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Background: Individual differences in specific components of attention contribute to behavioral reac-
tivity and regulation. Children with the temperament of behavioral inhibition (BI) provide a good context
for considering the manner in which certain components of attention shape behavior. Infants and
children characterized as behaviorally inhibited manifest signs of heightened orienting to novelty. The
current study considers whether this attention profile moderates risk for clinical anxiety disorders
among adolescents with a history of BI. Methods: Participants were assessed at multiple time points
for BI, beginning in early childhood. At adolescence, event-related potentials (ERPs) were recorded
during a three-stimulus auditory novelty oddball task, which employed frequent standard and infre-
quent deviant tones as well as a set of complex, novel sounds. Clinical diagnosis was carried out using
the Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime
Version (K-SADS-PL). P3 and mismatch negativity (MMN) components were examined at midline frontal,
central, and parietal electrode sites. Results: Individuals who displayed high levels of BI during
childhood and increased P3 amplitude to novelty in adolescence were more likely to have a history of
anxiety disorders compared to behaviorally inhibited adolescents with lower P3 amplitudes. Groups did
not differ on measures of MMN. Conclusions: Increased neural responses to novelty moderate risk for
anxiety disorders amongst individuals with a history of BI. Keywords: Temperament, anxiety,
adolescence, attention, risk factors. Abbreviations: BI: behavioral inhibition; MMN: mismatch
negativity; ERN: error-related negativity; ERPs: event-related potentials; EEG: electroencephalogram;
EOG: electrooculogram; K-SADS-PL: Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version.

Behavioral inhibition (BI), a well-described temper-
amental disposition identified in early childhood, is
marked by a tendency to withdraw in the face of
novelty, particularly if social in nature (Fox, Hen-
derson, Rubin, Calkins, & Schmidt, 2001b; Kagan,
Reznick, Snidman, Gibbons, & Johnson, 1988).
Behaviorally inhibited children typically avoid nov-
elty and/or withdraw in unfamiliar situations and
are often labeled as ‘shy’ by both adults and peers
(Coplan, Girardi, Findlay, & Frohlick, 2007; Coplan,
Rubin, Fox, & Calkins, 1994). Moreover, infants who
remain high on measures of BI throughout childhood
face particularly high risks for developing an anxiety
disorder later in life (Chronis-Tuscano et al., 2009;
Hirshfeld et al., 1992; Schwartz, Snidman, & Kagan,
1999). Recently, it has been suggested that pertur-
bations in specific components of attention moderate
the association between early BI and later anxiety
disorders such that BI children with an attention
bias to threat or novelty are at increased risk for

developing anxiety disorders (Fox, Hane, & Pine,
2007). This propensity to display increased vigilance
to novelty among behaviorally inhibited children
may prevent effective regulation of emotional
responses to novel situations, and may sustain or
exacerbate social and affective maladjustment (Fox,
Russo, Bowles, & Dutton, 2001a; Fox, Russo, &
Georgiou, 2005).

Mathews and MacLeod (1994) suggest that the
ability to effectively override initial reactive tenden-
cies distinguishes healthy high-trait anxious indi-
viduals from counterparts who manifest anxiety
disorders. An early-appearing temperamental dispo-
sition such as BI may involve perturbations in
attention associated specifically with enhanced nov-
elty detection (Derryberry & Reed, 1994). Indeed,
Kagan (1994) suggested that hypervigilance to nov-
elty in behaviorally inhibited children may lead to
perturbations in attention mechanisms. Two sets of
findings support this possibility. First, associations
between anxiety and attention perturbations are
found for indices of elaborative stimulus processing,
as indexed by amplitude in the P3 component, a
component associated with the orienting response
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(Cycowicz & Friedman, 1998; Friedman, Cycowicz,
& Gaeta, 2001). Studies have shown that individuals
with anxiety display increased P3 amplitude com-
pared to controls (Bruder, 1992; Bruder et al., 2002;
Daruna, Rau, & Strecker, 1991). As well, increasing
state anxiety leads to increased P3 amplitude to novel
stimuli (Grillon & Ameli, 1994). Second, focusing on
earlier components of stimulus processing, Bar-
Haim and colleagues (2003) linked BI in 10-year-olds
to perturbed mismatch negativity (MMN), an electro-
physiological marker of pre-perceptual detection of
stimulus deviance (Näätänen Alho, 1995; Näätänen,
Paavilainen, Tiitinen, Jiang, & Alho, 1993). Marshall
and colleagues (Marshall, Reeb, & Fox, 2009), using a
somewhat different paradigm, demonstrated similar
findings among 9-month-olds selected for charac-
teristics related to BI. In addition, similar findings
have been observed in anxious individuals (Cornwell
et al., 2007; Hogan, Butterfield, Phillips, & Hadwin,
2007; Iwanami, Isono, Okajima, & Kamijima, 1997).
Taken together, these results demonstrate associa-
tions between individual differences in anxious
symptoms and novelty detection at various stages of
cognitive processing.

Despite consistent demonstrations of associations
between enhanced novelty detection and anxious
behavior at various ages, virtually all research in this
area examines cross-sectional associations between
anxiety orBI andattention. Fox and colleagues (2007)
hypothesize that the association between heightened
attention to novelty and BI in relation to anxiety
manifests across development.More specifically, they
suggest that heightened attention to novelty will
moderate the association between early BI and later
anxiety disorders. Using P3 and MMN, two measures
of novelty detection, the current study explores this
hypothesis. We examined whether measures of BI
during toddlerhood and childhood predict attention-
based aspects of novelty processing and whether
thesemeasures of attention differentiate behaviorally
inhibited adolescents with and without lifetime his-
tories of anxiety disorders. We hypothesized that
electrophysiological responses to novel and deviant
stimuli would moderate the association between BI
and clinical anxiety in adolescents.

Methods

Participants

One hundred and nine adolescents participated in the
current study (M = 15.1 years, SD = .97 years, range
13.6 to 16.8 years). The adolescents were recruited
from two cohorts participating in an ongoing longitu-
dinal study of temperament and emotional reactivity
(for details see Calkins, Fox, & Marshall, 1996; Fox
et al., 2001b; Kagan et al., 1988). The original cohorts
consisted of 166 children (81 male) who were selected at
4 months of age based on their reactions to novel
auditory and visual stimuli.

At 14 and 24 months of age, BI was assessed via
responses to novel objects and unfamiliar adults using
standard laboratory procedures (Calkins et al., 1996;
Fox et al., 2001b; Kagan, Reznick, Clarke, Snidman,
& Garcia-Coll, 1984). Behaviors coded include proxi-
mity to the caregiver and latency to approach novel
stimuli. At 48 and 84 months of age, social reticence
was assessed during play with an unfamiliar peer via
coding of unoccupied, on-looking behavior using the
Play Observation Scale (POS; Coplan et al., 1994;
Rubin, 1989). Inter-rater reliability was calculated from
30% of the sample and Cohen’s kappa scores ranged
from .81 to .94.

Participants returned to the laboratory during mid-
adolescence to complete a battery of social, emotional,
and cognitive tasks. A total of 109 adolescents (54 male)
participated in a novelty auditory oddball task. There
were no significant differences between the participants
who completed the ERP task and those who did not on
measures of BI scores, psychopathology, age, gender, or
ethnicity. This study was approved by the University of
Maryland Institutional Review Board. All children and
their parents provided written informed assent/consent
prior to participating in the study.

Novelty auditory oddball task

EEG data were collected while adolescents read a book
or magazine while passively listening to auditory
stimuli. Participants were instructed to ignore the
stimuli. The task consisted of three types of stimuli: 576
standard tones, 72 deviant tones, and 72 unique com-
plex novel sounds. Novel sounds included noises such
as a door closing, dog barking, cork popping, and other
environmental sounds. Stimuli were presented in two
blocks, each containing 228 standard tones, 36 deviant
tones, and 36 novel sounds. The standard tone was a
1000 Hz sine wave presented throughout the experi-
ment. One block contained large deviant tones (800 Hz
sine wave) while the other block contained small devi-
ant tones (950 Hz sine wave). The order of the blocks
was counterbalanced across participants. Each deviant
or novel stimulus was preceded by a sequence of 3, 4, or
5 standard tones, with the deviant tones and novel
sounds being presented in random order. All stimuli
were 150 ms in duration and were presented binaurally
through EAR-3A earphones at 75 dB peak SPL. The
inter-stimulus interval was 450 ms onset-to-onset.
There was a 20-s pause between blocks. The total
duration of stimulus presentation was approximately
6.5 minutes.

ERP collection and scoring

During the novelty auditory oddball task, continuous
EEG data were recorded from 14 scalp sites (F3, F4, F7,
F8, Fz, C3, C4, P3, P4, Pz, O1, O2, T7, T8) and two
mastoid sites (A1 and A2) using a Lycra stretch cap
(Electro-Cap International Inc., Eaton, OH) with sewn-
in tin electrodes according to the 10–20 system of
electrode placement. After cap placement, each elec-
trode site was gently abraded and electrolytic conduct-
ing gel was inserted into the space between the scalp
and the electrode. EEG was referenced to Cz. Afz served
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as the ground electrode. Impedances were considered
acceptable if they were at or below 10 kW.

Prior to the recording of EEG from each participant, a
50 lV 10 Hz signal was input into each of the channels
and the amplified signal was recorded for calibration
purposes. Sampling rate was 512 Hz with bioamplifier
filter settings of .1 Hz (high-pass) and 100 Hz (low-
pass). To monitor participant eye blinks, electrooculo-
gram (EOG) was recorded from two mini-electrodes
placed above and below the left eye. EEG and EOG
signals were amplified by a custom bioamplifier (SA
Instruments, San Diego, CA) by a factor of 5000 and
1000, respectively, and were digitized onto a PC using
an Iotech (Cleveland, OH) Daqbook A/D converter
(±2.5 V input range) and Snap-Master acquisition
software (HEM Data Corporation, Southfield, MI). All
further processing was carried out using the EEG and
ERP Analysis Systems from James Long Company
(Caroga Lake, NY). EEG channels were re-referenced in
software to an average-mastoids reference. Epochs in
which the EEG signal exceeded ± 150 lV were excluded
from analyses while eye movement artifact was re-
gressed. Next, a digital 15 Hz low-pass filter was ap-
plied for the primary analyses. All ERPs were calculated
for each stimulus type using a 100 ms prestimulus
baseline.

In order to quantify the novelty P3, a difference
waveform was computed by subtracting the waveform
elicited by standard tones from the waveform elicited by
novel sounds. Maximal peak amplitude of the P3 was
scored in the 180–280 ms time window based on the
grand average ERP. To quantify the MMN component, a
difference waveform was computed by subtracting the
waveform elicited by standard tones from the waveform
elicited by deviant tones. Peak amplitude of the MMN
was scored as the negative most peak in the difference
waveform in the 100–250 ms time window based on the
grand average ERP. ERP responses at the midline sites
over frontal, central, and parietal scalp regions (Fz, Cz,
and Pz respectively) were used in the analyses.

Schedule for Affective Disorders and Schizophrenia
for School-Age Children – Present and Lifetime
Version (K-SADS-PL)

The K-SADS-PL (Kaufman et al., 1997) is a semi-
structured diagnostic interview designed to assess
current and past episodes of psychopathology in
children and adolescents according the DSM-III-R and
DSM-IV criteria. Probes and objective criteria are pro-
vided to rate individual symptoms. The current study
focused on the lifetime prevalence of anxiety disorders
including separation anxiety disorder, generalized
anxiety disorder, social phobia, specific phobia, post-
traumatic stress disorder, and obsessive-compulsive
disorder. Interviews were conducted by advanced
clinical psychology doctoral students under the close
supervision of a board-certified child and adolescent
psychiatrist and a licensed clinical psychologist, all of
whom were blind to the subject’s BI classification. Final
clinical diagnoses were discussed by the team and
made by expert consensus. Reliability was computed
from audiotapes of 39% of the interviews reviewed by
the two experts (kappa = .92) for anxiety disorders.

Behavioral inhibition profiles

Preliminary analyses investigating the effect of early BI
using either the 14- or the 24-month behavioral
measures alone did not yield significant findings.
Therefore, we constructed temperament profiles over
the course of childhood by including measures of BI in
toddlerhood and social reticence at 48 and 84 months.
Although we have previously reported that stable
maternal report of BI is predictive of later social anxiety
disorders (Chronis-Tuscano et al., 2009), the current
analysis used observed behavior when creating our BI
profiles. We chose behavioral observation as opposed to
maternal report to enhance the independence of mea-
surement methods and eliminate the impact of shared
method variance due to the fact that the psychopa-
thology assessment also included maternal report.

Longitudinal profiles of BI were obtained by per-
forming latent class analysis (LCA) on measures of BI
and social reticence at 14, 24, 48, and 84 months
using Mplus version 4.1 (Muthén & Muthén, 2006).
Models with 2 through 4 profiles were estimated. Best
model fit was assessed using Bayesian information
Criteria (BIC), where the smallest negative number
indicates the best fit. The Lo–Mendell–Rubin Likeli-
hood ratio test (LMRL) was also used to test the sig-
nificance of the )2 Log likelihood difference between
models with k and k-1 profiles (Lo, Mendell, & Rubin,
2001).

Owing to the skewed distribution of the data,
behavioral measures for 14, 24, 48, and 84 months
were individually dichotomized at the median, where 0
denoted a child rated in the lower half of the sample at
a particular time point and 1 denoted a child rated in
the top half of the sample at that same time point.
Model fit (Bayesian information criteria) for the current
sample was )766.12 for one profile, )768.92 for two
profiles, )792.71 for three profiles, and )817.55 for
four profiles. The 2-profile model was selected as the
best fitting model given the low BIC value and signifi-
cant LMRL ratio test. The average posterior probabili-
ties of membership ranged from .78 to .86 across the
two profiles, reflecting a moderately high degree of
confidence in profile assignment. Cases were assigned
to the BI profile for which their posterior probability
was highest. The ‘high’ BI profile (n = 69) displayed
high-average levels of BI at all four time points and
42% of the sample had a higher probability of mem-
bership in this profile than the other profile. The ‘low’
BI profile (n = 97) displayed lower levels of BI at all four
time points and 58% of the sample had a higher
probability of membership in this profile than the other
profile.

In the current study, 43 (20 male) adolescents were in
the high BI group and 66 (34 male) adolescents were in
the low BI group. Twenty-eight (13 male) and 45
(22 male) participants from the high BI and low BI
groups, respectively, did not have anxiety diagnoses.
Fifteen (7 male) adolescents in the high BI group (mean
number of anxiety diagnoses: 1.47, SD = .9) and 21
(12 male) adolescents in the low BI group (mean
number of anxiety diagnoses: 1.33, SD = .58) had a
lifetime diagnosis of anxiety. Of these children, 8
(3 male) in the high BI group and 16 (10 male) in the low
BI group had current anxiety diagnoses.
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Data analysis

Repeated measures ANOVA was used to examine the
interaction between electrode site and BI profiles on P3
and MMN amplitude and latency. Hierarchical
logistic regression analysis was used to examine the
moderating role of attention (i.e., P3 and MMN) in the
relation between BI and anxiety. Sex was entered as a
covariate inbothanalyses.Oneparticipantwas excluded
as a statistical outlier fromanalysis of theP3 component.

Results

ERP morphology

Figure 1 displays waveforms for standard, deviant,
and novel stimuli for high and low BI adolescents
with and without lifetime anxiety diagnosis. P1 and
N1 components were elicited by all stimuli at
approximately 75 ms and 125 ms after stimulus
onset, respectively. P2 and N2 components were only
observed following standard and deviant tones at
approximately 150 and 200 ms after stimulus onset,
respectively. The novel complex sound elicited a
prominent positive peak between 200 and 250 ms
after stimulus onset. This peak was not observed
following presentations of standard or deviant stim-
uli. Preliminary analysis determined that the num-
ber of epochs used for data analysis for the different
ERP components did not differ as a function of
temperament or diagnosis.

P3 and MMN amplitude and latency

Figure 2 displays the difference waveforms for novel
sounds – standard tones and Figure 3 displays the
difference waveforms of deviant – standard tones for

Fz, Cz, and Pz separately. A repeated measures
ANOVA with site (Fz, Cz, Pz) as the within-subjects
measure, temperament (low BI, high BI) as the
between-subjects measure, and sex as the covariate
was computed for the P3 and MMN components
separately. Analysis conducted on P3 peak ampli-
tude and latency revealed a significant main effect of
site for both P3 amplitude [F(2,210) = 88.98,
p < .001] and latency [F(2,210) = 26.00, p < .001].
Post-hoc analysis revealed that P3 amplitude was
significantly greater at Cz compared to both Fz
[t(107) = 4.18, p < .001] and Pz [t(107) = 21.55,
p < .001] and that P3 amplitude was significantly
greater at Fz compared to Pz [t(107) = 13.65,
p < .001]. Significantly shorter peak latency for the
P3 component was found for Cz compared to Fz
[t(107) = 3.60, p < .001] and Pz [t(107) = 7.75,
p < .001] as well as for Fz compared to Pz
[t(107) = 6.02, p < .001]. Analysis conducted on
MMN amplitude and latency revealed a significant
main effect of site for amplitude [F(2,212) = 13.36,
p < .001], but not for latency. Post-hoc analysis re-
vealed that MMN amplitude was significantly more
negative at Fz compared to Cz [t(108) = 4.08,
p < .001] and Pz [t(108) = 6.12, p < .001] and at Cz
compared to Pz [t(108) = 4.84, p < .001]. No further
significant interaction or main effects were found.

Moderation of anxiety by BI and attention to
novelty

A dichotomous index of anxiety, indicating the life-
time presence or absence of an anxiety disorder, was
regressed on the high and low BI indicator variable
as well as on continuous values of the P3 response
and the two-way interaction between the P3

Figure 1 Grand mean waveforms. Grand mean ERP waveforms for the standard (black dashed line), deviant (gray
solid line), and novel (black solid line) stimuli for high BI-anxious, high BI-healthy, low BI-anxious, and low
BI-healthy
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response and the two temperament groups. Because
a main effect of site was found, logistic regression
analysis was conducted for Fz, Cz, and Pz separately.
A significant two-way interaction between BI and P3
amplitude on lifetime anxiety was found only at Cz
(OR = 1.21; 95% CI = 1.00–1.45; Wald X2 = 3.99;
p < .05; Figure 4). Follow-up analysis revealed a
trend effect for high behaviorally inhibited adoles-
cents in which greater P3 amplitude was related to
increased risk for anxiety (OR = 1.16; 95% CI = .98–
1.36; Wald X2 = 4.57; p = .08). There was no relation
between P3 amplitude and anxiety diagnosis in the
low BI group (p > .20). A similar analysis was
conducted to determine if the same two-way inter-
action exists for current anxiety diagnosis and a
trend effect was found at Cz (OR = 1.19; 95%
CI = .97–1.47; Wald X2 = 2.92; p = .09).

A similar regression analysis investigating the
moderating role of MMN amplitude on the relation
between BI and anxiety was not significant at any
site (ps > .20). Main effects of BI and P3/MMN
amplitude were not significant.

Discussion

In the current study, we found that the neural corre-
lates associated with the processing of novel auditory
stimuli moderate the association between BI and
anxiety. Specifically, increased P3 amplitude differ-
entiated adolescents with high levels of BI and a his-
tory of anxiety diagnosis from similar behaviorally
inhibited adolescents with no such history. Surpris-
ingly, theMMNresponse todeviant tonesdidnot differ
between the high and low BI groups, independent of
their history of anxiety. This study is the first to
examine the degree to which attention to novelty
moderates the link between BI and anxiety. The cur-
rent findings add to the growing body of research that
suggests that specific components of attention mod-
erate the relation between BI and risk for anxiety
(McDermott, Pérez-Edgar, Henderson, Pine, & Fox,
2009; Pérez-Edgar, Fox, Bar-Haim, McDermott, &
Pine, in press; Reeb-Sutherland et al., 2009).

In particular, the relations between early BI and
anxiety may be moderated by perturbed attention to

Figure 2 P3 response. Grand mean auditory response
potential difference waveforms (novel – standard) at Fz
(top), Cz (middle) and Pz (bottom) for high BI-anxious
(black solid line), high BI-healthy (black dashed line),
low BI-anxious (gray solid line), and low BI-healthy
(gray dashed line)

Figure 3 MMN response. Grand mean tone-evoked
response potential difference waveforms (deviant –
standard) at Fz (top), Cz (middle) and Pz (bottom) for
high BI-anxious (black solid line), high BI-healthy
(black dashed line), low BI-anxious (gray solid line), and
low BI-healthy (gray dashed line)
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novelty. This hypothesis stems from a number of
studies that have found heightened attention bias to
threat among anxious adults (MacLeod, Rutherford,
Campbell, Ebsworthy, & Holker, 2002; Mathews &
MacLeod, 1994) and behaviorally inhibited children
(Pérez-Edgar & Fox, 2005; Pérez-Edgar et al., in
press; Schwartz, Snidman, & Kagan, 1996). As well,
the current study suggests that behaviorally inhib-
ited adolescents show enhanced attention to novel
(but not necessarily threatening) stimuli. Thus, the
attention bias to threat may be part of a more general
tendency to identify novelty in the environment
amongst behaviorally inhibited participants. This
bias toward novelty in behaviorally inhibited children
may contribute to their continued hypervigilance and
social withdrawal when faced with novel social situ-
ations. Additionally, in the absence of appropriate or
adaptive regulation it may lead to the manifestation
of anxiety disorders. The current findings provide
preliminary support for this theory in that high BI
children with increased attention to novelty (i.e., in-
creased P3 amplitude) were at greater risk for having
an anxiety disorder than those high BI children who
did not display increased attention to novelty.

Coping resources available to the child, through
mechanisms of attention, may moderate the physi-
ological and behavioral correlates of temperament
(Nachmias, Gunnar, Mangelsdorf, Parritz, & Buss,
1996). Orienting to novel stimuli and, specifically, to
perceived threatening stimuli in the environment
may elicit behavioral avoidance and negative affect.
Behaviorally inhibited children who can direct their
attention away from novel stimuli may mitigate
underlying reactive tendencies and avoid the
deleterious effects of negative affect. In contrast,
behaviorally inhibited children with poor attention
control skills, whose attention is drawn frequently to
novelty, may be more susceptible to maladaptive
affective reactions. The current findings suggest that
behaviorally inhibited children with an increased
attention bias to novelty are at increased risk for
developing an anxiety disorder. Although both the
attention and clinical data were collected concur-
rently, three recent studies on perturbed attention

suggest that the effects of attention as a moderator of
BI are critical for understanding the developmental
trajectories of children with this temperamental
disposition. First, Marshall et al. (2009) reported
that high negative–high motor 9-month-old infants,
selected for their relation to BI, display heightened
sensitivity to novel auditory stimuli. In two studies
with adolescents characterized across childhood
with BI, findings of heightened attention bias to
threat (Pérez-Edgar et al., in press) and increased
error monitoring and error-related negativity
(ERN) amplitude (McDermott et al., 2009) have been
reported. Thus, multiple components of attention
involved in orienting and monitoring appear
perturbed in behaviorally inhibited samples.

Our lab has recently reported that children with
high and stable maternal report of BI (but not
observed BI) is a risk factor for developing social
anxiety (Chronis-Tuscano et al., 2009). In the cur-
rent study, we did not find a significant main effect of
observed BI on anxiety diagnosis. However, we did
find that by using behavioral measures of BI in
conjunction with psychophysiological measures of
attention to novelty, we were able to predict adoles-
cent risk for anxiety. The results of the current study
parallel other recent findings from our lab in which
observed BI is related to anxiety, but only when
examined in combination with various psycho-
physiological measures (McDermott et al., 2009;
Reeb-Sutherland et al., 2009). Taken together, these
results suggest that one should consider using
multiple levels of analysis (e.g., behavioral and
physiological) when examining the relation between
observed BI and anxiety (Kagan, Snidman, McManis,
Woodward, & Hardway, 2002). In addition, future
work should explore the specific mechanisms by
which maternal report versus observational mea-
sures of BI directly and indirectly predict anxiety
symptomatology and disorder across development.

Previous studies have shown that behaviorally
inhibited children (Bar-Haim et al., 2003) and neg-
atively reactive infants (Marshall et al., 2009) differ
in their early cortical processing of change detection
(i.e., MMN, mismatch response in infants) compared
to non-inhibited children and positively reactive
infants, respectively. In contrast to these studies, we
did not observe differences in MMN amplitude
between the low and high BI adolescents. The MMN
is thought to reflect an automatic preattentive
response to stimulus deviance while the P3 is
considered an endogenously driven orientation
response to novelty (Friedman et al., 2001). It
appears that, by adolescence, automatic preattentive
processes may no longer distinguish between
formerly high and low BI individuals.

This study should be considered in light of a
number of limitations. First, while this is the largest
longitudinal study to examine the moderating influ-
ence of P3 on risk for anxiety in BI, the overall
sample size was relatively small. Accordingly, repli-

Figure 4 P3 amplitude moderates the relation between
behavioral inhibition and anxiety. High BI adolescents
with a large P3 response are at greater risk of an anxiety
diagnosis compared to those with a small P3 response
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cation in larger samples is needed. Moreover, due to
such a small sample size, we were forced to combine
adolescents with any history of any anxiety disorder
into a single group. Future studies with larger
samples might consider associations with specific
anxiety disorders. Because psychophysiological
measures of novelty detection and anxiety were
measured concurrently, this study was unable to
predict whether increased response to novelty can be
used as a predictor of anxiety or is the result of being
both anxious and high on measures of BI. Future
studies should examine attention to novelty in
children at earlier ages in order to examine whether
these differences exist prior to diagnosis.

Previous research has demonstrated that state
anxiety during presentations of an auditory oddball
task can significantly influence P3 amplitude (Grillon
&Ameli, 1994). Therefore, an increase in state anxiety
among behaviorally inhibited children with a history
of anxiety, particularly those with a current anxiety
diagnosis,mayhave influenced our findings. Because
we did not assess state anxiety in the current study,
we were not able to directly address this issue. How-
ever, a trend-level interaction effect of BI and P3
amplitude on current anxiety diagnosis was found,
suggesting that havinga current anxiety disordermay
influence the current findings, but due to insufficient
power we were unable to detect a significant effect.

In summary, this study provides evidence that the
association between BI and anxiety diagnosis during
adolescence may be moderated by attention bias
toward novelty. While other studies have reported
differences in attention processes between behav-
iorally inhibited and non-inhibited individuals and
healthy and anxious patients, this is the first to
employ a longitudinal design to demonstrate that
high-risk children who develop anxiety many years
later also display increased neural responses to
novelty.
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Key points

• Behavioral inhibition, a temperamental disposition characterized by an increased tendency to withdraw in
the face of novelty, is a risk factor for the development of anxiety disorders.

• Behaviorally inhibited children with an increased attention bias to threat or novelty may be at increased
risk for developing anxiety disorders.

• Electrophysiological correlates of attention to novelty were found to distinguish between behaviorally
inhibited adolescents with and without a lifetime history of anxiety diagnosis.

• Employing both neural and behavioral approaches to the measurement of temperament may help identify
which behaviorally inhibited children are at heightened risk for developing anxiety disorders so that
preventative treatment may begin prior to the manifestation of the disorder.
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