initial learning, sustained impairments that were demonstrated
in later phases of learning were associated only with generalized anxiety
patients.

To the best of our knowledge, no previous studies with youth have
examined the associations between specific anxiety dimensions and
threat learning. A recent study used a network analysis approach to
examine the network structure of anxiety symptoms in a large sample of
children and adolescents (Abend et al., 2021). Results revealed the
centrality of excessive cognitive and physiological threat responses in
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this inter-connected structure. However, it is not yet clear whether
severity along these anxiety dimensions differentially covaries with
cognitive and physiological threat responses elicited during threat
learning.

Identifying specific links between different anxiety symptoms and
types of threat responses in youth has two major potential implications.
First, threat conditioning is a widely-used translational model for un-
derstanding the development of anxiety psychopathology (Craske,
Hermans, & Vervliet, 2018). However, understanding of the nature of
the different types of threat responses and how these are linked to spe-
cific anxiety manifestations is limited. The establishment of such links
could inform us on individual differences in symptom manifestation and
how these relate to experiencing aversive events. This, in turn, could
improve our understanding of anxiety etiology and promote
evidence-based diagnostic conceptualization. This approach is in line
with recent quantitative conceptualizations of psychopathology that
propose to augment clinical assessments with multilevel analysis of
psychological and biological systems, such as the Research Domain
Criteria (RDoC; Insel et al., 2010) and HiTOP (Kotov et al., 2017).

Second, understanding the cognitive and physiological mechanisms
underlying threat extinction learning and recall could guide prevention
programs and clinical interventions. For example, understanding that a
specific group of symptoms is predominantly associated with cognitive
biases rather than physiological arousal could facilitate tailoring treat-
ment plans to the specific needs of the patient. Importantly, such insights
may be of particular utility in youth, given the emergence of anxiety
symptoms in childhood and adolescence (Beesdo et al., 2009; Kessler
et al., 2005) and the need for early intervention and prevention
(Chronis-Tuscano, Danko, Rubin, Coplan, & Novick, 2018).

Here, we examine the association between anxiety symptomatology
severity along different dimensions and threat acquisition, extinction,
extinction recall, and generalization in a large sample of children and
adolescents. All youth completed a threat conditioning paradigm in the
lab and a standard anxiety inventory assessing anxiety symptom severity
along different dimensions (generalized anxiety, separation anxiety,
social anxiety, and panic symptoms). In line with previous studies, we
hypothesized that overall severity of anxiety symptoms would be asso-
ciated with excessive cognitive and physiological threat responses to
both threat and safety cues in the context of threat acquisition and
extinction (for an example, see Dvir et al., 2019), and also with atten-
uated extinction recall and elevated generalization (for an example, see
El-Bar et al., 2017). Based on clinical observations and experimental
findings in adults, we further hypothesized that unique associations
between anxiety dimensions and aberrant cognitive and physiological
threat responses would emerge. Specifically, severity of panic symptoms
would be associated with excessive physiological threat responses, while
severity of generalized anxiety symptoms would be associated with
excessive cognitive threat responses (for an example, see Cooper et al.,
2018). Moreover, we expected severity in social anxiety and separation
anxiety symptoms would be associated with both excessive physiolog-
ical and excessive cognitive threat responses. Finally, we hypothesized
the severity of generalized anxiety symptoms would be associated with
over-generalization of threat appraisal during extinction recall.

2. Methods
2.1. Participants

A community sample of 136 children and adolescents (ages 7-17
years; Mage = 10.67 years, SD = 1.96; 50% females; all self-identified as
Israeli Jews) was recruited mainly through social media to take part in
research on fear and anxiety. Youth and their parents signed informed
assent and consent prior to participation. The study received ethical
approval from the university’s Institutional Review Board. Exclusion
criteria included psychotropic medications, history of head injuries,
previous or current diagnosis of schizophrenia, autism spectrum
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disorders, bipolar disorder, or eating disorders assessed during a phone
screening. Participants were compensated with a modest gift certificate.
Overall, 136 youths participated in the first part of the study (Visit 1).
Three participants quit the threat conditioning task during Visit 1.
Twenty participants (15%) did not come back for the second part of the
study (Visit 2). Therefore, 113 participants completed the two experi-
mental visits of the study. Of note, participants who dropped out and
participants who completed the study did not differ in age (p = .881),
gender (p = .241), or anxiety levels (p = .642).

2.2. Procedure

The study had two experimental sessions. In Visit 1, participants and
their parents signed consent and assent forms and received a verbal
explanation of the study from the experimenter. Thereafter, parents
filled out self-report questionnaires. Next, youth were seated in front of a
19” monitor in a sound-proofed room and completed the bell differential
threat conditioning and extinction tasks, while cognitive (i.e., self-
reported fear) and psychophysiological (i.e., SCR) responses were
collected. Finally, participants completed the screen for child anxiety
related emotional disorders (SCARED) questionnaire. In Visit 2, partic-
ipants returned to the lab 7-10 days following Visit 1 and performed the
extinction recall and generalization task, while cognitive (i.e., threat
appraisal) responses were collected.

2.3. Instruments and measurements

2.3.1. Anxiety severity

Participants’ anxiety symptoms in the past three months were
assessed using the SCARED (Screen for Child Anxiety Related Emotional
Disorders), a child- and parent-report measure, comprising 41 items
indexing four main symptom dimensions as specified by DSM5: panic/
somatic symptoms (13 items; e.g., “When I get anxious, I feel dizzy”),
generalized anxiety symptoms (9 items; e.g., “I worry about how well I
do things”), separation anxiety symptoms (8 items; e.g., “I am afraid to
be alone in the house”), and social anxiety symptoms (7 items; e.g., “I
feel shy with people I don’t know well”) (American Psychiatric Associ-
ation, 2013). Respondents rate the frequency of each item using a
3-point Likert scale from O (not true or hardly ever true) to 2 (very true
or often true). Total scores range from 0 to 82; higher scores indicate
higher levels of anxiety (Birmaher et al., 1997, 1999). The reliability and
validity of the overall scores and the subscales scores have been estab-
lished in clinical and community samples (Behrens, Swetlitz, Pine, &
Pagliaccio, 2019; Birmaher et al., 1997, 1999; Hale, Raaijmakers, Muris,
& Meeus, 2008; Hale, Crocetti, Raaijmakers, & Meeus, 2011). In our
study, Cronbach’s alpha for total SCARED-Child report was 0.90, with
values for the dimensions ranging between 0.76 and 0.78; Cronbach’s
alpha for total SCARED-Parent report was 0.94, with values of the di-
mensions ranging between 0.85 and 0.92.

Participants and their parents completed the self-reported and
parental versions of the SCARED, respectively. An average score was
computed for each participant to mitigate reported.

discrepancies (Behrens et al, 2019). This self-reported and
parental-reported combined SCARED score for each anxiety dimension
was used in the statistical analysis (see Table 1).

2.3.2. Experimental tasks

2.3.2.1. Visit 1: threat acquisition and extinction. The bell differential
threat learning task is an established task that yields differential con-
ditioning and extinction in youth (see Ginat-Frolich, Gendler, Marzan,
Tsuk, & Shechner, 2019; Ginat-Frolich, Klein, Katz, & Shechner, 2017;
Klein, Shner, Ginat-Frolich, Vervliet, & Shechner, 2020; Shechner et al.,
2015). Pictures of blue and yellow cartoon bells serve as the conditioned
stimuli (CSs) (see Fig. 1A). Participants are told that during the task,
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Table 1
Demographic and anxiety symptom variables across participants.
Whole Sample (N = 133) Mean (SD) Minimum  Maximum
Demographics
Age 10.67 (1.96) 7.66 16.90
Sex - No. of females (% of sample) 67 (50.37%) - -
Average of SCARED combined score
Overall SCARED score 19.49 (10.30) 3 56.5
Panic symptoms score 3.04 (2.98) 0 16
Generalized anxiety symptoms score  5.60 (3.29) 0.5 16.5
Separation anxiety symptoms score 4.62 (3.12) 0 15
Social anxiety symptoms score 5.31 (3.01) 0 13

Note: SCARED = Screen for Child Anxiety-Related Emotional Disorders

they will hear an unpleasant sound, and if they pay attention, they will
be able to predict when the sound will occur. In each trial, one bell is
presented in the center of a computer screen for eight seconds. During
pre-acquisition, each bell is presented four times. Thereafter, during
threat acquisition, each bell is presented ten times. During this phase, one
bell (CS+: conditioned threat cue) is paired with a 1-second aversive
sound played at 95 dB (unconditioned stimulus; US) at an 80% rein-
forcement rate delivered via headphones. The US is administered at
second 7 and co-terminates with cue offset. The second bell is never
paired with the US (CS-: conditioned safety cue). During threat extinc-
tion, each bell is presented eight times in the absence of the US. The
order of the bells in each phase is pseudorandomized into four versions,
with the color and order of the CSs counterbalanced between partici-
pants. Following each phase of Visit 1 (i.e., pre-acquisition (phase 1),
acquisition (phase 2), and extinction (phase 3)), cognitive threat re-
sponses were assessed by rating the level of fear in response to each CS
using a Likert scale ranging from 1 (not at all afraid) to 10 (extremely
afraid).

2.3.2.2. Visit 2: extinction recall and generalization. The extinction recall
and generalization task took place 7-10 days (M = 7.43 days) after Visit
1. The task consists of five bell morphs ranging in perceptual similarity
from the CS- to the CS+ (CS-, GS25%, GS50%, GS75%, CS+) (see
Fig. 1B). Each morph is presented twice for eight seconds in two blocks;
morph order is randomized within each block. Cognitive threat re-
sponses were assessed by participants’ ratings of how unpleasant each
morph was, ranging from 0 (not at all) to 6 (very much).

2.3.3. Psychophysiology

Skin conductance was recorded continuously throughout the exper-
imental phases in Visit 1 using two isotonic gel electrodes placed on the
left palm (i.e., hypothenar and thenar muscles) with an 8 Slot Bionex
system at a sampling rate of 25 Hz (MindWare Technologies Ltd., www.
mindwaretech.com, Westerville, Ohio, USA) and Mindware acquisition
software (Version 3.0.13, MindWare Technologies Ltd.). In line with
recent recommendations, SCR to each stimulus was scored on a trial-by-
trial basis as the difference between trough-to-peak amplitude at 500 ms
and 5 s after stimulus onset (Kuhn, Gerlicher, & Lonsdorf, 2021; Lons-
dorfetal., 2019). SCR threshold was set at 0.01 microsiemens; therefore,
all scores below 0.01 microsiemens, as well as negative changes, were
scored as zero and included in analyses. We used a square root trans-
formation to normalize scores for each participant in each trial (Lonsdorf
et al., 2019). Thereafter, SCR data were averaged per stimulus (CS+,
CS-) and per phase (pre-acquisition, acquisition, extinction) for each
participant.

2.4. Statistical analysis

To analyze the association between the severity of overall anxiety, as
well as along each dimension and threat acquisition, extinction, and
extinction recall, we used a separate repeated-measures ANCOVA (see
below) for total SCARED score and for each anxiety dimension score
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A
Pre-acquisition Threat acquisition Extinction
8 trials (4 each) 20 trials (10 each) 16 trials (8 each)
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CS+ —
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CS-
B

Extinction recall
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Fig. 1. Overview of experimental phases in the threat conditioning task. A. Visit 1: pre-acquisition phase, threat acquisition phase, and extinction phase. B. Visit 2:
extinction recall and generalization task. Note: CS+ = conditioned threat cue; CS- = conditioned safety cue; GS = generalization stimulus.

(panic symptoms, generalized anxiety symptoms, separation anxiety specificity across the different anxiety dimensions and dependent
symptoms, social anxiety symptoms) whereby these were used as variables.
continuous variables. We subsequently performed complementary ana- In addition, we used linear regression analyses to quantify the spe-

lyses with all four anxiety dimensions as covariates to examine cific associations (B-coefficients) between anxiety severity and self-
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Fig. 2. Bar plot showing the standardized beta coefficients reflecting overall and each anxiety dimension score’s association with self-reported fear rating during the
threat learning task (averaged across threat acquisition and extinction). Error bars represent one standard error. P-values at the bottom of the bars represent main
effect of each dimension of anxiety symptoms on CS+ and CS— combined.
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reported fear (Fig. 2) and SCR (Fig. 3) during threat acquisition and
extinction, and between anxiety severity and self-reported threat
appraisal during extinction recall (Fig. 4).

For cognitive threat responses (self-reported fear) and physiological
responses (SCR) during threat acquisition and extinction (Visit 1), we
used Phase (acquisition, extinction) and Stimulus (CS+, CS-) as within-
subject factors. For cognitive threat responses during the extinction
recall and generalization task (Visit 2), Stimulus (CS-, GS25%, GS50%,
GS75%, CS+) was the within-subject factor. All analyses included par-
ticipants’ age as a covariate.

In supplemental analyses (see supplemental materials), we compared
participants with high and low symptom scores on the different di-
mensions. Specifically, we divided participants into low (below the 20th
percentile) and high (above the 80th percentile) anxiety groups based on
their scores for each anxiety dimension of the SCARED; these groups
were then used as between-subject factors in analyses (see Table S1 in
supplemental materials for demographic information).

As anxiety symptoms are highly comorbid across anxious in-
dividuals, we examined the effect of symptom severity comorbidity
burden on the dependent variables. Each anxiety dimension was divided
into high and low levels of severity based on a median split. Thereafter,
we calculated a comorbidity index for each participant: low levels of
anxiety in all four dimensions were scored as 0 (non-anxious, n = 33),
high levels in one or two anxiety dimensions were scored as 1 (low
anxiety comorbidity, n = 46), and high levels in three or four anxiety
dimensions were scored as 2 (high anxiety comorbidity, n = 47). We
used a repeated-measures ANOVA to assess the impact of anxiety co-
morbidity on cognitive and physiological responses during threat
acquisition and extinction and on cognitive threat responses during
extinction recall and generalization.

All statistical analyses were conducted using SPSS (version 25). We
assumed a significance level of 0.05. Greenhouse-Geisser corrections
were applied when Mauchly’s test of sphericity was significant, and all
follow-up analyses used Bonferroni correction for multiple comparisons.

3. Results

For each dependent variable (cognitive responses, physiological re-
sponses), we first present the results without considering anxiety
severity to inform on general task effects; then, we examine the effects of
overall anxiety and each anxiety dimension severity on responses in line
with our hypotheses. For descriptive statistics, see Table 2.
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3.1. Threat acquisition and extinction (visit 1)

3.1.1. Cognitive responses: self-reported fear

A Phase (acquisition, extinction) x Stimulus (CS-, CS+) RM-
ANCOVA yielded a significant two-way interaction of Phase
x Stimulus, F(1, 125) = 41.08, p < .001, '73 = .25. Following threat
acquisition, participants rated greater fear of the CS+ than of the CS-, F
(1, 128) = 115.78, p < .001, 17’? = .47. Following extinction, CS differ-
ences diminished but were still significant, F(1, 127) = 26.37, p < .001,
115 =.17. Importantly, participants showed a decrease in self-reported
fear to the CS+ from acquisition to extinction, F(1, 125) = 45.28,
p <.001, 71; = .27, in line with a threat extinction process.

3.1.1.1. Overall anxiety severity. A Phase x Stimulus x Overall anxiety
severity RM-ANCOVA yielded a significant effect of overall anxiety
severity on self-reported fear, F(1, 123) =19.47, p < .001, 113 =.14.
Participants with a higher total SCARED score reported greater self-
reported fear across phases and CSs.

3.1.1.2. Panic symptom severity. A Phase x Stimulus x Panic symptom
severity RM-ANCOVA yielded a significant effect of panic symptoms on
self-reported fear, F(1, 123) = 9.77, p = .002, ;71% = .07. Participants
with a higher panic symptom score reported greater self-reported fear
across phases and CSs.

3.1.1.3. Generalized anxiety symptom severity. A Phase x Stimulus x
Generalized anxiety symptom severity RM-ANCOVA yielded a signifi-
cant effect of generalized anxiety symptoms on self-reported fear, F(1,
123) = 20.57,p < .001, 17}% = .14. Participants with a higher generalized
anxiety symptom score reported greater self-reported fear across phases
and CSs.

3.1.1.4. Separation anxiety symptom severity. A Phase x Stimulus x
Separation anxiety symptom severity RM-ANCOVA yielded a significant
effect of separation anxiety symptoms on self-reported fear, F(1, 123)
=10.78, p = .001, ;13 = .08. Participants with a higher separation anx-
iety symptom score reported greater self-reported fear across phases and
CSs.

3.1.1.5. Social anxiety symptom severity. A Phase x Stimulus x Social
anxiety symptom severity RM-ANCOVA yielded a significant effect of

Threat acquisition and extinction

04 1

e

B-coefficients
for SCR

mCS+
ocs-

Total SCARED
Score

Panic
Symptoms

Generalized Anxiety ~Separation Anxiety

Social Anxiety

Symptoms Symptoms Symptoms

Fig. 3. Bar plot showing the standardized beta coefficients reflecting overall and each anxiety dimension score’s association with skin conductance response during
the threat learning task (averaged across threat acquisition and extinction). Error bars represent one standard error. P values at the bottom of the bars represent main
effect of each dimension of anxiety symptoms on CS+ and CS— combined, while p values at the top of the bars represent the effect on each stimulus separately.
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Fig. 4. Bar plot showing the standardized beta coefficients reflecting overall and each anxiety dimension score’s association with self-reported threat appraisal
during extinction recall and generalization task. Error bars represent one standard error. P values at the bottom of the bars represent main effect of each dimension of

anxiety symptoms on all stimuli combined.

Table 2
Descriptive statistics.
Whole Sample (N = 133) Mean (SD)
Cognitive Responses: Self-Reported Fear (visit 1)
Acquisition CS+ 4.54 (3.15)
Acquisition CS- 1.79 (2.06)
Extinction CS+ 2.99 (2.69)
Extinction CS- 1.98 (2.35)
Physiological Responses: SCR (visit 1)
Acquisition CS+ 0.49 (0.47)
Acquisition CS- 0.29 (0.30)
Extinction CS+ 0.41 (0.30)
Extinction CS- 0.31 (0.25)
Cognitive Responses: Self-Reported Threat Appraisal (visit 2)
Extinction Recall CS+ 2.30 (1.97)
Extinction Recall GS75 1.65 (1.55)
Extinction Recall GS50 1.48 (1.67)
Extinction Recall GS25 1.49 (1.60)
Extinction Recall CS- 1.52 (1.65)

Note: CS+ = conditioned threat cue; CS- = conditioned safety cue; GS =
generalization stimulus; SCR = skin conductance response; visit 1 = threat
acquisition and extinction task; visit 2 = extinction recall and generalization
task.

social anxiety symptoms on self-reported fear, F(1, 123) = 10.58,
p =.001, n’% = .08. Participants with a higher social anxiety symptom
score reported greater self-reported fear across phases and CSs.

3.1.1.6. All anxiety dimensions as covariates. A Phase x Stimulus RM-
ANCOVA with Panic, Generalized, Separation, and Social anxiety
symptom severity as covariates yielded a significant effect of generalized
anxiety symptoms on self-reported fear, F(1, 120) = 4.53, p = .035, ;71%
= .04. Only generalized anxiety symptom severity was associated with
greater self-reported fear across phases and CSs, when controlling for all
other anxiety dimensions.

Together, results indicate that severity of overall anxiety, as well as
all anxiety dimensions, was associated with greater cognitive threat
responses across phases and CSs (see Fig. 2). After controlling for the
other anxiety dimensions, only generalized anxiety symptom severity
was associated with greater cognitive threat responses.

3.1.2. Physiological responses: skin conductance response (SCR)

A Phase (acquisition, extinction) x Stimulus (CS-, CS+) RM-
ANCOVA of SCR yielded a significant Phase x Stimulus interaction, F
(1, 120) =12.99, p <.001, '73 =.10. During threat acquisition,

participants showed greater SCR to the CS+ than to the CS-, F(1, 123)
=55.19, p <.001, 55 = .31. CS differences diminished during extinc-
tion, but were still significant, F(1, 123) = 26.11, p < .001, q’% =.18,
with participants showing a decrease in response to the CS+ from
acquisition to extinction, F(1, 121) = 7.67, p = .006, 113 =.06.

3.1.2.1. Overall anxiety severity. A Phase x Stimulus x Overall anxiety
severity RM-ANCOVA yielded a significant effect of overall anxiety
severity on SCR, F(1,118) = 5.33,p = .023, ;15 = .04. Participants with a
higher total SCARED score showed greater SCR across phases and CSs.

3.1.2.2. Panic symptom severity. A Phase x Stimulus x Panic symptom
severity RM-ANCOVA yielded a two-way interaction of Stimulus x Panic
symptom severity, F(1, 118) =7.80, p =.006, 173 =.06. Follow-up
analysis revealed a significant effect of panic symptom severity on
SCR to the CS+, F(1,119) = 4.29,p = .041, qﬁ = .03, but not to the CS-,
F(1, 119) = 0.38, p = .537, ;13 =.001. Thus, more severe panic symp-
toms were associated with greater physiological response to the CS+ but
not to the CS-.

In addition, to examine potential differences between phases, we
compared participants’ SCR to CSs in each phase separately (i.e.,
acquisition and extinction). We found CS+ /CS- differentiation in SCR
was evident during both acquisition, F(1, 121) = 4.34, p =.039, 173
= .03, and extinction, F(1, 121) =5.77, p = .018, r]ﬁ =.05.

3.1.2.3. Generalized anxiety symptom severity. A Phase x Stimulus x
Generalized Anxiety symptom severity RM-ANCOVA did not yield any
significant effects.

3.1.2.4. Separation anxiety symptom severity. A Phase x Stimulus x
Separation anxiety symptom severity RM-ANCOVA yielded a significant
effect of separation anxiety symptom severity on SCR, F(1, 118) = 4.63,
p =.033, qg =.04. Participants with a higher separation anxiety
symptom score showed greater SCR across phases and CSs.

3.1.2.5. Social anxiety symptom severity. A Phase x Stimulus x Social
anxiety symptom severity RM-ANCOVA yielded a significant effect of
social anxiety symptom severity on SCR, F(1, 118) = 4.83, p = .030, ;7;
= .04. Participants with a higher social anxiety symptom score showed
greater SCR across phases and CSs.



Z. Klein et al.

3.1.2.6. All anxiety dimensions as covariates. A Phase x Stimulus RM-
ANCOVA with Panic, Generalized, Separation, and Social anxiety
symptom severity as covariates yielded a two-way interaction of Stim-
ulus x Panic symptom severity, F(1, 115) = 5.77, p = .018, ;7; =.05.
Only panic symptom severity was associated with differential SCR be-
tween the CS+ and the CS- across phases, when controlling for all other
anxiety dimensions.

Together, the results indicate that overall anxiety severity, separa-
tion anxiety, and social anxiety symptom severity were associated with a
greater physiological response across phases and CSs, while panic
symptom severity was associated with greater physiological response
specifically to the threat but not to the safety cue, and generalized
anxiety symptom severity was not associated with physiological re-
sponses at all (see Fig. 3). After controlling for all other anxiety di-
mensions, only panic symptom severity was associated with greater
physiological response specifically to the threat but not to the safety cue.

3.2. Extinction recall and generalization (visit 2)

3.2.1. Cognitive responses: self-reported threat appraisal

Cognitive responses to threat generalization were assessed by par-
ticipants’ ratings of how unpleasant each presented morph was 7-10
days following extinction. A Stimulus (CS-, GS25%, GS50%, GS75%,
CS+) RM-ANCOVA yielded a significant main effect of stimulus, F(4,
448) =10.11, p <.001, r]ﬁ = .08, indicating increased cognitive re-
sponses with increasing perceptual similarity to the CS+ .

3.2.2. Overall anxiety severity

A Stimulus x Overall anxiety severity RM-ANCOVA yielded a sig-
nificant effect of overall anxiety severity, F(1, 110) = 5.48, p = .021, 773
= .05. Participants with a higher total SCARED score reported greater
cognitive responses during extinction recall across stimuli (i.e., CSs and
GSs).

3.2.3. Panic symptom severity
A Stimulus x Panic symptom severity RM-ANCOVA did not yield any
significant effects.

3.2.4. Generalized anxiety symptom severity

A Stimulus x Generalized anxiety symptom severity RM-ANCOVA
yielded a significant effect of generalized anxiety symptom severity, F
(1, 110) = 7.30, p = .008, ’73 = .06. Participants with a higher gener-
alized anxiety symptom score reported greater cognitive responses
during extinction recall across stimuli.

3.2.5. Separation anxiety symptom severity
A Stimulus x Separation anxiety symptom severity RM-ANCOVA did
not yield any significant effects.

3.2.6. Social anxiety symptom severity
A Stimulus x Social anxiety symptom severity RM-ANCOVA did not
yield any significant effects.

3.2.7. All anxiety dimensions as covariates

A Phase x Stimulus RM-ANCOVA with Panic, Generalized, Separa-
tion, and Social anxiety symptom severity as covariates yielded a mar-
ginal effect of generalized anxiety symptoms on threat appraisal, F(1,
107) = 3.66, p =.058, ;73 =.03. Only generalized anxiety symptom
severity was associated with greater cognitive responses during extinc-
tion recall across stimuli, while controlling for all other anxiety
dimensions.

Together, the results indicate that overall anxiety severity and
generalized anxiety symptom severity were associated with greater
cognitive responses across all stimuli. The severity of panic symptoms,
separation anxiety symptoms, and social anxiety symptoms was not
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associated with cognitive threat responses during extinction recall (see
Fig. 4). After controlling for all other anxiety dimensions, generalized
anxiety symptom severity was still associated with greater cognitive
threat generalization during extinction recall.

3.3. Association between age and threat generalization

As noted, participants’ age was considered as a covariate in all the
above analyses. No main effects or interactions were observed for age in
cognitive and physiological responses during the threat acquisition and
extinction phases (Visit 1). However, during the extinction recall phase
(Visit 2), a two-way interaction of Stimulus x Age emerged, F(4, 444)
=5.70, p < .001, ;71% =.05. Follow-up regression analysis using age to
predict cognitive responses of each stimulus separately (CS-, GS25%,
GS50%, GS75%, CS+) indicated an association between age and
cognitive threat responses of the GS50%, F(1, 111) = 10.22, p =.002,
R? = —.31, but not the other stimuli (CS-, GS25% GS75%, CS+) (see
Fig. 5).

3.4. High versus low symptom severity

To complement the primary analyses using anxiety as a continuous
dimension, we also compared high (above the 80th percentile in the
sample) and low (below the 20th percentile) participants on each anx-
iety dimension. This supplemental analysis determined the presence or
absence of anxiety as two dichotomous groups in line with the cate-
gorical approach to psychopathology. Our main results when we used
anxiety severity as a continuous variable were replicated using high and
low categorical groups. To be specific, all anxiety dimensions were
associated with greater cognitive responses. Moreover, panic symptoms,
but not generalized anxiety, were associated with greater physiological
responses. Finally, generalized anxiety symptoms were associated with
greater threat generalization. For more information, see supplemental
materials (see Fig. S1, S2 and S3 in supplemental materials).

3.5. The effect of symptom severity comorbidity

3.5.1. Cognitive responses: self-reported fear during threat acquisition and
extinction

A Phase (acquisition, extinction) x Stimulus (CS-, CS+) x Comorbid
severity (non- anxious, low comorbidity, high comorbidity) RM-
ANCOVA yielded a significant main effect of comorbid severity, F(2,
122) = 6.34,p = .002, r]ﬁ =.09. Self-reported fear across phases and CSs
increased as a function of symptom severity comorbidity. Follow-up
tests revealed participants in the high comorbidity group reported
greater self-reported fear than both low anxious participants (p = .003)
and participants in the low comorbidity group (p = .035).

3.5.2. Physiological responses: self-reported fear during threat acquisition
and extinction

A Phase (acquisition, extinction) x Stimulus (CS-, CS+) x Comorbid
severity (non- anxious, low comorbidity, high comorbidity) RM-
ANCOVA yielded a significant main effect of comorbid severity, F(2,
117) = 5.74,p = .004, ;13 =.09. SCR across phases and CSs increased as
a function of symptom severity comorbidity. Follow-up tests revealed
participants in the high comorbidity group showed greater SCR only
compared to low anxious participants (p = .003).

3.5.3. Cognitive responses: self-reported threat appraisal during extinction
recall

A Stimulus (CS-, GS25%, GS50%, GS75%, CS+) x Comorbid severity
(non-anxious, low comorbidity, high comorbidity) RM-ANCOVA yielded
a significant main effect of comorbid severity, F(2, 109) = 3.48,
p =.034, ;13 =.06. Self-reported threat appraisal across stimuli

increased as a function of symptom severity comorbidity. Follow-up
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Fig. 5. Bar plot showing the standardized beta coefficients of participants’ age on cognitive threat responses during extinction recall phase. Error bars represent one

standard error. P values represent the effect of age on each stimulus separately.

tests revealed participants in the high comorbidity group reported
greater self-reported threat appraisal only compared to low anxious
participants (p = .034).

Together, the results indicate that anxiety comorbid severity was
associated with greater cognitive and physiological responses, as well as
increased threat generalization, during threat learning (see Fig. S4 in
supplemental materials).

4. Discussion

In a sample of children and adolescents with mixed anxiety symp-
tomatology, we examined the specificity of associations between
symptom severity along different anxiety dimensions and cognitive and
physiological threat responses during threat learning. Three major
findings emerged. First, overall anxiety severity was associated with
greater cognitive and physiological responses to threat and safety cues
during threat acquisition and extinction and also with elevated threat
generalization during extinction recall. Second, all anxiety dimensions
were associated with greater cognitive responses, while panic, separa-
tion anxiety, and social anxiety symptoms, but not generalized anxiety,
were related to heightened physiological responses during threat
acquisition and extinction. Finally, only generalized anxiety symptoms
were associated with greater threat generalization during extinction
recall. Together, these findings suggest that while some threat response
facets are common across anxiety dimensions, other unique associations
exist between threat learning processes and specific features of each
dimension in youth.

Across the whole sample, participants exhibited successful differen-
tial threat acquisition manifested by greater cognitive and physiological
threat responses to the threat cue (CS+) than the safety cue (CS-).
Following extinction, participants showed a decreased response to the
CS+ in both measurements, although the difference between CSs did not
fully diminish. Other studies have also reported partial differential
extinction among youth (Lau et al., 2008; Shechner et al., 2015). This
finding might result from an insufficient number of trials during
extinction learning (i.e., eight trials) (Lonsdorf et al., 2017; Ryan,
Zimmer-Gembeck, Neumann, & Waters, 2019). Alternatively, it could
indicate some degree of impaired extinction learning in this age group.
Recent structural and functional imaging studies have begun to reveal
age differences in threat extinction learning at the neural level (Linton &
Levita, 2021; Morriss et al., 2019). Specifically, age-related changes in
amygdala-mPFC circuitry during adolescence have been hypothesized to
render this age group vulnerable to the emergence and maintenance of
anxiety.

Importantly, overall anxiety severity was associated with greater
cognitive and physiological responses across CSs and phases. These re-
sults are consistent with a recent meta-analysis (Dvir et al., 2019) and a
large clinical youth sample (Abend et al., 2020), indicating comparable
differential threat learning among anxious and non-anxious youth.
These findings suggest excessive responding with more severe anxiety
may reflect biases in cue-based information processing, thus generating
responses to threat that do not depend on threat learning per se.
Therefore, the threat learning paradigm could reflect a context of un-
certain potential threat in which such biases manifest in response to
specific cues, leading to excessive responding in both the cognitive and
physiological domains. We also found anxiety severity was associated
with greater threat generalization to novel ambiguous stimuli. This
elevated threat generalization may be driven by an interpretation bias, a
tendency to misinterpret ambiguous situations, which has been sug-
gested as a vulnerability factor in childhood anxiety disorders (Ginat--
Frolich & Shechner, 2020; Gonzalez et al. 2017; Waters, Wharton,
Zimmer-Gembeck, & Craske, 2008). Our finding is consistent with pre-
vious studies where anxious individuals exhibited greater fear general-
ization, both among adults (Dymond, Dunsmoor, Vervliet, Roche, &
Hermans, 2015; Haddad, Pritchett, Lissek, & Lau, 2012) and among
youth (El-Bar et al., 2017; Klein et al., 2020).

Prior theory and empirical work suggest the excessive expression of
cognitive (e.g., worry) and physiological (e.g., changes in autonomic
arousal) responses to threat are central in anxiety symptoms. Our find-
ings extend previous work by demonstrating specific links between
symptom severity of distinct anxiety dimensions and conditioned
cognitive and physiological threat responses. Specifically, cognitive re-
sponses were enhanced across all anxiety dimensions during threat
acquisition and extinction. However, physiological responses showed
unique patterns across different dimensions. Panic symptom severity,
which encompasses excessive physiological and somatic responses to
threat, was associated with greater physiological response, specifically
to the threat cue (CS+). Generalized anxiety symptom severity, oper-
ationalized as cognitive responses to threat, was not associated with
physiological response magnitude. Separation and social anxiety
symptoms, which were assessed without specificity of response dimen-
sion, were associated with greater general conditioned physiological
responding. These findings begin to uncover specificity in the link be-
tween physiological symptom dimensions of anxiety and excessive
physiological responding to threat, but not safety, in a laboratory
setting. This is in line with previous studies finding panic-disorder pa-
tients experience anxiety reductions in safe situations, such as being at
home, or when using safety behaviors, but not in situations of potential
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threat (Funayama et al., 2013; Salkovskis, Clark, Hackmann, Wells, &
Gelder, 1999). Moreover, we observed the association between panic
symptom severity and elevated SCR for the threat cue but not the safety
cue during both threat acquisition and extinction learning. Thus, par-
ticipants with more severe physiological and somatic symptoms
expressed resistance to extinction, evident in their excessive physio-
logical threat responses. This finding is consistent with prior findings in
adults with panic disorder (Michael, Blechert, Vriends, Margraf, &
Wilhelm, 2007) is suggestive of a specific link between panic symptoms
and deficit in physiological adaptation to a changing environment
among youth.

Importantly, our findings suggest a degree of specificity in the as-
sociations between severity of reported symptoms and threat responses
associated with threat learning. Namely, the severity of cognitive
symptoms, captured by the generalized anxiety subscale, was associated
with the magnitude of subjective fear, whereas the severity of physio-
logical symptoms, captured by the panic subscale, was associated with
the magnitude of SCR (Brown & McNiff, 2009). The lack of association
between severity of generalized anxiety symptoms and physiological
threat responses in our youth sample is in line with a previous study with
adults, where individuals with and without generalized anxiety disorder
exhibited similar SCR levels during threat acquisition (Yassa, Hazlett,
Stark, & Hoehn-Saric, 2012).

Interestingly, only generalized anxiety symptoms, encompassing
primarily cognitive responses to threat, were associated with greater
cognitive threat generalization during extinction recall. Studies of adults
similarly found generalized anxiety disorder patients showed greater
threat generalization than non-anxious controls (Lissek et al., 2014;
Tinoco-Gonzalez et al., 2015). However, in contrast to our results,
another study found greater generalization among adult patients with
panic disorder (Lissek et al., 2010). A possible explanation of the
incongruent findings is that we examined generalization following
threat acquisition and extinction, while this latter study followed threat
acquisition alone (Lissek et al., 2010). Hence, panic symptoms are likely
to be associated with threat generalization, but extinction learning
might diminish this association. In contrast, generalized anxiety symp-
toms are associated with increased threat generalization even following
extinction learning.

In line with other studies, we observed a negative correlation be-
tween age and threat generalization (Klein et al., 2021; Reinhard et al.,
2021; Schiele et al., 2016). Specifically, age was negatively associated
with cognitive threat responses of the ambiguous GS50% but not the
other stimuli (i.e., CS-, GS25%, GS75% and CS+). Age-related differ-
ences in threat response to ambiguous cues could be explained by
various developmental factors, specifically by neural maturation and its
cognitive related functions (Gold et al., 2020; Hein et al., 2018; Morriss
et al.,, 2019; Swartz, Carrasco, Wiggins, Thomason, & Monk, 2014).
Cortical brain regions that mature relatively late in development, such
as the prefrontal cortex (Giedd et al., 2015; Tamnes et al., 2017), may be
essential for inhibiting threat responses to ambiguous cues (Dymond
et al., 2015; Lissek et al., 2014). Taken together, results from this large
sample support previous findings of the effects of anxiety levels and age
on overgeneralization of threat, and they expand those findings by
demonstrating a link between generalized anxiety symptoms and threat
overgeneralization in youth.

Our findings have implications for understanding the specific com-
ponents of threat response, namely physiological and cognitive re-
sponses, as these relate to different facets of anxiety symptomatology
throughout development. Because anxiety emerges early in life, a better
understanding of specific links between aspects of aberrant threat
learning and anxiety dimensions could potentially inform us more pre-
cisely on pathological mechanisms and improve clinical interventions.
For example, youth with prominent physiological symptoms may
benefit more from interventions that include a greater emphasis on
psychophysiological components (e.g., biofeedback, body sensations,
etc.) than youth affected primarily by cognitive symptoms such as
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excessive worry. Moreover, interventions targeting threat generalization
could be more relevant for youth with predominantly cognitive symp-
toms than youth suffering from other anxiety symptoms. These examples
are consistent with a transdiagnostic approach to psychotherapy,
conceptualizing impairments along multiple diagnostic dimensions as
related constructs, and providing a core set of treatment skills to address
these dimensions (Garcia-Escalera et al., 2020; Marchette & Weisz,
2017). Clinical research provides preliminary support for the notion that
transdiagnostic protocols for youth are at least as efficacious in treating
anxiety as traditional anxiety-specific treatment protocols and may even
produce greater gains in treatment response at follow-up (Kennedy,
Bilek, & Ehrenreich-May, 2019).

An important caveat for the interpretation of our results is that youth
in our sample reported high levels of symptoms in more than one anxiety
dimension. A large multi-site study similarly found pediatric anxiety
symptoms manifested along multiple, correlated domains (Abend et al.,
2021). While this complicates the identification of unique associations
between anxiety dimensions and threat learning processes, comorbid
symptomatology is in line with typical symptom presentation and ac-
cords with recent conceptualizations of psychopathology (HiTOP; Kotov
et al.,, 2017). Our results add to the literature by showing greater co-
morbidity, i.e., more severe anxiety along multiple dimensions, is
associated with greater cognitive and physiological threat responses.
Hence, greater comorbidity appears to manifest as a general amplifier of
threat response.

Other limitations of the study should be noted as well. First, the
sample’s age range was relatively large (7-17 years). This could have
resulted in participants at different biological and psychological devel-
opmental stages being included in a single group. Yet this age range
allowed us to examine age effects on threat learning and its general-
ization. Second, due to technical limitations, we did not record psy-
chophysiology measures during extinction recall; future work could
benefit from recording both cognitive and physiological threat responses
throughout the study. Finally, the participant sample consisted of
community members with a wide range of anxiety severity. Future
studies should extend this work to patient populations and examine the
extent to which these findings generalize to pathological anxiety.

To the best of our knowledge, this study is the first to examine links
between different facets of anxiety symptomatology and conditioned
cognitive and physiological responses to threat in a large sample of
youth. We provide preliminary support for links between symptom
expression along different dimensions of anxiety and excessive threat
responses, as indicated by emotion-related cognitive biases and physi-
ological arousal. These processes offer glimpses of perturbations in in-
formation processing more broadly and their subsequent impact on
normative and pathological developmental trajectories. Our findings
could set the stage for future studies examining specific effects of anxiety
symptoms on such biases and identifying potential targets for early in-
terventions among children and adolescents.

Funding

This research was supported by a grant from the Israeli Science
Foundation, Israel (ISF-920/19) and by a NARSAD Young Investigator
Grant from the Brain & Behavior Research Foundation, US (to R.
Abend). Zohar Klein is grateful to Azrieli Foundation, Israel” for the
award of an Azrieli Fellowship.
Declarations of interest

None.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.biopsycho.2022.108314.


https://doi.org/10.1016/j.biopsycho.2022.108314

Z. Klein et al.
References

Abend, R., Bajaj, M. A., Coppersmith, D. D., Kircanski, K., Haller, S. P., Cardinale, E. M.,
& Pine, D. S. (2021). A computational network perspective on pediatric anxiety
symptoms. Psychological Medicine, 51(10), 1752-1762.

Abend, R., Gold, A. L., Britton, J. C., Michalska, K. J., Shechner, T., Sachs, J. F., &
Pine, D. S. (2020). Anticipatory threat responding: Associations with anxiety,
development, and brain structure. Biological Psychiatry, 87(10), 916-925.

American Psychiatric Association (2013). Diagnostic and statistical manual of mental
disorders (5th ed.). Arlington, VA: American Psychiatric Association.

Beesdo, K., Knappe, S., & Pine, D. S. (2009). Anxiety and anxiety disorders in children
and adolescents: Developmental issues and implications for DSM-V. Psychiatric
Clinics, 32(3), 483-524.

Behrens, B., Swetlitz, C., Pine, D. S., & Pagliaccio, D. (2019). The screen for child anxiety
related emotional disorders (SCARED): Informant discrepancy, measurement
invariance, and test-retest reliability. Child Psychiatry & Human Development, 50(3),
473-482.

Birmabher, B., Brent, D. A., Chiappetta, L., Bridge, J., Monga, S., & Baugher, M. (1999).
Psychometric properties of the Screen for Child Anxiety Related Emotional Disorders
(SCARED): A replication study. Journal of the American Academy of Child & Adolescent
Psychiatry, 38(10), 1230-1236.

Birmaher, B., Khetarpal, S., Brent, D., Cully, M., Balach, L., Kaufman, J., & Neer, S. M.
(1997). The screen for child anxiety related emotional disorders (SCARED): Scale
construction and psychometric characteristics. Journal of the American Academy of
Child & Adolescent Psychiatry, 36(4), 545-553.

Brown, T. A., & McNiff, J. (2009). Specificity of autonomic arousal to DSM-IV panic
disorder and posttraumatic stress disorder. Behaviour Research and Therapy, 47(6),
487-493.

Casey, B. J., Glatt, C. E., & Lee, F. S. (2015). Treating the developing versus developed
brain: Translating preclinical mouse and human studies. Neuron, 86(6), 1358-1368.

Chronis-Tuscano, A., Danko, C. M., Rubin, K. H., Coplan, R. J., & Novick, D. R. (2018).
Future directions for research on early intervention for young children at risk for
social anxiety. Journal of Clinical Child & Adolescent Psychology, 47(4), 655-667.

Cooper, S. E., Grillon, C., & Lissek, S. (2018). Impaired discriminative fear conditioning
during later training trials differentiates generalized anxiety disorder, but not panic
disorder, from healthy control participants. Comprehensive Psychiatry, 85, 84-93.

Craske, M. G., Hermans, D., & Vervliet, B. (2018). State-of-the-art and future directions
for extinction as a translational model for fear and anxiety. Philosophical Transactions
of the Royal Society B: Biological Sciences, 373(1742), 20170025.

Craske, M. G., Waters, A. M., Bergman, R. L., Naliboff, B., Lipp, O. V., Negoro, H., &
Ornitz, E. M. (2008). Is aversive learning a marker of risk for anxiety disorders in
children? Behaviour Research and Therapy, 46(8), 954-967.

Duits, P., Cath, D. C,, Lissek, S., Hox, J. J., Hamm, A. O., Engelhard, I. M., & Baas, J. M.
(2015). Updated meta-analysis of classical fear conditioning in the anxiety disorders.
Depression and Anxiety, 32(4), 239-253.

Dvir, M., Horovitz, O., Aderka, 1. M., & Shechner, T. (2019). Fear conditioning and
extinction in anxious and non-anxious youth: A meta-analysis. Behaviour research and
therapy, 120, Article 103431.

Dymond, S., Dunsmoor, J. E., Vervliet, B., Roche, B., & Hermans, D. (2015). Fear
generalization in humans: Systematic review and implications for anxiety disorder
research. Behavior therapy, 46(5), 561-582.

El-Bar, N., Laufer, O., Yoran-Hegesh, R., & Paz, R. (2017). Over-generalization in youth
with anxiety disorders. Social neuroscience, 12(1), 76-85.

Funayama, T., Furukawa, T. A., Nakano, Y., Noda, Y., Ogawa, S., Watanabe, N., &
Noguchi, Y. (2013). In-situation safety behaviors among patients with panic
disorder: Descriptive and correlational study. Psychiatry and clinical neurosciences, 67
(5), 332-339.

Ganella, D. E., Drummond, K. D., Ganella, E. P., Whittle, S., & Kim, J. H. (2018).
Extinction of conditioned fear in adolescents and adults: A human fMRI study.
Frontiers in human neuroscience, 647.

Garcia-Escalera, J., Valiente, R. M., Sandin, B., Ehrenreich-May, J., Prieto, A., &
Chorot, P. (2020). The unified protocol for transdiagnostic treatment of emotional
disorders in adolescents (UP-A) adapted as a school-based anxiety and depression
prevention program: An initial cluster randomized wait-list-controlled trial. Behavior
therapy, 51(3), 461-473.

Giedd, J. N., Raznahan, A., Alexander-Bloch, A., Schmitt, E., Gogtay, N., & Rapoport, J. L.
(2015). Child psychiatry branch of the National Institute of Mental Health
longitudinal structural magnetic resonance imaging study of human brain
development. Neuropsychopharmacology, 40(1), 43-49.

Ginat-Frolich, R., Gendler, T., Marzan, D., Tsuk, Y., & Shechner, T. (2019). Reducing fear
overgeneralization in children using a novel perceptual discrimination task.
Behaviour Research and Therapy, 116, 131-139.

Ginat-Frolich, R., Klein, Z., Katz, O., & Shechner, T. (2017). A novel perceptual
discrimination training task: Reducing fear overgeneralization in the context of fear
learning. Behaviour Research and Therapy, 93, 29-37.

Ginat-Frolich, R., & Shechner, T. (2020). Cognitive biases across development: A detailed
examination of research in fear learning. In Cognitive Biases in Health and
Psychiatric Disorders (pp. 243-260). Academic Press.

Gold, A. L., Abend, R., Britton, J. C., Behrens, B., Farber, M., Ronkin, E., & Pine, D. S.
(2020). Age differences in the neural correlates of anxiety disorders: an fMRI study
of response to learned threat. American Journal of Psychiatry, 177(5), 454-463.

Gonzalez, A., Rozenman, M., Langley, A. K., Kendall, P. C., Ginsburg, G. S., Compton, S.,
& 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. In Child & youth care forum (Vol. 46, pp.
395-412). Springer US.

10

Biological Psychology 170 (2022) 108314

Haddad, A. D., Pritchett, D., Lissek, S., & Lau, J. Y. (2012). Trait anxiety and fear
responses to safety cues: Stimulus generalization or sensitization? Journal of
Psychopathology and Behavioral Assessment, 34(3), 323-331.

Hale, W. W., 3rd, Crocetti, E., Raaijmakers, Q. A., & Meeus, W. H. (2011). A meta-
analysis of the cross-cultural psychometric properties of the Screen for Child Anxiety
Related Emotional Disorders (SCARED). Journal of Child Psychology and Psychiatry,
52(1), 80-90.

Hale, W. W., 3rd, Raaijmakers, Q. A., Muris, P., & Meeus, W. H. (2008). Developmental
trajectories of adolescent anxiety disorder symptoms: A 5-year prospective
community study. Journal of the American Academy of Child & Adolescent Psychiatry,
47(5), 556-564.

Hein, T. C., Mattson, W. L., Dotterer, H. L., Mitchell, C., Lopez-Duran, N.,

Thomason, M. E., & Monk, C. S. (2018). Amygdala habituation and uncinate
fasciculus connectivity in adolescence: A multi-modal approach. Neurolmage, 183,
617-626.

Hermann, C., Ziegler, S., Birbaumer, N., & Flor, H. (2002). Psychophysiological and
subjective indicators of aversive pavlovian conditioning in generalized social phobia.
Biological Psychiatry, 52(4), 328-337.

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., & Wang, P. (2010).
Research domain criteria (RDoC): toward a new classification framework for
research on mental disorders. American Journal of Psychiatry, 167(7), 748-751.

Kennedy, S. M., Bilek, E. L., & Ehrenreich-May, J. (2019). A randomized controlled pilot
trial of the unified protocol for transdiagnostic treatment of emotional disorders in
children. Behavior Modification, 43(3), 330-360.

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E.
(2005). Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in
the National Comorbidity Survey Replication. Archives of General Psychiatry, 62(6),
593-602.

Klein, Z., Berger, S., Vervliet, B., & Shechner, T. (2021). Fear learning, avoidance, and
generalization are more context-dependent for adults than adolescents. Behaviour
Research and Therapy, 147, Article 103993.

Klein, Z., Shner, G., Ginat-Frolich, R., Vervliet, B., & Shechner, T. (2020). The effects of
age and trait anxiety on avoidance learning and its generalization. Behaviour
Research and Therapy, 129, Article 103611.

Kotov, R., Krueger, R. F., Watson, D., Achenbach, T. M., Althoff, R. R., Bagby, R. M., &
Zimmerman, M. (2017). The Hierarchical Taxonomy of Psychopathology (HiTOP): A
dimensional alternative to traditional nosologies. Journal of Abnormal Psychology,
126(4), 454.

Kuhn, M., Gerlicher, A., & Lonsdorf, T.B. (2021). Navigating the manifold of skin
conductance response quantification approaches. PsyArXiv.

Lau, J. Y., Lissek, S., Nelson, E. E., Lee, Y., Roberson-Nay, R., Poeth, K., & Pine, D. S.
(2008). Fear conditioning in adolescents with anxiety disorders: Results from a novel
experimental paradigm. Journal of the American Academy of Child & Adolescent
Psychiatry, 47(1), 94-102.

LeDoux, J.E., & Pine, D.S. (2016). Using neuroscience to help understand fear and
anxiety: a two-system framework. American journal of psychiatry.

Linton, S. R., & Levita, L. (2021). Potentiated perceptual neural responses to learned
threat during Pavlovian fear acquisition and extinction in adolescents. Developmental
Science, 24(5), Article e13107.

Lissek, S., Kaczkurkin, A. N., Rabin, S., Geraci, M., Pine, D. S., & Grillon, C. (2014).
Generalized anxiety disorder is associated with overgeneralization of classically
conditioned fear. Biological Psychiatry, 75(11), 909-915.

Lissek, S., Levenson, J., Biggs, A. L., Johnson, L. L., Ameli, R., Pine, D. S., & Grillon, C.
(2008). Elevated fear conditioning to socially relevant unconditioned stimuli in
social anxiety disorder. American Journal of Psychiatry, 165(1), 124-132.

Lissek, S., Powers, A. S., McClure, E. B., Phelps, E. A., Woldehawariat, G., Grillon, C., &
Pine, D. S. (2005). Classical fear conditioning in the anxiety disorders: a meta-
analysis. Behaviour Research and Therapy, 43(11), 1391-1424.

Lissek, S., Rabin, S., Heller, R. E., Lukenbaugh, D., Geraci, M., Pine, D. S., & Grillon, C.
(2010). Overgeneralization of conditioned fear as a pathogenic marker of panic
disorder. American Journal of Psychiatry, 167(1), 47-55.

Lissek, S., Rabin, S. J., McDowell, D. J., Dvir, S., Bradford, D. E., Geraci, M., & Grillon, C.
(2009). Impaired discriminative fear-conditioning resulting from elevated fear
responding to learned safety cues among individuals with panic disorder. Behaviour
Research and Therapy, 47(2), 111-118.

Lonsdorf, T. B., Klingelhofer-Jens, M., Andreatta, M., Beckers, T., Chalkia, A.,
Gerlicher, A., & Merz, C. J. (2019). Navigating the garden of forking paths for data
exclusions in fear conditioning research. Elife, 8, Article e52465.

Lonsdorf, T. B., Menz, M. M., Andreatta, M., Fullana, M. A., Golkar, A., Haaker, J., &
Merz, C. J. (2017). Don’t fear ‘fear conditioning’: Methodological considerations for
the design and analysis of studies on human fear acquisition, extinction, and return
of fear. Neuroscience & Biobehavioral Reviews, 77, 247-285.

Marchette, L. K., & Weisz, J. R. (2017). Practitioner Review: Empirical evolution of youth
psychotherapy toward transdiagnostic approaches. Journal of Child Psychology and
Psychiatry, 58(9), 970-984.

Michael, T., Blechert, J., Vriends, N., Margraf, J., & Wilhelm, F. H. (2007). Fear
conditioning in panic disorder: Enhanced resistance to extinction. Journal of
abnormal psychology, 116(3), 612.

Morriss, J., Christakou, A., & Van Reekum, C. M. (2019). Multimodal evidence for
delayed threat extinction learning in adolescence and young adulthood. Scientific
Reports, 9(1), 1-10.

Neueder, D., Andreatta, M., & Pauli, P. (2019). Contextual fear conditioning and fear
generalization in individuals with panic attacks. Frontiers in behavioral neuroscience,
13, 152.


http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref1
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref1
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref1
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref2
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref2
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref2
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref3
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref3
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref3
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref4
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref4
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref4
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref4
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref5
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref5
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref5
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref5
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref6
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref6
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref6
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref6
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref7
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref7
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref7
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref8
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref8
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref9
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref9
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref9
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref10
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref10
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref10
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref11
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref11
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref11
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref12
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref12
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref12
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref13
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref13
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref13
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref14
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref14
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref14
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref15
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref15
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref15
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref16
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref16
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref17
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref17
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref17
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref17
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref18
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref18
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref18
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref19
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref19
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref19
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref19
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref19
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref20
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref20
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref20
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref20
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref21
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref21
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref21
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref22
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref22
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref22
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref23
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref23
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref23
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref24
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref24
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref24
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref24
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref24
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref25
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref25
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref25
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref26
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref26
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref26
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref26
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref27
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref27
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref27
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref27
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref28
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref28
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref28
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref28
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref29
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref29
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref29
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref30
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref30
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref30
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref31
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref31
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref31
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref32
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref32
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref32
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref32
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref33
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref33
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref33
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref34
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref34
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref34
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref35
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref35
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref35
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref35
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref36
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref36
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref36
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref36
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref37
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref37
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref37
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref38
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref38
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref38
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref39
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref39
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref39
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref40
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref40
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref40
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref41
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref41
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref41
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref42
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref42
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref42
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref42
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref43
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref43
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref43
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref44
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref44
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref44
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref44
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref45
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref45
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref45
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref46
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref46
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref46
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref47
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref47
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref47
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref48
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref48
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref48

Z. Klein et al.

Olatunji, B. O., Broman-Fulks, J. J., Bergman, S. M., Green, B. A., & Zlomke, K. R. (2010).
A taxometric investigation of the latent structure of worry: Dimensionality and
associations with depression, anxiety, and stress. Behavior Therapy, 41(2), 212-228.

Pattwell, S. S., Duhoux, S., Hartley, C. A., Johnson, D. C., Jing, D., Elliott, M. D., &
Lee, F. S. (2012). Altered fear learning across development in both mouse and
human. Proceedings of the National Academy of Sciences of the United States of America,
109(40), 16318-16323.

Pine, D. S. (2007). Research review: A neuroscience framework for pediatric anxiety
disorders. Journal of Child Psychology and Psychiatry, 48(7), 631-648.

Pittig, A., Treanor, M., LeBeau, R. T., & Craske, M. G. (2018). The role of associative fear
and avoidance learning in anxiety disorders: Gaps and directions for future research.
Neuroscience & Biobehavioral Reviews, 88, 117-140.

Reinhard, J., Slyschak, A., Schiele, M. A., Andreatta, M., Kneer, K., Reif, A., &
Romanos, M. (2021). Fear conditioning and stimulus generalization in association
with age in children and adolescents. European Child & Adolescent Psychiatry, 1-10.

Ryan, K. M., Zimmer-Gembeck, M. J., Neumann, D. L., & Waters, A. M. (2019). The need
for standards in the design of differential fear conditioning and extinction
experiments in youth: A systematic review and recommendations for research on
anxiety. Behaviour Research and Therapy, 112, 42-62.

Salkovskis, P. M., Clark, D. M., Hackmann, A., Wells, A., & Gelder, M. G. (1999). An
experimental investigation of the role of safety-seeking behaviours in the
maintenance of panic disorder with agoraphobia. Behaviour Research and Therapy, 37
(6), 559-574.

Schiele, M. A., Reinhard, J., Reif, A., Domschke, K., Romanos, M., Deckert, J., & Pauli, P.
(2016). Developmental aspects of fear: Comparing the acquisition and generalization
of conditioned fear in children and adults. Developmental Psychobiology, 58(4),
471-481.

11

Biological Psychology 170 (2022) 108314

Shechner, T., Britton, J. C., Ronkin, E. G., Jarcho, J. M., Mash, J. A., Michalska, K. J., &
Pine, D. S. (2015). Fear conditioning and extinction in anxious and nonanxious
youth and adults: Examining a novel developmentally appropriate fear-conditioning
task. Depression and Anxiety, 32(4), 277-288.

Shechner, T., Hong, M., Britton, J. C., Pine, D. S., & Fox, N. A. (2014). Fear conditioning
and extinction across development: Evidence from human studies and animal
models. Biological Psychology, 100, 1-12.

Swartz, J. R., Carrasco, M., Wiggins, J. L., Thomason, M. E., & Monk, C. S. (2014). Age-
related changes in the structure and function of prefrontal cortex-amygdala circuitry
in children and adolescents: A multi-modal imaging approach. Neuroimage, 86,
212-220.

Tamnes, C. K., Herting, M. M., Goddings, A. L., Meuwese, R., Blakemore, S. J.,

Dahl, R. E., & Mills, K. L. (2017). Development of the cerebral cortex across
adolescence: A multisample study of inter-related longitudinal changes in cortical
volume, surface area, and thickness. Journal of Neuroscience, 37(12), 3402-3412.

Tinoco-Gonzalez, D., Fullana, M. A., Torrents-Rodas, D., Bonillo, A., Vervliet, B.,
Blasco, M. J., & Torrubia, R. (2015). Conditioned fear acquisition and generalization
in generalized anxiety disorder. Behavior Therapy, 46(5), 627-639.

Treanor, M., Rosenberg, B. M., & Craske, M. G. (2021). Pavlovian learning processes in
pediatric anxiety disorders: A critical review. Biological Psychiatry, 89(7), 690-696.

Waters, A. M., Wharton, T. A., Zimmer-Gembeck, M. J., & Craske, M. G. (2008). Threat-
based cognitive biases in anxious children: Comparison with non-anxious children
before and after cognitive behavioural treatment. Behaviour Research and Therapy, 46
(3), 358-374.

Yassa, M. A., Hazlett, R. L., Stark, C. E., & Hoehn-Saric, R. (2012). Functional MRI of the
amygdala and bed nucleus of the stria terminalis during conditions of uncertainty in
generalized anxiety disorder. Journal of Psychiatric Research, 46(8), 1045-1052.


http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref49
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref49
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref49
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref50
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref50
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref50
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref50
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref51
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref51
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref52
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref52
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref52
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref53
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref53
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref53
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref54
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref54
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref54
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref54
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref55
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref55
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref55
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref55
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref56
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref56
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref56
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref56
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref57
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref57
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref57
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref57
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref58
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref58
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref58
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref59
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref59
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref59
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref59
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref60
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref60
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref60
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref60
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref61
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref61
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref61
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref62
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref62
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref63
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref63
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref63
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref63
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref64
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref64
http://refhub.elsevier.com/S0301-0511(22)00056-4/sbref64

	Unique associations between conditioned cognitive and physiological threat responses and facets of anxiety symptomatology i ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Procedure
	2.3 Instruments and measurements
	2.3.1 Anxiety severity
	2.3.2 Experimental tasks
	2.3.2.1 Visit 1: threat acquisition and extinction
	2.3.2.2 Visit 2: extinction recall and generalization

	2.3.3 Psychophysiology

	2.4 Statistical analysis

	3 Results
	3.1 Threat acquisition and extinction (visit 1)
	3.1.1 Cognitive responses: self-reported fear
	3.1.1.1 Overall anxiety severity
	3.1.1.2 Panic symptom severity
	3.1.1.3 Generalized anxiety symptom severity
	3.1.1.4 Separation anxiety symptom severity
	3.1.1.5 Social anxiety symptom severity
	3.1.1.6 All anxiety dimensions as covariates

	3.1.2 Physiological responses: skin conductance response (SCR)
	3.1.2.1 Overall anxiety severity
	3.1.2.2 Panic symptom severity
	3.1.2.3 Generalized anxiety symptom severity
	3.1.2.4 Separation anxiety symptom severity
	3.1.2.5 Social anxiety symptom severity
	3.1.2.6 All anxiety dimensions as covariates


	3.2 Extinction recall and generalization (visit 2)
	3.2.1 Cognitive responses: self-reported threat appraisal
	3.2.2 Overall anxiety severity
	3.2.3 Panic symptom severity
	3.2.4 Generalized anxiety symptom severity
	3.2.5 Separation anxiety symptom severity
	3.2.6 Social anxiety symptom severity
	3.2.7 All anxiety dimensions as covariates

	3.3 Association between age and threat generalization
	3.4 High versus low symptom severity
	3.5 The effect of symptom severity comorbidity
	3.5.1 Cognitive responses: self-reported fear during threat acquisition and extinction
	3.5.2 Physiological responses: self-reported fear during threat acquisition and extinction
	3.5.3 Cognitive responses: self-reported threat appraisal during extinction recall


	4 Discussion
	Funding
	Declarations of interest
	Appendix A Supporting information
	References


