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Abstract

Anxiety disorders are characterized by enhanced reactivity to threat, and event-related potentials
(ERPs) are useful neural measures of the dynamics of threat processing. In particular, the late
positive potential (LPP) is an ERP component that reflects sustained attention towards
motivationally salient information. Previous studies in adults suggest that the LPP is enhanced to
threatening stimuli in anxiety but blunted in depression; however, very little work has evaluated
the LPP to threat in anxious youth. We measured the LPP during an emotional face-matching task
in youth (age 7-19) with current anxiety disorders (n = 53) and healthy controls with no history of
psychopathology (n = 37). We evaluated group differences, as well as the effect of depressive
symptoms on the LPP. Youth with anxiety disorders exhibited enhanced LPPs to angry and fearful
faces 1000-2000 ms after stimulus onset. Higher depressive symptoms were associated with
reduced LPPs to angry faces across both groups. Enhanced LPPs to threatening faces were most
apparent for social anxiety disorder, as opposed to generalized anxiety or separation anxiety
disorder. Results suggest the LPP may be a useful neural measure of threat reactivity in youth with
anxiety disorders and highlight the importance of accounting for symptoms of both depression and
anxiety when examining emotional processing.
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Anxiety disorders are one of the most common classes of psychological disorders in children
and adolescents, and predict increased rates of both anxiety and depressive disorders in
adulthood (Weems & Silverman, 2013). Identifying core emotional processes associated
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with psychopathology may aid in the identification of etiological mechanisms and treatment
targets (Kring, 2010; Rottenberg & Johnson, 2007). Emational processes may be
particularly relevant for understanding psychological disorders from a developmental
perspective and lead to more effective early interventions for child and adolescent
psychopathology (Suveg, Southam-Gerow, Goodman, & Kendall, 2007).

Anxiety disorders have been characterized by heightened attention towards and reactivity to
threat. For example, both youth and adults with anxiety exhibit behavioral patterns of
attentional biases towards threatening stimuli, such as angry or fearful faces (e.g., Bar-Haim,
Lamy, Pergamin, Bakermans-Kranenburg, & van ljzendoorn, 2007; Mogg, Garner, &
Bradley, 2007; Roy et al., 2008). In addition, pathophysiological models of anxiety
implicate neural regions known for their role in processing threat. For example, functional
magnetic resonance imaging (FMRI) work has found heightened amygdala activation and
abnormalities in amygdala-prefrontal cortex connectivity in anxious children, adolescents,
and adults (Birbaumer et al., 1998; Blackford & Pine, 2012; Monk et al., 2008; Phan,
Fitzgerald, Nathan, & Tancer, 2006; Prater, Hosanagar, Klumpp, Angstadt, & Phan, 2013;
Shin et al., 2005; Strawn et al., 2014; Thomas et al., 2001). In addition to fMRI, event-
related potential (ERP) measures of threat reactivity could represent a complementary probe
of neural physiology.

ERP methods are economical, easily assessed in youth (Banaschewski & Brandeis, 2007),
and may be particularly useful as neural measures of attention towards and reactivity to
emotional information. In particular, the late positive potential (LPP) is a slow wave ERP
component appearing as early as 200-300 ms after stimulus onset as a positivity for
emotional compared to neutral stimuli (Cuthbert, Schupp, Bradley, Birbaumer, & Lang,
2000). The LPP appears to reflect sustained attention towards emotional stimuli and
activation of motivational systems in response to salient information (Cuthbert et al., 2000;
Hajcak, Weinberg, MacNamara, & Foti, 2011), and has been linked to activation in the
visual cortex, as well as subcortical structures including the amygdala, ventral striatum/
nucleus accumbens, anterior cingulate, and anterior insula (Liu, Huang, McGinnis-Deweese,
Keil, & Ding, 2012; Sabatinelli, Keil, Frank, & Lang, 2013; Sabatinelli, Lang, Keil, &
Bradley, 2007). The LPP has demonstrated good two-year stability across development, and
may be a more reliable measure of emotional reactivity in children than reaction time (RT)
or accuracy measures (Kujawa, Klein, & Proudfit, 2013).

In adult anxiety, the LPP appears to track heightened reactivity towards threat, particularly
stimuli that are relevant to subject-specific fears. For example, enhanced LPPs to spider
images have been observed in adults with spider phobias (Leutgeb, Schafer, & Schienle,
2009; Michalowski et al., 2009). In addition, social anxiety has been associated with
increased LPPs to threatening faces and to faces overall, regardless of valence (Moser,
Huppert, Duval, & Simons, 2008; Mihlberger et al., 2009), and generalized anxiety disorder
(GAD) has been characterized by enhanced LPPs to aversive pictures (MacNamara &
Hajcak, 2010).

Given the early onset of anxiety disorders (Kessler et al, 2005), characterizing neural
markers of emotional reactivity from early in development may aid in understanding
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etiology and developmental course. Children with spider phobias have been found to exhibit
heightened LPPs to spider stimuli (Leutgeb, Schafer, Kéchel, Scharmdiller, & Schienle,
2010), but it remains unclear whether other types of anxiety in children and adolescents are
characterized by an enhanced LPP to threat. As with specific phobia, social anxiety disorder,
generalized anxiety disorder (GAD), and separation anxiety disorder have an earlier age of
onset than other internalizing disorders, are among the most common forms of
psychopathology in children and adolescents, and often continue into adulthood (Mohatt,
Bennett, & Walkup, 2014). The LPP could be a valid neural index of threat processing in
youth with social anxiety disorder, GAD, and/or separation anxiety disorder, but most of the
existing literature on the LPP and anxiety has focused on adults and often only a single
disorder.

Though comorbidity of anxiety and depressive disorders is common and both classes of
disorder share a number of etiological influences (Goldberg, Krueger, Andrews, & Hobbs,
2009), evidence from a variety of laboratory measures suggests that depression may be
characterized by decreased reactivity to both negative and positive information (Bylsma,
Morris, & Rottenberg, 2008; Rottenberg, Gross, & Gotlib, 2005). That is, while anxiety may
be marked by heightened attention towards and defensive responding in the context of
threat, depression may be better characterized by withdrawal and disengagement from
emotional changes in the environment. Consistent with this, there is evidence that
depression in adults and risk for depression in children is associated with reduced LPPs to
emotional stimuli (Foti, Olvet, Klein, & Hajcak, 2010; Kayser, Bruder, Tenke, Stewart, &
Quitkin, 2000; Kujawa, Hajcak, Torpey, Kim, & Klein, 2012; Proudfit, Bress, Foti, Kujawa
& Klein, in press), suggesting that depression and anxiety may have distinct effects on threat
processing. Previous work has yet to delineate the effects of symptoms of both anxiety and
depression on the LPP.

The current study is part of a treatment study modeled after the design of the Child/
Adolescent Anxiety Multimodal Study to evaluate three of the most common anxiety
disorders in children and adolescents (social anxiety disorder, separation anxiety disorder,
and GAD) across a broad age range (Walkup et al., 2008). The primary goal of the current
study was to evaluate the LPP to emotional faces in youth with anxiety disorders. To this
end, we measured the LPP during an emotional face-matching task in healthy controls and
anxious youth. Facial expressions are commonly used as stimuli in fMRI and behavioral
studies of youth anxiety disorders (Bar-Haim et al., 2007; Monk, 2008), as they are
particularly relevant for adaptive social behavior and developmentally appropriate emotional
stimuli. We hypothesized that youth with anxiety disorders would exhibit enhanced LPPs to
threatening emotional faces (i.e., angry or fearful faces) but not to pleasant (i.e., happy)
faces. Given evidence of distinct effects of depression on the LPP (Foti et al., 2010; Kayser
et al., 2000; Kujawa, Hajcak et al., 2012), we also evaluated effects of depressive symptoms,
hypothesizing that depressive symptoms would be associated with blunted LPPs to
emotional faces. Due to normative developmental changes in the LPP (Hajcak & Dennis,
2009; Kujawa, Klein, & Hajcak, 2012; Kujawa, Klein et al., 2013), we controlled for age in
all analyses. Lastly, given limited previous work evaluating the LPP in youth anxiety
disorders, additional exploratory analyses examined whether enhanced LPPs to threat were
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specific to certain anxiety disorders or to clinical anxiety more generally and/or whether
enhanced LPPs were more evident in more severe anxiety.

Participants

Measures

Participants were recruited through outpatient clinics, flyers and postings in communities in
Ann Arbor, MI (University of Michigan; UM) and Chicago, IL (University of Illinois at
Chicago; UIC). Youth between the ages of 7 and 19 with current anxiety disorders or no
history of psychopathology were eligible to participate. To be eligible for inclusion,
participants were required to be free of developmental or intellectual disabilities, lifetime
schizophrenia, lifetime bipolar disorder and severe current depression or suicidal ideation.
At the time of the electroencephalographic (EEG) assessment, participants were not taking
any psychotropic medications or undergoing psychotherapy. Inclusion criteria for the
anxiety disorders (AD) group required a current diagnosis of social anxiety disorder,
separation anxiety disorder, and/or GAD. Participants in the healthy control (HC) group had
no current or lifetime history of axis | disorders.

EEG data were available for a total of 104 youth. Participants with excessively noisy EEG
data (n = 11) or less than 70% accuracy on the task overall (n = 2) were excluded from
analyses. In addition, one participant was missing data on depressive symptoms and
excluded. Thus, the final sample consisted of 90 participants (53 AD, 37 HC). The final
sample was 54.4% female and had a mean age of 13.93 (SD = 3.86; range: 7-19 years).
With regard to race, the sample was 58.4% Caucasian, 15.7% African American, 15.7%
Latino, and 10.1% Asian or Pacific Islander.

This study was approved by the UM and UIC Institutional Review Boards, and informed
consent was obtained from all participants, as well as parents of youth under age 18.

Diagnostic Interview—Participants were interviewed using the Kiddie Schedule of
Affective Disorders and Schizophrenia (K-SADS; Kaufman et al., 1997) to assess current
and lifetime diagnoses of Axis I disorders. For younger children, both the parent and
participants were interviewed simultaneously, and for older adolescents, only the participant
was interviewed. Typically, youth under the age of 14 were interviewed with parents, while
youth age 14 and older were interviewed alone; however, the decision of whether to include
a parent was made for individual participants depending on developmental level, insight into
symptoms, and participant’s comfort with the parent participating in the interview. All
interviews were administered by Masters-level or Doctorate-level clinicians. Participants in
the AD group with comorbid disorders were included if the clinician determined the anxiety
disorder to be the primary diagnosis (see Participant Characteristics).

Anxiety Severity—To assess severity of anxiety symptoms, participants were
administered the Pediatric Anxiety Rating Scale (PARS; Research Units on Pediatric
Psychopharmacology Anxiety Study Group, 2002), a clinician-rated measure of the severity
of anxiety symptoms that has demonstrated adequate reliability and validity. Masters-level
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clinicians rated overall severity on a 6-point scale across seven dimensions (number of
symptoms, frequency, overall severity, physical symptom severity, avoidance, interference
at home, and interference outside of the home), with these dimensions then combined to
form a total PARS score. PARS data were missing for three participants. Internal
consistency for PARS total scores was excellent (Cronbach’s a = .95).

Depressive Symptoms—-Participants completed the Children’s Depression Inventory
(CDI; Kovacs, 1992) to assess for current depressive symptoms. The CDI has demonstrated
acceptable reliability and validity for youth between the ages of 7 and 17 (Kovacs, 1992).
The majority of the current sample (74.4%) was 17 years old or younger, and in order to
avoid confounding age effects with a different measure, we administered the CDI to all
participants. Internal consistency for the CDI was excellent (Cronbach’s a =.90).

Emotional Face-Matching Task—Participants completed an emotional face-matching
task (Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002), which has been used to assess
ERPs to threat in adult anxiety (Labuschagne et al., 2010; MacNamara, Post, Kennedy,
Rabinak, & Phan, 2013). The task involved the presentation of three images in a triangular
arrangement for 3000 ms, and participants were instructed to select one of the two images at
the bottom of the screen that matched the image centered at the top of the screen. The task
included both face matching and shape matching trials. On face matching trials, one
emotional face was presented at the top of the screen (fearful, happy, or angry face), and the
face of a different actor with a similar expression and a face with a neutral expression were
presented at the bottom of the screen. Participants selected which face at the bottom of the
screen matched the expression of the face at the top. Shape matching trials were included to
ERPs in a non-emotional condition, and required participants to match geometric shapes.
The task was divided into two blocks with each block consisting of 12 trials for each
condition: shapes, angry, fearful and happy, presented in random order. The intertrial
interval varied between 1000 and 3000 ms during which time a white fixation cross was
presented on a black background. Participants performed six practice trials prior to
beginning the experiment.

EEG Data Acquisition and Processing

Continuous EEG was recorded using a 34-channel cap (32 channel setup based on 10/20
system with the addition of FCz and 1z) and the BioSemi system (BioSemi, Amsterdam,
Netherlands). Electrodes were placed on each of the left and right mastoids, and the
electrooculogram (EOG) was recorded from four facial electrodes places approximately 1
cm above and below the right eye and beyond the outer edge of each eye. The data were
digitized at 24-bit resolution with a Least Significant Bit (LSB) value of 31.25 nV and a
sampling rate of 1024 Hz, using a low-pass fifth order sinc filter with —3dB cutoff point at
208 Hz. As per BioSemi’s design, the voltage from each active electrode was referenced
online with respect to a common mode sense active electrode producing a monopolar (non-
differential) channel.

Data were processed offline using Brain Vision Analyzer software (Brain Products,
Gilching, Germany). Data were converted to a linked mastoid reference, filtered with high-
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pass and low-pass filters of .01 and 30 Hz, respectively. Data for correct trials only were
segmented beginning 200 ms before stimulus onset and continuing for the 3000 ms stimulus
duration. Eyeblinks were corrected using the method by Gratton, Coles, and Donchin
(1983), and semi-automated artifact rejection procedures removed artifacts with the
following criteria: voltage step of more than 50 UV between sample points, a voltage
difference of 300 pV within a trial, and a maximum voltage difference of less than .5 pV
within 100 ms intervals. Additional artifacts were removed using visual inspection.
Participants were required to have a minimum of 12 artifact-free trials in each condition to
be included in analyses (Moran, Jendrusina, & Moser, 2013); however, the mean number of
artifact-free trials in each condition was 21.75 (SD = 1.70). Trials were baseline corrected
using the 200 ms prior to stimulus onset and averaged across each condition (shapes, angry,
fearful, happy).

The LPP was maximal across parietal and occipital sites, consistent with previous LPP
research with youth (e.g., Kujawa, Weinberg, Hajcak, & Klein, 2013), and scored at a
pooling of the following electrodes: O1, 02, Oz, PO3, PO4, P3, P4, and Pz (Figure 1).
Similar to a previous study measuring ERPs in the same task (MacNamara et al., 2013),
sustained positivities for emotional faces compared to shapes were observable beginning
around 500 ms. There is some evidence that rather than a single component, the LPP may be
better characterized by a series of overlapping components that peak at earlier and later
times across stimulus presentation (Foti, Hajcak, & Dien, 2009; Hajcak et al., 2011). Given
the relatively long stimulus duration (i.e., 3000 ms) in the current task, we evaluated the
temporal dynamics of emotional face processing in anxiety by dividing the LPP into three
windows (early: 500-1000 ms, middle; 1000-2000 ms, late: 2000-3000 ms).

Data Analyses

Results

Mixed-design analysis of covariance (ANCOVA) was computed to evaluate the effects of
each stimulus type (i.e., angry faces, fearful faces, happy faces, shapes) on reaction time
(RT), accuracy, and the LPP. In each analysis, anxiety disorder group (i.e., AD or HC)
served as the between—subjects factor. Effects of CDI scores were also examined, and given
the broad age range of the sample, age was included as a covariate in all analyses. The three
time windows of the LPP were first evaluated using a 4 (stimulus: angry, fearful, happy,
shapes) X 3 (time window: early, middle, late) ANCOVA with follow-up tests of significant
interactions to examine individual time windows and specific emational faces controlling for
shapes LPP. Greenhouse-Geisser corrections were applied to p values associated with
multiple-df repeated-measures comparisons with violations in the assumption of sphericity.

Participant Characteristics

In terms of site of data collection, 60% of the sample was recruited at UIC. The sample
recruited at UIC included a larger proportion of minority participants, while the UM sample
was primarily Caucasian, y2(3) = 20.78, p < .001. In addition, a greater proportion of youth
with anxiety disorders compared to healthy controls were recruited from UM compared to
UIC, x2(1) = 4.41, p = .04. Sites did not differ with regard to distribution of sex or primary
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diagnoses (ps > .01). T-tests indicated that youth recruited at each site did not differ with
regard to any LPP amplitudes, age, CDI, or PARS (ps > .01).

With regard to AD diagnoses, 54.7% had current social anxiety disorder (58.5% lifetime),
9.4% current separation anxiety disorder (17.0% lifetime), and 67.9% current GAD (67.9%
lifetime). With regard to comorbid anxiety disorders, 9.4% also had current panic disorder
(9.4% lifetime), 5.7% obsessive-compulsive disorder (OCD; 7.5% lifetime), 17.0% specific
phobia (20.8% lifetime), and 1.9% current post-traumatic stress disorder (PTSD; 1.9%
lifetime). With regard to number of anxiety disorders, 50.9% had one, 32.1% had two, and
17.0% had three current anxiety disorders. In addition, 9.4% of the AD group had current
depressive disorders (13.2% lifetime), including major depressive disorder (MDD),
dysthymia, and depression not otherwise specified (NOS), and 11.3% had attention deficit
hyperactivity disorder (ADHD)?.

As expected, the AD group (M = 22.91, SD = 4.65) had higher PARS total scores than the
HC group (M = 1.64, SD = 2.78), t(85) = 24.51, p < .001. In addition, the AD group (M =
13.28, SD = 7.88) had higher CDI scores than the HC group (M = 2.46, SD = 2.93), t(88) =
7.97, p <.001. The groups did not differ with regard to age, t(88) = 0.47, p = .64,
distribution of sex, x2(1) = .00, p = .95, or distribution of race, x2(3) = 2.63, p = .45.

Behavioral Results

First, a mixed-design ANCOVA was computed for accuracy. The main effect of stimulus
was significant, F(3, 258) = 36.75, p < .001, an =.30. All paired samples t-tests between
conditions were significant (p < .05), with accuracy for matching shapes (M = 98.8%, SD =
2.6) > happy faces (M = 96.8%, SD = 6.1) > fearful faces (M = 95.5%, SD = 6.6) > angry
faces (M = 86.2%, SD = 8.3). The main effects of group and CDI on accuracy, as well as the
interactions with stimulus type were not significant (ps > .46).

RT data were unavailable for 2 participants. Similar to accuracy results, the main effect of
stimulus was significant, F(3, 252) = 94.48, p <.001, np2 =.53. All paired samples t-tests
between conditions were significant (p < .001), with RT for matching angry faces (M =
1429.80, SD = 303.95) > fearful faces (M = 1346.45, SD = 318.20) > happy faces (M =
1268.37, D = 286.65) > shapes (M = 803.75, SD = 188.60). The main effects of group and
CDlI, as well as the stimulus X group and stimulus X CDI interactions were not significant
(ps > .30).

LPP Results

In the overall ANCOVA, the stimulus X time X group interaction was significant, F(3.50,
516) = 2.47, p=.02, an = .03, Greenhouse-Geisser corrected p = .05, and follow up
analyses evaluated the model in each of the three LPP time windows?2.

IModels were also evaluated excluding youth with depressive disorders and ADHD, and no substantive changes in results were

observed.

Because participants were recruited across two sites, we also evaluated the main model controlling for site. Effects of site on the LPP
were not significant (ps > .18) and controlling for sites did not substantively change the results. In addition, the model was tested
including sex as a between-subjects factor. Effects of sex on the LPP were not significant (ps > .29) and including sex did not change
the overall findings.

J Abnorm Child Psychol. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kujawa et al.

Page 8

Early Window—The effect of stimulus was significant in the early time window, F(3, 258)
=499, p<.01, np2 =.06. The main effects of group and CDI, as well as interactions with
stimulus did not reach significance (ps > .17).

Middle Window—The stimulus X anxiety group interaction was significant, F(2.70, 258)
= 3.20, Greenhouse-Geisser corrected p = .03, npz =.04. The stimulus X CDI interaction did
not reach significance, F(2.70, 258) = 1.90, Greenhouse-Geisser corrected p = .14, np2 =.02.

Effects of anxiety group on each emotion type were then evaluated, controlling for shapes
LPP. For angry faces, anxiety was associated with an enhanced LPP, F(1, 85) =6.29, p=.
01, nzp = .07 (Figure 1), and depressive symptoms were negatively associated with the angry
LPP, F(1, 85) =6.52, p=.01, nzp = .07, such that greater depressive symptoms predicted a
reduced LPP to angry faces (Figure 2). Similar associations were observed for fearful faces,
with anxiety associated with an enhanced LPP, F(1, 85) = 4.97, p=.03, nzp =063, and the
negative effect of CDI on the LPP to fearful faces approaching significance (p =.10). The
effects of anxiety and CDI were not significant for happy faces (ps > .45).

Late Window—The stimulus X anxiety group, F(3, 258) = 2.29, p = .08, n“p = .03, and
stimulus X CDI, F(3, 258) = 2.21, p=.09, nzp = .03, interactions did not reach significance
in the late LPP window, though the interactions approached significance with comparable
patterns of results as observed in the previous time window.

Specific Anxiety Disorders—In order to evaluate whether the anxiety effects were
driven by a specific anxiety diagnosis, we computed two additional ANCOVASs examining
effects of presence or absence of lifetime social anxiety, separation anxiety disorder, and
GAD on the LPP to angry and fearful faces in the middle window where the overall effect of
anxiety was most apparent (controlling for CDI, age, and shapes LPP). Interactions between
anxiety disorders were not included in the model due to low n in some cells. Social anxiety
disorder was associated with an enhanced LPP to angry, F(1, 83) = 10.94, p =.001, nzp =.
12, and fearful faces, F(1, 83) =8.32, p=.01, nzp =.09, but the effects of separation anxiety
disorder and GAD did not reach significance (ps > .18).

Anxiety Severity—Lastly, we computed two ANCOVA s to evaluate the effect of PARS
total score within the AD group (controlling for CDI, age, and shapes LPP) on the LPP to
angry and fearful faces in the middle window. The effect of PARS did not reach significance
(ps > .17).

Discussion

We evaluated electrocortical (i.e., LPP) and behavioral measures of processing of emotional
faces in youth with current anxiety disorders and healthy controls. Though youth with
anxiety disorders did not differ from healthy controls with regard to accuracy and response
speed, anxiety disorders were associated with heightened electrocortical activation to

3we also evaluated whether age moderated the effect of anxiety of the LPP to angry and fearful faces in the middle window. The age
X anxiety group interactions were not significant (ps > .52).
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threatening (i.e., fearful and angry) faces. Interestingly, effects of anxiety on the LPP were
most apparent in relatively late stages of processing (1000-2000 ms after stimulus onset,
with a trend for effects in the 2000-3000 ms window). There is evidence that the LPP may
reflect a series of overlapping components that peak earlier and later across presentation
time (Hajcak et al., 2011; Foti et al., 2009), and the current findings suggest that anxiety
disorders in youth are characterized by sustained processing of threatening faces as
measured by relatively later portions of the LPP. On the other hand, the extent of depressive
symptoms was associated with a blunted LPP to angry faces.

The LPP is thought to reflect elaborative processing of and sustained attention towards
motivationally salient information (Hajcak et al., 2011); thus, the current findings indicate
that youth with anxiety exhibit enhanced reactivity and sustained attention to threat
compared to healthy controls. In addition, these results suggest that enhanced neural
reactivity to threatening faces, as measured by the LPP, may be a biomarker for anxiety in
youth that is relatively specific to anxiety, rather than depression. Anxious children and
adolescents have previously been shown to exhibit attentional biases towards signals of
threat in behavioral tasks (Bar-Haim et al., 2007; Roy et al., 2008), as well as heightened
neural (e.g., amygdala) reactivity to threat in fMRI studies (Monk, 2008; Strawn et al.,
2014); however, to our knowledge, the current study is the first to examine the LPP as a
measure of threat reactivity in GAD, social anxiety disorder, and separation anxiety disorder
in youth.

The current findings may have important implications for understanding the development of
anxiety. That is, there is some evidence that abnormalities in the LPP may be observable
among children at high risk for psychopathology prior to the onset of symptoms. For
example, young children who exhibit behaviors consistent with fearful temperament styles
have been shown to exhibit enhanced LPPs to unpleasant stimuli (Solomon, DeCicco, &
Dennis, 2012) and blunted LPPs to emotional faces have been observed in children at high
risk for depression (Kujawa, Hajcak et al., 2012). Thus, the LPP may provide a neural
measure of patterns of emotional reactivity that contribute to the development of
internalizing disorders. Importantly, extent of LPP magnitude to threatening faces was not
significantly correlated with anxiety symptom severity in the current study, suggesting that it
may reflect relatively trait-like patterns of emotional reactivity rather than a symptom-
dependent measure. Consistent with this, there is also some evidence linking enhanced LPPs
to threat to greater trait anxiety in adults (Holmes, Nielsen, Tipper, & Green, 2009; Li,
Zinbarg, & Paller, 2007). Future research is needed to examine the relationship between an
increased LPP to social threat and the development of anxiety, in terms of whether this is a
state marker of the disorder or a vulnerability that may play a role in etiology.

While overall effects of anxiety on the LPP to angry and fearful faces were observed, follow
up analyses indicated that the effects were primarily driven by social anxiety disorder, rather
than GAD or separation anxiety disorder, and were not related to overall anxiety severity.
This finding is surprising in that behavioral and fMRI measures of enhanced reactivity
towards threat have been observed in a range of anxiety disorders (Bar-Haim et al., 2007;
Strawn et al., 2014). At the same time, however, the LPP may be uniquely enhanced for
stimuli relevant to the clinical fear. For example, individuals with spider phobias exhibit
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increased LPPs to spider images but not to more general negative or fearful images (Leutgeb
et al., 2009; Michalowski et al., 2009). Thus, it is possible that the unique effects of social
anxiety in the current study are due to the use of emotional faces, which serve as potent non-
verbal signals of social feedback and thus may be more relevant and salient to fear of social
evaluation, and that increased LPPs may be observed in youth with GAD and/or separation
anxiety disorder with stimuli that are more relevant to patients’ specific fears. Additional
work is needed to evaluate this possibility.

Lastly, the current results indicate that symptoms of depression in both healthy controls and
anxious youth may be characterized by reduced engagement with at least some types of
emotional stimuli. While this finding is in line with previous findings of blunted LPPs in
adult depression and children at high risk for depression (Foti et al., 2010; Kayser et al.,
2000; Kujawa, Hajcak et al., 2012; Proudfit et al., in press), it must be interpreted cautiously
as the interactions between condition and depressive symptoms did not reach significance in
the overall model. Nonetheless, it is important to note that youth with severe depression
were excluded from the study; thus, the range of depressive symptoms in the study was
somewhat limited, yet associations between depressive symptoms and a blunted LPP to
angry faces were still apparent. It is surprising that depressive symptoms did not appear to
be associated with reduced LPPs to happy faces; however, it has previously been suggested
that happy faces elicit a relatively weak LPP response that limits the ability to detect
depression effects (Foti et al., 2010).

Limitations

A few limitations of the current study should be noted. First, though the overall sample size
was large enough to detect effects of anxiety disorders on the LPP, the power to detect
effects of specific anxiety diagnoses may be somewhat limited and we cannot rule out the
possibility that this contributed to the lack of significant effects for GAD or separation
anxiety disorder. This may be particularly relevant for separation anxiety disorder, which
was less common in the current sample than social anxiety disorder or GAD. Future studies
are needed to delineate diagnostic specificity of LPP hyper-reactivity to threatening
emotional faces. We also included a broad range of ages, spanning developmental stages
from middle childhood to late adolescence/young adulthood. Though we controlled for age
in our analyses to account for developmental changes and did not find evidence that age
moderated the effects of anxiety on the LPP to angry or fearful faces, longitudinal studies
and research designs evaluating samples of children in similar age ranges are needed to
clarify the developmental course of these effects. Relatedly, the CDI has not been validated
for use with young adults, which may have limited our assessment of depressive symptoms.

Conclusion

The current study is among the first to identify electrocortical measures of increased
reactivity to threatening faces in anxiety disorders in youth. Results indicate that the LPP
may be a useful measure of threat reactivity associated with anxiety (especially social
anxiety) across development and highlight the importance of accounting for comorbid
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depressive symptoms in examining psychophysiological measures of emotional processing
in anxiety.
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Figure 1.

ERPs (negative up) across occipital and parietal electrode sites for healthy control (HC)
youth (top) and youth with anxiety disorders (AD; bottom), and scalp distributions depicting
the emotional face minus shape difference. AD youth exhibited more positive LPPs to angry
and fearful faces, particularly in the middle time window (1000-2000 ms).
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Figure 2.
Scatter plot depicting the association between depressive symptoms and the LPP to angry

faces 1000-2000 ms after onset. Greater depressive symptoms were associated with a less
positive (i.e., blunted) LPP to angry faces when controlling for shapes LPP.
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