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group was characterized by a blunted cortisol and heart rate response to psychosocial stress.
Furthermore, in the ASDanx group, reduced heart rate and cortisol responsiveness were signifi-
cantly related to increased anxiety symptoms. This is the first study to report a possible
physiological basis for co-occurring anxiety disorders in children and adolescents with ASD. It
is possible that a non-adaptive physiological response to psychosocial stress may be related to the
high prevalence of co-occurring anxiety disorders in people with ASD.
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1. Introduction

Autism spectrum disorder (ASD) is characterized by persis-
tent deficits in social communication/interaction and
restricted interests and repetitive behaviors, which present
in early childhood. Children and adolescents with ASD also
suffer from higher rates of co-occurring anxiety disorders
(prevalence �40%, Van Steensel et al., 2011) compared to
their typically developing peers (prevalence �3—8%, Costello
et al., 2003; Merikangas et al., 2010). Similarly, studies using
questionnaire measures have identified elevated reports of
anxiety symptoms in those with ASD (Gadow et al., 2005;
Sukhodolsky et al., 2008). However, there has been little
research examining why people with ASD have such high rates
of anxiety, or what physiological mechanisms may underlie
these co-occurring anxiety disorders.

The diagnosis of pediatric anxiety disorders typically
relies heavily on the self-report of internalizing symptoms
(Schniering et al., 2000). These can be difficult for many
individuals with an ASD to report due to difficulties under-
standing and labeling emotions (Losh and Capps, 2006).
Therefore, in addition to providing information on potential
physiological mechanisms, establishing the biological corre-
lates of anxiety in ASD may eventually provide an additional
marker of anxiety diagnoses that is not reliant on self-report
assessments.

2. Physiology of anxiety and stress

Anxiety disorders are a group of conditions characterized by
excessive and unpleasant worries or fearfulness that have a
negative impact on a person’s life. Anxiety is described with
respect to three elements: cognitions, behaviors and phy-
siological changes. When people are anxious they experience
changes in one or more of these elements (Lang, 1985). The
physiological stress response, on which this paper is focused,
in part constitutes the physiological component of anxiety.
However, stress is not a unique response to anxiety; rather
anxiety is one of many external pressures on a biological
system that is designed to maintain balance via the mechan-
isms described below.

The autonomic nervous system (ANS) and hypothalamic–—
pituitary–—adrenal (HPA)-axis are both part of a dynamic
stress response system that is vital in generating adaptive
responses to both physiological and psychological threat, and
are involved in the well-defined ‘‘fight-or-flight’’ response.
Under threat, the body responds with the activation of the
ANS, specifically in the sympathetic branch, to heighten
arousal and prepare the person to deal with the stressor.
Parasympathetic control is also exerted by the nucleus
ambiguous and dorsal motor nucleus of the vagus nerve
(Ulrich-Lai and Herman, 2009), acting on the sinoatrial node
of the heart, and limiting the duration of the arousal state
(Kolman et al., 1976). Synchronously, corticotrophin releas-
ing hormone (CRH), the initial secretagogue of the HPA-axis,
is released from the hypothalamus. This then induces the
release of adrenocorticotropin releasing hormone (ACTH)
from the pituitary gland and finally cortisol from the adre-
nals. While acute exposure to stress is associated with the
potentiation of the HPA-axis and an increase in cortisol,
chronic exposure to stress hormones leads to compensatory
down-regulation, and a resulting blunted cortisol response or
‘‘hypocortisolemia’’ (Miller et al., 2007), which has been
associated with both adverse childhood events (Danese
and McEwen, 2012) and post-traumatic stress disorder (PTSD;
Yehuda and Seckl, 2011).

3. The HPA-axis and ANS in ASD and anxiety
disorders

Given the biological overlap between anxiety and stress (Shin
and Liberzon, 2010) and the previous use of stress markers
such as cortisol (Van West et al., 2008) and heart rate (HR)
(Schmitz et al., 2011) to examine anxiety in childhood,
markers of HPA-axis and ANS function are potential target
measures of anxiety in ASD. However, it is currently unclear
whether ASD specific differences in HPA-axis or ANS function
are significantly associated with the increased rates of anxi-
ety observed in this population.

The most common task used to elicit a stress response and
to compare normal stress physiology with psychopathology
related differences is a psychosocial stress test (PST) (Kirsch-
baum et al., 1993). This typically consists of a baseline
period, followed by preparing and giving a speech, and then
completing an arithmetic task under observation.

Studies using various adaptions of the PST in an ASD
population have reported mixed results, but most point
toward a significantly blunted increase in cortisol in response
to the social stressor in people with ASD compared to controls
(Corbett et al., 2012; Jansen et al., 2006; Lanni et al., 2012;
Levine et al., 2012). In non-ASD children with an anxiety
disorder, the pattern is more inconsistent. A number of
studies including participants with social phobia have
reported variable findings including: cortisol hyper-respon-
siveness in pre-pubertal anxious children compared to con-
trols (Van West et al., 2008); a non-significant trend for a
blunted response in similarly aged anxious children with
social phobia (Krämer et al., 2012); and no significant group
difference in adolescent girls with social phobia compared to
healthy controls (Martel et al., 1999). However, the social
stressor response pattern in adults with both social phobia
(Beaton et al., 2006; Furlan et al., 2001) and panic disorder



34 M.J. Hollocks et al.
(Petrowski et al., 2010) seems more consistent with the ASD
literature, suggesting a blunted cortisol response (De Rooij
et al., 2010).

Related measures of stress responsiveness are heart rate
(HR), and the associated heart rate variability (HRV), which is
an index of the dynamic relationship between sympathetic
and parasympathetic innervation of the heart, and has been
suggested as a marker of affective disorders such as anxiety
(Friedman, 2007). Greater beat-to-beat variability has been
shown to represent the dominant parasympathetic innerva-
tion, or vagal tone, which is favored at rest (Thayer et al.,
2012). Importantly, while rest is characterized by dominant
vagal input, vagal withdrawal is a key feature of stress
responsiveness (Porges and Byrne, 1992).

There has been a number of studies examining different
patterns of resting HR and HR responsiveness in children and
young adults with ASD. Two of the three studies that have
measured heart rate during a social stressor suggest that
those with ASD have a significantly attenuated HR response
(Jansen et al., 2006, 2003), while the third failed to find any
significant group differences compared to healthy controls
(Levine et al., 2012). However, the general trend for studies
using a non-social stressor or an at-rest measure is for an
elevated HR and a reduced parasympathetic input (vagal
tone) (Bal et al., 2010; Mathewson et al., 2011; Ming
et al., 2005; Van Hecke et al., 2009; Watson et al., 2012).
Similar research has been carried out in pediatric anxiety
disorders and, once again, findings are inconsistent, with
studies on social phobia showing both increased HR (Schmitz
et al., 2011), decreased HR (Krämer et al., 2012) and no
significant difference (Anderson and Hope, 2009; Beidel,
1991) compared to healthy controls. A unique study, measur-
ing mean HR response to stress along with individual mea-
sures of both sympathetic (skin conductance response, SCR)
and parasympathetic arousal (respiratory sinus arrhythmia;
RSA) during social stress was reported by Schmitz et al.
(2011). Results indicated that, during the pre-stress baseline,
children with social phobia had increased sympathetic and
reduced parasympathetic activity, and a significantly higher
HR compared with controls. During the stress test the two
groups had a similar mean HR, but the socially anxious group
had reduced parasympathetic modulation.

Despite links between the HPA-axis/ANS and anxiety dis-
order, studies that have measured biological function in ASD
have seldom measured anxiety. Those that have considered
anxiety have used self-report questionnaires and have found
no significant association between anxiety and physiological
measures (Jansen et al., 2003; Lanni et al., 2012). However,
as mentioned above, it is currently unclear how valid the use
of self-report measures are in people with ASD (Mazefsky
et al., 2011). Therefore, the aim of this current research
study is to investigate the relationship between the physio-
logical response to social stress and co-occurring anxiety
diagnoses in children and adolescents with an ASD.

4. Methods

This research was reviewed and approved by the South East
London Research Ethics Committee (REC 4: 10/H0870/67).
The study included 52 participants with ASD and 23 typically
developing controls who met the following inclusion criteria:
male gender; aged 10—16 years; a full-scale IQ � 70 on the
Wechsler Abbreviated Scale of Intelligence (WASI) (Wechsler,
1999); and not currently taking any medications for anxiety
or depression, e.g., selective serotonin reuptake inhibitors.
ASD diagnoses were made by local clinicians, and in 31 out of
52 cases were confirmed using the Autism Diagnostic Inter-
view-Revised (ADI-R) (Lord et al., 1994) and/or the Autism
Diagnosis Observation Schedule-Generic (ADOS-G) (Lord
et al., 2000). In the absence of ADOS/ADI confirmed diag-
nosis, a parent-reported Social Communication Question-
naire — lifetime version (SCQ) (Rutter et al., 2003) score
of �15 in combination with a clinical diagnosis was required.
We included two participants who had an SCQ score below 15
but whose diagnoses were confirmed with an ADOS or ADI.
ASD participants were primarily recruited from National
Health Service (NHS) clinics in London and the south-east
of the United Kingdom. Control participants were recruited
from local schools and public advertisement and had no
history of psychiatric or neurological problems based on
parental report.

5. Measures

5.1. Anxiety measures

The Child and Adolescent Psychiatric Assessment (CAPA;
Angold and Costello, 2000) is a semi-structured psychiatric
interview schedule. The CAPA focuses on symptoms that have
presented within the 3-months prior to the interview date,
referred to as ‘‘current’’ symptoms and in the non-ASD
population has a test—retest reliability ranging from .55 to
.90 depending on diagnosis (e.g., .79 for generalized anxiety;
Angold and Costello, 2000). There are parallel parent- and
self-report versions; in this study the parent version was used
to identify DSM-IV diagnoses within our ASD sample and to
screen for psychiatric problems within our control group. The
CAPA was chosen because it requires detailed behavioral
descriptions from parents in order to endorse psychiatric
symptoms. This allowed us to take into account possible
behavioral overlaps between symptoms of anxiety and ASD
when endorsing symptoms. The CAPA was administered by
trained researchers. For this study we focused on DSM-IV
diagnoses of generalized anxiety disorder (GAD), separation
anxiety, panic/agoraphobia, and social phobia. However, we
also collected data on simple phobia, obsessive-compulsive
disorder (OCD) and post-traumatic stress disorder (PTSD).

The Spence Children’s Anxiety Scale (parent and child
versions, SCAS-P and SCAS-C, Spence, 1998) is a 44-item
questionnaire widely used in research to screen for anxiety
disorders and was included in this study as a continuous
measure of anxiety. The SCAS has good internal consistency
(a = .60—.92) and moderate 6 month test—retest correlation
coefficient of .62 (Spence, 1998). The SCAS-P has a ‘‘clinical
caseness’’ score of �24 which is 1 SD above the population
mean and is indicative of anxiety disorder in the non-ASD
pediatric population (Nauta et al., 2004).

5.2. The social communication questionnaire

The Social Communication Questionnaire — lifetime version
(SCQ) is a 40 item parent-reported screening instrument
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useful when assessing social and communication skills in
children with a suspected ASD. A cut-off score of 15+ is used
to identify children and adolescents who display character-
istics of ASD (Rutter et al., 2003).

5.3. The psychosocial stress paradigm

The psychosocial stress paradigm used in this study was an
adapted version of the Trier Social Stress Test (TSST; Kirsch-
baum et al., 1993) with the primary adaptation being the use
of a drawing task rather than an arithmetic task. This decision
was made based on our clinical experience administering
cognitive assessments that some of our ASD sample may have
found the arithmetic task less stressful than controls.

This task was carried out in the afternoon beginning
between 13:00 h and 14:00 h, to reduce the impact of
diurnal cortisol variation. Participants were asked not to
consume any food or drink within 30 min of the task initia-
tion. Before the start of the testing session, participants
were given the instructions that they would undertake a
mildly stressful task, preceded by 40 min of relaxation and
followed by a 40 min recovery period in which they would
watch cartoons. The BioHarness HR telemetry system
(described below) was then placed onto the participants
and the experiment began.

Relaxation and recovery consisted of watching cartoons.
The stress paradigm included: (1) copying a complex figure
drawing, under timed conditions, and with the instruction
they should remember the figure for a test later; (2) 10 min
to prepare a speech about themselves, ‘‘for instance, what
you like to do at home or at school’’; (3) a 5 min presenta-
tion; and (4) remembering the complex figure drawing under
timed conditions. Up until the end of the preparation phase,
two researchers were present in the room; once the speech
preparation was completed, a third person (unknown to the
participant) who was presented as the evaluator entered the
room and asked the participant to begin his presentation. All
researchers maintained a neutral affect during the para-
digm. The participant was required to stay standing for 5 min
and standardized prompts were given after 30 s of silence.
HR was measured continuously and divided into five seg-
ments: first 20 min of rest; second 20 min of rest; stress; first
20 min recovery and second 20 min of recovery. Six salivary
cortisol samples were taken throughout the test: two during
rest (�40 min, �20 min), pre-stressor (0 min), post-stressor
(+20 min) and two during recovery (+40 min, +60 min). For
every cortisol sample taken we asked the participant to give
a measure of subjective stress (likert scale 0—10) (see
Fig. 1).
Figure 1 A diagram representing the psychosocial 
5.4. Physiological recording and pre-processing

5.4.1. Heart rate and heart rate variability
The HR electrocardiogram (ECG) was measured at 250 Hz
using the Zephyr BioHarnessTM wireless telemetry system.
The ECG signal was recorded and analyzed via ADInstruments
Labchart1 version 7 (ADInstruments Pty. Ltd., Bella Vista,
Australia). The HRV analysis was carried out using the Lab-
chart1 HRV module. The ECG recording was segmented into
nine, blocks of 5 min each, selected across the 100 min of
recording. Three blocks were taken from the rest phase, two
from the speech preparation, one from the speech and three
from the recovery phase. The 5 min blocks were selected as
recommended by the Task Force of the European Society of
Cardiology (1996). The signal was pre-processed with a low-
pass filter before R-wave to R-wave (RR) intervals were
automatically identified. Detected RR intervals were then
manually inspected for errors. Ectopic RR intervals were
excluded from analysis and subsequently interpolated and
replaced by the average of nearest preceding and succeeding
normal—normal intervals (NN) within the block.

HRV analysis is divided into time-domain analyses, which
summarize the overall variability between NN intervals, and
spectral analysis, which transforms time-domain measures
using Fast Fourier Transform (FFT) into frequency represen-
tations. Here we focused on spectral analysis using FFT, which
is a useful measurement over 3—5 min blocks (Lombardi,
1997). HRV that falls within the high-frequency domain
(HF; .15—.40 Hz) is considered a measure of RSA/vagal tone
and low values indicate lower parasympathetic modulation.
The low-frequency domain (LF; .04—.15 Hz) is also calculated
and contains combined sympathetic and parasympathetic
input. For statistical analysis, we have included a LF/HF
ratio variable which isolates the relative contribution of
sympathetic input to the LF signal. The LF/HF ratio has been
shown to be a good indicator of sympathetic arousal and is
inversely related to HF spectral power (Montano et al.,
1994). The HF-domain variable for this analysis is presented
in normalized units (NU), which removes any noise from very
low-frequency power (vLF) from the HF variable.

5.4.2. Salivary cortisol
As described above, six cortisol samples were collected at
20 min intervals throughout the social-stress test. Saliva
samples were collected in plain Sarstedt salivettes which
were stored at �40 until analysis. Saliva cortisol concentra-
tions were determined using the ‘‘Immulite’’, Siemen’s
Immunoassay system (www.dignostics.siemens.com) as using
a previously described methodology (Mondelli et al., 2010).
stress test and physiological sampling procedure.

http://www.dignostics.siemens.com/
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5.5. Statistical analysis

Data preparation and analysis were carried out using Stata
11. All variables were assessed for normality and variables
that were found to be non-normally distributed were log
transformed to allow the use of parametric statistics. This
was necessary for the salivary cortisol concentrations. Miss-
ing data for key variables were limited (SCAS-P (nmissing = 2);
SCAS-C (nmissing = 3); cortisol (nmissing = 0—5); HR (n = 1—9) —
number of missing values for physiological variables varies
depending on sample/time block).

The response profiles of physiological parameters (corti-
sol, HR, HF-spectral analysis and LF/HF ratio) exhibited non-
linear relationships with time. Average values and the
decline/increase rates of physiological parameters changed
over time showing differential patterns between cases and
control groups. We fitted piecewise linear mixed models to
the non-linear profiles by dividing the time axis into three
segments using pre-specified knot points. We included ran-
dom intercepts and slopes within each segment to account
for individual differences. Piecewise models, also called
splines, can fit any type of non-linear relationships by assum-
ing parametric (e.g., linear) relationships within smaller
segments. Such models have advantages over non-para-
metric curve fitting in that they allow formal hypothesis
testing about the mean and slope (decline/increase rate)
of the response profile within and between segments. This
can be particularly useful for comparing groups in terms of
the mean response as well as the rate of change within or
between segments, which is precisely the setting of the
current paper. Number and positions of the knot points are
decided depending on the relationships observed and the
objectives of the analysis. In this study we were interested in
using the physiological response to psychosocial stress to
differentiate between ASD, ASD plus anxiety and the control
group. Based on an exploratory analysis of the response
profiles we considered a three-piece linear mixed model
using two knot points, one at just before the initiation of
the psychosocial stress and the other corresponding to the
stress response profile. This partitioning allows convenient
modeling of the physiological parameter profiles by using
different parameterization for the rest, stress and recovery
periods and allowing hypothesis-testing to compare the para-
meters within/between periods. Important covariates such
as age and FSIQ were controlled for in all models.

Finally, we investigated continuous relationships between
HR and cortisol responsiveness. To do this we extracted the
fixed- and random-effects of the response slope from the
Table 1 Descriptive statistics, mean (SD, range).

Control 

Age in years F(2, 71) = .97 13.9a (1.9; 10—16)
Full-scale IQ F(2, 71) = 14.4 118a (9.1; 96—136
SCQ F(2, 71) = 154 1.5a (1.5; 0—6) 

SCAS-P total F(2, 70) = 36.9 6.9a (5.12; 0—24) 

SCAS-C total F(2, 69) = 19.2 12.0a (6.4; 1—25) 

a, b, c = groups with different letters indicate a significant group diffe
piecewise model and used this in three separate regression
models, one for each group. As it is considered good practice
within child and adolescent psychopathology research to use
information from multiple informants (Achenbach et al.,
1987), we generated a total anxiety variable created from
the sum of the parent- and self-reported anxiety question-
naires. In order to ensure that these results were not driven
by differences in parent- vs. child-report, supplementary
analysis will be presented examining the relationship
between anxiety symptoms rated by each informant in rela-
tion to physiological responsiveness.

6. Results

6.1. Descriptive statistics

Based on CAPA parental report, the ASD sample was divided
into those who met criteria for any anxiety disorder (n = 32;
ASDanx) and those who did not meet criteria for any anxiety
disorder (n = 20; ASD). Specific anxiety diagnoses included
panic/agoraphobia (n = 20), GAD (n = 20), separation anxiety
(n = 13), simple phobia (n = 2), social phobia (n = 4) and OCD
(n = 11). We had no participants who suffered from PTSD.
Specific phobia only occurred in combination with another
anxiety disorder and there was one participant who suffered
solely from OCD; exclusion of this individual had no impact on
the results presented below. Twenty-five out of 32 (78%)
participants of our clinically anxious group met criteria for
more than one co-occurring anxiety disorder and nine out of
32 (28%) met criteria for three or more co-occurring anxiety
disorders. Of the other comorbid psychiatric diagnoses pre-
sent in our ASD sample, nine of 52 (17%) met criteria for
depression, 20 out of 52 (39%) met criteria for attention
deficit/hyperactivity disorder (ADHD); and six out of 52 (12%)
met criteria for conduct disorder.

Comparison of the three groups using one-way ANOVA
revealed that the control group was significantly older and
had a significantly higher FSIQ than both ASD groups (all
p � .05), although the two ASD groups did not significantly
differ. The ASDanx group scored significantly higher on both
the SCAS-P (both p � .01) and SCAS-C (both p � .01) com-
pared with the ASD and control groups. As expected, both
ASD groups also scored significantly higher on the SCQ ques-
tionnaire ( p � .01) (see Table 1 for full descriptive statis-
tics). FSIQ was not significantly related to total anxiety score
in the control group (b = .28, p = .21), ASD group (b = .16,
p = .56) or ASDanx group (b = �.01, p = .74).
ASD ASDanx

 12.9b (2.0; 10—16) 12.8b (2.0; 10—16)
) 103b (17.1; 76—138) 100b (10.8; 83—128)

20.4b (5.8; 12—31) 24.8b (6.0; 13—36)
14.7b (6.3; 3—23) 41.2c (19.1; 12—88)
24.9b (10.8; 3—38) 34.8c (17.4; 5—72)

rences from each other at p � .05.
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6.2. Comparison of diagnostic and symptom
measures of anxiety

Parent and child reports of anxiety symptoms, according to
the SCAS questionnaire, were moderately correlated in both
the ASD (r = .54, p � .01) and control groups (r = .58,
p � .01). Within the ASD group, the 78% (32/52) of ASD
participants met CAPA criteria for anxiety disorder while
70% (35/50) met criteria for ‘‘clinical caseness’’ based on
the SCAS-P diagnostic cut-off score. Logistic regression ana-
lyses were conducted confirming that both the SCAS-P
(b = .07, p � .01) and the SCAC-C (b = .05, p = .04) question-
naire scores significantly predicted CAPA anxiety classifica-
tion.
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Figure 2 Time-series plots of mean physiological 
6.3. Group differences across the psychosocial
stress test

Exploratory analyses examined mean group differences in
each of the physiological parameters across the psychosocial
stress test. Plots of the mean scores for subjective stress, HR,
HF-spectral analysis, the LF/HF ratio and log cortisol are
presented in Fig. 2a—e. Group means were compared across
the stress test using a one-way ANOVA for each of the
physiological parameters at each time-point and are pre-
sented in Table 2, along with Bonferroni corrected mean
comparisons and standard deviations. These revealed no
significant group differences in either of the HRV measures
and so these variables were not included in the final analysis.
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Table 2 Three group comparison of mean values for physiological variables across the psychosocial stress test.

Measures Mean scores (SD)

�40 min �20 min Pre-stress (0 min) Stress (+20 min) +40 min +60 min

Heart rate (bpm) F(2, 72) = 6.4 F(2, 72) = 6.6 F(2, 69) = 2.8 F(2, 66) = 6.4 F(2, 63) = 1.7
CON 75.6a (9.4) 76.5a (9.2) 86.5a (10.8) 72.3a (9.1) 74.1a (10.1)
ASD 87.7b (15.5) 87.9b (13.8) 93.3b (13.8) 84.8b (13.5) 80.6a (13.1)
ASDanx 81.0a (8.6) 82.2a (8.4) 86.6a (8.4) 78.5a (8.8) 77.9a (9.6)

High frequency (NU) F(2, 69) = .46 F(2, 67) = .54 F(2, 64) = .86 F(2, 69) = .46 F(2, 66) = 1.1 F(2, 62) = 1.7
CON 37.9a (12.8) 48.5a (18.1) 50.6a (15.7) 30.6a (9.7) 47.7a (16.9) 30.9a (12.3)
ASD 34.8a (9.2) 48.6a (15.7) 50.1a (17.6) 29.9a (11.6) 50.4a (17.4) 35.0a (12.9)
ASDanx 37.1a (10.5) 52.9a (18.6) 55.8a (16.8) 34.6a (13.6) 55.7a (13.3) 35.0a (11.06)

Low frequency/high

frequency

F(2, 69) = .12 F(2, 67) = .99 F(2, 64) = .80 F(2, 66) = .19 F(2, 62) = 3.3 F(2, 67) = 1.7

CON 1.6a (.98) 2.2a (1.1) 1.9a (.87) 2.3a (1.4) 2.3a (1.4) 2.4a (1.6)
ASD 1.6a (.80) 2.2a (1.04) 1.9a (1.1) 2.4a (1.5) 2.0a (1.2) 1.9a (1.4)
ASDanx 1.5a (.93) 1.8a (1.1) 1.6a (.88) 2.0a (1.8) 1.5a (.85) 1.8a (1.03)

Log cortisol F(2, 72) = .06 F(2, 72) = .11 F(2, 72) = .16 F(2, 72) = 5.3 F(2, 72) = 3.7 F(2, 72) = 3.7
CON 1.80a (.46) 1.59a (.34) 1.39a (.33) 1.77a (.49) 1.71a (.53) 1.50a (.38)
ASD 1.77a (.53) 1.56a (.41) 1.37a (.39) 1.60a (.45) 1.50a (.44) 1.30a (.44)
ASDanx 1.82a (.50) 1.54a (.40) 1.33a (.39) 1.38b (.38) 1.37b (.38) 1.20b (.36)

CON = control; ASD = ASD/no anxiety; Anx = ASD/with anxiety disorder; NU = normalized units. a, b = different letters indicate a significant
group differences from each other at p � .05 (Bonferroni corrected).
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6.4. Piecewise regression model examining
heart rate response to psychosocial stress.

A piecewise regression model was fitted to the time-series
mean HR data across the rest, stress and recovery phases of the
psychosocial stressor, while also covarying for age and FSIQ
(see Table 3 and Fig. 3). The model revealed that age
(b = �1.8, p = �.01) but not IQ (b = .13, p = .15) had a sig-
nificant effect on the pattern of cortisol response. This analysis
revealed no group difference in the resting HR slope, but
Figure 3 Piecewise regression model depicting IQ and age correcte
psychosocial stress test.
significant group differences at the first knot point (pre-
stress). Specifically, both the ASD (mean HR = 87.9; mean
difference, b0 = 11.6, p � .01) and the ASDanx group (mean
HR = 82.2; b0 = 5.8, p = .07) had a higher pre-stress HR than the
control group (mean HR = 76.5) with the difference between
the ASDanx group and controls of borderline significance. In
addition, the ASDanx group had a significantly lower pre-stress
HR compared to the ASD group (b0 = �5.8, p = .04).

In the transition from rest to stress both the ASD (slope
difference, b = �4.03, p � .01) and ASDanx group (b = �5.0,
d slopes and intercepts for change in mean heart rate during the
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p � .01) had a significantly decreased response slope com-
pared to the control group. However, the ASD and ASDanx
groups did not differ significantly in terms of slope differ-
ences (b = �.97, p = .35). At the second knot point (during
stressor) the ASD group had a significantly higher HR (mean
HR = 93.3) compared to both the control group (mean
HR = 86.5; mean difference, b0 = 7.6, p = .02) and ASDanx
group (mean HR = 86.6; b0 = 6.8, p = 02). The ASDanx and
control groups did not differ in their mean HR during the
psychosocial stressor (b0 = .77, p = .81). The ASDanx group
demonstrated a slower recovery slope compared to both the
control (slope difference, b = 1.4, p = .03) and ASD groups
(b = 1.4, p = .05), who did not significantly differ (b = .05,
p = .94).

6.5. Piecewise regression model examining
cortisol response to psychosocial stress

A second piecewise regression model was fitted to log cortisol
data across each of the rest, stress and recovery phases of the
psychosocial stressor, again controlling for group differences
in age and FSIQ (see Table 3 and Fig. 4). The model revealed
that age (b = .05, p = .01) but not IQ (b = .004, p = .18) had a
significant effect on the pattern of cortisol response. As can
be observed from Fig. 3 there were no significant group
differences in the rest phase slope between the control group
and either the ASD group (b = .01, p = .91) or ASDanx group
(b = �.03, p = .49). Furthermore, there were no significant
mean differences at the first knot point (pre-stress) between
the control group and either the ASD group (b0 = .09, p = .46)
or ASDanx group (b0 = .07, p = .55).

In the transition from rest to stress the ASDanx group had a
significantly reduced cortisol response slope compared to
both the control group (b = �.32, p � .01) and the ASD group
(b = .18, p � .01). The ASD group also demonstrated a
reduced cortisol response slope compared to the control
group, which reached borderline significance (b = �.32,
p = .06). Results from the second knot point (post-stress)
confirm that the ASDanx group have a significantly blunted
cortisol increase in response to psychosocial stress compared
to the ASD group (b0 = �.21, p = .04) and the control group
(b0 = �.21, p = .02). There were no significant group differ-
ences in the cortisol recovery slope.

6.6. The relationship between physiological
responsiveness and a continuous measure of
anxiety

Separate within-groups linear regression analyses were con-
ducted exploring the relationship between the total anxiety
symptoms and both the HR and cortisol responsiveness slope
in each of the three groups.

After covarying for FSIQ and age, neither the control
(b = .02, p = .11) nor the ASD group (b = .01, p = .26) dis-
played a significant relationship between HR responsiveness
and total anxiety score. However, within the ASDanx group
there was a significant inverse relationship (b = �.01,
p � .01) with higher levels of anxiety symptoms related to
lower HR responsiveness to social stress. Age was significantly
related to the HR response in the ASD group (b = .16, p = .02),
but not in the ASDanx (b = �.01, p � .01) or control groups



Figure 4 Piecewise regression model depicting IQ and age corrected slopes and intercepts for change in mean cortisol during the
psychosocial stress test.
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(b = �.02, p = .63), while there was no relationship between
FSIQ and HR responsiveness across all groups. Regression
analyses for HR responsiveness were examined for symptom
reports separately by parent and child informants, showing
similar findings to those with the total anxiety variable;
controls (parent-reported anxiety b = .04, p = .13, child-
reported anxiety b = .04, p = .11), ASD (parent-reported
anxiety b = .01, p = .37, child-reported anxiety b = .01,
p = .89) and ASDanx (parent-reported anxiety b = �.01,
p = .02, child-reported anxiety b = �.01, p � .01).

The regression analysis was then repeated using the cor-
tisol responsiveness variable and covarying for FSIQ and age,
neither of which was significantly related to cortisol response
in any of the three groups. Again, although neither the
control (b = �.001, p = .69) nor the ASD group (b = .001,
p = .24) displayed a significant relationship between cortisol
responsiveness and total anxiety score, there was a signifi-
cant inverse relationship between lower cortisol responsive-
ness and higher anxiety in the ASDanx group (b = �.001,
p = .04). Regression analyses for cortisol responsiveness were
repeated for control (parent-reported anxiety b = �.001,
p = .69, child-reported anxiety b = �.0002, p = .95), ASD
(parent-reported anxiety b = .004, p = .16, child-reported
anxiety b = .0004, p = .87) and ASDanx (parent-reported
anxiety b = �.002, p = .08, child-reported anxiety b = .04,
p = .06) groups using the individual parent- and child-rated
anxiety scores, finding similar results but with higher alpha-
levels.

7. Discussion

The primary aim of this study was to examine whether
measures of ANS and HPA-axis function, namely HR, HRV
and salivary cortisol, are related to anxiety disorders in
children and adolescents with ASD. A second aim was to
examine the differential relationships between anxiety
symptoms and the same physiological variables within each
of the three groups. Results suggest that participants with
ASD and a co-occurring anxiety disorder showed a different
pattern of HR and cortisol responsiveness over the course of a
social-stress test compared to controls. This was most nota-
bly characterized by a baseline HR that fell between controls
(lower baseline HR) and ASD participants without anxiety
disorder (higher baseline HR) and a significantly blunted
cortisol response to the psychosocial stressor. Finally, in
addition to the ASDanx group demonstrating both a blunted
HR and cortisol response to psychosocial stress, these phy-
siological parameters were inversely related to total anxiety
symptoms.

7.1. Heart rate, heart rate variability and
anxiety in ASD

In this study, we found that children with ASD and a co-
occurring anxiety disorder display an attenuated HR response
to psychosocial stress and that lower responsiveness was
significantly related to greater anxiety symptoms. Two pre-
vious studies that have measured HR in response to social
stress in people with ASD both reported an attenuated
response to the stressor (Jansen et al., 2003, 2006). However,
these studies reported a normal resting HR in both the ASD
and control groups, followed by a significantly reduced
increase in HR in the ASD group. In partial support of the
studies by Jansen et al. (2003, 2006) the ASDanx group had a
lower resting HR (more similar to controls) followed by a
blunted HR response. Counter intuitively, the ASD group had a
higher baseline HR than the ASDanx group. This may suggest
that the ASD participants without anxiety are more appro-
priately anticipating the stressful social situation and demon-
strating an adaptive increase in HR. An elevated HR prior to
psychosocial stress has been previously associated with
greater anticipatory anxiety (Davidson et al., 2000). In con-
trast, the ASDanx group’s lack of response may relate to a
failure to anticipate and adapt to the proceeding stressor.
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Given that people with ASD have been shown to have a
greater resting HR (Watson et al., 2012; Van Hecke et al.,
2009; Ming et al., 2005; Mathewson et al., 2011; Bal et al.,
2010), one alternative hypothesis is that the addition of a co-
occurring anxiety disorder leads to greater physiological and
possibly behavioral withdrawal, i.e., lower baseline HR and a
lower responsiveness. This may also explain our finding that
in the ASDanx group only there is an inverse relationship
between HR responsiveness to psychosocial stress.

Another hypothesis is that people with ASD and anxiety
have difficulty adapting to the social-evaluative demands of
the task and therefore fail to modulate their physiological
response accordingly. For instance, in the build-up to an
unknown stressful event, it may be that for a child with
ASD increasing HR is an adaptive response. Therefore, failure
to adapt physiological responsiveness may explain the differ-
ential relationship between lower HR and higher anxiety
within the ASD and anxiety group. However, whether this
translates into observable behavior it is impossible to say,
based on this study alone. Future research would benefit
from combining physiological recordings with behavioral
observations to clarify this issue.

In addition to examining changes in mean HR, we also
examined the independent contribution of sympathetic and
parasympathetic innervation to anxiety symptoms and diag-
noses. The inclusion of the HRV analysis is important in
differentiating between physiologically vs. psychologically
driven changes in HR. The use of mean HR as a measure of an
ANS dysfunction is often considered overly simplistic
(Schmitz et al., 2011). A change in HR is an acute and
adaptive response to a perceived stressor, particularly if it
returns to normal levels after any perceived threat has
dissipated. In contrast, spectral analysis of HRV data allows
the extraction of more physiologically specific components of
cardiac function.

Despite group differences in HR across the stress test, we
found no significant group differences in either the sympa-
thetic or parasympathetic modulation between the three
groups, nor did we find any relationship between these
measures and the presence of anxiety symptoms or diagnoses
within the ASD sample. This is in contrast with evidence from
the anxiety disorder literature, which suggests that anxiety is
associated with a shift in the autonomic balance favoring
sympathetic over parasympathetic modulation (Friedman,
2007). However, Levine et al. (2012) also failed to find
specific differences in sympathetic and parasympathetic
modulation during psychosocial stress in an ASD sample
compared to healthy controls. Importantly, all groups showed
the typical withdrawal of parasympathetic control in
response to the stressor. This suggests that the ASD partici-
pants in our sample showed an adaptive cardiac response to
the stress provoking situations which is comparable to their
typically developing peers. Thus, we did not identify any
abnormality in HRV within either ASD group, nor could we find
any relationship between HRV and anxiety symptoms on
questionnaire.

This suggests that the difference in HR between the groups
is likely an adaptive response, driven by differences in social
threat perception, rather than by pathological changes
in autonomic control. Indeed, this is supported by the
fact that, at the end of the recovery phase, the groups no
longer significantly differed in mean HR. The lack of specific
autonomic markers may suggest that group differences are
driven more strongly by cognitive factors (i.e., information
processing biases) rather than ANS functioning, as it has been
previously suggested in relation to social phobia (Mauss et al.,
2003).

7.2. Cortisol and anxiety in ASD

In this study people with ASD and a co-occurring anxiety
disorder had significant reductions in the rates of cortisol
increase and cortisol concentrations both immediately post-
stressor and throughout the recovery phase. The majority of
the previous literature examining the HPA-axis response to
social stress in ASD has also reported significantly reduced
cortisol concentrations post-stressor (Corbett et al., 2012;
Lanni et al., 2012; Levine et al., 2012). Our results are also
consistent with the adult anxiety disorder literature which
has shown blunted cortisol responses in people with both
social phobia (Beaton et al., 2006; Furlan et al., 2001) and
panic disorder (Petrowski et al., 2010). Furthermore, the ASD
group without anxiety demonstrated a borderline significant
decrease in cortisol responsiveness compared to controls.
This ‘‘dose-like’’ relationship warrants further investigation
as it may indicate that differences in HPA-axis function are
present in people with ASD without an anxiety disorder, but
to a significantly lesser degree. Alternatively, as a blunting of
HPA-axis reactivity is known to be associated with chronic
stress (Miller et al., 2007), our results may be indicative of
having co-occurring psychiatric disorders in addition to the
diagnosis of ASD or experiencing increased stress. Therefore,
this may have further implications for the long-term health
outcomes of those individuals with ASD who suffer from one
or more co-morbid psychiatric conditions.

Given that these results are consistent with the literature
demonstrating a blunted cortisol response in children with
ASD (Corbett et al., 2012; Lanni et al., 2012; Levine et al.,
2012), it is possible that the results of these previous studies
may have been related to co-occurring anxiety disorders.
Unfortunately, as anxiety was not the focus of these papers
this cannot be confirmed. However, these results could
equally be related to the presence of co-morbidities in
general and the extra stress that this places on the person
with ASD. Future studies with the power to compare multiple
co-occurring psychiatric disorders in ASD and their effect on
stress physiology are required to answer this question.

These relationships among HPA-axis function, ASD and
anxiety warrant further investigation and future research
should use multiple measures of stress induction. For
instance, it is unclear how differences in social perception
as they relate to ASD may influence this social evaluative
paradigm. However, as there was no group difference in
subjective stress suggesting that, in this study, all groups
found the paradigm equally stressful.

Consistent with some studies in pediatric anxiety disor-
ders, we found no significant relationship between subjective
reports and physiological measurements (Anderson and
Hope, 2009; Beidel, 1991). It would also be important to
replicated these findings in a more naturalistic setting, for
instance, using the cortisol awakening response (CAR) which
has been shown to agree well with psychosocial stress tests
(Schmidt-Reinwald et al., 1999). Furthermore, current stress
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exposure (vs. chronic exposure) could be more easily com-
pared using hair cortisol concentrations that can give an
index of cortisol exposure over the last 3—6 months (Kirsch-
baum et al., 2009; Staufenbiel et al., 2013).

The results presented in this paper suggest differences
between the physiological correlates of anxiety in ASD and
what is expected based on evidence from the non-ASD anxi-
ety disorder literature. While in this study children with ASD
and anxiety display both a significantly blunted HR and
cortisol response to psychosocial stress, the childhood anxi-
ety literature reports an elevated response in both para-
meters (HR: Schmitz et al., 2011 and cortisol: Van West et al.,
2008). However, as mentioned previously, the pattern of
hypo-responsiveness reported here seems more in line with
what has been reported in adult anxiety disorders (Beaton
et al., 2006; De Rooij et al., 2010; Furlan et al., 2001;
Petrowski et al., 2010) and in relation to chronic stress (Miller
et al., 2007). It may be that by late childhood a person with
ASD and anxiety has experienced a level of stress equivalent
to that of an adult with an anxiety disorder. This could also
help to explain the intermediate response pattern of the ASD
only group. Alternatively, these differences in physiological
correlates may point toward a specific underlying mechanism
or correlates of anxiety in ASD vs. non-ASD populations.
These may relate to cognitive factors described above
(i.e., differences in social processing or anticipation of
threat) or in the neurobiological regulation of the HPA-axis
and ANS by the limbic system which is commonly shown to
differ in ASD (Schultz, 2005). To gain a true understanding of
these differences further research would be required across
all of the components of anxiety, i.e., behavior, neurocog-
nitive processes and physiology.

7.3. Conclusions, limitations and future
directions

This study has presented evidence for a possible physiological
basis of anxiety disorders in children and adolescents with
ASD. Nevertheless, there are a number of limitations that
must be considered. Several issues relate to statistical power.
First, the study was underpowered for the number of statis-
tical analyses conducted and this may have contributed to
our inability to clearly differentiate the ASD and ASDanx
groups on some of the physiological variables, e.g., HRV.
Second, the sample size for the two ASD groups was slightly
unbalanced, with 61% of our ASD sample meeting criteria for
at least one anxiety disorder. This surpasses the estimated
prevalence of �40% suggested in the literature (Van Steensel
et al., 2011) and is most likely due to our study being
advertised as a study of anxiety in ASD, therefore resulting
in a sampling bias. Third, we lost power by controlling for age
and IQ. Recruitment of samples matched on these character-
istics would have strengthened this study. Future research
should aim to recruit larger samples with more balanced
groups.

A related point is the number and co-occurrence of dif-
ferent anxiety disorders within our sample. Clearly, it is
possible that varying anxiety diagnoses would impact on task
performance differently and this along with the inclusion of
participants with multiple anxiety disorders may have
reduced our ability to detect specific physiological markers.
However, this study was not powered to make comparisons
among specific anxiety disorders or in relation to other
disorders known to impact on physiological response, such
as depression (Morris et al., 2012). As reported in previous
studies of anxiety in ASD, a substantial proportion of indivi-
duals meet criteria for more than one disorder (Simonoff
et al., 2008), so this finding in the present study is not
unusual. Nevertheless, because of the inclusion of partici-
pants with a wide range of, and frequently multiple, anxiety
disorders the present results cannot be related to a particular
anxiety disorder. Again, future research should consider the
possibility of recruiting participants with single anxiety diag-
noses to clarify the specificity of the pathophysiology.

Similarly, the presence of high rates of co-occurring ADHD
in this sample limits the extent to which we can suggest these
physiological measures are specific to anxiety. For instance,
people with ADHD may also have some differences in their
cortisol response profiles to both social and non-social stres-
sors (Corominas et al., 2012). While the presence of multiple
comorbidities in this sample limits the attribution of the
findings to one particular symptom domain, the high levels
of overlap between ASD, anxiety and ADHD is consistent with
what is seen both in clinical and epidemiological studies of
ASD.

While the stressor selected follows a well validated and
commonly used procedure (Kirschbaum et al., 1993), we
were unable to sample cortisol in a natural setting to acquire
a ‘‘true’’ baseline. Future replication should attempt to
acquire a baseline at home prior to entering the experimen-
tal environment. Furthermore, our stress paradigm was
adapted from the method commonly used by replacing the
arithmetic task with a drawing task. Although this adaptation
was designed to enhance the experience of stress, recently,
Levine et al. (2012) have demonstrated that the arithmetic
portion of the TSST is stressful in those with ASD, as demon-
strated by elevated skin conductance and decreased vagal
tone, during that task. More research is required to develop
physiological paradigms that can account for the heteroge-
neity seen in the ASD population. While beyond the scope of
this paper, future analyses should focus on the HR and HRV
changes in response to individual components of stress test.

Finally, although this study begins to make comparisons
between the physiological underpinnings of anxiety in ASD
compared to controls, it would have been strengthened by
the inclusion of a non-ASD anxiety disorder comparison
group. This comparison is important to understand whether
anxiety in ASD is different from anxiety in non-ASD people.
This has implications for both the assessment and treatment
of anxiety in ASD, i.e., can the same treatment be applied to
anxiety in those with and without ASD or do we need to adopt
an ASD-specific approach to the problem?

In conclusion, we found that ASD participants with co-
occurring anxiety diagnoses displayed attenuated physiolo-
gical responsiveness to psychosocial stress relative to con-
trols. Furthermore, we found significant group differences in
the pattern of both cortisol responsiveness and HR between
the two ASD groups. This suggests a relationship between
these physiological parameters and symptoms of anxiety in
ASD. The results also suggest significant correspondence
between physiological differences and the anxiety measures
used in this study. This is important as these measures are yet
to be validated in the ASD population. The most striking
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finding is that, within the ASD and anxiety group only, greater
anxiety severity is related to both lower HR and cortisol
responsiveness. This may suggest that a lack of adaptive
physiological responsiveness to social stress may be one risk
factor for the development of anxiety in children and ado-
lescent with ASD.

If replicated, these findings may have important implica-
tions for the assessment and understanding of anxiety in
people with ASD. Identification of physiological markers of
anxiety in ASD, after thorough replication and standardiza-
tion, could significantly improve the evaluation of other
diagnostic tools, i.e., questionnaires and interview schedules
and could eventually provide markers for treatment response
and longitudinal change. This would be particularly valuable
for those people with ASD who have more severe problems
with language and communication, and particularly for those
with significant intellectual disability.
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