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Abstract
A putative biomarker of anxiety risk, the startle response is typically enhanced by
negative compared to neutral emotion modulation in adults, but remains understudied in children. To determine the extent to which neutral, negative, and positively
valenced emotional conditions modulate startle response in early life, a child-friendly
film paradigm was used to vary emotion across these conditions during startle induction in sixty-four 4- to 7-year-old children. Association of emotion-modulated startle
with parent-reported anxiety symptom severity and child behavioral inhibition, a risk
factor for anxiety problems, were assessed. Analyses revealed no difference in startle
magnitude during negative compared to neutral film clips. By contrast, startle during
both negative and neutral conditions was greater than startle during the positive condition. Larger startle magnitude during the neutral condition associated with higher
levels of child behavioral inhibition (BI). These results are consistent with possible
immaturity of startle response in young children, and suggest that startle amplitude
in more emotionally ambiguous, neutral conditions could serve as an early biomarker
for anxiety risk.
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I NTRO D U C TI O N

Larger startle reflexes are elicited in fear-inducing, aversive contexts (e.g. angry face, violent scene) relative to positive (e.g. happy

The startle reflex, a defensive reaction in animals and humans, is

face, happy scene) or neutral (e.g. neutral face, neutral scene) con-

measured by recording the magnitude of orbicularis oculi muscle

texts in healthy adults (Cuthbert et al., 1996; Grillon, 2002) and ad-

contraction in response to sudden aversive stimulation (e.g. electric

olescents (Grillon et al., 1998, 1999); however, this phenomenon,

shock, white noise burst). It is mediated by well-established neural

known as fear-potentiated startle, may be disrupted by clinically sig-

circuitry underlying fear processing and captures individual differ-

nificant anxiety. Higher levels of anxiety associate with larger startle

ences in the excitability of the amygdala, a region of the brain im-

during both threatening and neutral relative to positive conditions

plicated in anxiety (Davis, 2006). In adults and adolescents, larger

(Grillon et al., 1994; Morgan et al., 1995). In clinically anxious adults,

startle magnitude associates with heightened threat aversion and

selective failure to inhibit startle response during neutral conditions

negative emotional state and has been suggested as a biomarker of

has been observed (Grillon, 2002; Lissek et al., 2006)—a finding

fear disorders (Vaidyanathan et al., 2012), but less is known about

that may reflect heightened threat reactivity that is only inhibited

startle in young children.

by overtly positive cues (Davis et al., 2010) or disturbances in fear
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trials.
broadband white noise bursts (50 ms duration) presented binaurally
shown to prospectively
predict
onset
anxiety
psychopa- Thisenhanced
ERN
(i.e., greater
sensitivity
to errors).
Drawing
on premethod of
quantifying
startle
magnitude
was used
to account
at intermittent
times throughout
eachthe
video
clip.of
Prior
to beginning
thology
in
school-age
children
(Meyer,
Proudfit,
Torpey-Newman,
liminary
studies
suggesting
anxiety
and
ERN
relations
could
be
qualfor observed wide individual variation in absolute blink magnitude
the experiment, probes were presented on 3 occasions during a neuKujawa,
&
Klein,
2015),
adolescents
(Meyer,
Nelson,
Perlman,
ified
by
psychiatric
comorbidity
(Stieben
et
al.,
2007),
we
predicted
(e.g. disproportionately large blinks) that is unrelated to experimentral film clip with a nature scene for startle habituation. During the

Klein, &probes
Kotov,were
2018),
and adultsrandomly
(Tang et (7–
al.,12
2020),
to identify
that youth with
co-occurring
anxiety symptoms and externalizing
tal phenomena
(Blumenthal
et al., 2005).
paradigm,
administered
s intervals,
3
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the positive
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in contrastwith
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tention-deficit hyperactivity
(ADHD;
Angold,
Costello,
to associate
with fear-bas
research in disorder
adult samples.
Startle
response
in the neutral
condition,
&
Erkanli,
1999;
Kendall,
Brady,
&
Verduin,
2001),
and
about
9%
Burkhouse,
Afshar,
& Phan
but not other conditions, was associated with BI, consistent with prior
Included and excluded children did not differ by age, gender, or anxi-

of anxious
youth meet
forthat
oppositional
defiant
disorder
Although
work criteria
suggesting
startle during
a “safety”
context may identify
riskstudies have
ety problems, though the excluded group demonstrated
lower be(ODD;
Kendall
et
al.,
2001).
It
is
well
established
that
childhood
have
also
been
for future anxiety disorders (Craske et al., 2012; Lissek et al., 2006). documente
havioral inhibition (Table S2).

comorbidity
with
significantly
worse
shortandneutral
tomatology
(Pasion & Barb
Lack of
difference
in startle
response
across
and negative
To test the modulation of startle magnitude by affective
condi-is associated
long-term
psychosocial
impairments
(Fraire
&
Ollendick,
2013;
disorders
have
emotions in our child sample may stem from immaturity of neural been linke
tion, a repeated-measures ANOVA compared startle T-scores across

Franco,
Saavedra, mechanism
& Silverman,
2007). Despite
moderate
ERN,
underlying
the startle
response.rates
In adults, blunted
prefrontal
cor-which means
conditions in all subjects with analyzable startle data.
A significant
of
anxiety
and
externalizing
psychopathology
comorbidity,
their
amplitudes,
the latter bein
tical inhibition of amygdala reactivity to threat is believed to impact
effect of condition on startle emerged, Wilkes’ lambda = 0.490,

neurobiological
are in
not
well response
understood,
which
is sig-and nonBernat,
& Patrick, 2007; P
variation
startle
across
threating
threatening
F(2,62) = 32.24, p <0.001, ηp2 = 0.51. Post hoc Bonferronicorrected origins
nificant
given
increasing
clinical
research
emphasis
on
under2010).
Blunted
contexts (Vaidyanathan et al., 2009). Given that cortical-amygdala in- ERNs have
paired samples t tests (see Table 1) indicated that startle was larger

standing
the underlying
pathophysiology
ofadolescence
common psychiatric
and disruptive
teractions
develop during
into early adulthood
(Swartz behavior dis
during both neutral and negative conditions compared
to the posidisorders
and
syndromes,
and
identifying
the
extent
to
which
Pedersen,
2013; Meyer &
& Monk, 2014), it is possible that children have less neural capacity
tive condition, ps < 0.001. Startle during the neutral condition was

and subtypes
are modulation
associatedthan
withadults.
similar
orpossibility
unique is consistent
Rostan, Cunillera,
& Rodri
for startle
This
with
not significantly different from the negative condition,disorders
p = 0.63. Age
neurophysiological
characteristics
(Insel
et
al.,
2010;
Shankman
externalizing
symptoms
an
recent work in children 3–7 years old using the same child-friendly
did not interact with the effect of valence on startle magnitude,
& Gorka, 2015).

deficient et
error
film paradigm as in our study (Lo et al., 2015; but see Quevedo
al., responding
Psychophysiological
tools,
such
as
scalp-recorded
electroIt
is
important
to note
2010) and prior research in older, school-aged children (Cook et al.,
Correlational analyses were conducted to examine how BI, anxrecordings
in al.,
response
to environmental
ternalizing
literatures have
1995;
McManis et
1995; Waters
et al., 2005, 2008).
In our samiety, age, and gender may relate to startle responseencephalogram
(see Table 2). (EEG)

F(6,118) = 0.973, p =0.447.

error
monitoring,
have
towith
be useful
in to modulate
symptom/disorder
and ERN
however,
age did
notproven
interact
valence
startle
Partial correlations revealed that after controlling forcues
age of
andthreat
gen- and ple,
identifying
neural
correlates
of
different
forms
of
psychopatholexpected
directional
relatio
response. By sampling across a wider age range, ideally within a londer, larger startle magnitude during the neutral condition related to

ogy across
the lifegitudinal
span (e.g.,
Shankman
& Gorka,
2015).
Over
psychopathology.
For e
design,
future studies
may
be able
to morebid
fully
address
greater BI (Figure 1), r(60) = 0.340, p = 0.007 (startle during
negative
studies
focused
on the factors
error-related
negativitystartle
(ERN),reactivity
that ERN
and anxiety disor
developmental
when examining
and emoand positive conditions was not associated with BI, ps50
> 0.56)
and have
BI

potential
(ERP) component
typically
have
tion processing
in children. Such
workmeasured
should consider
thecomorbid
possibil- depression
positively related to anxiety, r(60) = 0.259, p = 0.042,an
butevent-related
startle (in
at
frontocentral
electrodes
50–100
ms
following
commission
Kotov,
& novel
Proudfit, 2015).
ity that greater sensitivity to the laboratory environment (e.g.
any condition) was not associated with anxiety (ps > 0.56; see Figure
of
an
error
(Olvet
&
Hajcak,
2008;
Weinberg,
Riesel,
&
Hajcak,
that
the
association
betwe
equipment, interactions with unfamiliar lab personnel and parental
S1). Furthermore, startle did not moderate BI-anxiety associations

2012). Source
studies
investigations
employing
ERNunderlying
was less apparent am
separation)
couldand
differentially
influence
neural systems
(ps > 0.10). Neither age nor gender related to startle magnitude
(any localization
EEG
and
functional
magnetic
resonance
imaging
(fMRI;
Debener
problems.
startle response in younger compared to older children and adults.
condition), BI or anxiety, all ps > 0.26.
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et al., 2005; FitzgeraldWhile
et al.,negative
2005; Mathalon,
Whitfield,
& were
Ford, not found
Despite
the high preval
and neutral
conditions
to differ2003) have identified
the
anterior
cingulate
cortex
(ACC)
as
the
2009;
Copeland
entially modulate startle in our sample, larger startle during negative et al., 201

region of the brainand
thatneutral
generates
theto
ERN.
The conditions
ACC is thewas
pri- observed.
nalizing
problems
in childh
relative
positive
This
patmary brain mechanism
involved
in
online
monitoring
for
conflict
Kendall
et
al.,
2010;
Verdu
tern has been previously demonstrated in clinically anxious adults,

DISCUSSION

between
active but
streams
of in- of neutral
ternalizing
comorbidity pat
and suggested
to incompatible
reflect increased
perception
stimuli
Startle response magnitude in three emotionally valenced
filmsimultaneously
clip
formation
(Shiels
&
Hawk,
2010).
Greater
ERN
amplitudes
are
tested.
Research
as threatening (Lissek et al., 2006; Miers et al., 2008; Peschard & that exam
conditions was examined in a sample of children 4 to 7 years old.
to reflect
processes
ofYoon
heightened
conflict
tentialcapacity
to resolve some of
Philippot,
2017;
& Zinbarg,
2008). monitorIn theory, immature
Children demonstrated larger startle in both neutraltheorized
and negative
ing (Yeung, Botvinick, & Cohen, 2004), and sensitivity to threat

pediatric literature, increase

Condition

(Weinberg et al., 2016) and punishment (Shackman et al., 2011;
correlates of anxiety como
TA B L E 1 Descriptive statistics and
Descriptive statistics
Zambrano-Vazquez, & Allen, 2014). Research has indicated that
sources of impairment tha
post hoc pairwise comparisons of startle
the ERN represents a trait-like neural response
to errors,
as it
Accordingly, the primary aim
magnitude
by condition

Neutral

52.09

Negative

51.79

Positive

47.94

Mean

SD

Range

3.48

41.82–58.38

demonstrates strong test-retest reliability and rank-order stabil-

of the first to investigate

ity. Furthermore, ERN amplitudes appear to be multiply deter-

anxious subtypes as define

3.28
45.21–61.17
mined
by genetic and environmental
influences (Weinberg, Klein,
2.86 et al., 2012).
& Hajcak

Pairwise comparisons
Condition

Mean diff.

SE

Neutral vs. positive

4.15

0.575

Negative vs. positive

3.85

0.604

Neutral vs. negative

0.30

0.634

41.60–56.70

externalizing problems in a

as those without lifetime hi

Research has shown that the ERN is a neural correlate of

included in order to exam

psychopathology, particularly anxiety disorders. Specifically,

tions dimensionally. The ov

enhanced (i.e., more negative) ERN in anxious individuals is fre-

and healthy controls (ages

quently observed, and has been consistently replicated in both

study of the treatment of p

95% CI (LL, UL)
2.74, 5.57

t-test

df

7.21***

63

2.36,(Hajcak,
5.33
6.37***
adult
Klawohn,
& Meyer,632019; Weinberg, Dieterich, &

−1.26, 1.86
0.48
63 (Ladouceur, Dahl, Birmaher,
Riesel,
2015) and pediatric
samples

work on ERN in anxiety dis

we hypothesized that youth

Axelson,n &
Ryan,
2006;
Meyer, 2017). Enhanced ERN has been
Note: Table includes all subjects with analyzable startle response,
= 64.
Oneway ANOVA

not have co-occurring ext

is presented in text. Post-hoc pairwise comparisons wereshown
Bonferroni
corrected to consider
to prospectively
predicta the onset of anxiety psychopafamilywise error rate of 0.05. Mean diff = mean difference.
CI
=
confidence
interval.
LL = lower
thology in school-age children
(Meyer, Proudfit, Torpey-Newman,
limit, UL = upper limit. Unit of startle magnitude is the mean of within-subjects t-scores of a
Kujawa, & Klein, 2015), adolescents (Meyer, Nelson, Perlman,
condition relative to all other valid trials in the experiment.

enhanced ERN (i.e., greate

***p <0.001.

Klein, & Kotov, 2018), and adults (Tang et al., 2020), to identify

liminary studies suggesting

ified by psychiatric comorb

that youth with co-occurr
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TA anywhere
B L E 2 Descriptive
correlations
primary
variables
from 15% statistics
to 23% ofand
anxious
youth between
meet criteria
for atindividuals with a family history of anxiety (Riesel et al., 2019), and
tention-deficit hyperactivity
disorder
(ADHD;
Measure
Mean
(SD)
Range Angold, Costello,
t

with fear-based
1 to associate
2
3
4anxiety symptoms
5
6in adults (Gorka,
7

1. Startle (neutral)

52.09 (3.48)

41.82–58.38

0.40

—

2. Startle (positive)

47.94 (2.86)

45.21–61.17

−0.49

−0.05

—

3. Startle (negative)

51.79 (3.28)

41.60–56.70

0.63

−0.13

−0.24†

& Erkanli, 1999; Kendall, Brady, & Verduin, 2001), and about 9%
of anxious youth meet criteria for oppositional defiant disorder
(ODD; Kendall et al., 2001). It is well established that childhood
comorbidity is associated with significantly worse short- and

4. Behavioral inhibition

93.81 (28.73)
43.90–173.57
long-term psychosocial impairments
(Fraire
& Ollendick,−0.54
2013;

Burkhouse, Afshar, & Phan, 2017).

Although studies have been more limited, differences in ERN

have also been documented in individuals with externalizing symp—

tomatology (Pasion & Barbosa, 2019). Externalizing symptoms and

0.32*

0.03
—
disorders−0.05
have been
linked with
error-related hypoactivity or a

5.Franco,
CBCL anxiety
problems
53.46 (5.61)
50.00–73.00
Saavedra,
& Silverman,
2007). Despite
moderate−0.29
rates
6.of
Child
age (years)
5.91psychopathology
(1.11)
3.75–7.92
−0.75
anxiety
and externalizing
comorbidity,
their

†
— rather than negative ERN
0.10
−0.06which−0.08
0.25
blunted ERN,
means more
positive
−0.12
−0.08
−0.09being −0.13
amplitudes,
the latter
observed−0.14
in anxiety— disorders (Hall,

7. neurobiological
Child gender
34F;not
30 M
—
origins are
well understood,
which is —sig-

−0.05
0.08
0.03 2019;
0.10
Bernat, &0.06
Patrick, −0.08
2007; Pasion
& Barbosa,
Shiels &—Hawk,

nificant
given increasing
clinical
research
emphasis
2010).correlations
Blunted ERNs
documented
in youth
Note:
n = 64. Descriptive
statistics
are computed
from
a mean of on
ten underimputed datasets;
and t-have
testsbeen
are derived
from a pooling
of with ADHD
standingStartle
the underlying
pathophysiology
of common
psychiatric
and disruptive
behavior
disorders
(Geburek, Rist,
Gediga,
imputations.
refers to the
mean of within-subjects
t-scores
of a condition relative
to all other
valid trials
in the experiment.
CBCL
anxietyStroux, &
problems
referenced
are T-scores. and
t = independentt teststo
of which
gender differences.
SD 2013;
= standard
deviation.
disorders
and syndromes,
identifyingsamples
the extent
Pedersen,
Meyer
& Klein, 2018; Vilà-Balló, Hdez-Lafuente,

*p <disorders
0.05,
and subtypes are associated with similar or unique
†
p < 0.10.

Rostan, Cunillera, & Rodriguez-Fornells, 2014). This suggests that

neurophysiological characteristics (Insel et al., 2010; Shankman

externalizing symptoms and psychopathology are characterized by

& Gorka, 2015).

deficient error responding and impaired error evaluation.

Psychophysiological tools, such as scalp-recorded electro- interpretation
It is important
to note thatatERN
in the
anxietyetand
bias in individuals
risk findings
for anxiety
(Denefrio
al., exencephalogram (EEG) recordings in response to environmental 2019;
ternalizing
have not been entirely consistent, such that
Grillon &literatures
Baas, 2003).
cues of threat and error monitoring, have proven to be useful in

symptom/disorder
and research,
ERN patterns
do not
always
demonstrate
Consistent with prior
BI and
anxiety
were
positivelythe
identifying neural correlates of different forms of psychopathol- correlated
expected
directional
relationships,
particularly
when
there
is comorin our sample, but the significance of this finding in
the
ogy across the life span (e.g., Shankman & Gorka, 2015). Over context
bid psychopathology.
For
example,
some
adult
studies
have
found
of startle association with BI, but not anxiety, deserves
50 studies have focused on the error-related negativity (ERN), consideration.
that ERN and
anxiety
disorder
associations
when
individuals
Our
work and
others
(Meyer et differ
al., 2017;
Quevedo
an event-related potential (ERP) component typically measured et al.,
have
comorbid
depression
(Weinberg,
Klein,
et
al.,
2012;
Weinberg,
2010) suggests that startle magnitude may not directly
re-

at frontocentral electrodes 50–100 ms following commission lateKotov,
& Proudfit,
2015).
In addition,
Stieben et al.
(2007)
found
to anxiety
symptoms
at young
ages, contrasting
with
studies
of an error (Olvet & Hajcak, 2008; Weinberg, Riesel, & Hajcak, in adults
that the
association
between
externalizing
problems
and
a
blunted
showing direct associations between startle and anxi2012). Source localization studies and investigations employing etyERN
was less
apparent
among
children with
comorbid internalizing
symptoms
when
measured
concurrently
(Vaidyanathan
et al.,
EEG and functional magnetic resonance imaging (fMRI; Debener 2009).
problems.
Rather, in children, larger magnitude startle during a neu-

et al., 2005; Fitzgerald et al., 2005; Mathalon, Whitfield, & Ford, tral baseline
Despitecondition
the high at
prevalence
anxiety
disorders
(Beesdothe
et al.,
age 7 hasofbeen
found
to moderate
2003)
have
identified
the
anterior
cingulate
cortex
(ACC)
as
the
2009;
Copeland
et
al.,
2014)
and
frequent
co-occurrence
of
exterF I G U R E 1 Scatterplot of behavioral inhibition questionnaire
relationship between greater early-life BI and later anxiety sever-

region
of the
that generates
ERN. The ACC is the pri- ity (age
nalizing
problems
in 2015).
childhood
& with
Erkanli,
1999;
(BIQ)
by startle
in brain
the neutral
condition, the
n = 64
9, Barker
et al.,
This (Angold,
finding isCostello,
consistent
other
mary brain mechanism involved in online monitoring for conflict work
Kendall
et
al.,
2010;
Verduin
&
Kendall,
2003),
how
anxiety
and
showing that impaired threat processing when measured exbetween simultaneously active but incompatible streams of in- behaviorally
ternalizing(e.g.
comorbidity
patterns
relate to threat)
ERN profiles
has yetthe
to be
attentionbased towards
moderates

formationbased
(Shiels
& Hawk,
2010).
Greater ERN neutral
amplitudes
tested.
Research
thatBIexamines
relations
could
have
the poof amygdalaneural
networks
for differentiating
from are relation
between
early
and laterthese
anxiety
(Lonigan
et al.,
2004;
theorized
to reflect
of heightened
conflict
tential
to et
resolve
someInofour
thesample,
inconsistencies
observed
in the
negative
conditions
may processes
confer vulnerability
for anxiety
(i.e. monitoranxiPérezEdgar
al., 2011).
startle was
measured
con-ERN
ing
(Yeung,
Botvinick,
&
Cohen,
2004),
and
sensitivity
to
threat
pediatric
literature,
increase
precision
in
our
understanding
of
ety risk) in children, even in the absence of clinically severe anxiety.
currently with BI and anxiety; although startle associated withneural
BI

al., 2016)byand
2011; andcorrelates
of anxiety
comorbidity
subtypes,
elucidate
primary
This(Weinberg
notion is et
supported
ourpunishment
finding that(Shackman
greater BI,etaal.,
wellBI associated
with anxiety,
no effects
of and
startle
on anxiety
Zambrano-Vazquez,
&
Allen,
2014).
Research
has
indicated
that
sources
of
impairment
that
could
have
translational
implications.
documented, early childhood risk marker of later anxiety disorders,
or moderation of BI-anxiety association by startle were observed.
the ERN associated
representswith
a trait-like
neuralin response
to condition.
errors, as it Collectively,
Accordingly,
the primary
of suggest
this preliminary
was to
be one
significantly
larger startle
the neutral
these
findingsaim
may
that, in study
children,
larger
demonstrates
strong
test-retest
and
rank-order
stabil- startle
of the
first to during
investigate
how
ERN responses
could
Alternatively,
children
high
in BI are reliability
likely those
most
susceptible
response
neutral
contexts
could serve
as differentiate
a potenity.
Furthermore,
ERN
amplitudes
appear
to
be
multiply
deteranxious
subtypes
as
defined
by
those
with
and
without
comorbid
to experiencing the lab environment as threatening which, in turn,
tially useful indicator for future anxiety problems, rather than
curmined
by
genetic
and
environmental
influences
(Weinberg,
Klein,
externalizing
problems
in
a
pediatric
sample.
Healthy
youth,
defined
could enhance startle reactivity (i.e. across neutral and negative
rent anxiety symptoms.

& Hajcakleading
et al., 2012).
as
those without
lifetime
ofthe
psychiatric
disorders,
were also
conditions),
to larger startle response unless dampened by
Importantly,
although
wehistories
observed
same effect
of emotional
Research
has
shown
that
the
ERN
is
a
neural
correlate
of
included
in
order
to
examine
psychiatric
symptom
and
ERN
relaovertly positive cues.
film clips on startle magnitude in children (i.e. Neg = Neu > Pos) as
psychopathology,
particularly
anxiety
disorders.
Specifically,
tions
dimensionally.
The
overall
sample
consisted
of
anxious
youth
Prior work shows that children high in BI demonstrate increased
shown previously by Lo et al. (2015), our findings contrast with the
enhanced
(i.e.,
more
ERN in“safety”
anxious
individuals
is fre- adultand
healthy
controls
(ages modulated
7–19 years old)
who
were
recruited
for a
startle
response,
but
only negative)
during a neutral
condition
(Barker
like
pattern
of emotionstartle
(Neg
> Neu
> Pos)
quently
and hasduring
been affectively
consistently
replicated
in both demonstrated
study of theintreatment
of pediatric
anxietyversion
disorders.
Based
prior
et al.,
2014),observed,
and that startle
neutral
conditions
children using
the original
of the
filmon
clip
adult
(Hajcak,
Klawohn,
&
Meyer,
2019;
Weinberg,
Dieterich,
&
work
on
ERN
in
anxiety
disorders
(Meyer,
2017;
Meyer
et
al.,
2013),
predicts future anxiety risk (Craske et al., 2012). Indeed, preschoolparadigm (Quevedo et al., 2010). The reason for the discrepancy

2015)
and
(Ladouceur,
Birmaher,
we hypothesized
that youth
withstartle
greater
anxiety
symptoms
who did
ers Riesel,
who are
fearful
in pediatric
situations samples
that are relatively
low Dahl,
in threat
are
between
studies is unclear.
More
probes
per
valence were
Axelson,
&
Ryan,
2006;
Meyer,
2017).
Enhanced
ERN
has
been
not
have
co-occurring
externalizing
problems
would
demonstrate
likely to develop anxiety by kindergarten (Buss, 2011). More gendelivered in our paradigm, relative to the original, which should have
shown
to prospectively
psychopaenhanced
ERNto(i.e.,
greater
sensitivity
to errors).
Drawing
on preerally,
anxious
individuals of predict
all agesthe
are onset
biasedoftoanxiety
interpret
neuincreased
power
detect
startle
modulation
by emotion
valence.

in more
school-age
children
Proudfit,
Torpey-Newman,
liminary
studies suggesting
anxiety
and ERNdifferences
relations could
bebe
qualtralthology
stimuli in
negative
ways (Meyer,
(Miers et
al., 2008;
Peschard &
Thus,
the possible
effect of subtle
technical
must
Kujawa,
&
Klein,
2015),
adolescents
(Meyer,
Nelson,
Perlman,
ified
by
psychiatric
comorbidity
(Stieben
et
al.,
2007),
we
predicted
Philippot, 2017; Yoon & Zinbarg, 2008). Thus, a “neutral,” “safety,” or
considered. For example, if hardware used in our work accentuated
Klein,
& Kotov,
2018),
and
(Tang
et al., 2020),
identify
youth
with co-occurring
anxiety
symptoms
and that
externalizing
even
baseline
condition
may
notadults
truly be
affectively
neutraltodue
to
thethat
greater
variation
in noise level (e.g.
background
music)
tends
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anywhere
from 15%
toK23%
ofLanxious
youth
meet criteria for atindividuals with a family hi
to accompany negative compared to neutral films (Juslin
& Timmer,
AC
N OW
EDGEM
ENTS
tention-deficit
(ADHD;
Costello, and Faith
to associate
with fear-bas
2010), then differences in startle magnitude between
these condi- hyperactivity
The authorsdisorder
would like
to thankAngold,
Jessica Hruschak
Horbatch

& Erkanli,
Brady,
& Verduin,
2001),
and about
9%
Burkhouse, Afshar, & Phan
tions could have been obscured. This potential confound
reflects1999;
an Kendall,
for their
assistance
with data
collection
and management.
of
anxious
youth
meet
criteria
for
oppositional
defiant
disorder
Although studies have
inherent disadvantage of startle induction via noise burst probes

(ODD;
Kendall et al.,
have also been documente
during any paradigm involving sound (e.g. film audio)
for emotion
C O2001).
N FL I CItTis
S well
O F Iestablished
N T E R E S T that childhood
with
significantly
shortand
tomatology (Pasion & Barb
modulation. Given that other, existing paradigms for comorbidity
emotion mod-is associated
The authors
have
no conflictsworse
of interest
to disclose.
long-term
psychosocial impairments (Fraire & Ollendick, 2013;
ulation involve images (e.g. International Affective Picture
System),
Franco,
Saavedra,
& Silverman,
rates
darkness or threat of shock that may be too aversive to be ethically
AU
T H O R C O2007).
N T R I BDespite
U T I O N moderate
S

disorders have been linke

blunted ERN, which means

of anxiety
and externalizing
amplitudes,
the latter bein
used in the very young (Quevedo et al., 2010), efforts
to generate
All authorspsychopathology
made substantialcomorbidity,
contributionstheir
to conception
and deneurobiological
areacquisition
not well of
understood,
whichand
is sigBernat,of&data;
Patrick, 2007; P
age-appropriate and effective paradigms (e.g. preschoolappropriate origins
sign, or
data, or analysis
interpretation
nificant
given
increasing
clinical
research
emphasis
on
under2010).
Blunted
emotional image sets) for the study of emotion-modulated startle
were involved in drafting the manuscript or revising it critically for ERNs have

standing the underlying
pathophysiology
of common
disruptive
important
intellectual content;
gavepsychiatric
final approval and
of the
version behavior dis
disorders
and
syndromes,
and
identifying
the
extent
to
which
Pedersen,
There are several other important limitations to consider. The
to be published; and, agreed to be accountable for all aspects2013;
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