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Abstract

Anxiety has been proposed to influence psychophysiological reactivity in children and
adolescents. However, the extant empirical literature has not always found physiological reactivity
to be associated with anxiety in youth. Further, most investigations have not examined
psychophysiological reactivity in real time over the course of acute stress. To test the impact of
anxiety disorder status on autonomic arousal in youth, we compared youth with primary anxiety
disorders (V= 24) to typically developing (TD) youth (V= 22) on heart rate (HR), heart rate
variability (HRV), and respiratory sinus arrhythmia (RSA) during an acute stressor in which youth
received error-related feedback. We also conducted exploratory analyses on youth performance
during the task. Youth ages 9-17 participated in the arithmetic portion of the Trier Social Stress
Test for Children (Buske-Kirschbaum et al., Psychosom 59:419-426, 1997), during which time
they received consecutive, standardized feedback that they made calculation errors. Results
indicated that, compared to their TD counterparts, the anxious group demonstrated elevated HR
and suppressed HRV during initial provision of error feedback and during the recovery period. No
group differences were found for RSA. Additionally, overall TD youth made a greater proportion
of errors than anxious youth. Clinically, these findings may provide preliminary support for
anxious youth exhibiting physiological reactivity in response to receipt of error-related feedback,
and may have implications for understanding biological processes during stress. This work
underscores the need for further study of when and how anxiety may influence autonomic
reactivity over the course of stress.
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Introduction

Anxiety is the most common mental health problem in children and adolescents (up to 25%)
[1]. Anxiety disorders are associated with substantial impairment for youth across social,
academic, and home domains [2, 3], and confer significant risk for future medical and
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psychiatric illness [2, 4, 5]. Experts have called for clarification of the biobehavioral markers
and mechanisms underlying pediatric anxiety [6, 7] to improve illness classification and
intervention efforts.

One such putative marker is that of psychophysiological arousal. Theoretical models
propose, and some data support, that anxious individuals exhibit aberrant physiological
reactivity, particularly during stress [8-10], and that this autonomic hyper-arousal may
influence fear- and threat-based learning [11-13]. However, empirical studies of
physiological reactivity during acute stress in clinically anxious and typically developing
(TD) youth have produced mixed findings. Some work has demonstrated that clinically
anxious youth exhibit greater reactivity than TD youth during stress [14, 15]. Other studies
suggest that clinically anxious youth exhibit higher baseline levels of arousal than their TD
counterparts, although the two groups demonstrate comparable changes in arousal during
stress [16, 17]. Still others have found no physiological differences between clinically
anxious and TD youth [18-20]. Investigations conducted in non-affected samples parallel
these mixed findings: while some studies have found youth with elevated anxiety symptoms
to exhibit greater reactivity than those with low anxiety levels during stress tasks [21], other
studies have found no group differences between youth with high versus low anxiety
symptoms [22, 23].

One potential explanation for these discrepant findings may be due to how arousal is
measured and whether the “stressful” components of tasks are introduced once and/or held
static or reintroduced throughout the task. Nearly, all the above-cited studies examine mean
arousal across the entire experimental stressor. However, some stress tasks provide multiple
prompts (e.g., corrective or negative feedback, changes in expectations for participant
performance, etc.) during the stressor period, while others do not. Such differences in
methodology may impact our ability to generalize across studies, as the mean level of
physiological arousal may differ depending on whether and how task demands might change
during the task.

The Trier Social Stress Test for Children (TSST-C) [24], one of the most widely utilized
stress tasks, provides an excellent example of one such task in which the stressor is
reintroduced or made salient throughout the task. During the arithmetic portion of the TSST-
C, the experimenter provides four standardized prompts to youth over the course of 5 min.
These prompts indicate that the youth made an error, regardless of actual performance, and
must start their calculations over; this is presumably done to maintain or increase the
“stressful” component of the arithmetic. This version of the task would likely result in
different arousal trajectories for youth than a task in which error feedback was not provided.
This methodology involving error-related feedback may even differentially influence the
course of reactivity for anxious and TD youth. For example, anxious youth might exhibit fast
and immediate reactivity, which would be maintained as the stressor is reintroduced, while
TD youth may be less reactive initially but exhibit more arousal with subsequent stressor
prompts. Thus, obtaining an average score for the entire math portion of the TSST-C could
result in loss of information about real-time fluctuations in autonomic functioning as the
experimenter successively reintroduces the stressor (in this case, error-related feedback).
Examination of patterns of reactivity over the course of a stressor, and not simply the mean
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reactivity across the entire stressor period, may provide more a more fine-grained approach
towards studying how youths respond to stress in real time.

Moreover, how youths perform over the course of acute stress may supplement our
understanding of physiological correlates of youth anxiety, and eventually answer questions
about how autonomic reactivity and behavior may interact. With regard to objective
measurement of youth behavior, a few investigations have used observational coding to
explore youth approach towards (or avoidance of) fearful stimuli [25, 26] or facial
expressions, pauses, and other indicators of anxiety during speech tasks [27, 28]. However,
as with the physiological literature, surprisingly little work has been done to examine youth
cognitive performance over the course of stress despite well-documented relationships
between anxiety and cognitive performance [29-31].

With regard to the TSST-C specifically, to our knowledge only one prior study has quantified
youth cognitive performance (i.e., mathematical calculations) on a modified version of the
TSST-C [24]. In that study, youth were not provided with standardized error prompts, and no
group differences were found between youth with social phobia and healthy controls for
calculation errors or correct calculations. Again, anxious and TD youth may perform
differently under stress, particularly when provided with feedback that they have made an
error. A preliminary step towards understanding how trajectories of youth performance and
physiological reactivity may interact during stress might involve examining youth
performance during a stressor such as the TSST-C math task, particularly in relation to
receipt of error-related feedback.

The present study

In the current study, we sought to examine psychophysiological arousal in anxious youth,
compared to their TD counterparts, over the course of an acute stressor. Secondarily, we
explored youth performance (i.e., calculations during the math task) in response to error-
related feedback. Rather than focus on a single index, we examined three commonly studied
indices of arousal—heart rate (HR), heart rate variability (HRV), and respiratory sinus
arrhythmia (RSA)—in order to examine whether psychophysiological responding occurred
across indices. All three indices reflect interactions between the two systems comprising the
autonomic nervous system: the sympathetic nervous system (or “fight or flight” response),
which becomes activated when a stressor is perceived, and the parasympathetic nervous
system, which serves to maintain homeostasis during times of rest, and serves as a
downregulation mechanism of sympathetic responses. Typically during a stressor, heart rate
(HR) is expected to increase, and in response heart rate variability (HRV, the fluctuation in
intervals between heart beats) is expected to decrease [32, 33]. HR and HRV have been
commonly studied indices in pediatric anxiety samples, although the extant data are mixed
with regard to whether anxious and TD youth exhibit similar or distinct HR and HRV during
stress. Respiratory sinus arrhythmia, or the variation in heart rate that occurs as a function of
synchronization with breathing, reflects parasympathetic influences from both cardiac
(HRV) and respiration, and is theorized to become suppressed during stress [34]. RSA
suppression, therefore, is viewed as an adaptive process that may help individuals
physiologically self-regulate, during stress. While there is some evidence that restricted
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baseline RSA and less RSA suppression during stress is associated with broad internalizing
problems in community samples [34], less data are available on the role of RSA during acute
stress in clinically anxious youth.

Our primary aim in this investigation was to examine whether anxious and TD youth
demonstrated comparable or distinct patterns of physiological reactivity over the course of a
stressor in which they received successive error-related feedback. Our a priori hypotheses for
this primary aim were that anxious youth would exhibit (1) greater increases in HR, (2)
greater HRV suppression, and (3) less RSA withdrawal than TD youth.

Our secondary aim was to examine youth performance over the course of the stressor. More
specifically, we sought to compare anxious and TD youth on (1) total number of calculations
and (2) proportion of correct responses out of total calculations during each phase of the
math task. As the extant literature has documented a negative correlation between anxiety
and cognitive performance [29-31], we predicted that anxious youth (1) would provide
fewer responses as the task progressed and (2) would make more errors than TD youth.

Method

Participants

Youth were recruited with community advertisement (flyers and online postings). Sixty-one
families contacted the study. Fifty-three youths and their primary caregiver were deemed
initially eligible (e.g., youth in age range), agreed to participate, and completed the assent/
consent process; 49 of these families met final diagnostic inclusion criteria described below.
A further three youth were excluded due to significant movement during physiological data
collection.

The final sample consisted of 46 youth ages 9-17 (M= 13.18, SD = 2.70; 50% male). The
age range was selected a priori based on prior studies involving assessment/treatment of, or
psychophysiological measurement in, pediatric anxiety [10, 20, 21, 28, 35]. The sample was
racially/ethnically diverse, with 41% identifying as ethnic/racial minority (15% Hispanic/
Latino, 26% African American, 4% Asian, and 13% mixed race/ethnicity).

As with other child anxiety studies [35], anxious youth (n7= 24) were included if they met
DSM-IV-TR criteria for a primary anxiety disorder (Generalized Anxiety Disorder, Social
Phobia, Separation Anxiety Disorder) and did not have any contraindications for
participation in physiological data collection (e.g., pacemaker). Typically developing youth
(n=22) were included if they did not meet criterion for any current or history of
psychopathology, had never received any kind of psychological services, and the consenting
parent reported that no first-degree relatives had ever received any psychological services or
had been diagnosed with or suspected of any mental health problems. Families did not
receive any compensation for their participation, although options for additional services
were discussed with anxious youth following their participation in the study.
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Diagnostic measure—Anxiety disorders interview schedule for DSM-1V: child and
parent versions (ADIS) [36] is a semi-structured psychiatric diagnostic interview that
assesses for anxiety disorders and other psychopathology. The ADIS is well validated [37,
38] and considered the gold-standard diagnostic tool for diagnosing anxiety in youth [35]. In
this study, the ADIS was used to confirm primary anxiety diagnosis for youth in the anxious
group, and confirm no current or history of psychopathology in the typically developing
group. The ADIS was administered by the first author, a Ph.D.-level clinical psychologist
with expertise in anxiety-related disorders.

Stress task—The Trier Social Stress Test for Children (TSST-C) [24] is a standardized
stressor task, modified from the adult version of the TSST [39]. The TSST-C and its
adaptations have been used in several studies to assess stress response in anxious [17, 20]
and typically developing youth [40-42]. The original TSST-C [24] first requires youth to
prepare (2 min) and deliver (5 min) the ending of a story, and then verbally respond to
challenging arithmetic for 5 min during which time they are provided with four standard
prompts that they made errors (irrespective of whether they actually made errors). In the
present study, we specifically sought to examine youth performance during the arithmetic
portion of the stressor, particularly in relation to being provided with feedback about errors.
Therefore, the baseline period in this present study refers to the time between the conclusion
of the first portion of the TSST-C (story task) through the end of instructions about the math
task. During this arithmetic stressor, youth were told to count backwards in increments of 13
from 1023 (ages = 11) or in increments of 7 from 758 (ages < 10). Four times over the
course of the task (at 60, 120, 180, and 240 s), the experimenter notified the youth “you
made an error in your last few steps, please go back to 1023 (or 758 for younger youth) and
start over” regardless of whether the youth actually made any errors. Finally, during the 3-
min recovery period, youth were instructed to sit quietly for 3 min.

University Institutional Review Board approval was obtained prior to consenting/assenting
any youths in this project. Following consent/assent procedures, youth and parent completed
a diagnostic interview. As this study took place within a larger study of youth cognitive and
physiological factors that might contribute to anxiety [15], youth also participated in other
tasks not relevant to this investigation. Following the diagnostic interview, youth completed
two other tasks not relevant to this investigation. Those tasks included a brief reading
screener and a performance-based computerized task assessing interpretations of ambiguous
situations. Youth then participated in the TSST-C with two experimenters (one providing
instructions and the other serving as the physiological data collection technician) in a room
separate from their parents. Following the 3-min recovery period, youth were debriefed
about the purpose of the TSST-C and notified that error feedback was provided in a
standardized fashion and irrespective of whether the youth actually made errors.

Eur Child Adolesc Psychiatry. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rozenman et al. Page 6

Physiological measures

Physiological arousal was measured with three indices: heart rate (HR) as measured in beats
per minute, heart rate variability (HRV) as measured in milliseconds by average inter-beat
interval between R-R waves, and respiratory sinus arrhythmia (RSA) as measured in
milliseconds by the difference between the minimum and maximum change in HR during
respiration. An MP150 Biopac Systems, Acknowledge 111 software, and wireless transmitter,
was used to acquire data. The transmitter was calibrated prior to each data acquisition
session. Two Ag—AGCI electrodes were filled with GEL 101 gel as a contact medium
between electrode and skin, with medical tape used to ensure that electrodes did not shift
with movement. Electrodes were placed on the right collarbone and lower left rib, and a
respiration belt was tightened around the ribcage. A sampling rate of 500 Hz was used. All
recordings were screened for physiological artifacts (i.e., motion) and analyzed offline using
MindWare 2.1 software. During data processing, the math stressor was divided into five
phases (phase one occurring before the first error prompt, phase two occurring before the
second error prompt, etc.).

Behavioral responding during TSST-C arithmetic task

The TSST-C was either video- or audio-recorded (if youth did not want to be video-
recorded, they could request for audio recording instead). The arithmetic task was
subsequently coded by a team of four undergraduate students, with each recording coded by
two different coders for: (a) number of total calculations and (b) number of errors during
each portion of the math task. There were no discrepancies across coders. Prior to coding for
this study, coders had reached 100% accuracy on sample video/audio recordings. It should
be noted that coders each coded six practice tapes, and by the second tape onward every
single coder had reached 100% accuracy for both number of total calculations and number
of errors during each portion of the math task. Coders were unaware of youth diagnostic
status, inclusion criteria, and aims of this study. Video malfunction (i.e., loss of sound,
recorder turned off) occurred in 10 cases (4 anxious, 6 TD). Therefore, as described below,
all available data for the subset of 20 anxious and 16 TD youth were used for Aim 2
analyses.

Statistical analyses

Prior to conducting data analyses, we examined whether there were any group differences
for demographic (age, gender, minority status) and baseline physiological variables. For our
primary aim, three separate 2 (Group: anxious, TD) x 6 (time: math start, errors 1-4,
recovery) mixed ANCOVAS were conducted to examine potential group differences during
the TSST-C math task on HR, HRV, and RSA. Age was included as a covariate in all models
due to well-documented developmental differences on indices of autonomic arousal [20, 42,
43]. Group x age interaction effects were also tested, given prior proposals that age may
moderate the effects of anxiety symptoms on arousal [44]. However, we did not find
significant group x age interactions in the present study and, therefore, excluded these non-
significant interaction effects in our final models. For our secondary aim, two separate 2
(Group) x 5 (time: math start, errors 1-4) mixed ANCOVAs were conducted to examine
potential group differences during the TSST-C math task on total math calculation responses
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provided by youth, as well as the proportion of errors out of total responses provided. Again,
age was tested as a covariate, as we expected the speed of math calculations to be affected
by age (i.e., older youths should be able to complete calculations more quickly than younger
youths). Videotape malfunction resulted in loss of math response data for 6 youth in the
control group (N for second aim = 16) and 4 youth in the anxious group (A= 20), so Aim 2
analyses were conducted with a subset of the full sample for whom data was available. For
significant effects in ANCOVAS, post hoc comparisons by group over time were conducted
to examine specific time point differences where group differences might emerge.
Bonferroni and Hyuhn-Feldt corrections were used for all analyses.

Results

Sample characteristics are presented in Table 1. There were no differences between anxious
and TD youth on demographic characteristics (age, gender, minority status; Table 1). There
were also no group differences on psychophysiological arousal at resting baseline prior to
any TSST-C activities [HR (£44) = -1.33, p=0.19]; HRV [{44) = 0.27, p=0.28], RSA
[444) = -0.23, p=0.82] or during the baseline that we used for this investigation (time
between end of story task, through math instructions until start of math task; HR [444) =
-0.68, p=0.50]; HRV [444) = 0.67, p=0.51], RSA [44) = -1.08, p=0.29].

Aim 1: group differences in HR, HRV, and RSA during stressor with error feedback

Separate repeated-measures ANCOVAs were run for HR, HRV, and RSA to determine group
differences over the course of error feedback and recovery. As described in statistical
analyses, age (measured in years) was included as a covariate in all models. Per the a priori
analytic plan, we tested group x age x time interactions, but these were non-significant [HR,

F4.02,164.62) = 0.98, p=0.42, 7712, = 0.02; HRV, A4.03, 165.15) = 1.29, p=10.28 ’75 =0.03;
RSA, A4.57,187.40) = 1.48, p=10.20; ;7}2) = 0.04] and are not included in final models

presented below.

Heart rate (HR)—Controlling for the significant effects of age [AH4.01, 168.41) = 3.53, p=
0.009; ’75 = 0.08], we found a significant group x time interaction [A4.01, 168.41) = 2.99, p

=0.02, nﬁ = 0.07] for HR. Post hoc comparisons indicated that the anxious group

demonstrated significantly higher HR than the TD group after the first (mean difference =
8.24, SE = 3.42, p=0.02) and second (mean difference = 6.84, SE = 3.10, p=0.03) error
prompts, and during recovery (mean difference = 6.77, SE = 2.85, p=0.02), with a parallel
trend towards significance after the third error prompt (mean difference = 4.92, SE = 2.65, p
=0.07; Fig. 1). Groups did not significantly differ in HR at the start of the math task (before
receiving any error prompts; mean difference = 3.97, SE = 3.22, p= 0.23) or after the fourth
error prompt (mean difference = 0.89, SE = 2.65, p=0.74).

Heart rate variability (HRV)—Controlling for the significant effects of age [A4.03,
169.22) = 4.85, p=0.001; ;71% = 0.10], we found a significant group x time interaction

[A4.01, 169.22) = 2.89, p=0.02; ;75 = 0.06] for HRV. Post hoc comparisons indicated that
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the anxious group demonstrated significantly lower HRV than the TD group after the first
(mean difference = —69.43, SE = 30.76, p=0.03) and second error prompts (mean

difference = -56.33, SE = 27.57, p=0.04), and during recovery (mean difference = -65.83,
SE =28.06, p=0.02; Fig. 2). Groups did not significantly differ in HR at the start of the
math task (mean difference = -34.70, SE = 29.56, p = 0.25), or after the third (mean
difference = —40.32, SE = 24.99, p=0.11) or fourth (mean difference = —6.26, SE = 24.85, p
= 0.80) error prompts.

Respiratory sinus arrhythmia (RSA)—There were no significant main effects [group
A1, 43)=2.09, p=0.16; nﬁ =0.05]; age [A(4.31, 181.08) = 1.42, p=0.23, ;7}% = 0.03]; time

[A4.32,181.08) = 1.19, p=0.32, ’75 = 0.03], and no significant group x time interaction
[A4.31,181.08) = 0.73, p=0.59, ’73 = 0.02] for RSA. Removing group or age from the

model did not result in detection of significant effects.

Aim 2: youth behavioral responding during stressor with error feedback
Total responses during math task—With regard to total responses during the math
portion of the TSST-C, we found a significant group x time interaction [ A3.50, 115.43) =
3.90, p=0.007, 173 = 0.11] on youth responses during the math task, suggesting overall
differences by group over time. However, post hoc comparisons did not reveal significant
group differences at any individual time point (task start mean difference = 2.13, SE = 1.48,
p=0.16; error 1 mean difference = 2.34, SE = 1.32, p=0.09; error 2 mean difference =
-0.45, SE = 1.34, p=0.74; error 3 mean difference = —0.98, SE = 0.86, p=0.27; error 4
mean difference = —1.61, SE = 0.91, p=0.09). Age was not a significant covariate [ A3.50,
115.43) = 0.94, p=0.44, ;712) = 0.03] and, therefore, was not included in the final model;

group x time interaction results and subsequent post hoc tests did not differ depending on
whether age was included.

Proportion errors during math task—Controlling for the significant effects of age
[A3.96, 130.82) = 3.44, p=0.01, ’75 = 0.09], there was a significant main effect of group

[A1, 33) =5.64, p=0.02, ;712) = 0.15] but no significant effect of time [A3.96, 130.82) =
2.25, p=0.07, qg = 0.06] or group x time interaction [A3.96, 130.82) = 0.84, p=0.50,
’75 = 0.03]. Post hoc comparisons indicated that the TD group made a significantly greater

proportion of errors out of total responses than the anxious group after the second (mean
difference = 0.22, SE = 0.10, p= 0.03) and fourth (mean difference = 0.28, SE = 0.10, p=
0.006) error prompts, with a trend towards significance after the third error prompt (mean
difference = 0.17, SE = 0.09, p= 0.07) error prompt (see Fig. 3). Groups did not differ in the
proportion of errors out of total responses before any error prompts (mean difference = 0.15,
SE =0.11, p=0.17), or after the first error prompt (mean difference = 0.16, SE = 0.09, p=
0.10).

Eur Child Adolesc Psychiatry. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rozenman et al.

Page 9

Discussion

The primary aim of this study was to compare physiological arousal in anxious and TD
youth during an acute stressor, during which time one aspect of the stressor (i.e., feedback
about arithmetic errors and prompts to restart calculations) was successively reintroduced.
We had a priori predictions that anxious youth would demonstrate greater increases in HR
and greater suppression of HRV and RSA than their TD counterparts over time. Consistent
with our hypotheses, overall, HR and HRV demonstrated different patterns of change by
group over time. Contrary to hypotheses, RSA did not significantly change over time or by

group.

With regard to HR, as predicted, anxious youth demonstrated greater HR changes over time.
Specifically, anxious youth exhibited significantly higher HR than the TD group following
the first two error prompts and during the recovery period. Groups did not significantly
differ in HR at the start of the task (prior to any error prompts), or during the second two
error prompts. The HRV data parallel those for HR: anxious youth demonstrated less HRV
change over time. Specifically, the anxious group demonstrated significantly lower HRV
than the TD group after the first two error prompts, as well as during recovery. Both HR and

HRV interactions with time demonstrated medium effects (’73 =0.07,0.06). Again, groups did

not significantly differ in HRV at the start of the task or during the second two error
prompts.

In the context of a conflicted literature, these data support theories of autonomic reactivity
that propose increases in HR and decreases in HRV during stress [32—34], particularly for
clinically anxious youth [14, 15]. Adding to the literature, the present data provide
preliminary support that reactivity differences between anxious and TD youth may occur
during early phases of acute stress (in this case, error-related feedback), and that anxious
youth may not recover from stress as quickly. Our findings are consistent with
conceptualizations of anxious arousal as a quick response to perceived threat [45, 46].
Effects occurred for two physiological indices that have previously been linked to anxiety,
both of which reflect an interplay between sympathetic (i.e., fight-or-flight) and
parasympathetic (i.e., downregulation or inhibitory efforts of the nervous system) influences.
In contrast, we did not find effects of anxiety over time for RSA, an index which has
previously been found to correlate more strongly with depressive symptoms and broader
measures of negative affect and internalizing symptoms rather than anxiety specifically [34,
47]. Future work might clarify whether specific physiological indices may be stronger
correlates of anxiety versus other internalizing problems.

In addition, our findings provide support for the notion that heart rate indices (i.e., HR,
HRV) exhibit fluctuations, even within task. While this may be an obvious point, much work
in this area, particularly with youths, examines average level of arousal over time. Such an
approach may be insufficient when experimental procedures within task (e.g., provision of
feedback or other standardized experimenter/confederate behavior) may modify or increase
stressor intensity. While preliminary, we view this work as the first step towards future
investigations that might examine the time course of arousal in pediatric anxiety, especially
as it relates to intensity or reintroduction of a stressor. Such work may be especially relevant
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to studies examining exposure-based treatment in anxious youth, given that exposure
sessions typically involve many of the same exposure, as well as a variety of different
exposures, within session, with therapist feedback throughout.

The second aim of this study was to examine youth performance over the course of the
stressor. Based on the well-documented literature linking anxiety to cognitive performance
impairment [29-31], we predicted that anxious youth would provide fewer total calculation
responses and also make a greater proportion of errors than TD youth. However, in contrast
to our first hypothesis, for number of calculations, although we found an overall group x
time interaction, we did not find group differences at individual time points. With regard to
proportion of errors out of total responses during the math task, we found a pattern of results

opposite to our predictions. Specifically, we found a large (;112) = 0.15) and significant main

effect of group such that control youth made a greater proportion of errors out of total
responses than anxious youth from the second error feedback onward. It may be possible
that due to feeling more stressed, the anxious group took more care in their calculations and
responses than TD youth throughout. While this work would require replication before
drawing conclusions, in the context of the present physiological data we might make initial
hypotheses about the influences of physiological and cognitive processes on one another. For
example, it might be hypothesized that receipt of error-related feedback made anxious youth
concerned about making mistakes and slowed their responding, and this slowed responding
influenced the stabilization or downregulation of arousal. Together, these data provide
preliminary support for future examination of youth performance on cognitive tasks in
which they receive information about error, which may eventually have implications for how
anxious youth behave and respond in settings in which they receive feedback (e.g., school,
extracurricular activities).

As alluded to above, perhaps most interesting is the potential for future study of interactions
between objective physiological and performance-related correlates of anxiety as they occur
in real time. Theory suggests that interactions between psychophysiological arousal and
behavior may, in part, lead to the development and maintenance of anxiety [8]. While
autonomic reactivity has been linked to behavioral avoidance [48], little work has been done
to examine youth arousal and performance behavior over the course of acute stress. Such
investigations may clarify the relationship between physiological and behavioral
components of anxious youth in several ways. First, autonomic reactivity may influence
behavior and, conversely, verbal and behavioral expressions may aid in downregulation of
arousal. For example, it may be possible that anxious youths in this study experienced
physiological arousal in response to the error-related feedback; conversely, providing fewer
responses over time may have allowed anxious youths to feel either more or less stressed.
While we were not able to test which of these verbal/behavioral and physiological processes
influenced the other (or whether this relationship is bidirectional), future work might
elucidate whether either of these processes are responsible for changes in the other. Next,
real-life stressors are not always static with a defined beginning and end period, and youths
often receive feedback from parents, peers, and teachers which they may perceive to be
stressful. Thus, studying youth performance as it changes and/or stabilizes over the course of
a stressor in which they receive feedback may have greater ecological validity than
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examining mean arousal for an entire experimental task period or with tasks that introduce
the stressor a single time at the start of the task. Relatedly, factors such as stressor intensity,
duration, frequency of stressor reintroduction, and so forth may each have additive or
multiplicative effects on both autonomic reactivity and performance. Clarification of how
such factors may influence anxiety expression via physiological arousal (and recovery) and
youth behavior would have clinical implications for the treatment of anxious youth as with
exposure-based intervention.

This study had several limitations. First, while we found significant overall effects, and some
group differences by time point, the relatively small sample size may have resulted in
insufficient power to detect significant effects by time point. Second, the TSST-C involves a
story presentation task prior to the math task used for the current investigation. This means
that youth may have already been stressed prior to starting the math task, which may have
influenced the current findings. We are unable to fully disentangle the potential effects of the
story presentation task on arousal, although we did not find group differences on any arousal
indices at resting baseline (prior to TSST-C activities) or following the story task. It may be
possible that results would have differed if the math task were presented immediately after a
true resting baseline and not after the first stress task component of the TSST-C. Third, the
adult version of our stressor (the TSST) was initially developed as a social stressor [39].
Subsequent work in both adult and child samples have found it to influence physiological
arousal in other anxiety disorders, other non-anxious clinical samples, and non-affected
individuals [49]. However, the effects of the TSST-C may be most pronounced for those
diagnosed with social phobia. As a substantial proportion of anxious youth in this sample
(38%) were diagnosed with more than one anxiety disorder, and due to a relatively small
sample size, we were not able to compare youth with only social phobia to those with non-
social phobia anxiety disorders (i.e., GAD, separation) on the TSST-C. Future work might
extend the existing literature regarding validity of the TSST-C on eliciting
psychophysiological responses to stress across anxiety disorders. Finally, our typically
developing sample of youth was selected such that all youth, and their first-degree relatives,
in this group were free of any psychopathology. Although not the goal of the current
investigation, this sample selection may limit our ability to generalize to other samples of
youth who have history or family history of mental health problems.

Nonetheless, this study provides preliminary support for examining physiological arousal
and its relationship to youth anxiety within the course of a single stressor task to understand
real-time fluctuations in autonomic reactivity. We found interactive influences of group and
time on two indices—nheart rate and heart rate variability—comparing clinically anxious to
typically developing youth. We also found preliminary support in exploring an objective
measure of youth performance, particularly as anxious youth appeared to make a smaller
proportion of errors out of total responses with successive feedback prompts. We hope that
these findings lead to future investigations of the relationship between physiological arousal
and youth performance during stress, as such work may have theoretical and clinical
implications for understanding and targeting the expression and regulation of anxiety in
youth.
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Fig. 1.
Heart rate during TSST-C: group x time interaction. Asterisk indicates significant group

differences at the specified time point. Age covariate appears in model at 13.26 years
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Heart rate variability during TSST-C: significant group x time interaction. Asterisk indicates
significant group differences at the specified time point. Age covariate appears in model at
13.26 years
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Youth math calculation responses by group over time: significant main effect of group.
Asterisk indicates significant group differences at the specified time point. Age covariate
appears in model at 13.26 years
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Table 1

Demographic and baseline psychophysiological variables by group

Anxious Typically Test p
developing

N 24 22

Age 13.57 (2.70) 12.75 (2.68) f44)=-1.04 0.30
Gender (% Male)  46% 55% X(1)=0.35
Minority (%) 54% 64% X(1)=0.43

HR 84.04 (11.24)  81.20(10.40)  £44)=-0.89 0.38
HRV 726.91 (102.41) 750.70 (97.24) f44)=0.81 0.43
RSA 7.65 (2.68) 7.10 (1.25) f44)=-0.88 0.38

HR heart rate, measured in beats per minute, AR\ heart rate variability, measured in inter-beat interval (milliseconds), RSA respiratory sinus
arrhythmia, measured as difference score (beats per minute) between minimum and maximum HR change during respiration
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