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Error-related negativity predicts increases in anxiety
in a sample of clinically anxious female children and
adolescents over 2 years

Alexandria Meyer, PhD; Lushna Mehra, BS; Greg Hajcak, PhD

Background: An increased neural response to making errors has emerged as a biomarker of anxiety. Error negativity (Ne) or error-
related negativity (ERN) is an event-related potential generated when people commit errors; the Ne/ERN is greater among people with
anxiety and predicts increases in anxiety. However, no previous study has examined whether the Ne/ERN can be used as a prognostic
indicator among people with current anxiety. The present study addressed this gap by examining whether the Ne/ERN prospectively pre-
dicts increases in anxiety symptoms in clinically anxious children and adolescents. Methods: The sample included 34 female participants
between the ages of 8 and 14 years who met the criteria for a clinical anxiety disorder based on clinical interview. The Ne/ERN was meas-
ured using a flanker task. Results: Increased Ne/ERN at baseline predicted increases in total anxiety symptoms 2 years later, even when
accounting for baseline symptoms. The Ne/ERN predicted increases in the symptom domains of generalized anxiety, social anxiety and
harm avoidance/perfectionism, but not panic, separation anxiety, school avoidance or physical symptoms. Limitations: The sample size
was small, which may have inflated the false discovery rate. To mitigate this possibility, we used multiple self-report measures, and the re-
sults for the 2 measures (as well as their symptom domains) converged. Conclusion: These data suggest that the Ne/ERN can delineate
specific risk trajectories, even among those who already meet the criteria for a clinical anxiety disorder. Considering the need for prognos-

tic markers among people with clinical anxiety, the current findings are an important and novel extension of previous work.

Introduction

Anxiety disorders are the most prevalent form of mental ill-
ness and often cause significant distress and impairment
across the lifespan.! Although anxiety affects adults and chil-
dren, it most often begins early in life.>®> Moreover, relapse of
anxiety is common:** more than half of patients experience
recurrence.®® Thus, there is interest in characterizing the
developmental pathways that lead to anxiety to improve
approaches to prevention and intervention.

To this end, research has focused on characterizing the
development of core neural systems associated with the de-
velopment and maintenance of anxiety.’ Identifying neural
markers that track and predict the onset and trajectory of
anxiety may increase our understanding of its underlying
neurobiological causes and generate targets for novel pre-
vention strategies. Moreover, there is a critical need to iden-
tify prognostic indicators that delineate trajectories of symp-
toms, even among those who already have clinical anxiety
— data that could inform predictors of disease course and
risk for relapse (i.e., predict who will experience increases in

anxiety symptoms and what type of symptoms those are
likely to be).!

A substantial amount of research has focused on the error
negativity (Ne) or error-related negativity (ERN; referred to
here as the Ne/ERN) as a neural marker of anxiety.!™* The
Ne/ERN is an event-related potential (ERP) that appears as a
negative peak in the ERP waveform at frontocentral electrode
sites when people make errors during tasks involving
speeded reaction time in the laboratory.'>'® The generation of
error-related neural activity appears to involve the anterior
cingulate cortex,'”'® a region of the medial frontal cortex
where information about pain, threat and punishment are
integrated to modify behaviour.!” Errors are conceptualized
as motivationally salient events that require immediate cor-
rective action; in this context, we view individual differences
in the Ne/ERN as partially reflecting variability in sensitivity
to errors (i.e., error sensitivity).”

The Ne/ERN has been increased in people with anxiety in
more than 50 studies to date.!""® The Ne/ERN appears to be
increased specifically in disorders that are typically character-
ized by increased concern about performance, behaviour or
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mistakes (i.e., increased error sensitivity), including general-
ized anxiety disorder,*?* obsessive-compulsive disorder®2
and social anxiety disorder.”-** In addition to being increased
among people with clinical anxiety disorders, the Ne/ERN
also appears to index prospective risk for the development of
anxiety. For example, children with an increased Ne/ERN
were particularly prone to increases in anxiety symptoms
following a stressful life event.*® Moreover, an increased Ne/
ERN among 6-year-old children predicted the onset of new
anxiety disorders 3 years later.? Similarly, the Ne/ERN pre-
dicted new-onset generalized anxiety disorder across a year
and a half in a large sample of female adolescents.® Consis-
tent with these findings, other work has found that children
who are high in behavioural inhibition and characterized by
an increased Ne/ERN are particularly vulnerable to the onset
of anxiety disorders later in life.>-¢

To date, 4 studies have investigated the Ne/ERN before
and after treatment for clinical anxiety.?*”=° Findings sug-
gested that traditional cognitive behavioural therapy ap-
proaches did not affect the Ne/ERN, despite decreases in
anxiety symptoms. For example, children who completed
exposure therapy for obsessive—compulsive disorder and no
longer met the criteria for the disorder continued to be char-
acterized by an increased Ne/ERN post-treatment.” More-
over, in another large treatment study, cognitive behavioural
therapy decreased anxiety symptoms but did not affect the
Ne/ERN or worry related to performance (i.e., error sensitiv-
ity).® In another study, people with social anxiety disorder
were characterized by an increased Ne/ERN even after treat-
ment with cognitive behavioural therapy or selective sero-
tonin reuptake inhibitors.?

Overall, the available data indicate that anxiety relates to
individual differences in the Ne/ERN, and that an increased
Ne/ERN among healthy individuals can confer risk for the
development of anxiety later in life. And yet, successful com-
pletion of traditional treatment approaches does not appear
to reduce the Ne/ERN. However, relatively few data are
available about the clinical utility of increased Ne/ERN in
people with clinical anxiety.

The present study considered the possibility that variabil-
ity in the Ne/ERN might predict longer-term naturalistic
outcomes among adolescents with a current anxiety disorder.
We tested the novel possibility that the Ne/ERN may delin-
eate differential developmental trajectories among those who
already have clinical anxiety. Indeed, there is a critical need
for prognostic markers that indicate the likelihood of recur-
rence among people who have an anxiety disorder.”” If an in-
creased Ne/ERN among people with a current anxiety disor-
der can predict later changes in anxiety, the Ne/ERN could
be leveraged to identify those most in need of treatment;
along similar lines, the Ne/ERN could be a novel target for
relapse prevention.

As a first step in addressing this possibility, we examined
the extent to which the Ne/ERN predicted changes in anxiety
symptoms over 2 years among children and adolescents with
anxiety disorders. Thirty-four children and adolescents be-
tween the ages of 8 and 14 years at baseline met the diagnos-
tic criteria for an anxiety disorder based on clinical interview.

The Ne/ERN was recorded at baseline, and children and ado-
lescents reported on anxiety symptoms at both assessments via
multiple self-report measures. We hypothesized that an in-
creased Ne/ERN at baseline would predict increases in total
anxiety symptoms at follow-up 2 years later. Additionally,
based on previous work linking the Ne/ERN to anxiety symp-
toms that are relevant to performance and error sensitivity
(i.e., generalized anxiety disorder, obsessive-compulsive dis-
order, social anxiety), we hypothesized that the Ne/ERN
would predict increases in specific anxiety symptom domains
(i.e., generalized anxiety, social anxiety and harm avoidance/
perfectionism) but likely not in others that have been less re-
lated to increased Ne/ERN (i.e., panic, separation anxiety,
school avoidance and physical symptoms). In relation to speci-
ficity, we also predicted that the Ne/ERN would not predict
changes in depressive symptoms.

Methods
Participants

Participants were drawn from a larger longitudinal study
funded by the United States National Institute of Mental
Health. Results for the relationship between the Ne/ERN
and anxiety at baseline have been reported previously.*’ Par-
ticipants were recruited from a commercial mailing list of
families that had an 8- to 14-year-old female living at home.
Participants were paid $20 per hour for their participation.
Participants in the present study included 34 children and
adolescents who met the criteria for a current threshold anx-
iety disorder at the baseline assessment, based on a clinical
interview with the child and parent.

Overall, 79% of the sample identified as White, 12% as
Black/African American, 6% as Hispanic and 6% as other.
All participants identified as female. At the baseline assess-
ment, children and adolescents were between the ages of 8
and 14 years (6% were 8 years old, 12% were 9 years old, 6%
were 10 years old, 9% were 11 years old, 24% were 12 years
old, 27% were 13 years old and 18% were 14 years old). All
participants provided informed consent, and study pro-
cedures were approved by the institutional review board at
Stony Brook University.

Self-report measures

Children and adolescents completed 2 self-report measures
related to their current anxiety symptoms at both the baseline
and follow-up assessments. The Screen for Child Anxiety
Related Emotional Disorders (SCARED) questionnaire?!
broadly assesses symptoms of anxiety, including symptom
subscales of panic, general anxiety, separation anxiety, social
anxiety and school avoidance. The SCARED questionnaire
contains 41 items, and participants can answer 0 (not true or
hardly ever true), 1 (sometimes true) or 2 (true or often true).
Children and adolescents also completed the Multidimen-
sional Anxiety Scale for Children (MASC) questionnaire.*?
The MASC broadly assesses symptoms of anxiety, including
subscales of physical symptoms (e.g., tense/restless and
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somatic/automatic), social anxiety (e.g., humiliation/
rejection and public performance fears), harm avoidance
(e.g., perfectionism and anxious coping) and separation anx-
iety. The MASC contains 39 items, and participants can an-
swer 0 (never true about me), 1 (rarely true about me), 2
(sometimes true about me) or 3 (often true about me).

Children and adolescents also completed the Children’s
Depression Inventory (CDI) self-report, a measure of depres-
sion symptoms.* The CDI consists of 10 items that assess
symptoms (e.g., sadness) over the preceding 2 weeks. Items
on the CDI are rated from 0 (e.g., I am sad once in a while) to
2 (e.g., I am sad all the time).

Clinical interview

We administered the Kiddie Schedule for Affective Disorders
and Schizophrenia—Present and Lifetime Version for the
DSM-1V at baseline.* This is a semistructured interview that
assesses psychopathology in children and adolescents. Both
parent and child were interviewed, and symptom ratings
were based on a consensus diagnostic meeting that incor-
porated all of this information. The interrater agreement
across anxiety diagnoses ranged from 0.73 to 0.91. The pres-
ent study included children who had a threshold anxiety dis-
order diagnosis at the baseline assessment (1 = 34). Some of
those children met the diagnostic criteria for more than
1 anxiety disorder: 4 children met the criteria for panic disor-
der, 3 for separation anxiety disorder, 16 for a simple phobia,
7 for social anxiety disorder, 9 for generalized anxiety disor-
der and 7 for obsessive—compulsive disorder.

EEG task

An electroencephalogram (EEG) was recorded while partici-
pants completed an arrowhead version of the flanker task on
a computer.® During the task, 5 arrowheads appeared on the
screen and participants were instructed to press the left or
right mouse button as quickly as possible based on the direc-
tion of the centre arrowhead. Stimuli were presented for
200 ms, and the interval between the offset of one stimulus
and the onset of the subsequent stimulus varied randomly
between 2300 and 2800 ms. Participants completed a practice
block containing 30 trials and then began the task, which con-
sisted of 11 blocks of 30 trials (330 trials in total). After each
block, the message “Please try to be more accurate” was dis-
played if a participant’s performance was 75% correct or
lower; the message “Please try to respond faster” was dis-
played if performance was above 90% correct; and the mes-
sage “You're doing a great job” was displayed if performance
was between 75% and 90%.

Psychophysiological recording and data analysis

We collected continuous EEG recordings using an elastic
cap and the ActiveTwo system (BioSemi). Thirty-four
electrode sites were used, as well as 2 electrodes on the
left and right mastoids. We measured electrooculograms
(horizontal and vertical eye movements) using 4 facial

electrodes. The EEG signal was preamplified at the elec-
trode to improve the signal-to-noise ratio and amplified
with a gain of 1 by an ActiveTwo system. The data were
digitized at a 24-bit resolution with a sampling rate of
1024 Hz, using a low-pass, fifth-order sinc filter with a
half-power cut-off of 204.8 Hz.

Offline, all data were re-referenced to the average of the
left and right mastoids and band-pass filtered between
0.1 and 30 Hz; ocular corrections were conducted as per
Gratton and colleagues.*® Artifact detection and rejection
was conducted using an automatic procedure: voltage
steps greater than 50.0 uV between sample points, voltage
differences of 300.0 pV within a trial, and voltage differ-
ences of less than 0.50 uV within 100 ms intervals were re-
jected from channels in each trial. The EEG data were seg-
mented for each trial, from 500 ms before the response to
800 ms after the response. A baseline correction was per-
formed using the interval from 500 ms to 300 ms before the
response. Correct and incorrect responses were averaged
separately from 0 to 100 ms after the response to obtain the
correct-related negativity (CRN) and the Ne/ERN. Analy-
ses focused on the FCz electrode, where error-related brain
activity was maximal. We calculated a subtraction-based
difference score (ANe/ERN) by subtracting the CRN from
the ERN. We calculated percent accuracy and reaction time
by trial type (i.e., reaction time on error and correct trials)
as behavioural measures.

Data analysis

We conducted statistical analyses using SPSS version 26.
We used the Pearson correlation coefficient (r) to examine
bivariate associations between study variables. We used
repeated-measures analyses of variance to compare reaction
time on error and correct trials, as well as the ERN and
CRN. We conducted a series of hierarchical multiple re-
gressions wherein baseline anxiety symptoms were entered
as the first predictor, the ANe/ERN was entered as the
second predictor and follow-up total anxiety symptoms
were entered as the criterion variable. These were con-
ducted separately for the total SCARED and MASC scores.
We then conducted the same regression analyses (i.e., pre-
dicting change in total anxiety symptoms) while control-
ling for baseline child age, accuracy during the task and re-
action time on error and correct trials.

Based on previous work,” we examined the individual
contributions of error and correct brain activity, as well as
their interaction (error x correct), in predicting the change in
total symptoms on the SCARED and MASC. Next, we exam-
ined the extent to which the ANe/ERN predicted specific
anxiety subscales on both the SCARED and MASC question-
naires by conducting a series of simultaneous multiple re-
gressions wherein the baseline symptom domain and the
baseline AERN were entered as predictors, and the outcome
variable was the follow-up symptom domain. Finally, we
conducted a simultaneous multiple regression to examine
whether the ANe/ERN predicted changes in depression
symptoms using the CDL
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Results
Behavioural data

Across the sample, mean (+ standard deviation [SD]) accu-
racy was 80.7 = 11.96%. Overall, participants were faster on
error trials (369.75 + 78.02 ms) than on correct trials (473.09 +
89.80 ms; F,, = 166.93, p < 0.001, > = 0.84). Neither accuracy
nor correct/error reaction time was significantly associated
with study variables at baseline (SCARED or MASC), nor
was change in anxiety symptoms (SCARED or MASC). Child
age was not significantly associated with accuracy or reaction
time on error trials, but older children responded more
quickly on correct trials (r;, = —0.52, p < 0.05). Correlations be-
tween all study variables are reported in Appendix 1, avail-
able at jpn.ca/200128-al.

Error-related brain activity predicting changes in total
anxiety symptoms

Overall, the ERP response was more negative on error trials
(mean + SD = 1.26 + 6.76) than on correct trials (4.78 + 6.03;
F,5 =23.82, p < 0.001, n,? = 0.42). For the regression predict-
ing follow-up SCARED total symptoms (Table 1), the overall
model was significant (F,,; = 13.22, p < 0.001). Baseline
SCARED total symptoms and ANe/ERN were significant
predictors (B = 0.66, standard error [SE] = 0.14, t = 471, p <
0.001; and B = -1.22, SE = 0.51, t = -2.41, p < 0.05, respec-
tively). Adding the ANe/ERN in the second step increased
the variance accounted for by an additional 10% (R* change =
0.10, p < 0.05). Figure 1 presents a depiction of these results
in which we divided the sample based on a median split of
the change score on SCARED total symptoms (i.e., follow-up
minus baseline). Children and adolescents with clinical anx-
iety who experienced a greater increase in total symptoms
from baseline to follow-up were characterized by in-
creased error-related brain activity at baseline. Figure 2
shows partial regression plots depicting the association
between the baseline ANe/ERN and changes in total anxiety
symptoms on the SCARED questionnaire.

Next, we conducted a regression predicting follow-up
MASC total symptoms (Table 1). The overall model was sig-
nificant (F,; = 7.66, p < 0.05), and both baseline MASC total
symptoms and ANe/ERN were significant predictors (B =

0.49,SE =0.14, t = 3.44, p < 0.05; and B = -1.43, SE = 0.66, t =
-2.18, p < 0.05, respectively). Adding the ANe/ERN in the
second step increased the variance accounted for by an addi-
tional 10% (R? change = 0.10, p < 0.05). This pattern of results
was consistent with findings for SCARED total symptoms.

Although it was not the focus of the current investigation,
we collected data from the Child Behavior Checklist external-
izing symptoms scale. We examined a model wherein base-
line externalizing symptoms and baseline ANe/ERN were
entered predicting follow-up externalizing symptoms. In this
model, the ANe/ERN predicted changes in externalizing
symptoms at a trend level (B = 0.37, SE = 0.19, t = 2.0, p =
0.057). Thus, a smaller (i.e., more positive) ANe/ERN at base-
line among clinically anxious children predicted increases in
externalizing symptoms, albeit at a trend level.

To examine the potential effect of age and behaviour dur-
ing the task, we conducted a simultaneous multiple regres-
sion in which baseline SCARED total symptoms, ANe/ERN,
child age, accuracy during the task and reaction time on error
and correct trials were all entered to predict SCARED total
symptoms at follow-up. Our results suggested that only
baseline SCARED total symptoms and ANe/ERN were sig-
nificant predictors in this model (B = 0.62, SE = 0.16, t = 4.32,
p <0.001; and B = -1.35, SE = 0.58, t = —2.32, p < 0.05, respec-
tively). Child age, accuracy and reaction times did not reach
significance. We found the same pattern of results when
using MASC total symptoms (i.e., only baseline MASC and
ANe/ERN were significant predictors, and child age, accu-
racy and reaction time did not reach significance). Thus, child
age, accuracy and reaction during the task did not appear to
play a significant role in predicting changes in anxiety symp-
toms and were dropped from further analyses.

Based on previous work,” we examined the individual con-
tributions of error- and correct-related brain activity, as well
as their interaction (error x correct), in predicting change in
total symptoms on the SCARED and MASC questionnaires.
To do so, we conducted a hierarchical multiple regression in
which baseline symptoms and the Ne/ERN and CRN were
entered as the first set of predictors, the interaction between
the Ne/ERN and CRN was entered as the second predictor,
and follow-up total symptoms was the criterion variable. Our
results suggested that SCARED total symptoms at baseline
was significant in this model (B = 0.67, SE = 0.15, t = 445, p <
0.001). Although the interaction between the Ne/ERN and

Table 1: Hierarchical multiple regression predicting follow-up total symptoms

Characteristic B SE t p R? R? change
SCARED
Baseline total symptoms 0.66 0.14 4.71 < 0.001 0.36 0.36*
Baseline ANe/ERN -1.22 0.51 —-2.41 0.022 0.46 0.101
MASC
Baseline total symptoms 0.49 0.14 3.44 0.002 0.23 0.231
Baseline ANe/ERN -1.43 0.66 -2.18 0.037 0.31 0.101

MASC = Multidimensional Anxiety Scale for Children; ANe/ERN = change in error negativity/error-related negativity; SCARED =
Screen for Child Anxiety-Related Emotional Disorders; SE = standard error.

*p <0.01.
tp < 0.05.
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Figure 1: On the left, waveforms for error (dotted line), correct (grey line) and the difference (error minus correct; black line) at electrode FCz.
On the right, topographical headmaps for error minus correct, 0-100 ms after the response. Results are depicted based on a median split of
the change scores for total anxiety symptoms on the Screen for Child Anxiety Related Emotional Disorders (SCARED) questionnaire from
baseline to follow-up (across 2 years). All children and adolescents had a clinical anxiety disorder at baseline. Children and adolescents on the
top experienced a greater increase in anxiety symptoms from baseline to follow-up; children and adolescents on the bottom experienced less
of an increase or a decrease in anxiety symptoms from baseline to follow-up. Children and adolescents who would go on to experience
greater increases in anxiety symptoms were characterized by increased error-related brain activity at baseline.

CRN did not reach significance (p = 0.78), both the Ne/ERN
and the CRN were significant predictors (B = —1.21, SE = 0.52,
t=-2.32,p <0.05; and B = 1.26, SE = 0.60, t = 2.10, p < 0.05, re-
spectively). It should be noted that the Ne/ERN and the CRN
predicted changes in SCARED total symptoms in the opposite
direction, such that a greater Ne/ERN predicted increased
symptoms and a smaller CRN predicted increased symptoms.
When we examined the same model using MASC total symp-
toms, results suggested that baseline MASC total symptoms
were significant (B = 0.47, SE = 0.15, t = 3.22, p < 0.05). Similar
to the results described above, the interaction between the
Ne/ERN and CRN did not reach significance (p = 0.56). The
Ne/ERN was a significant predictor in this model (B = -1.47,
SE =0.67, t = -2.19, p < 0.05). However, the CRN did not reach
significance (B =1.28, SE =0.77, t = 1.67, p = 0.11).

Error-related brain activity predicting changes in specific
anxiety scales and depression

To examine whether error-related brain activity predicted
changes in specific anxiety symptom domains, we conducted
a series of simultaneous multiple regressions in which base-

line symptom domain scores and baseline ANe/ERN were
entered as predictors, and the outcome variable was follow-up
symptom domain scores. We repeated this analysis for the
SCARED subscales (panic, generalized anxiety, separation
anxiety, social anxiety and school avoidance) and the MASC
subscales (physical symptoms, social anxiety, separation anx-
iety and harm avoidance).

For the SCARED subscales, the ANe/ERN predicted
changes in generalized anxiety symptoms (B = —0.34, SE =
0.17, t = =2.00, p < 0.05) and social anxiety symptoms (B =
-0.42,SE = 0.11, t = =3.74, p < 0.001), but not changes in panic
symptoms (B = -0.18, SE = 0.19, t = -0.95, p = 0.35), separa-
tion anxiety symptoms (B = -0.15, SE = 0.12, t = -1.29, p =
0.21) or school avoidance (B = —0.08, SE = 0.08, t = -0.98, p =
0.33). For the MASC subscales, the ANe/ERN predicted
changes in social anxiety symptoms (B = -0.05, SE = 0.03, t =
-1.99, p = 0.056) and harm avoidance (B = -0.04, SE=0.02, t =
-1.99, p = 0.056), both at a trend level, but did not predict
changes in physical symptoms (B = -0.03, SE = 0.02, t = -1.48,
p = 0.15) or separation anxiety (B = —0.03, SE = 0.02, t = -1.56,
p = 0.13). Overall, error-related brain activity predicted
changes in anxiety symptoms related to social anxiety,
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Figure 2: Partial regression plots depicting the association between baseline ANe/ERN and change in total anxiety symptoms (Screen for
Child Anxiety-Related Emotional Disorders [SCARED] on the left and Multidimensional Anxiety Scale for Children [MASC] on the right). ANe/

ERN = change in error negativity/error-related negativity.

generalized anxiety (i.e., worry) and harm avoidance, but not
panic, separation, school avoidance or physical symptoms.

To examine the specificity of error-related brain activity in
predicting changes in anxiety versus depression symptoms,
we also conducted a simultaneous multiple regression in
which baseline ANe/ERN and total CDI scores were entered
to predict follow-up CDI total score. The ANe/ERN did not
significantly predict changes in depression symptoms (B =
-0.26,SE=0.28, t = -0.95, p = 0.35).

Discussion

Results from the present study suggest that increased error-
related neural activity, even among clinically anxious chil-
dren and adolescents, can predict increases in anxiety symp-
toms measured 2 years later. These findings extend previous
work, insofar as the Ne/ERN has never been shown to pre-
dict the developmental trajectory of anxiety in people with
anxiety. We also found that the Ne/ERN predicted increases
in relatively specific anxiety symptom domains: generalized
anxiety, social anxiety and harm avoidance/perfectionism,
but not panic, separation anxiety, school avoidance or phys-
ical symptoms. These data suggest that variability in the Ne/
ERN may delineate specific trajectories of symptoms among
people with anxiety. Importantly, these are the symptom do-
mains that have most consistently been related to increased
Ne/ERN in previous cross-sectional studies.* Considering
the need for prognostic markers among people with clinical
anxiety,' the current findings are an important and novel
extension of previous work.

In the present study, the Ne/ERN predicted increases in
total anxiety symptoms using 2 different self-report measures
(SCARED and MASC). Although baseline self-report meas-
ures accounted for 23% to 36% of the variance in follow-up
anxiety symptoms, adding the Ne/ERN increased the variance

accounted for by an additional 10%. These findings were con-
sistent with previous work, which found that the Ne/ERN
predicted increases in anxiety over a similar time frame in
healthy individuals.*** The current findings extend this work
insofar as they suggest that the Ne/ERN may be a prognostic
indicator of the course of illness among people with clinical
anxiety. These data also suggest that the Ne/ERN could be a
predictor of course, based on work on biomarkers for depres-
sion that suggests predicting variance in outcomes of over 6%
is clinically significant.*

The ability of the Ne/ERN to predict changes in anxiety
symptoms was relatively specific. For example, the Ne/ERN
predicted increases in some symptom domains (i.e., general-
ized anxiety disorder, social anxiety and harm avoidance/
perfectionism), but not others (i.e., panic, separation, school
avoidance and physical symptoms). Moreover, this pattern
of results was convergent between the 2 self-report measures
(e.g., both the SCARED and the MASC questionnaires indi-
cated that the Ne/ERN predicted increases in social anxiety
but not separation anxiety). These findings were in line with
previous work suggesting that the Ne/ERN may serve as a
transdiagnostic marker across anxiety disorders, indexing
anxiety related to performance, one’s own behaviour or mis-
takes (i.e., error sensitivity).""** To our knowledge, this is
the first study to examine whether the Ne/ERN can predict
prospective changes in anxiety symptom dimensions differ-
entially among people with anxiety (e.g., predicting change
in social anxiety but not change in panic symptoms). It
should also be noted that the Ne/ERN did not predict in-
creases in depression symptoms, suggesting that the Ne/
ERN is a specific indicator of anxiety and not of depression.
Taken together, these findings suggest that the Ne/ERN
may be used as a specific prognostic indicator among people
with anxiety, shedding light on the course of illness in terms
of severity and type of anxiety across time.
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Limitations

The present study had several limitations. Most notably,
the sample size used in the present study was somewhat
small, and this may have inflated the false discovery rate.
To mitigate this possibility, we used multiple self-report
measures, and the results between the 2 measures (as well
as their symptom domains) converged. However, future
work should be conducted to replicate findings from the
present study.

Conclusion

Our results suggest that variability in the Ne/ERN, even
among people with anxiety, confers risk for future increases
in anxiety. In light of the current findings, it is reasonable to
infer that an elevated Ne/ERN following treatment might
confer risk for future relapse among people with anxiety,
although studies are needed to confirm this possibility. It
will be important to test these findings in the context of
treatment-outcome studies, such as those that have exam-
ined the Ne/ERN before and after traditional cognitive be-
havioural therapy and pharmacological interventions.?%-
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