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Abstract Individuals with autism spectrum disorder
(ASD) often exhibit increased anxiety, even in non-stress-
ful situations. We investigate general anxiousness (anxiety
trait) and responses to stressful situations (anxiety state) in
22 adolescents with ASD and 32 typically developing con-
trols. We measured trait anxiety with standardized self- and
parent-reported questionnaires. We used a Biopac system to
capture state anxiety via skin conductance responses, mean
heart rate and heart rate variability during high- and low-
anxiety tasks. Results reveal higher trait anxiety in adoles-
cents with ASD (p<0.05) and no group difference in state
anxiety. Increased parent-reported trait anxiety may pre-
dict decreased state anxiety during high-stress conditions.
Together, these findings suggest that higher trait anxiety
may result in dampened physical responses to stress.
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Introduction

Individuals with autism spectrum disorder (ASD) have
a higher rate of comorbid anxiety, which may negatively
affect the quality of their social interactions (Baron 2006;
van Steensel et al. 2011; White et al. 2009). This is par-
ticularly true for individuals with preserved language and
cognitive skills (see Kerns and Kendall 2012), who often
desire social interactions, but lack the social skills to suc-
cessfully pursue them (American Psychiatric Association
2013; De Bruin et al. 2007; Hallett et al. 2013; Joshi et al.
2010). Furthermore, the relationship between anxiety and
ASD symptomatology in this cohort may become more dif-
ficult to discern during the socially complex period of ado-
lescence (Bellini 2004; White et al. 2009).

Several studies have attempted to characterize the anxi-
ety profile of individuals with ASD using standardized
reports. Unfortunately, trait anxiety, i.e. anxiety considered
to be a permanent psychological characteristic (Spielberger
1966), is notoriously difficult to estimate in individuals
with ASD using these reports (Kerns and Kendall 2012).
First, these individuals may struggle to express their emo-
tions and mental states verbally (White et al. 2009). Sec-
ond, several symptoms of anxiety, such as social with-
drawal and insistence upon sameness, are also symptoms of
autism, making it difficult to differentiate which underlying
disorder is the cause of outward behaviors (Baron 2006;
Kuusikko et al. 2008; White et al. 2009; Kerns and Kendall
2012; Hallett et al. 2013; van Steensel et al. 2013; Kreiser
and White 2014). Third, there is limited agreement between
parent- and child-reported scores on anxiety surveys in this
population (Kaat and Lecavalier 2015). The combination of
these factors has fostered a general distrust of commonly
used anxiety measures in ASD. Therefore, it is becoming
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increasingly important to develop more reliable measures
to characterize anxiety in this population.

One measure of anxiety often used in lieu of verbal
reports or subjective interpretation of behavior involves
biophysiological signs of arousal (Chiu et al. 2015; Nave-
teur and Baque 1987). However, these measurements only
capture physical indicators of “state” anxiety, i.e. anxiety
experienced in the moment (Spielberger 1966). Although
intuitively one might expect greater sympathetic activity
(the “fight or flight” mechanism), and reduced parasympa-
thetic activity (which returns the body to rest) in individu-
als who have higher trait anxiety, there is evidence of an
opposite pattern. Typically developing (TD) individuals
with higher trait anxiety may demonstrate decreased sym-
pathetic system reactivity to stressful events, leading some
to suggest that anxious individuals habituate to stressful
situations, or develop effective coping mechanisms for cop-
ing with them (Naveteur and Baque 1987). This pattern
has also been replicated twice in individuals with ASD,
suggesting this paradoxical relationship transcends diag-
nostic groups (Hollocks et al. 2014a; Panju et al. 2015). In
studies that don’t specifically divide their ASD cohort into
those with and without anxiety, individuals with ASD have
shown elevated, depressed, or average levels of biophysi-
ological arousal compared to their TD peers (Hutt et al.
1964; Baron 2006; Levine et al. 2014; Lydon et al. 2014;
Kreiser and White 2014; Panju et al. 2015, Dieleman et al.
2016; Doherty-Sneddon et al. 2011). These varied data
indicate that theories proposing ASD as a disorder of con-
stant over-arousal may not fully capture the complex rela-
tionship between biophysiological arousal, perceived anxi-
ety, and ASD symptomatology.

The objective of this study was to investigate the rela-
tionship between anxiety state and trait in adolescents with
and without ASD. There is vastly conflicting data on the
levels of comorbid anxiety in the ASD population, due
to the difficulty of reliably establishing the boundaries
between the two conditions in this cohort (Hollocks et al.
2014b; White et al. 2009). Therefore, we aimed to investi-
gate patterns of trait- and state-anxiety in a representative
sample of adolescents with ASD, without relying on an a
priori diagnosis of comorbid anxiety.

We examined scores from several standardized self- and
parent-report surveys of trait anxiety, as well as measures
of state anxiety captured via biophysiological responses of
electrodermal activity (EDA), heart rate (HR), and heart
rate variability (HRV). By using several standardized anxi-
ety measures, a combination of self- and parent-reports,
and biophysiological responses to task-evoked stress, we
aimed to improve our understanding of how adolescents
with ASD experience and express anxiety during social
context. We predicted that parent- and self- reports in the
ASD cohort will reflect higher levels of trait anxiety than

in the TD group (Kaat and Lecavalier 2015). We also
anticipated that adolescents with ASD would show more
pronounced changes in sympathetic and parasympathetic
activity (state anxiety) during a high-stress task than their
TD peers, and that these changes would correspond to
higher levels of trait anxiety in this population. Finally, we
expected that parent- and self- reported trait anxiety, along
with participant diagnosis, would predict biophysiological
response in the high-stress scenario.

Methods
Participants

Twenty-two participants with ASD (18 males, M
age=13;5) and 32 TD peers (22 males, M age=13;1) as
well as their parents or primary caregivers completed
standardized tests for anxiety and ASD symptomatology.
We obtained written informed consent from parents/car-
egivers of all participants during the first visit, as well as
written assent from participants 12 years old or older. Of 54
participants, 39 self-identified as Caucasian, 5 as African
American, 5 as Biracial, 1 as Alaskan Native, and 3 chose
not to answer. Ethnicity was self-reported as Hispanic by
5 participants, Not-Hispanic by 33 participants, and 15
chose not to answer that question. Fourteen adolescents
with ASD (12 males, M age=14) and 25 TD controls (16
males, M age=13.4) returned for a second visit, during
which we recorded biophysiology measures during high-
and low-stress tasks. Participants were recruited through
online postings and list serves, in-person events, and word
of mouth. The Emerson College Institutional Review Board
approved this study.

As is expected in a group of adolescents with ASD, sev-
eral participants (N=35) were on prescription medications,
including mood elevators (e.g., Citalopram, Latuda, and
Prozac), stimulants (e.g., Concerta, Intuniv, and Ritalin),
and growth hormones or steroids (e.g., Humatrope, Testos-
terone, Synthroid). Additionally, one TD participant was
taking Periactin for nausea. The literature on the effects of
these medications on biophysiological arousal is conflict-
ing (Conzelmann et al. 2014; Ranjbar et al. 2015; Siep-
mann et al. 2003), and does not point to reliable attenuation
or elevation of situational arousal, so we did not exclude
participants based on medication status. We did not obtain
verified diagnoses on co-morbid anxiety disorder in either
cohort.

Inclusion criteria were intact hearing and vision as well
as standard scores above 77.5 on the Kaufiman Brief Intel-
ligence Test, 2nd Edition (KBIT; Kaufman and Kaufman
2004) and the Core Language subsection of the Clinical
Evaluation of Language Fundamentals, 5th Edition (CELF;
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Semel et al. 2013). The KBIT and CELF were adminis-
tered only during the initial visit. Participant groups were
not significantly different on IQ, language ability, age, or
gender at the initial visit (54 participants) or when group
matching was repeated for the 39 participants who returned
for the second visit. See Table 1 for descriptive and test
statistics. We confirmed ASD diagnosis for each ASD par-
ticipant with the ADOS-2, completed by an administrator
who achieved research-reliability with an ADOS-2 trainer.
Participants in the TD cohort had no reported social com-
munication deficits and scored below the threshold of 15 on
the Social Communication Questionnaire—Lifetime (SCQ;
Rutter et al. 2003), (range 0-12, M =2.59).

Procedure

Participants completed all standardized tests and trait anxi-
ety questionnaires during the first lab visit. At the begin-
ning of the second visit, we attached electrodes for record-
ing ECG and EDA to each participant while providing them
with a description of all tasks and obtaining verbal confir-
mation of continued consent. There were four phases to the
second testing day. During the pre-test period, participants
completed unrelated tasks for at least 30 min, allowing
the electrolyte gel to be absorbed into the skin or facilitate
clean data collection. These tasks included two eye-track-
ing studies involving watching videos of actors and rating
them on emotional quality, likeability, and other features.
During the high-anxiety phase, participants completed the
Trier Social Stress Task for Children (TSST-C; Buske-
Kirschbaum et al. 1997; Kirschbaum et al. 1993; Kudielka

Table 1 Demographic information by testing session

et al. 2007) while EDA and ECG data were recorded. The
third phase consisted of another series of unrelated tasks,
including watching YouTube videos, mimicking sen-
tences and facial expressions, lasting at least 45 min. This
allowed biophysiological measures to return to a normal
state. In the last phase, the low-anxiety condition, partic-
ipants watched a short video, while EDA and ECG were
recorded. Participants were scheduled at their conveni-
ence, typically between the hours of 9 a.m. and 6 p.m., so
there was no standard time of day during which biophysi-
ology was recorded and no systematic difference in testing
times between the two groups. The average between-ses-
sion interval was 4.3 months, and the longest interval was
1 year, 8 months.

High-Anxiety Task

The TSST-C is a standardized task designed to cause
state anxiety and biophysiological arousal in various
populations (Kudielka et al. 2007). A member of the
research team brought participants into a quiet room and
gave them a writing utensil, notepad, and a short unfin-
ished story. This researcher then informed participants
that they had 5 min to create an ending to that story, and
that they would tell their completed story in front of a
panel of judges via Skype without using their notepad.
The researcher told them that they would tell their story
for 3 min before moving on to a mental math task, and
explained that their performance on the story and math
tasks would be judged against the performance of all
other participants, in order to elicit performance anxiety

Visit day Measure ASD TD Test statistic p Effect size
Visit 1 Age 13.8(2.2) 13.2 (2.0) F(1,53)=0.46 0.502 ;113 =0.013
K-BIT 111.8 (20.7) 106.4 (13.5) F(1,53)=0.108 0.74 ;13 =0.011
CELF 107.2 (17.6) 112.9 (15.2) F(1,53)=0.6 0.44 ;13 =0.002
Sex 4F; 18M 10F;22M X=2.09 0.148 r=0.15,95% CI -0.12 to 0.42
ADOS module 3* 10.4 (2.8) - - - -
ADOS module 4 13.2(5.0) - - - -
Visit 2 Age 13;10 (2;5) 1355 (2;3) F(1,38)=0.661 0.421 ;13 =0.018
K-BIT 119.8 (18.8) 111.7 (14.1) F(1,36)=3.264 0.079 'l; =0.003
CELF 111.4 (20.1) 114.5 (15.6) F(1,36)=0.05 0.84 r,]f =0.042
Sex 2F; 12M 9F; 16 M X=2.09 0.266 r=0.23,95% CI —0.08 to 0.5
Caucasians 12 14 - - -
ADOS module 3 9.4 (2.9) - - - -
ADOS module 4 11.5(1.3) - - - -

*We used ADOS modules 3 and 4 as appropriate for each participant. Because scoring differs for the two modules, we present their raw scores

separately
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and fear of negative evaluation (Birkett 2011). After the
5-min preparation period, the researcher led participants
into the testing room to present their story without notes
to the judges.

The judges were presented as a pre-recorded video of
a panel of three adults, video-edited to appear as a live
Skype call. Participants were seated in front of a com-
puter screen displaying that video. The task was timed
so that a staff member who was in the room with the
participant “prompted” the judges on the video to intro-
duce themselves. One panel member then asked the par-
ticipant to begin telling the story, reminding him/her that
they had 3 min to complete the story.

Maintaining a 3-min duration was important to stand-
ardize the task across participants and is part of the
TSST protocol. If adolescents completed their story
prior to the 3-min mark, the staff member in the room
encouraged them to continue talking, by prompting
them to expand (e.g. “and then what happened?”). After
3 min, the panel member in the “Skype call” indicated
that time for story-telling had elapsed and told partici-
pants that they should begin the mental math task, which
would be explained to them by the staff member in the
room. This facilitated the illusion that the judges in the
video were watching the participant live and interacting
with people in the room. During the mental math task
participants were asked to continuously subtract a num-
ber from a previous number out loud, either 7 from 758
if the participant was younger than 12, or 13 from 1022
if the participant was 12 years and older. If the partici-
pant made an error, the experimenter stopped the pro-
cess and instructed them to re-start from the beginning.
After 3 min, a judge signaled that the task was complete,
and the “Skype call” ended as the experimenter turned
off the video. In order to minimize persistent height-
ened anxiety after the conclusion of the task, the experi-
menter explained to participants that the tasks had been
needlessly difficult and that their performance actually
hadn’t been judged. EDA and ECG was recorded from
the moment participants entered the testing room until
completion of the math task.

Low-Anxiety Task

During this baseline control task, participants passively
watched four 1-min videos of adolescent actors looking
into a camera and talking about their lives. We chose this
activity as a baseline task because it involved social stim-
uli similar to the TSST-C, but did not require a response
or interacting with a “live” audience, and included no
threat of judgment or negative evaluation. We recorded
EDA and ECG for the duration of the videos.

Trait Anxiety Measures

All participants completed three self-report questionnaires
used to measure anxiety in children and adolescents. The
Brief Fear of Negative Evaluation Survey, Straightforward
Items (BFNE-S; Carleton et al. 2011) measures anxiety
related to social perception. The Multidimensional Anxi-
ety Scale, Self-Report (MASC; March 1999) estimates a
broad range of physical symptoms of general anxiety, as
well as more specific harm-avoidance behaviors and social
anxiety. Finally, the Screen of Child Anxiety Related Disor-
ders, Self-Report (SCARED-Child; Birmaher et al. 1999)
assesses physical manifestations of different aspects of
anxiety. These three measures show internal consistency of
a=0.90 or higher (Birmaher et al. 1999; March et al. 1997,
Weeks et al. 2012) and a higher total score indicates higher
levels of trait anxiety.

A parent or guardian of each participant completed the
SCARED-Parent report (Birmaher et al. 1999), which asks
the parents’ perspective on the same questions as the child
version of that test. Parents also completed the SCQ (Rut-
ter et al. 2003), which measures past and current behaviors
indicative of ASD, and has strong internal consistency,
a=0.9 (Witwer and Lecavalier 2007). Higher scores on
each assessment indicate greater anxiety or social commu-
nication deficits, respectively.

State Anxiety Measures

We recorded EDA with a pair of 11 mm contact Ag-AgCl
disposable electrodes (Biopac EL507) filled with isotonic
gel (0.5% saline in a neutral base, Biopac GEL101), on
the inside of the palm (on the hypothenar eminence) of the
dominant hand.

ECG was recorded using three Ag-AgCl disposable elec-
trodes (Biopac EL503) filled with conductive gel (Biopac
GEL100). First, we exfoliated the skin using very fine grit
sandpaper and cleaned it with an alcohol swab. Then, one
electrode was placed on each clavicle and the lowest left
rib. Participants reported no significant discomfort during
this process.

We measured non-cardiac sympathetic system activ-
ity as the frequency of skin conductance response (SCR),
extracted from EDA. SCRs are brief, positive changes in
electrical conductance across the skin of the hand (Braith-
waite et al. 2015; Nagai et al. 2004). We focused on non-
specific SCRs, which occur in the absence of an identifi-
able trigger. Significant increases in non-specific SCR
frequency are observed in high-arousal situations, with 1-3
SCRs per-minute occurring naturally and 20 or more SCRs
per-minute occurring during high arousal (Braithwaite
et al. 2015). We used the frequency of non-specific SCRs
to measure sympathetic system activity in the current study
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since: (1) the timing of events in the high-anxiety condi-
tion, e.g. exactly when the adolescents started telling their
story or when they made an error in the math task, varied
across participants; (2) the current study focused on condi-
tion-level, rather than stimulus-level changes in state anxi-
ety; (3) stimuli from different modalities (e.g., the sound of
judges scribbling on the paper, the sight of a judge glaring)
and sources (e.g., the environment vs. cognitive states) that
occurred at different time points, and were not necessarily
obvious to an observer, all likely worked together to induce
state anxiety.

We extracted HR from ECG recordings and calculated
HRV. HR is believed to be influenced by both sympathetic
and parasympathetic systems (Benevides and Lane 2013)
and increases in HR across conditions have been found to
indicate increased state anxiety (Chiu et al. 2015).

High frequency HRYV, specifically respiratory sinus
arrhythmia, i.e. HRV due to inspiration and expiration, is
thought to be largely dictated by the parasympathetic sys-
tem (Benevides and Lane 2013, Acharya et al. 2006) and
indicative of attempts to return the system to baseline dur-
ing stressful situations. There are many variables that can
capture HRYV, including those derived from spectral analy-
sis, time-domain analysis, and nonlinear measures. For the
current study, we used the root mean square of successive
differences between normal R—R intervals (rMSSD), which
is recommended for short-term recordings with durations
of several minutes like the ones we obtained. RMSSD is
also highly correlated with different measures of respira-
tory sinus arrhythmia and less susceptible to influences on
HR periodicity from factors that are unrelated to trait anxi-
ety, such as circadian rhythm (Berntson et al. 2005).

We did not ask participants to describe their self-per-
ception of current anxiety state during or after the TSST-
C, since our aim was to measure natural biophysiological
arousal without leading participants to hyper-focus on their
anxiety levels and thereby potentially altering results.

Biophysiological Data Post-processing

We extracted SCRs from EDA data, defining an SCR as any
depolarization in reference to the skin conductance level
with an amplitude of 0.02 pus (Dawson et al. 2007). The
model fit error computed over all EDA windows was over-
laid into a predictive curve. EDA windows that deviated by
more than 0.05% of the curve amplitude were labelled as
artifacts and were omitted from the analysis (Chaspari et al.
2015). We calculated SCR frequency within 10-s intervals
and excluded any 10-s interval with an artefact from further
analysis.

The raw ECG were imported into Kubios HRV (Tar-
vainen et al. 2014). An in-program algorithm identified the
peak of each R wave, and the resulting data were visually
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inspected for accuracy. Any remaining artefacts were cor-
rected with the “low artefact correction” setting within
Kubios HRV.

We extracted 2-min sections of clean SCR and ECG
data, defined as sections where less than 4% of the R peaks
had to be interpolated, from the story task, math task, and
low anxiety task. The 2-min segments all started at least
1 min after the beginning of each task, but occurred as late
in the task as it was possible to obtain a clean 2 min seg-
ment. This timing was especially crucial in both segments
of the TSST-C, as it ensured that we obtained biophysiol-
ogy measurements for every adolescent during the story
telling and math tasks, rather than other time points, such
as listening to instructions or walking into the room. In
this way, we could attribute differences in arousal to static
and stable effects of task performance, rather than transi-
tional aspects of the task. For comparison purposes, data
from the low-anxiety condition were also trimmed to 2-min
segments, excluding data from the beginning and end of
the condition. SCR frequency was averaged within each
of these 2-min windows and then converted into SCR fre-
quency per minute for each condition.

Once the 2-min sections were determined, we calculated
and exported mean HR and rMSSD for each segment using
Kubios. For each variable (HR, SCR, rMSSD), data from
the two TSST-C tasks were averaged together, resulting
in one measure each for the low-anxiety and high-anxiety
condition.

Results

We analyzed each data type (biophysiology and survey
measures) separately to answer questions about group dif-
ferences in state and trait anxiety levels. We also looked
across measures to determine the relationship between state
and trait anxiety, as well as agreement between parent- and
child-reports of trait anxiety. Significance is set at a=0.05
and adjusted as multiple comparisons warrant.

Anxiety Trait Measures

A one-way analysis of variance (ANOVA) showed that
ASD participants scored significantly higher on the
SCARED-Parent (p<0.01, 11§=0.017) and the MASC
(p=0.029, nﬁ = 0.09). There were no significant differ-
ences between groups on the SCARED-Child or BFNE-S.
See Table 1 for descriptive and test statistics for all trait
measures.

To determine whether parents and their children rate the
adolescent’s anxiety similarly, we used Wilcoxon Signed-
Ranks tests to compare SCARED-Child and SCARED-
Parent scores within each participant group (see Fig. 1,
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left). Within the TD participant group, there was a trend
for higher scores on the child version as compared to the
parent version (Z=-1.833, p=0.067, r=0.23). No such
difference was found within the ASD cohort (Z=-0.18,
p=0.86, r=0.13).

We conducted Spearman correlations to determine the
consistency of self-reported trait anxiety across different
standardized measures (See Fig. 1, left) and between scores
on self- and parent-reported trait anxiety measures (see
Fig. 1, right), across diagnostic group. We found a strong
positive correlation between scores on the two self-reported
anxiety measures, the SCARED-Child and the MASC
(r,=0.79, p<0.0001), indicating a high degree of consist-
ency. We also found a significant, moderate, positive cor-
relation between child- and parent-reported anxiety on the
SCARED (r,=0.27, p=0.045).

A Spearman correlations between the SCARED-Par-
ent and the SCQ found a significant positive correlation
(r,=0.45, p=0.001), indicating that parents who perceive
higher levels of anxiety in their children also report them
to have higher levels of social communication difficulties.

Ancxiety State Measures

For the 34 participants who returned for the second ses-
sion and completed biophysiological recording, one ASD
and one TD participant were excluded from analyses due to
noisy data. Additionally, one ASD and one TD participant
were too agitated during the high-anxiety task to complete
it.

The distributions of all three biophysiological measures
(HR, HRYV, and SCR frequency) during each condition for
each cohort were tested for normality with Shapiro—-Wilk

tests. All were normally distributed, except for HRV during
the low anxiety task for the ASD cohort and HR during the
TSST-C for the TD cohort. However, because the under-
lying form of these two distributions was normal (central
limit theorem), we proceeded with parametric analyses for
all of these measures.

To examine the influence of diagnosis and task on bio-
physiogical arousal, we conducted a 2 (diagnostic group)
by 2 (condition—high- vs. low-anxiety) repeated-measures
ANOVA for HR, HRV, and SCR, which revealed a main
effect of condition for all three measures (see Fig. 2). SCR
frequency and mean HR were significantly greater in the
high-anxiety condition than in the low-anxiety condition for
all participants [SCR F(1,19)=14.96, p=0.001, n}% = 0.44;
HR F(1,25)=32.30, p<0.001, n}f = 0.56]. HRV, measured
by rMSSD, was significantly lower (indicative of higher
state anxiety levels) in the high-anxiety condition than the
low-anxiety condition [F(1,25)=6.13, p=0.02, n§ =02
]. All between-task differences indicated increased arousal
during the TSST-C compared to the passive-viewing task.
There were no main effects of diagnosis, and no interaction
effects between diagnosis and condition for any of the bio-
physiology measurements (see Table 2 for all measures).

Relationship Between Trait and State Anxiety

We examined the relationship between self-reported trait-
and biophysiological state anxiety by conducting Spearman
correlations when at least one of the two variables was not
normally distributed, and Pearson correlations when both
variables were distributed normally. To examine whether
trait anxiety relating to fear of negative evaluation corre-
sponds with heightened biophysiological arousal during the
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Table 2 Descriptive statistics for trait and state anxiety measures

Data Measure ASD TD Test statistic P Effect size
Standardized surveys BFNE-S 11.6 (9.6) 8(7.2) F(1,53)=3.06*° 0.09 ;73 =0.06
MASC 45.3 (20.5) 34.2 (19.4) F(1,53)=5.04 0.029 ;72 =0.09
SCARED child 18.9 (14.5) 14.7 (10.6) F(1,54)=2.20 0.144 ;1; =0.04
SCARED parent 20.1 (13.5) 10.32 (8.9) F(1,54)=11.03 <0.01 ;1; =0.17
SCQ 19.4 (8.0) 2.6 (2.3) - - -
Trier social stress test HR 97.2 (14.2) 88.4 (17.5) - - -
RMSSD 37.0 (22.3) 55.9 (33.8) - - -
SCR 14.0 (1.9) 13.8 (2.3) - - -
Low-anxiety control condition HR 83.9(9.4) 76.3 (10.9) - - -
RMSSD 48.8 (34.9) 61.5(31.4) - - -
SCR 11.2 (3.3) 8.4 (4.7) - - -

“One participant refused to complete the BFNE-S and the MASC

stressful situations, we correlated biophysiological meas-
ures during the TSST-C with the BFNE-S (SCR r,=-0.12,
p=0.58; RMSSD r,=0.1, p=0.63; HR r,<0.01, p=0.98),
MASC (SCR r,=—-0.37, p=0.08; RMSSD r,=0.12,
p=0.57; HR r<0.15, p=0.45) and SCARED-Child
(SCR r,=-0.2, p=0.36; RMSSD r,=0.28, p=0.15; HR
r,==0.19, p=0.33). We also correlated biophysiological
measures during the low-anxiety condition with the MASC
(SCR r=0.21, p=0.26; RMSSD r,=-0.15, p=0.38; HR
r;<0.29, p=0.09) and Child SCARED (SCR r,=0.15,
p=0.44; RMSSD r,=-0.04, p=0.84; HR r,;<0.18,
p=0.29). No significant correlation patterns between these
measures emerged. We did not correlate baseline measures
of arousal with the BFNE-S, as we do not hypothesize fear
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of negative evaluation to be related to state anxiety in a
non-stressful, passive social viewing task.

Finally, we used generalized estimating equations
(GEEs), a semi-parametric method which allows for a
wide variety of distributional forms, to examine if any trait
measures could serve as predictors of biophysiological
arousal during the high-anxiety task. Beginning with the
most complex model, a step-wise, backwards elimination
of insignificant factors was used to determine which traits
significantly predicted rates of state anxiety. The models of
predictive outputs for HRV and HR during the high-anxiety
task did not show any significant associations, however the
model identified the SCARED-Parent as a predictive fac-
tor for SCR responses during the high-anxiety task, where
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an increase in one point on the SCARED-Parent decreased
SCR frequency on the high-anxiety task by 0.10 (p=0.03).

A post-hoc Spearman correlation of SCARED-Parent
scores and SCR frequency during the high-anxiety task
confirmed a significant negative relationship between
these two measures using Bonferroni adjusted alpha levels
of 0.015 to adjust for multiple comparisons (r,=-0.554,
p <0.005), indicating that increased reports of trait anxiety
by parents predict decreased biophysiological arousal dur-
ing high-stress situations in their children (See Fig. 3).

Discussion

These data represent an innovative cross-measure analysis
of trait and state anxiety during high- and low-stress social
contexts for adolescents with and without ASD, as well as
an exploration of the relationship between parent- and self-
reports on perceived anxiety in these cohorts.

Trait Anxiety

As predicted, parents of adolescents with ASD rated their
children as having higher levels of trait anxiety, compared
to the parents of TD peers. This pattern was also reflected
in higher self-reported trait anxiety scores by adolescents
with ASD on the MASC, but not the BFNE-S or SCARED-
Child. Considering the high correlation between the
SCARED-Child and the MASC, it is surprising that there
were no group differences in the SCARED-Child scores.
It may be that although there is significant overlap in the
content of these two measures, the MASC covers a broader
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Fig. 3 Correlation between parent-reported anxiety (SCARED-Par-
ent) and frequency of the child’s SCRs during the high-anxiety task

range of anxiety symptoms, including avoidance behaviors
in social situations, which might be more common in indi-
viduals with ASD. The BFNE-S, on the other hand, con-
tains only eight items and very specifically probes fear of
negative evaluation, which may explain the different results
in these two measures. Further exploration and larger sam-
ple sizes are needed to determine the relationship between
diagnostic group and responses to individual items on each
of these three measures. It would also be interesting to
explore these measures in participant groups with and with-
out ASD who are differentiated by presence of diagnosed
anxiety disorder. Although there is some recent work indi-
cating that this differentiation might be difficult to achieve
due to overlap of symptoms between these two diagnoses
and the potentially different presentation of anxiety in indi-
viduals with ASD (Kerns and Kendall 2012).

There was a significant positive correlation between par-
ent-reported anxiety scores (SCARED-Parent) and parent-
reported levels of social-communication difficulties in their
children (SCQ). This suggests that parents who are con-
cerned about one aspect of their child’s behavior, whether
anxiety or social communication impairments, are also sen-
sitive to other maladaptive behaviors in their child. It may
also reflect the fact that it is difficult to differentiate autistic
behaviors during social interactions from signs of anxi-
ety (Kuusikko et al. 2008; van Steensel et al. 2013). For
example, social communication deficits, repetitive actions,
resistance to change, and tendencies to withdraw are all
symptoms of both ASD and Social Anxiety Disorder, as
defined by the DSM 5 (American Psychiatric Association
2013), so that a continuum of these symptoms may be pre-
sent in both conditions and may be difficult for parents to
dissasociate (van Steensel et al. 2013).

Interestingly, we found no significant difference in over-
all scores on the parent vs. child versions of the SCARED
for the ASD cohort, but did find a trend for such a differ-
ence in the TD cohort. Specifically, the self-reported scores
of TD adolescents on the SCARED were marginally higher
than those on the parent reports. This finding is not con-
clusive, but may suggest that parents of TD adolescents are
not fully cognizant of their children’s self-perceived anxi-
ety levels. Parents of adolescents with ASD often must take
a hands-on role in structuring their children’s environment,
both at home and at school. Many also meet regularly with
therapists and teachers to discuss their child’s behavior and
social integration. It is possible that increased involvement
in their child’s daily activities may lead parents of adoles-
cents with ASD to be relatively more attuned to their child’s
struggles and needs, including recognizing their child’s
level of anxiety. In contrast, adolescence TD individuals
can be marked by increased secrecy and independence, less
parental scaffolding during social interactions, and a shift
towards confiding in peers over parents (Finkenauer et al.
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2001; Muris et al. 2000). Further research should explore
whether this “pulling away” develops similarly in adoles-
cents with ASD. If it does not, it is possible that parents of
adolescents with ASD remain more involved and informed
throughout their child’s adolescence, thereby explaining the
relatively greater insight demonstrated by these parents in
our study. Without detailed measures of parental involve-
ment we could not confirm whether there were group dif-
ferences on this domain. Future research should explicitly
measure parental involvement and the adolescent’s level of
social independence as well as ASD-based social commu-
nication severity, and analyze how those variables modu-
late parent—child agreement on trait anxiety.

Although TD-parent-reported anxiety was signifi-
cantly lower than the scores the adolescent reported for
themselves, the combined sample of both diagnostic
groups revealed a significant positive correlation between
SCARED-Parent and SCARED-Child scores. This suggests
that parents of TD adolescents may not be aware of the full
extent of their adolescent’s anxiety, but all parents’ overall
perceptions of anxiety levels in their children do relate to
their child’s self-reported trait anxiety.

State Anxiety

All participants showed significantly increased sympathetic
arousal and decreased parasympathetic arousal during the
TSST-C, demonstrating that the task was effective at elic-
iting the intended biophysiological social stress response.
Contrary to our prediction, however, we did not find sig-
nificant group differences in biophysiological responses for
either condition. Existing literature actually supports this
finding (Levine et al. 2012) and may suggest similar state
anxiety responses to socially stressful situations for adoles-
cents with and without ASD. These data are further sup-
ported by a lack of group differences on the BFNE-S, which
measures fear of negative evaluation and represents the trait
measure that corresponds most closely to the social context
of the TSST-C. The lack of between-group differences in
trait anxiety for this type of situation matched the lack of
between-group difference in state anxiety elicited during
this condition, indicating that there may indeed be no dif-
ference in how both groups of adolescents approached this
type of task. However, we only measured responses during
the story-telling and math tasks themselves, but not dur-
ing the transitional times of preparing for the tasks. Future
studies should look at the slope of activation of the sym-
pathetic/parasympathetic systems during transitional times,
too, in order to address how both groups experience antici-
patory vs. performance anxiety.

However, this null result may have stemmed from fea-
tures of the task itself. While the TSST-C was implicitly
social, since the participants were presenting a story and a
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math task in front of a group of people, it was not recipro-
cal. Participants were told that the judges would not interact
with them, as part of the standard task instructions. There-
fore, this task might not have captured potential group dif-
ferences for social anxiety in adolescents with and without
ASD, since it did not require participants to draw on social
interaction skills that individuals with ASD find so dif-
ficult. A more interactive task that demands greater social
proficiency, such as a conversation with a peer, might yet
uncover differences in state anxiety between these two
groups (Neuhaus et al. 2014; Kreiser and White 2014).

Relationship Between State and Trait Anxiety

We predicted that adolescents who scored higher on the
MASC and SCARED self-reports would also show higher
levels of biophysiological arousal during both tasks, and
further predicted that adolescents who scored higher on
the BFNE-S would show higher levels of arousal during
the high-anxiety task. Contrary to our hypotheses, bio-
physiological responses in the high- and low-anxiety tasks
were neither positively nor negatively correlated with any
of the self-reported anxiety measures, suggesting that self-
reported trait anxiety is unrelated to state anxiety in both
participant groups. However, these findings were limited
by a small sample size, which did not allow us to corre-
late biophysiological responses and self-reported measures
within diagnostic groups. Further exploration of this rela-
tionship should be conducted with larger sample sizes, to
better explore the relationship between trait and state anxi-
ety measures across and within diagnostic groups.

It is also possible that we did not discover a relation-
ship between state and self-reported trait anxiety because
our participants did not have fully developed interocep-
tive skills, or awareness of their own physical state. In
other words, our participants might not have recognized
their own physical arousal as signs of anxiety, prevent-
ing them from endorsing items on anxiety questionnaires
that would indicate frequent presence of anxiety (Garfin-
kel et al. 2016). Future studies should include self-report
measures of state and trait anxiety, ideally collected on the
same day as the biophysiological measures, to investigate
the relationship between biophysiological arousal, and self-
reported measures of state and trait anxiety.

Scores on parent-reported trait anxiety questionnaires
were also not positively correlated with biophysiological
arousal. In fact, higher parent-reported trait anxiety pre-
dicted reduced electrodermal activity (fewer SCRs) dur-
ing the TSST-C across all participants. These results cor-
respond to previous findings of individuals with high levels
of trait anxiety showing lower biophysiological arousal
in high-stress situations (Hollocks et al. 2014a; Nave-
teur and Baque 1987; Panju et al. 2015). This seemingly
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contradictory finding may be explained by the fact that
individuals who experience anxiety on a daily basis may
develop coping mechanisms for, or become desensitized
to, stress-inducing situations like the TSST-C. A child
who feels judged every time they are called on by teachers,
picked for a team in gym class, or forced to give a pres-
entation, must constantly face their fear of negative evalu-
ation and therefore attenuate state-anxiety responses. On
the other hand, a child with relatively low trait anxiety may
experience more dramatic increases in biophysiological
arousal after being explicitly told that s/he will be judged
and compared to his/her peers.

Conclusions

Our data showed that adolescents with ASD have higher
levels of trait anxiety than their TD peers, but demon-
strated comparable biophysiological levels of state anxi-
ety during low- and high-anxiety social contexts. Surpris-
ingly, parent-reported—but not self-reported—trait anxiety
predicted arousal levels during the high-stress task, sug-
gesting that parent-reported anxiety may be more reliable
than self-report in adolescents with and without ASD. The
somewhat surprising finding that increased parent-reported
anxiety predicts decreased biophysiological response to
a high-stress social task may speak to the reality of many
adolescents who navigate everyday social situations with a
heightened level of anxiety, which may result in desensitiz-
ing, or dampening their body’s responses to contexts dur-
ing which state anxiety is expected to increase. Overall, we
did not find higher levels of state anxiety in the ASD group
in the low- or high-stress conditions. This casts doubt on
theories that characterize autism as a disorder of chronic
over-arousal (Hutt et al. 1964). We did identify higher trait
anxiety in the ASD cohort, suggesting that individuals
with ASD and their parents perceive themselves as being
more anxious overall, without necessarily demonstrating
increased fluctuations in biophysiological responses.

Acknowledgments Funding was provided by NIH-NIDCD
1R01DCO012774 (Grossman, PI). We thank Brandon Booth, Theodora
Chaspari, and Shrikanth Narayanan at USC-SAIL for assistance with
EDA data analysis, James Heathers for helping us establish best prac-
tices for ECG data processing, David Cochran, M.D. for consultation
on medication use of participants, and Anne Hunt for statistical sup-
port. Our appreciation to Darren Hedley and Sarah Lovell for stimu-
lus and method development, as well as to all Emerson students who
helped collect and process the data. Our profound gratitude goes to
the children and families who gave their time to support our work.

Author Contribution RBG developed the study concept. Test-
ing and data collection were performed by ERZ and JM. JM and KN
performed the data analysis, and JM, ERZ, and RBG interpreted the
data. JM drafted the manuscript, and ERZ and RBG provided critical

revisions. All authors approved the final version of the manuscript for
submission.

Funding This study was Grant #

NIDCD-1R01DC012774.

funded by

Compliance with Ethical Standards

Conflict of interest
of interest.

All authors declare that they have no conflict

Ethical Approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed Consent Informed consent was obtained from all indi-
vidual participants included in the study.

References

Acharya, U. R., Joseph, K. P., Kannathal, N., Lim, C. M., & Suri, J. S.
(2006). Heart rate variability: A review. Medical and Biological
Engineering and Computing, 44(12), 1031-1051. doi:10.1007/
s11517-006-0119-0.

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). Washington, DC: Ameri-
can Psychiatric Association.

Baron, M. G. (2006). Stress and coping in autism. USA: Oxford Uni-
versity Press.

Bellini, S. (2004). Social skill deficits and anxiety in high-functioning
adolescents with autism spectrum disorders. Focus on Autism
and Other Developmental Disabilities, 19(2), 78-86. doi:10.117
7/10883576040190020201.

Benevides, T. W., & Lane, S. J. (2013). A review of cardiac auto-
nomic measures: Considerations for examination of physi-
ological response in children with autism spectrum disorder.
Journal of Autism and Developmental Disorders, doi:10.1007/
s10803-013-1971-z.

Berntson, G. G., Lozano, D. L., & Chen, Y. J. (2005). Fil-
ter properties of root mean square successive difference
(RMSSD) for heart rate. Psychophysiology, 42(2), 246-252.
doi:10.1111/j.1469-8986.2005.00277 .x.

Birkett, M. (2011). The Trier Social Stress Test protocol for inducing
psychological stress. Journal of Visualized Experiments: JoVE.
doi:10.3791/3238.

Birmaher, B., Brent, D., Chiapetta, L., Bridge, J., Monga, S., &
Baugher, M. (1999). Psychometric properties of the Screen for
Child Anxiety Related Emotional Disorders (SCARED): A rep-
lication study. Journal of the American Academy of Child and
Adolescent Psychiatry, 38, 1230-1236.

Braithwaite, J. J., Watson, D. G., Jones, R., & Rowe, M. (2015). A
guide for analyzing electrodermal activity (EDA) & skin con-
ductance responses (SCRs) for psychological experiences (Tech-
nical Report, 2nd version). Birmingham: Behavioural Brain Sci-
ences Centre.

Buske-Kirschbaum, A., Jobst, S., Wustmans, A., Kirschbaum, C.,
Rauh, W., & Hellhammer, D. (1997). Attenuated free cortisol
response to psychosocial stress in children with atopic derma-
titis. Psychosomatic Medicine, 59(4), 419-426. Retrieved from
http://www.psychosomaticmedicine.org/content/59/4/419.short.

@ Springer


https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1177/10883576040190020201
https://doi.org/10.1177/10883576040190020201
https://doi.org/10.1007/s10803-013-1971-z
https://doi.org/10.1007/s10803-013-1971-z
https://doi.org/10.1111/j.1469-8986.2005.00277.x
https://doi.org/10.3791/3238
http://www.psychosomaticmedicine.org/content/59/4/419.short

3702

J Autism Dev Disord (2017) 47:3692-3703

Carleton, R. N., Collimore, K. C., McCabe, R. E., & Antony, M.
M. (2011). Addressing revisions to the Brief Fear of Negative
Evaluation scale: Measuring fear of negative evaluation across
anxiety and mood disorders. Journal of Anxiety Disorders, 25(6),
822-828. doi:10.1016/j.janxdis.2011.04.002.

Chaspari, T., Tsiartas, A., Stein, L. 1., Cermak, S. A., & Narayanan,
S. S. (2015). Sparse representation of electrodermal activ-
ity with knowledge-driven dictionaries. IEEE Transactions
on Biomedical Engineering, 62(3), 960-971. doi:10.1109/
TBME.2014.2376960.

Chiu, T. A., Anagnostou, E., Brian, J., Chau, T., & Kushki, A.
(2015). Specificity of autonomic arousal to anxiety in children
with autism spectrum disorder. Autism Research. doi:10.1002/
aur.1528.

Conzelmann, A., Gerdes, A. B., Mucha, R. F., Weyers, P., Lesch, K.
P., Bahne, C. G, ... Pauli, P. (2014). Autonomic hypoactivity in
boys with attention-deficit/hyperactivity disorder and the influ-
ence of methylphenidate. The World Journal of Biological Psy-
chiatry, 15(1), 56-65.

Dawson, M. E., Schell, A. M., & Filion, D. L. (2007). The electroder-
mal system. In Handbook of psychophysiology. Cambridge, UK:
Cambridge University Press.

De Bruin, E. I, Ferdinand, R. F., Meester, S., De Nijs, P. F. A., & Ver-
heij, F. (2007). High rates of psychiatric co-morbidity in PDD-
NOS. Journal of Autism and Developmental Disorders, 37(5),
877-886. doi:10.1007/s10803-006-0215-x.

Dieleman, G. C., Huizink, A. C., Tulen, J. H. M., Utens, E. M. W.
J., & Tiemeier, H. (2016). Stress reactivity predicts symptom
improvement in children with anxiety disorders. Journal of
Affective Disorders. doi:10.1016/j.jad.2016.02.022.

Doherty-Sneddon, G., Riby, D. M., & Whittle, L. (2011). Gaze aver-
sion as a cognitive load management strategy in autism spectrum
disorder and Williams syndrome. Journal of Child Psychology
and Psychiatry. doi:10.1111/j.1469-7610.2011.02481.x.

Finkenauer, C., Engels, R. C. M. E., & Meeus, W. H. J. (2001).
Keeping Secrets from Parents: Advantage and Disadvantage
of Secrecy in Adolescence. Journal of Youth and Adolescence.
doi:10.1023/A.

Garfinkel, S. N., Tiley, C., O’Keeffe, S., Harrison, N. A., Seth, A.
K., & Critchley, H. D. (2016). Discrepancies between dimen-
sions of interoception in autism: Implications for emotion and
anxiety. Biological Psychology, 114, 117-126. doi:10.1016/j.
biopsycho.2015.12.003.

Hallett, V., Lecavalier, L., Sukhodolsky, D. G., & Cipriano, N. (2013).
Exploring the manifestations of anxiety in children with Autism
Spectrum Disorders. Journal of Autism & Developmental Dis-
orders, 43(10), 2341-2352. doi:10.1007/s10803-013-1775-1.
Exploring.

Hollocks, M. J., Howlin, P., Papadopoulos, A. S., Khondoker, M.,
& Simonoff, E. (2014a). Differences in HPA-axis and heart
rate responsiveness to psychosocial stress in children with
autism spectrum disorders with and without co-morbid anxi-
ety. Psychoneuroendocrinology, 46, 32-45. doi:10.1016/].
psyneuen.2014.04.004.

Hollocks, M. J., Jones, C. R. G., Pickles, A., Baird, G., Happé, F.,
Charman, T., & Simonoff, E. (2014b). The association between
social cognition and executive functioning and symptoms of
anxiety and depression in adolescents with autism spectrum dis-
orders. Autism Research, 7(2), 216-228. doi:10.1002/aur.1361.

Hutt, C., Hutt, S. J., Lee, D., & Ounsted, C. (1964). Arousal
and Childhood Autism. Nature, 204(4961), 908-909.
doi:10.1038/204908a0.

Joshi, G., Petty, C., Wozniak, J., Henin, A., Fried, R., Galdo, M., ...
Biederman, J. (2010). The heavy burden of psychiatric comor-
bidity in youth with autism spectrum disorders: A large com-
parative study of a psychiatrically referred population. Journal

@ Springer

of Autism and Developmental Disorders, 40(11), 1361-1370.
doi:10.1007/s10803-010-0996-9.

Kaat, A. J., & Lecavalier, L. (2015). Reliability and validity of
parent- and child-rated anxiety measures in autism spectrum
disorder. Journal of Autism and Developmental Disorders,
45(10), 3219-3231. doi:10.1007/s10803-015-2481-y.

Kaufman, A., & Kaufman, N. (2004). Manual for the Kaufman
Brief Intelligence Test (2nd ed.). Circle Pines, MN: American
Guidance Service.

Kerns, C. M., & Kendall, P. C. (2012). The presentation and clas-
sification of anxiety in autism spectrum disorder. Clinical Psy-
chology: Science and Practice, 19(4), 323-347. doi:10.1111/
cpsp.12009.

Kirschbaum, C., Pirke, K., & Hellhammer, D. (1993). The “Trier
Social Stress Test”—a tool for investigating psychobiological
stress responses in a laboratory setting. Neuropsychobiology,
28(1-2), 76-81. Retrieved from http://clinicaltrials.gov/search/
term=8255414%5BPUBMED-IDS%5D.

Kreiser, N. L., & White, S. W. (2014). Assessment of Social Anxi-
ety in Children and Adolescents With Autism Spectrum Disor-
der. Clinical Psychology: Science and Practice, 21(1), 18-31.
doi:10.1111/cpsp.12057.

Kudielka, B. M., Hellhammer, D. H., Kirschbaum, C., Harmon-
Jones, E., & Winkielman, P. (2007). Ten years of research
with the Trier Social Stress Task-revisited. In Social neurosci-
ence: Integrating biological and psychological explanations of
social behavior (pp. 56-83). New York: Guilford Press.

Kuusikko, S., Pollock-Wurman, R., Jussila, K., Carter, A. S., Mat-
tila, M. L., Ebeling, H., ... Moilanen, I. (2008). Social anxiety
in high-functioning children and adolescents with autism and
asperger syndrome. Journal of Autism and Developmental Dis-
orders, 38(9), 1697-1709. doi:10.1007/s10803-008-0555-9.

Levine, T., Sheinkopf, S., Pescosolido, M., Rodino, A., Elia, G., &
Lester, B. (2012). Physiologic arousal to social stress in chil-
dren with autism spectrum disorders: A pilot study. Research
in Autism Spectrum Disorders, 6(1), 177-183. doi:10.1016/j.
rasd.2011.04.003.

Levine, T. P., Conradt, E., Goodwin, M. S., Sheinkopf, S. J., &
Lester, B. (2014). Psychophysiological arousal to social stress
in autism spectrum disorders. In Comprehensive guide to
autism (pp. 1177-1193). New York: Springer.

Lydon, S., Healy, O., Reed, P., Mulhern, T., Hughes, B. M., &
Goodwin, M. S. (2014). A systematic review of physiological
reactivity to stimuli in autism. Developmental Neurorehabili-
tation, 1-24.

March, J. (1999). Multidimensional anxiety scale for children
(1Ist ed.). North Tonawanda, NY: Multi-Health Systems Inc.
Retrieved  from  http://jpa.sagepub.com/content/33/5/495.
extract.

March, J., Parker, J., Sullivan, K., Stallings, P., & Conners, C. K.
(1997). The Multidimensional Scale for Children (MASC): Fac-
tor structure, reliability, and validity. Journal of the American
Academy of Child and Adolescent Psychiatry, 36, 554-565.

Muris, P., Meesters, C., Merckelbach, H., & Hiilsenbeck, P. (2000).
Worry in children is related to perceived parental rearing and
attachment. Behaviour Research and Therapy, 38(5), 487-497.
doi:10.1016/S0005-7967(99)00072-8.

Nagai, Y., Critchley, H. D., Featherstone, E., Trimble, M. R., &
Dolan, R. J. (2004). Activity in ventromedial prefrontal cortex
covaries with sympathetic skin conductance level: A physiologi-
cal account of a “default mode” of brain function. Neurolmage,
22(1), 243-251. doi:10.1016/j.neuroimage.2004.01.019.

Naveteur, J., & Baque, E. F. 1. (1987). Individual differences
in electrodermal activity as a function of subjects’ anxi-
ety. Personality and Individual Differences, 8(5), 615-626.
doi:10.1016/0191-8869(87)90059-6.


https://doi.org/10.1016/j.janxdis.2011.04.002
https://doi.org/10.1109/TBME.2014.2376960
https://doi.org/10.1109/TBME.2014.2376960
https://doi.org/10.1002/aur.1528
https://doi.org/10.1002/aur.1528
https://doi.org/10.1007/s10803-006-0215-x
https://doi.org/10.1016/j.jad.2016.02.022
https://doi.org/10.1111/j.1469-7610.2011.02481.x
https://doi.org/10.1023/A
https://doi.org/10.1016/j.biopsycho.2015.12.003
https://doi.org/10.1016/j.biopsycho.2015.12.003
https://doi.org/10.1007/s10803-013-1775-1.Exploring
https://doi.org/10.1007/s10803-013-1775-1.Exploring
https://doi.org/10.1016/j.psyneuen.2014.04.004
https://doi.org/10.1016/j.psyneuen.2014.04.004
https://doi.org/10.1002/aur.1361
https://doi.org/10.1038/204908a0
https://doi.org/10.1007/s10803-010-0996-9
https://doi.org/10.1007/s10803-015-2481-y
https://doi.org/10.1111/cpsp.12009
https://doi.org/10.1111/cpsp.12009
http://clinicaltrials.gov/search/term=8255414%5BPUBMED-IDS%5D
http://clinicaltrials.gov/search/term=8255414%5BPUBMED-IDS%5D
https://doi.org/10.1111/cpsp.12057
https://doi.org/10.1007/s10803-008-0555-9
https://doi.org/10.1016/j.rasd.2011.04.003
https://doi.org/10.1016/j.rasd.2011.04.003
http://jpa.sagepub.com/content/33/5/495.extract
http://jpa.sagepub.com/content/33/5/495.extract
https://doi.org/10.1016/S0005-7967(99)00072-8
https://doi.org/10.1016/j.neuroimage.2004.01.019
https://doi.org/10.1016/0191-8869(87)90059-6

J Autism Dev Disord (2017) 47:3692-3703

3703

Neuhaus, E., Bernier, R., & Beauchaine, T. P. (2014). Brief report:
Social skills, internalizing and externalizing symptoms, and
respiratory sinus arrhythmia in autism. Journal of Autism
& Developmental Disorders, 44, 730-737. doi:10.1007/
$10803-013-1923-7.

Panju, S., Brian, J., Dupuis, A., Anagnostou, E., & Kushki, A. (2015).
Atypical sympathetic arousal in children with autism spec-
trum disorder and its association with anxiety symptomatology.
Molecular Autism, 6, 64. doi:10.1186/s13229-015-0057-5.

Ranjbar, F., Akbarzadeh, F., Zakeri, F., Farahbakhsh, M., & Ali Naz-
ari, M. (2015). Effects of citalopram on heart rate variability in
women with generalized anxiety disorder. ARYA Atherosclerosis,
11(3), 196-203. Retrieved from http://www.pubmedcentral.nih.
gov/articlerender.fcgi?artid=4568193 &tool=pmcentrez&rendert
ype=abstract.

Rutter, M., Bailey, A., & Lord, C. (2003). SCQ: The social communi-
cation questionnaire. Los Angeles, CA: Western Psychological
Services.

Semel, E., Wiig, E. H., & Secord, W. A. (2013). Clinical evaluation of
language fundamentals-5. Bloomington, MN: NCS Pearson, Inc.
Retrieved from http:/jpa.sagepub.com/content/33/5/495 extract.

Siepmann, M., Grossmann, J., Miick-Weymann, M., & Kirch, W.
(2003). Effects of sertraline on autonomic and cognitive func-
tions in healthy volunteers. Psychopharmacology, 168(3), 293—
298. doi:10.1007/s00213-003-1448-4.

Spielberger, C. D. (1966). Theory and research on anxiety. In Anxiety
and Behavior (1st ed.). Cambridge, MA: Academic Press.

Tarvainen, M. P., Niskanen, J.-P., Lipponen, J. A., Ranta-Aho, P. O.,
& Karjalainen, P. A. (2014). Kubios HRV—heart rate variability
analysis software. Computer Methods and Programs in Biomedi-
cine, 113(2), 210-220. doi:10.1016/j.cmpb.2013.07.024.

van Steensel, F. J., Bogels, S. M., & Wood, J. J. (2013). Autism spec-
trum traits in children with anxiety disorders. Journal of Autism
& Developmental Disorders, 43(2), 361-370. doi:10.1007/
$10803-012-1575-z.

van Steensel, F. J. A., Bogels, S. M., & Perrin, S. (2011). Anxiety
disorders in children and adolescents with autistic spectrum dis-
orders: A meta-analysis. Clinical Child and Family Psychology
Review, 14(3), 302-317. doi:10.1007/s10567-011-0097-0.

Weeks, J. W., Heimberg, R. G., Rodebaugh, T. L., Goldin, P. R., &
Gross, J. J. (2012). Psychometric evaluation of the Fear of
Positive Evaluation Scale in patients with social anxiety disor-
der. Psychological Assessment, 24(2), 301-312. doi:10.1037/
a0025723.

White, S. W., Oswald, D., Ollendick, T., & Scahill, L. (2009). Anxi-
ety in children and adolescents with autism spectrum disorders.
Clinical Psychology Review, 29(3), 216-229. doi:10.1016/j.
¢pr.2009.01.003.

Witwer, A. N., & Lecavalier, L. (2007). Autism screening tools: An
evaluation of the social communication questionnaire and the
developmental behaviour checklist-autism screening algorithm.
Journal of Intellectual & Developmental Disability, 32(3), 179—
187. doi:10.1080/13668250701604776.

@ Springer


https://doi.org/10.1007/s10803-013-1923-7
https://doi.org/10.1007/s10803-013-1923-7
https://doi.org/10.1186/s13229-015-0057-5
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4568193&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4568193&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4568193&tool=pmcentrez&rendertype=abstract
http://jpa.sagepub.com/content/33/5/495.extract
https://doi.org/10.1007/s00213-003-1448-4
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.1007/s10803-012-1575-z
https://doi.org/10.1007/s10803-012-1575-z
https://doi.org/10.1007/s10567-011-0097-0
https://doi.org/10.1037/a0025723
https://doi.org/10.1037/a0025723
https://doi.org/10.1016/j.cpr.2009.01.003
https://doi.org/10.1016/j.cpr.2009.01.003
https://doi.org/10.1080/13668250701604776

	How Anxious Do You Think I Am? Relationship Between State and Trait Anxiety in Children With and Without ASD During Social Tasks
	Abstract 
	Introduction
	Methods
	Participants
	Procedure
	High-Anxiety Task
	Low-Anxiety Task
	Trait Anxiety Measures
	State Anxiety Measures
	Biophysiological Data Post-processing

	Results
	Anxiety Trait Measures
	Anxiety State Measures
	Relationship Between Trait and State Anxiety

	Discussion
	Trait Anxiety
	State Anxiety
	Relationship Between State and Trait Anxiety

	Conclusions
	Acknowledgments 
	References


