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Abstract

Increased error monitoring, as measured by the error-related negativity (ERN), has been shown to
persist after treatment for obsessive-compulsive disorder in youth and adults; however, no previous
studies have examined the ERN following treatment for related anxiety disorders. We used a
flanker task to elicit the ERN in 28 youth and young adults (8—26 years old) with primary
diagnoses of generalized anxiety disorder (GAD) or social anxiety disorder (SAD) and 35 healthy
controls. Patients were assessed before and after treatment with cognitive-behavioral therapy
(CBT) or selective serotonin reuptake inhibitors (SSRI), and healthy controls were assessed at a
comparable interval. The ERN increased across assessments in the combined sample. Patients with
SAD exhibited an enhanced ERN relative to healthy controls prior to and following treatment,
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even when analyses were limited to SAD patients who responded to treatment. Patients with GAD
did not significantly differ from healthy controls at either assessment. Results provide preliminary
evidence that enhanced error monitoring persists following treatment for SAD in youth and young
adults, and support conceptualizations of increased error monitoring as a trait-like vulnerability
that may contribute to risk for recurrence and impaired functioning later in life. Future work is
needed to further evaluate the ERN in GAD across development, including whether an enhanced
ERN develops in adulthood or is most apparent when worries focus on internal sources of threat.

Keywords

error-related negativity; anxiety disorders; social anxiety disorder; cognitive behavior therapy;
pharmacotherapy; endophenotype

1. Introduction

Anxiety disorders often emerge in childhood or adolescence and are characterized by a
chronic course, high rates of recurrence and comorbidity, and persistent impairments in
functioning (Bruce et al., 2005; Copeland et al., 2015; Woodward and Fergusson, 2001).
Thus, identifying underlying factors that predispose to anxiety disorders and to outcomes
later in life is of paramount importance. There is evidence that increased error monitoring
may be a vulnerability for anxiety disorders that predicts the later development of symptoms
(Lahat et al., 2014; Meyer et al., 2015) and persists following treatment for obsessive-
compulsive disorder (OCD; Hajcak et al., 2008; Huyser et al., 2011; Riesel et al., 2015),
though it has yet to be examined following treatment for other anxiety disorders.

Neural responses to errors are often measured using the error-related negativity (ERN), a
negative deflection in the event-related potential (ERP) wave around the time of commission
of an error (Falkenstein et al., 1991; Gehring et al., 1993). The ERN has been localized to
the anterior cingulate cortex (Brazdil et al., 2005; Miltner et al., 2003), and is thought to
reflect conflict between the stimulus and response following an error, which aids in
reactivating task goals and adjusting behavior (Yeung et al., 2004). An enhanced ERN has
been proposed to indicate increased sensitivity to endogenous sources of threat and
perceptions of errors as catastrophic (Weinberg et al., 2016) or compensatory processes to
account for limited cognitive resources (e.g., due to worry) that inhibit maintainance of task
goals (Moser et al., 2013).

There is consistent evidence that OCD in youth and adults is characterized by an enhanced
ERN (e.g., Carrasco et al., 2013b; Endrass and Ullsperger, 2014; Gehring et al., 2000).
Importantly, there is also evidence that an enhanced ERN reflects an endophenotype or
vulnerability for OCD, as it has been observed among unaffected first-degree relatives of
patients with OCD (Carrasco et al., 2013a; Riesel et al., 2011), and has been shown to
persist after completion of cognitive behavioral therapy (CBT) for OCD (Hajcak et al., 2008;
Riesel et al., 2015). That is, hypersensitivity to errors appears to be relatively trait-like and
contribute to risk for OCD, a disorder often characterized by close monitoring of behavior to
prevent negative outcomes.
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Generalized anxiety disorder (GAD) and social anxiety disorder (SAD) are relatively
common disorders that often emerge early in life (Kessler et al., 2005; Mohatt et al., 2014).
Like OCD, GAD in adults has been characterized by increased performance monitoring, as
measured by the ERN (Weinberg et al., 2012, 2010; Xiao et al., 2011; Zambrano-Vazquez
and Allen, 2014). Consistent with conceptualizations of the ERN as reflecting sensitivity to
negative outcomes as a result of one’s own behavior (Weinberg et al., 2016), there is also
evidence of an enhanced ERN in adults with SAD or elevated symptoms of social anxiety
(Endrass et al., 2014; Judah et al., 2016). Relatively little work has examined the ERN in
specific anxiety disorders in youth. Though there is some evidence of an enhanced ERN in
children and adolescents with GAD, these studies are limited to small samples with mixed
anxiety disorders (Carrasco et al., 2013b; Ladouceur et al., 2006). In addition, several
studies have found an enhanced ERN among children high in behavioral inhibition (BlI;
Lahat et al., 2014; McDermott et al., 2009), a temperamant style characterized by
fearfulness and increased risk for anxiety disorders, particularly SAD (Hirshfeld-Becker et
al., 2007).

Previous studies have yet to examine error monitoring after treatment for GAD or SAD.
Given that anxiety disorders are characterized by high rates of recurrence and persistent
impairments in functioning (Bruce et al., 2005; Copeland et al., 2015; Woodward and
Fergusson, 2001), it is likely that some underlying vulnerabilities for the disorder persist
after symptom remission, and identifying these processes for more targeted treatment may
improve long term outcomes. In addition, existing treatment studies of the ERN have
focused on the effects of psychotherapy, and although there is evidence that selective
serotonin reuptake inhibitors (SSRI) do not affect the ERN in healthy adults (Bruijn et al.,
2006) and that the ERN in OCD patients is unaffected by medication status (Stern et al.,
2010), the ERN has yet to be examined in patients before and after SSRI treatment.

The goal of this preliminary study was to examine the ERN before and after treatment in
patients with primary diagnoses of GAD or SAD (n7= 28) and healthy controls (r7= 35) to
evaluate whether an enhanced ERN persists following CBT and SSRI treatment for anxiety
disorders. Because GAD and SAD often emerge by adolescence or young adulthood
(Kessler et al., 2005), we included patients ranging in age from middle childhood through
young adulthood. Prior to and following SSRI or CBT treatment, participants completed a
flanker task to elicit the ERN in response to errors. Based on prior work in OCD (Hajcak et
al., 2008; Riesel et al., 2015), we hypothesized that patients with anxiety disorders would
exhibit an enhanced ERN relative to controls both before and after treatment. As studies of
the ERN and anxiety in youth have typically included youth with mixed anxiety disorders
(Carrasco et al., 2013b; Ladouceur et al., 2006; Meyer et al., 2015), we first examined the
effects of both anxiety disorders on the ERN, with secondary exploratory analyses
evaluating whether distinct patterns emerge for GAD and SAD examined separately.

2. Methods

2.1 Participants

Participants were youth and young adults recruited through the University of Michigan
(UM) and University of Illinois at Chicago (UIC). Patients were recruited through outpatient
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clinics at each university, and healthy controls were recruited through the surrounding
communities. A total of 94 participants (47 patients with SAD and/or GAD and 47 healthy
controls) completed the ERN task at each assessment: data from 5 participants were
unusable because of too few errors (< 6 trials after artifact rejection), 8 exhibited poor
accuracy (< 60% correct of trials with responses), and 18 exhibited excessive artifacts/noise
in the EEG at one or both assessments. The final sample included 63 participants (28
patients and 35 healthy controls). The included sample was older than the excluded sample,
#(92) = 4.98, p<.001, with a trend for a larger proportion of patients excluded (40.4%)
compared to controls (25.5%), Xz(l) = 2.36, p=.09. The exclusion rate for healthy controls
was comparable to a previous study examining the ERN in healthy youth across two
assessments (29.0%; Meyer et al., 2014). With regard to behavioral performance, on
average, excluded participants were lower in accuracy and slower in reaction time (RT) at
each assessment (ps < .05). Included patients did not differ from excluded patients with
regard to response to treatment (p=.11).

Diagnoses were obtained through semi-structured interviews administered by Master’s or
Doctoral level clinicians: the Schedule of Affective Disorders and Schizophrenia for School-
Age Children (Kaufman et al., 1997) for children and adolescents (65.1% of the sample) and
Structured Clinical Interview for DSM-IV (SCID; First et al., 2002) for young adults (34.9%
of the sample). History of mania, psychotic symptoms, intellectual disability, pervasive
development disorders, current substance use disorders, severe depression, or suicidal
ideation was exclusionary. Patients with secondary comorbid anxiety, depressive, or
externalizing disorders were included (Table 1).

The average age of the included sample was 17.40 years (SD = 4.13; range 8 to 26 years).
The sample was 63.5% female, 12.7% Hispanic/Latino, 65.1% White, 17.5% Black or
African American, 12.7% Asian, 1.6% Native Hawaiian/Pacific Islander, and 3.2% other
race.

2.2 Procedure

Procedures were approved by the Institutional Review Boards at both UM and UIC. Written
informed consent was obtained from adult participants and parents of minors, with written
assent obtained from minor participants.

Patients were treated through outpatient clinics at UM and UIC by a psychiatrist or master’s-
or doctoral-level therapist. At UM, participants were offered and self-selected treatment with
SSRI or CBT. At UIC, participants were randomly assigned to either SSRI or CBT, but
could opt to switch from SSRI to CBT due to intolerable side effects. SSRI treatment
consisted of 12 weeks of sertraline for children and adolescents. For young adults, the
psychiatrist selected an SSRI based on patient’s prior treatment history and developed a
personalized, flexible-dosing schedule. Almost all SSRI patients were treated with sertraline,
beginning with a dose of 25 mg/day (12.5 mg/day for children) and increasing at subsequent
visits as needed, up to 200 mg/day. Rather than sertraline, one young adult patient was
prescribed paroxetine (beginning at 10 mg/day, increasing up to 60 mg/day) and one was
prescribed escitalopram (beginning at 5 mg/day, increasing up to 20 mg/day). CBT was
delivered through weekly 60-minute sessions by a Master’s or Doctoral level clinician
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following a manualized intervention for pediatric (Kendall and Hedtke, 2006) or adult
anxiety (Craske and Barlow, 2006; Hope et al., 2010). Children and adolescents completed
up to 18 CBT sessions, as clinically indicated and to accommodate parent sessions, and
young adults completed 12 CBT sessions. CBT manuals included psychoeducation,
relaxation, cognitive restructuring, and in vivo or imaginal exposures.

Patients completed the ERN task prior to and after completing treatment. Healthy controls
were asked to return for the second assessment approximately 12 weeks after the initial
EEG. On average, the second administration of the ERN task was completed 15.77 weeks
(SD = 7.30) after the first assessment.

2.3 Measures

2.3.1 Response to Treatment—Clinicians rated participant improvement after the final
treatment session using the Clinical Global Impressions scale (CGI; Guy, 1976). Patients
with CGI global improvement ratings of 1 or 2 (indicating very much or much improved)
were considered treatment responders. To assess changes in symptoms following treatment,
patients were administered interviewer-rated measures of anxiety severity at screening and
the final treatment session. Young adults were interviewed with the Hamilton Anxiety
Rating Scale (HAM-A; Hamilton, 1959), and children and adolescents with the Pediatric
Anxiety Rating Scales (PARS; The Research Units on Pediatric Psychopharmacology
Anxiety Study Group, 2002). Percent reduction in anxiety severity was computed to
examine individual differences in response to treatment across all participants. One
participant was missing a CGI score but was determined to be a treatment responder based
on greater than 35% reduction in anxiety severity on PARS (Caporino et al., 2013).

2.3.2 Flanker Task—~Participants completed a flanker task, which has been shown to
reliably elicit an ERN in youth (Meyer et al., 2014). On each trial, horizontally aligned
arrowheads were presented for 200 ms, followed by an intertrial interval between 2300 and
2800 ms. The task included 11 blocks of 30 trials (330 trials total), with half of the trials
compatible (>>>> or K«K<) and half incompatible (<>« or »><>>). Participants were
instructed to press the left or right mouse button to indicate the direction of the center arrow.
Participants first completed a practice block of 30 trials. During the task, participants
received feedback on their performance at the end of each block in order to ensure a
sufficient number of error trials. The message “Please try to be more accurate” was
displayed if accuracy was less than 75%, and “Please try to respond faster” was displayed if
accuracy was above 90%. Otherwise, the message “You’re doing a great job” was displayed.

2.3.3 EEG Data Acquisition and Processing—Data were collected using a BioSemi
(Amsterdam, Netherlands) 34-channel cap (32 channels plus FCz and 1z), with electrodes
placed on the left and right mastoids, and electrooculogram recorded from four facial
electrodes. 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, and processed offline using Brain Vision
Analyzer software (Brain Products, Gilching, Germany). Data were converted to a linked
mastoid reference, filtered with high-pass and low-pass filters of 0.1 and 30 Hz, and
segmented 500 ms before the response and continuing for 1000 ms after the response.
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Eyeblinks were corrected (Gratton et al., 1983), and semi-automated artifact rejection
procedures removed artifacts with a voltage step of more than 50 pV between sample points,
voltage difference of 175 pV within 400 ms intervals, maximum voltage difference of less
than 0.5 pV within 100 ms intervals, and additional artifacts removed using visual
inspection. ERPs to errors and correct responses were averaged separately and baseline
corrected to 500-300 ms prior to responses. The ERN was scored at a pooling of
frontocentral sites (Fz, FCz, Cz) 0 to 100 ms after the response. Analyses focused on the
error minus correct response difference score (AERN) to isolate variation in the ERP wave
related to performance monitoring (Luck, 2005).

2.4 Statistical Analyses

3. Results

Mixed-design ANCOVASs were computed to examine whether group differences in AERN
were apparent pre- and post-treatment or differed at each assessment. Given developmental
increases in the ERN (Davies et al., 2004) and evidence of blunted ERN in depression
(Ladouceur et al., 2012; Weinberg et al., 2012), age and diagnosis of comorbid depression
were included as covariates. We first examined effects of anxiety group, followed by
analyses of GAD and SAD. Effects of GAD and SAD were tested in separate models in
order to directly compare those with each diagnosis to healthy controls. Patients with
comorbid GAD/SAD were included in each analysis, given the relatively small sample size
for each diagnosis.

3.1 Participant Characteristics

Among patients, 71.4% (7= 20) had GAD and 64.3% (n= 18) SAD. With regard to
comorbidity, 35.7% (7 = 10) had both GAD and SAD. With regard to other comorbid
disorders, 10.7% (n= 3) had panic disorder, 10.7% (n = 3) specific phobia, 3.6% (n7=1)
separation anxiety disorder, 7.1% (7= 2) post-traumatic stress disorder, 3.6% (7= 1) OCD,
14.3% (n = 4) current depression, and 3.6% (/7= 1) substance abuse disorder. In addition, 3
child and adolescent patients met criteria for attention-deficit/hyperactivity disorder (ADHD;
rates were unavailable for adult patients because ADHD is not assessed by the SCID).

Participant characteristics by group and specific diagnosis are presented in Table 1. Patients
and healthy controls did not differ on distribution of sex or study site or mean age (s > .32).
Neither patients with SAD nor patients with GAD significantly differed in age from healthy
controls (ps > .17). The proportion of African American and Asian participants was higher
among healthy controls, while the anxious group included a greater proportion Latino/
Hispanic participants, XZ(S) =14.35, p=.01. Study sites did not differ on age, treatment
response, AERN at either assessment, or distribution of race/ethnicity or sex (ps > .11). In
addition, patients who completed SSRI vs. CBT did not differ on age, treatment response,
AERN at either assessment, or distribution of race/ethnicity or sex (ps > .44).

Almost all patients in the final sample responded to treatment (89.3%), with 2 patients
(7.1%) exhibiting minimal improvement and 1 patient (3.7%) rated as minimally worse
following treatment. Both PARS, {17) = 12.24, p< .001, and HAM-A, £{9) =5.28, p=.001,
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significantly decreased pre- to post-treatment, with a 65.0% reduction in anxiety severity on
average (SD = 20.7%).

3.2 Behavioral Performance

Mixed-design ANCOVASs were computed to examine the effects of time (pre- to post-
treatment for patients) and anxiety group (patients vs. healthy controls) on accuracy and
reaction time (RT), controlling for age and comorbid depression. Both accuracy and RT
increased from the first to the second assessment, A1, 59) = 14.43, p<.001, nzp =.20, and,
H1,59)=5.74, p< .02, an =.09, respectively. For RT, the interaction between time and
anxiety group was significant, A1, 59) = 4.00, p= .05, nzp = .06. Patients were slower than
healthy controls prior to treatment, A1, 59) = 8.01, p< .01, nzp =.12, but the groups did not
significantly differ after treatment (p = .53). This was primarily driven by an increase in RT
from the first to second assessment for healthy controls, 434) = —-2.64, p= .01, while the
comparison between assessments was not significant for patients (p = .93). None of the main
or interaction effects with anxiety group on accuracy reached significance (ps > .13).

When GAD and SAD were examined separately, patients with GAD exhibited slower RT
overall compared to healthy controls, A1, 51) = 7.63, p= .01, nzp =.13. In addition, the
interaction between time and SAD on RT was significant, A1, 49) = 4.41, p= .04, nzp =.08,
with similar patterns as observed with the combined patient group. RT increased between
assessments for healthy controls but not for patients with SAD (p = .47). No significant
effects of GAD or SAD on accuracy were observed (ps> .13).

With regard to relationships between AERN and behavioral performance, in the combined
sample, higher accuracy at the first assessment was correlated with an enhanced AERN,
n(62) = -.40, p< .01. This effect was not significant at the second assessment (p = .34),
possibly due to overall improvements in accuracy and a more limited range. In addition,
faster RT was related to a larger AERN at the second assessment, 7(62) = .37, p< .01, with a
similar pattern at the first assessment, though the correlation did not reach significance, 762)
=.21, p=.10.

3.3 Anxiety Group Differences in the ERN Pre- and Post-Treatment

A mixed-design ANCOVA was computed to examine the effects of time (pre- and post-
treatment) and anxiety group (patients vs. healthy controls) on AERN, controlling for age
and comorbid depression. The magnitude of AERN increased across time in the overall
sample, A1, 59) = 3.97, p= .05, n%, = .06, but the main effect of anxiety group and
interaction between time and group were not significant (ps > .42). Though age was
correlated with AERN at the first assessment /(61) = —.27, p= .04, the main effects of age
and depression, as well as interactions with time, were not significant in the ANCOVA (ps
> .16).

Next, mixed-design ANCOVAs were computed to examine whether patients with GAD or
SAD differed from healthy controls on AERN and whether the effect was moderated by
time. Neither the main effect of GAD nor the interaction between time and GAD were
significant (ps > .40). The main effect of SAD was significant, A1, 49) =6.91, p= .01, nzp
=.12; the interaction with time was not significant (p = .97).
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Patients with SAD showed an enhanced AERN relative to healthy controls before, A1, 49) =
5.42, p=.02, 12, = .10, and after treatment, A1, 49) = 4.53, p=.04, 12, = .09 (Figure 1). To
determine whether this was driven by patients who did not respond to treatment, the effect
was examined excluding non-responders (/7= 3), and the effect of SAD on AERN post-
treatment remained significant, A1, 46) = 4.98, p= .03, nzp =.10. Furthermore, change in
AERN from pre- to post-treatment was unrelated to change in symptom severity (s > .63).
As the majority of the SAD sample (7= 12) was treated with SSRI, we also examined the
effect of SAD on AERN post-treatment among those treated with pharmacotherapy and the
effect remained significant, A1, 43) =5.57, p=.02, nzp =.12. The SAD sample completing
CBT was too small to examine separately (7= 6).

Next, given the wide age range of the sample and to determine whether age-related
differences may be driving effects, we examined the effects of SAD separately in children
and adolescents 17 and younger (1= 20) and young adults 18 and over (1= 33). Though
these analyses were limited by the small sample in each group, similar trends for the effect
of SAD across time were observed in each group, A1, 16) = 3.78, p= .07, nzp =.19 for
children/adolescents, and A1, 29) = 3.29, p=.08, nzp = .10 for young adults.

The effect of SAD on AERN across time remained significant when controlling for RT and
accuracy at each assessment, A1, 45) = 4.41, p= .04, nzp =.09. Finally, we tested the effect
of SAD on ERN and CRN, separately, and none of the main effects or interactions with time
were significant (ps > .25), suggesting that effects are specific to the relative response to
errors compared to correct responses.

4. Discussion

We examined error monitoring (i.e., ERN) in a sample of youth and young adults with GAD
and/or SAD before and after treatment. Our primary finding provides preliminary evidence
that patients with SAD exhibit an increased ERN that persists after remission of symptoms
following psychotherapy or pharmacotherapy (i.e., CBT or SSRI). In contrast, we did not
find evidence of an enhanced ERN in patients with GAD in this sample before or after
treatment.

Our finding of an increased ERN in SAD following treatment is consistent with previous
studies indicating that an enhanced ERN in OCD continues to persist after CBT (Hajcak et
al., 2008; Riesel et al., 2015), but extends this finding to SAD. In the current study, an
enhanced ERN correlated with better behavioral performance, including increased accuracy
and faster reaction time, suggesting that an a larger ERN may correspond with closer
monitoring of one’s own behavior and greater sensitivity to errors. Consistent with evidence
that SSRIs do not affect the ERN in healthy adults (Bruijn et al., 2006) or OCD patients
(Stern et al., 2010), our findings also indicate that SSRI treatment does not normalize the
ERN in SAD. Taken together, these findings are consistent with conceptualizations of
enhanced error monitoring as an endophenotype or vulnerability that predisposes some
individuals to develop anxiety, is observable among those with a family history, and remains
relatively stable after treatment (Carrasco et al., 2013a; Hajcak et al., 2008; Meyer et al.,
2015; Olvet and Hajcak, 2008; Riesel et al., 2015, 2011). Further, given that anxiety
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disorders are characterized by high rates of recurrence, with heightened risk of developing
other forms of psychopathology and impaired functioning later in life (Bruce et al., 2005;
Copeland et al., 2015; Woodward and Fergusson, 2001), the persistance of overactive
performance monitoring following treatment in SAD may be a factor contributing to
difficulties later in life.

Importantly, an enhanced ERN after treatment was observable among patients with SAD
even when limiting the analyses to those who responded to treatment. Thus, despite changes
in symptomatology, the ERN remained enhanced, suggesting that treatment may have
resulted in the development of compensatory processes to adjust for hyperactive
performance monitoring, rather than normalization of this system. Interestingly, though
standard treatments do not appear to reduce the magnitude of the ERN, recent studies
indicated that manipulating the allocation of attentional resources reduced the ERN in OCD
(Klawohn et al., 2016), and that attention bias modification reduced the ERN in healthy
adults (Nelson et al., 2015). In addition, there is evidence that transcranial direct-current
stimulation (tDCS) can modulate the ERN in patients with schizophrenia (Reinhart et al.,
2015). Thus, one intriguing possibility for examination in future research is that
supplementing established anxiety treatments with attention training or tDCS may impact
the ERN and improve long-term outcomes.

Given previous evidence of an enhanced ERN in GAD in adults (Weinberg et al., 2015,
2012, 2010; Xiao et al., 2011; Zambrano-Vazquez and Allen, 2014), it is surprising that we
did not find significant effects of GAD on the ERN before and after treatment in this sample.
There are a few possible interpretations for the lack of effect. First, previous studies of the
ERN in youth with GAD are limited to small samples with mixed anxiety disorders
(Carrasco et al., 2013b; Ladouceur et al., 2006), and the average age of the current sample
was younger than adult studies of GAD, raising the possibility that an enhanced ERN may
develop later in adulthood for GAD. In addition, the ERN has been argued to reflect
sensitivity to internal as opposed to external sources of threat (Weinberg et al., 2015); thus, it
is possible that sensitivity to internal threat (e.g., making a mistake and humiliating oneself)
is best reflected by a diagnosis of SAD in this sample, while patients with GAD and not
SAD may exhibit increased reactivity to external sources of threat (e.g., disasters, loss of a
loved one). Additional research with larger samples of youth and young adults with GAD
with and without comorbid SAD is needed to evaluate this possibility.

In the combined sample, the ERN increased across assessments, consistent with an adult
treatment study that found a similar increase for both patients with OCD and healthy
controls (Riesel et al., 2015) and evidence of an increase in the magnitude of the ERN in a
study of test-retest reliability (Olvet and Hajcak, 2009). Errors may become more salient
with repeated administrations of the task, which is also consistent with an overall increase in
accuracy from the first to second assessment. This finding emphasizes the importance of
identifying and accounting for normative changes with time when examining neural
measures before and after treatment, and the current study is limited in that we were unable
to examine typical changes with time in a patient group not receiving treatment. Future
studies are needed that include treatment control patients in order to examine trajectories of
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neural processes in youth and young adults with anxiety disorders to those receiving
treatment.

Several additional limitations of the study and directions for future research should be noted.
First, the sample size was small and heterogeneous with regard to age, primary diagnosis,
and treatment. Though this study is among the first to examine distinct effects of GAD and
SAD on the ERN, our relatively small sample size precluded the examination of effects of
comorbidity as compared to pure presentations of each disorder. In addition, data for a large
proportion of the sample were lost due to poor behavioral performance or noise in the EEG
data. This was particularly problematic among patients and younger children, indicating the
need for additional research to refine methods of eliciting the ERN in children. Larger
samples of patients treated with SSRIs and CBT are also needed in order to directly compare
the effects of each type of intervention, as our sample did not have sufficient power to test
differences between treatments or the effect of SAD within the CBT group alone. It should
also be noted that our effects were apparent only for the relative response to errors compared
to correct responses (i.e., AERN), which differs from previous work that has identified group
differences in the magnitude of the ERN specifically (e.g., Hajcak et al., 2008). Future
research is needed to evaluate the functional significance of AERN compared to ERN and
whether these distinct patterns of effects can further inform understanding of
psychopathology. Lastly, though we did not observe any effects of study site on the results,
we cannot rule out the possibility that differences in design, providers, or other factors may
have contributed to the results. Despite the need for replication of the current findings and
extension to larger samples, the current study is the first to examine the ERN following
treatment for anxiety disorders other than OCD, providing useful insights for future
treatment studies.

5. Conclusions

This study is the first to provide preliminary evidence that, like OCD (Hajcak et al., 2008;
Riesel et al., 2015), SAD in youth and young adults is characterized by an enhanced ERN
that persists following treatment. Increased error monitoring following treatment for anxiety
disorders may be a factor contributing to high likelihood of recurrence and impaired
functioning later in life, and additional prospective research is needed to evaluate this
possibility.
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Highlights

. Enhanced error-related negativity (ERN) in social anxiety disorder
(SAD)

. SAD patients differed from controls before and after pharmaco- and
psychotherapy

. No significant effects of generalized anxiety disorder

. Support enhanced ERN as trait-like vulnerability or endophenotype for
SAD
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Figure 1.

ERPs (negative up) at frontocentral sites following errors, correct responses, and the error
minus correct difference wave for healthy controls (7= 35), patients with social anxiety
disorder (SAD; n=18), and patients with generalized anxiety disorder (GAD; n= 20) at
Time 1 (pre-treatment) and Time 2 (post-treatment). Scalp distributions depict the error
minus correct difference 0-100 ms after the response.
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