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ABSTRACT
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UNDERSTANDING THE EXPERIENCE OF ANXIETY IN YOUNG PEOPLE
WITH AUTISM SPECTRUM DISORDER (ASD)
Emma Victoria Lee
A systematic review and meta-analysis was conducted to explore the Cortisol Awakening Response
(CAR) in children with Autism Spectrum Disorder (ASD), in comparison to their typically developing (TD)
peers. The CAR, characterised by an increase in cortisol in the 30-60 minutes after waking, is widely
becoming used as a physiological marker of stress in the general population. Given the prevalence of anxiety
and stress reported in people with ASD, this review aimed to explore whether children with ASD show the
expected pattern of CAR seen in the general population, and therefore, whether this would be a useful way
of measuring stress in this population. Results from the meta-analysis indicated no significant differences in
CAR demonstrated by children with or without ASD. However, the review highlighted limitations in the
current research; a lack of adherence to recommended CAR sampling protocol, few studies with a matched
control group, and poor control of potentially confounding variables. The review highlighted wide
variability in results shown by ASD groups across studies, indicating the need for further exploration of the
CAR in this population to be confident of its use as a reliable marker of physiological stress in this group.
The subsequent empirical paper extended the current literature regarding the CAR in children with
ASD, and contributes to the understanding of the experience of anxiety in this population. Using a mixed
methods design incorporating questionnaires, interviews, physiological data (cortisol) and experience
sampling data, the study explored the experience of anxiety and CAR compared to a matched control group.
Results indicate a significantly smaller CAR in ASD group compared to TD, but overall comparable daily
levels of cortisol (AUC). Results also show discrepancies between informants for both groups. ASD
adolescents self-reported significantly fewer symptoms of anxiety than their TD peers, whilst parents and
teachers of ASD adolescents reported significantly more symptoms in this group compared with the TD
group. Self-reported day-to-day anxiety was also lower in the ASD group. TD adolescents self-reported
higher attentional control than ASD peers. Experience sampling data indicated no significant association
between cortisol levels and rated emotions at each time point. For both groups, experience sampling data
indicated higher cortisol levels were associated with lower noise, unstructured activity and large group sizes.
The study highlights the need for further, controlled exploration of the CAR in ASD to understand the
differences in patterns shown, and further exploration of appropriate ways of assessing anxiety in this
population.
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Chapter 1: An exploration of the Cortisol Awakening
Response (CAR) in children and adolescents with
Autism Spectrum Disorder; A systematic review and
meta-analysis
1.1

Introduction

1.1.1 Autism Spectrum Disorder (ASD)

Autism Spectrum Disorder (ASD) is characterised by persistent impairment in social
communication and social interaction (American Psychiatric Association (APA), 2013). The
Diagnostic and Statistical Manual (DSM) 5 criteria requires deficits in each of the following areas
of social communication; non-verbal communication, social-emotional reciprocity and establishing
and maintaining relationships (APA, 2013). Alongside deficits in social communication and
interaction, there must be evident impairment in the repertoire of a persons' behaviours, activities
or interests (APA, 2013). This must include two of the following; having a restricted range of
behaviours, engaging in highly repetitive behaviours/speech, having intense/fixated interests or
rigid adherence to routines (APA, 2013).
For ASD diagnosis, these difficulties should cause significant impairment to at least one
area of social/occupational functioning, and be present in the person's early developmental stages
of life (APA, 2013). DSM 5 criteria acknowledges that symptoms may appear hidden or masked
until after the early developmental period, as some people can learn strategies to hide their
difficulties. These strategies may become problematic as the child gets older and where they no
longer meet the more complex social and communication demands of the environment (APA,
2013).
ASD diagnosis is categorised by level of severity in DSM 5, using levels 1-3, where
higher scores indicate more severe symptoms of ASD and more impairment resulting from these
symptoms. Level 3 severity would indicate very severe deficits in social communication and
severe difficulties in changing behaviour/extremely restricted behaviours (APA, 2013). Individuals
diagnosed with ASD who are considered to have level 3 severity may be non-verbal or have very
restricted language or interaction skills. Quantifying level of severity of ASD has been proposed as
a method of indicating how much support an individual requires in their daily life (APA, 2013).
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The diagnosis of ASD in DSM 5 has changed significantly from DSM-IV-TR (APA,
2000), which included multiple types of Autism Spectrum Disorders, including Asperger's
Syndrome and Pervasive Developmental Disorder, not otherwise specified (PDD-NOS). The
removal of different types of ASD and the addition of categorisation of severity reflects current
conceptualisations of ASD as impairment in two mains areas, but where these sit along a
dimensional trait categorisation, to capture variation in severity in each domain. This variability is
reflected in the heterogeneity of ASD presentation across social communication, interaction and
repetitive/restricted behaviour domains. The requirement for symptoms to be present in the early
developmental period reflects current conceptualisations of ASD as a lifelong,
neurodevelopmental condition, with a mixed aetiology, combining environmental, genetic and
neurological risk factors (Chaste & Leboyer, 2012).
It is estimated that around 1% of the UK population meet the criteria for ASD (Baird et al.,
2006), with prevalence rates for the ratio of male to females varying from 3.3:1 to 5:1 (Baird et al.,
2006; Fombonne, Quirke, & Hagen, 2011). In addition to deficits in social communication and
language, studies have shown that people with ASD experience sensory difficulties more
frequently than those without ASD (Leekam, Nieto, Libby, Wing, & Gould, 2007); either showing
oversensitivity or under-sensitivity to sensory stimuli (Ben-Sasson et al., 2009). It has been widely
acknowledged that people with ASD also struggle to adapt or cope with change or novel situations,
showing a strong preference for 'sameness' (Kanner, 1943; World Health Organisation, 2006).
Furthermore, research has found that up to 70% of young people with ASD show symptoms of at
least one co-morbid psychiatric disorder, such as social anxiety disorder (SAD) or attention deficit
hyperactivity disorder (ADHD) (Simonoff et al., 2006; White, Oswald, Ollendick, & Scahill,
2009).

1.1.2 Anxiety Disorders

Anxiety disorders are amongst the most common mental health disorders in young people
in the UK, with an estimated 3.3% of children aged 5-16 years reported to have at least one type of
anxiety disorder (Green, McGinnity, & Meltzer, 2005). In their large cross sectional
epidemiological study, Green et al., (2005) reported a higher incidence of anxiety disorders in
females (3.8%) compared to males (2.9%), and in adolescents (4.4%) versus children aged 5-10
years (2.2%). Anxiety disorders have been linked with poorer academic performance (Essau,
Conradt, & Petermann, 2000), early school withdrawal (Van Ameringen, Mancini, & Farvolden,
2003), and poorer social functioning (La Greca & Lopez, 1998). In addition, sleep related
problems were found in 88% of adolescents in a large randomised control trial, which also
highlighted positive associations between anxiety severity and number of sleep-related difficulties
(Alfano, Ginsburg, & Kingery, 2007).
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DSM 5 outlines several anxiety disorders that reflect specific and circumscribed fears
about objects and situations that are avoided in an attempt to reduce anxiety, including separation
anxiety disorder (SpAD), social anxiety disorder (SAD), generalised anxiety disorder (GAD),
panic disorder and agoraphobia (APA, 2013). SAD is characterised by a persistent fear of social
situations, where there is a possibility of evaluation by others (APA, 2013) and in children, can
present as excessive clinginess or prolonged crying in social situations. This diagnosis is
commonly associated with withdrawal and social avoidance, along with negative self-evaluation
about one’s performance (Wells, 1997). In contrast, specific phobias are fears of a particular
object, place or situation that reflects a marked and disproportionate fearful response. The person
usually recognises this anxiety response is out of proportion with the amount of risk presented by
that specific object/place/situation (APA, 2013). Specific phobia also incorporates persistent
avoidance of the object of fear, and avoidance of situations in which it might be encountered (APA,
2013).
SpAD is the earliest emerging disorder and it reflects fears and concerns about being
separated from or worries that something bad will happen to the primary caregiver, where these
feelings are described as developmentally inappropriate (APA, 2013, p. 190). Children who are
diagnosed with SpAD are at increased risk of developing panic disorder (PD; see review by
Kossowsky et al., 2013). PD is characterised by panic attacks and the fear of future panic attacks,
which are defined as an intense and sudden sense of fear and dread, accompanied by physiological
symptoms of anxiety such as heart palpitations, dizziness, shaking and nausea (APA, 2013).
Agoraphobia, commonly associated with panic disorder, incorporates a specific fear of going
places where the person has experienced, or believes they will experience a panic attack, and
therefore these places are avoided (APA, 2013).
Common across these anxiety disorders, reflecting fears and avoidance of specific objects
or events are physiological symptoms of anxiety, behavioural change in relation to feared objects,
places or situations, and cognitive symptoms of excessive worry regarding the specific feared
object or event. In contrast, GAD involves a broad, extensive pattern of worry across all situations
and a preoccupation with anticipated and everyday events (APA, 2013). GAD represents a more
chronic and persistent pattern of worry, independent of the situational or environmental context,
which the person has difficulty controlling (APA, 2013).
Whilst medical professionals outline the differences in anxiety disorders and their
symptoms, anxiety literature also highlights key differences in the way anxiety can be
conceptualised. Most notably, Speilberger (1996) first introduced the concept of differences
between ‘state’ and ‘trait’ anxiety. Trait anxiety refers to an individual’s characteristic
predisposition to react to situations in a similar way, consistent across lifespan. This influences
their likelihood of responding with state anxiety when confronted with situations perceived to be
threatening. State anxiety, therefore, captures the transitory emotional and physiological response
17
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an individual displays when anticipating or faced with a threatening situation. Both these sub types
of anxiety (state and trait) are thought to be multi-faceted (Endler & Kocovski, 2001); trait anxiety
includes social evaluation, physical danger, ambiguity, daily routines, and state anxiety
incorporates a cognitive appraisal of the situation, with an autonomic physiological response.
Given this broad conceptualisation of anxiety, capturing both state and trait components, it has
most conceptual links to GAD.
Theoretical frameworks in anxiety highlight a complex set of factors linked to its
development and that reflect within individual (e.g., temperament, genetic and cognitive risk) and
external risk factors (e.g., parenting and peer relationships). For example, Murray, Creswell, &
Cooper (2009) presented an integrative review of factors influencing the development of anxiety in
childhood, concluding a complex interaction between parental anxiety, environmental and genetic
factors. Figure 1 shows how genetic risk and family aggregation, particularly parental anxiety can
influence child vulnerability to anxiety. In support, in a recent large community based sample, the
presence of an anxiety disorder in adolescence was predicted by presence of anxiety disorder in the
parent when the child was preschool age (Ranøyen, Stenseng, Klöckner, Wallander, & Jozefiak,
2015). This association was mediated by current parental symptoms of anxiety, which suggests
that parental anxiety and family aggregation of symptoms is a persistent risk throughout childhood
for the development of childhood anxiety in offspring.
Behavioural inhibition refers to a pattern of responding to situations in a fearful or
restrained way when faced with unfamiliar situations. This temperamental pattern has been
associated with higher parental anxiety, and increased vulnerability to childhood anxiety. Higher
parental anxiety may also predispose children to biased information processing of threat
information, although the exact pathway for this vulnerability is unclear (Hadwin, Garner, &
Perez-Olivas, 2006). Figure 1 highlights the bidirectional association between parenting and the
child's behaviours. It suggests that a child's temperament may influence a parent's behaviour
towards them, especially in anxious parents, and this in turn may lead to unhelpful parenting
behaviours, such as overprotection, maintaining the child's anxiety (Murray et al., 2009).
Overprotective or over-controlled parenting, as a manifestation of the parent's anxiety, may restrict
a child's wider experiences or sense of control/autonomy. This in turn may influence their own
cognitive biases about their ability to cope with unfamiliar situations, or lead to avoidance of novel
situations, thereby increasing the risk of anxiety (Murray et al., 2009).
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1. Child genetic/biological vulnerability
e.g. Behavioural inhibition/Information
processing bias
Parental Anxiety

2. Lifestyle/Life events/Socialisation -->
Perception of threat and reduced
control

Parental over-involvement
and reduced encouragement

Child Anxiety
i.e. Information processing biases,
avoidance, distress

3. Anxiogenic modelling, information
transfer

Figure 1. Pathways to child anxiety.
Parental anxiety accounts for the factor;
Parental anxiety raises the risk of the factor (Murray et al., 2009)

The third component of Murray et al.'s (2009) anxiety framework highlights the pathway
of modelling on a child's predisposition to anxiety. Avoidance or overestimation of threat by
parents, as a function of their own anxiety, may be modelled by their offspring. This pathway
echoes the observational learning pathway, proposed by Rachman (1977) as of one his three
pathways to acquisition of fear. This framework suggested fears are acquired by direct
conditioning experiences (exposure to negative life events), vicarious learning (learning through
observation and modelling) and verbal threat information. These frameworks suggest a pivotal role
of parental anxiety in the potential development and maintenance of childhood anxiety.

1.1.3 Anxiety in children with ASD

Young people with ASD experience higher levels of anxiety than their typically
developing peers (Boulter, Freeston, South, & Rodgers, 2014; Kerns & Kendall, 2012). Several
studies have highlighted that up to half of individuals diagnosed with ASD also meet the
diagnostic criteria for an anxiety disorder (de Bruin, Ferdinand, Meester, de Nijs, & Verheij, 2007;
Simonoff et al., 2008). For example, in a large systematic review of the literature concerning
anxiety disorders as co-morbidities in ASD, Steensel, Bögels, and Perrin, (2011) found that across
studies 39.6% of children with ASD met the DSM-IV-TR (APA, 2000) criteria for an anxiety
disorder.
Diagnosing anxiety disorders in children with ASD has proven difficult, due to a range of
factors, one of which includes difficulties establishing which symptoms are core features of ASD,
and which are standalone symptoms of anxiety (MacNeil, Lopes, & Minnes, 2009). Diagnostic
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overshadowing, whereby symptoms are attributed to the developmental disorder, ASD, may
reduce recognition of anxiety symptoms (MacNeil et al., 2009). Grondhuis and Aman (2012)
highlighted difficulties in identification as symptoms of both disorders such as avoidance and
irritability overlap, further confounding difficulties in accurate categorisation of symptoms.
There are further difficulties diagnosing anxiety in ASD, due to the nature of ASD itself.
For example, language difficulties are common in ASD (APA, 2013) and may influence ability to
accurately describe subjective feelings of anxiety, highlighting the importance of finding
alternative ways of capturing anxiety in this population. Furthermore, in recent reviews of the
assessment of anxiety in ASD, difficulties in accurate measurement of anxiety have been
highlighted, due to lack of validated measures specific to ASD and varying levels of verbal ability
linked with symptom expression (Grondhuis & Aman, 2012; MacNeil, Lopes, & Minnes, 2009).
These difficulties are further exacerbated by generic difficulties in measuring
psychopathology in any population, including lack of consistency across informants (see De Los
Reyes & Kazdin, 2005 for review) and relying on informants to accurately identify, interpret, and
self-report on their own emotional responses. Researchers found that in a sample of 665 children
and adolescents, increased ability to differentiate emotions and speak about them was associated
with fewer internalising difficulties such as anxiety, depression and rumination (Rieffe, Oosterveld,
Miers, Terwogt, & Ly, 2008). Research has also suggested this self-reflection process, of
identifying one’s own emotions and differentiating between them, may be especially difficult for
people with ASD (Hill, Berthoz, & Frith, 2004). This is further supported by Rieffe and colleagues
who concluded that children with high functioning autism show “more fragmented understanding
of emotions and their own emotion experience” (Rieffe et al., 2011, pp. 667).
It is crucial to consider difficulties identifying anxiety in ASD due to its impact on daily
life. Research comparing anxious children, with or without an ASD diagnosis, suggests that higher
number of anxiety symptoms and higher ASD symptoms were associated with lower quality of life
scores, when rated on parent outcome measures (Steensel, Bögels, & Dirksen, 2012). Wood &
Gadow (2010) highlighted the bi-directional relationship between anxiety severity and ASD
symptom severity, such that when anxiety symptoms reduced, so did parent report of ASD
symptoms. This finding suggests that anxiety is likely to compound and negatively impact daily
life as it is linked to more severe ASD symptoms and therefore is likely to increase impairment in
everyday activities associated with social interactions, and ability to cope with change.
These difficulties in recognising and diagnosing anxiety disorders in ASD make it
problematic to identify individuals who would benefit from targeted interventions. This is
increasingly important given that a recent meta-analysis exploring Cognitive Behaviour Therapy
(CBT) suggests it to be effective in anxiety symptom reduction on clinician or parent rated
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outcome measures in an ASD population and when delivered across different contexts (Kreslins,
Robertson, & Melville, 2015; Luxford, Hadwin & Kovshoff, 2016).
Research has increasingly focused on measuring objective physiological measures of
anxiety and stress in people with ASD. This increase is in part due to an interest in capturing the
recognised physiological response to stress or threat in anxiety disorders in the context of actual or
perceived threat (Rapee & Heimburg, 1997). This measurement is of particular interest in research
involving people with ASD, as it would provide an objective marker of stress/anxiety independent
of the person's ability to recognise their own emotional response in situations and that would allow
consideration of the validation of anxiety reports across different sources. Interest in cortisol as an
objective measure of stress/anxiety in children with ASD has also been growing due to additional
difficulties in measuring symptoms of anxiety individuals with ASD in the context of language
abilities and discrepancies between informants (APA, 2013; De Los Reyes & Kazdin, 2005).

1.1.4 Cortisol Awakening Response (CAR)

The hypothalamic-pituitary-adrenal (HPA) axis is the core physiological response system
involved in the body’s response to stress. Cortisol is the stress hormone that can be measured, to
identify the pattern of individuals’ HPA axis activity over the course of the day, whereby greater
HPA axis activity is indicative of elevated stress. This activity pattern (evident in children over the
age of 1 year) follows a diurnal cycle, with higher cortisol levels in the morning, falling
throughout the day to be lowest in the evening (Gröschl, Rauh, & Dörr, 2003). There is now a
wealth of research which suggests individuals show a specific peak in cortisol levels in the hour
after awakening, known as the Cortisol Awakening Response (CAR) (for review see Fries,
Dettenborn, & Kirschbaum, 2009). It is widely accepted that around 75% of the healthy population
display this initial peak in cortisol (Wust et al., 2000b), which is defined as a rise of 2.49nmol/l or
more of cortisol in adults, in the 30-60 minutes after wakening (Wust et al., 2000b). It is important
to note however, that in children, the criteria to display a CAR is simply to show any increase in
cortisol levels in the 30-60 minutes after waking (Rosmalen et al., 2005), as a level of more than
2.49nmol/l is not often reached.
The Cortisol Awakening Response (CAR) is thought to be separate from the normal
circadian rhythm of cortisol rising and falling, and was first described by Pruessner et al. (1997),
who suggested this as a "reliable biological marker of adrenocortical activity" (p. 2546).
Subsequent research has identified the CAR as an accurate measure of HPA-axis reactivity and it
shows a robust response over time (Schmidt-Reinwald et al., 1999). Intra-individual responses in
CAR have also been shown to be stable, demonstrating the pattern of an individual's CAR does not
vary significantly when measured across a number of days (Hucklebridge, Hussain, Evans, &
Clow, 2005).
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Further research has explored how social, biological and environmental factors moderate
the CAR. Researchers have hypothesised that this specific peak in cortisol, 30-60 minutes
following awakening, could link to an individual's anticipation of daily stress (Chida & Steptoe,
2009; Fries et al., 2009). This would hypothetically be linked to an increase in CAR in populations
experiencing or anticipating more stress. There are further suggestions that the CAR may be a
preparatory mechanism, to help individuals manage their anticipated daily stress (Powell &
Schlotz, 2012), by increasing the cortisol levels and therefore the readiness to cope with the day's
events. In contrast, it is also hypothesised that a blunting of the CAR may reflect the HPA-axis
response to overstimulation, or hypercortisolism, causing it to be less reactive to daily stress and
therefore showing a smaller CAR (Chida & Steptoe, 2009; Fries et al., 2009). It has therefore been
argued that the influence of specific factors including psychosocial and physiological problems
may depend on the chronicity and severity of the symptoms.
Since establishing the CAR, research has focused on identifying environmental, biological
and psychosocial factors associated with an increased or flattening of the morning peak. In their
review of the CAR, Fries et al., (2009) concluded that in healthy populations, age, menstrual cycle
and sleep duration do not affect the size of an individual's CAR, although earlier research
suggested small effect sizes for the influence of gender on the CAR, with females showing a
slightly increased CAR (Pruessner et al, 1997).
In a large meta-analysis reviewing the psychosocial factors influencing the magnitude of
the CAR, Chida and Steptoe (2009) found that an increase in CAR was positively associated with
work-related and general stress. As the HPA-axis is closely linked to stress sensitivity, research
has focused on stress, or perceived stress factors and their influence on the CAR, with increasing
evidence for an increased CAR for those reporting higher levels of chronic worry (Schlotz,
Hellhammer, Schulz, & Stone, 2004). Similarly, Wust et al., (2000a) concluded that the CAR is
increased in community based populations with chronic stress and higher worry, as measured by
self-report on the Trier Inventory for the Assessment of Chronic Stress (TICS) (Schulz & Schlotz,
1999).
Research has also begun exploring the CAR's variability and reactivity in response to daily
stressors, investigating whether anticipation of a stressful event or exposure to a single stressor can
influence an individual's pattern of CAR on the day or the following day. One study, looking at the
effects of perceived stressful events on the CAR, indicated that in workers reporting higher chronic
workload and stress, their CAR peak was significantly increased on work days compared with
weekends, demonstrating the CAR can be affected by anticipation of upcoming events (Schlotz et
al., 2004). Levels of cortisol have also been found to be higher in an adult population (n = 2981)
with anxiety disorder, and these individuals showed a higher peak in the CAR than individuals
without an anxiety disorder (Vreeburg et al., 2010). This finding is similar to the relative increase
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in CAR seen in other stress related psycho-social factors, such as general stress (Chida & Steptoe,
2009).
These findings provide support for the hypothesis that the CAR is associated with an
individuals' anticipated stress, and would therefore explain why this peak may be higher in clinical
populations of anxious individuals, whose negative bias in thinking may lead them to anticipate
and experience higher stress than healthy controls in the day. Powell and Schlotz, (2012)
demonstrated that increased CARs were associated with attenuated responses to daily life stressors,
meaning participants showed less distress to stressful events on the same day, if they showed an
increase in CAR in the morning. This further provides support for the hypothesis that the CAR is a
preparatory mechanism for anticipating the daily stresses.
However, Fries et al., (2009) concluded that certain physical and psychiatric conditions
such as cardiovascular problems and chronic pain have been associated with a flattened CAR.
Similarly, Chida and Steptoe (2009) concluded that fatigue, exhaustion and burnout were
associated with a reduced CAR. This is consistent with the finding that Post Traumatic Stress
Disorder (PTSD) is associated with a flattening of the CAR peak (Wessa, Rohleder, Kirschbaum,
& Flor, 2006), which further suggests that severe and chronic stress may cause the HPA-axis
response to become blunted after repeated exposure to high levels of cortisol. In addition to
literature focusing on PTSD, research regarding anxiety suggested that trait anxiety was negatively
associated with CAR peak, and this influence of trait anxiety on the CAR was mediated by
anticipatory anxiety, (their levels of worry regarding an upcoming laboratory test they were
informed would be unpleasant) (Walker, O’Connor, Schaefer, Talbot, & Hendrickx, 2011).
Consistently, when exploring variability in CAR responses to daily situations, Gartland, O’Connor,
Lawton, and Bristow, (2014) found that when daily hassles were appraised as more stressful, this
had a subsequent negative effect on the increase of the CAR the next day, meaning participants
who perceived their hassles as more stressful showed a decrease in the size of their CAR the next
day.
These findings, demonstrating a flattening of the CAR, especially when associated with
chronic and persistent stress, such as in PTSD and trait anxiety, would provide support for the
hypothesis that the CAR is reactive to daily stresses, but can become blunted in response to
overstimulation. This would help explain why there is inconsistency in the research as to the
influence of symptoms such as anxiety, stress and other lifestyle factors on the size of the CAR,
and it suggests that the effect on the CAR of these factors is associated with the severity and
chronicity of these symptoms. Given the links to psychosocial factors including stress with an
increased CAR, these findings indicate that the CAR may be a useful way of measuring an
individual's reactivity to stress, via their HPA-axis activity, as an objective measure of stress, as
the research suggests that the CAR will be higher in those with anxiety but lower in those with
persistent/chronic stress.
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1.1.5 Exploring the CAR in typical development

Traditional methods of measuring childhood stress and anxiety rely on self-report or
parent/ teacher report of behavioural and cognitive symptoms of anxiety, including questionnaire
measures such as the Revised Children's Anxiety and Depression Scale (Chorpita, Yim, Moffitt,
Umemoto, & Francis, 2000) and the Spence Children's Anxiety Scale (Spence, 1998). Whilst these
measures have been shown to have good psychometric properties, (Chorpita, Moffitt, & Gray,
2005; Essau, Sasagawa, Anastassiou-Hadjicharalambous, Guzmán, & Ollendick, 2011; Spence,
Barrett, & Turner, 2003), they rely on the participant's accurate self-reported or parental
recognition of symptoms associated with elevated anxious affect. In addition, several studies have
found that the correspondence between different reports is low (review by De Los Reyes & Kazdin,
2005). The measurement of anxiety via cortisol levels provides an opportunity to more reliably
capture stress and anxiety in children. In addition, this measure provides an index of individual
differences in anxiety that is independent of verbalisation abilities in children and adolescents
themselves, or parent and teacher ability to recognise symptoms.
Research has explored the relationship between anxiety in young people, and their CAR,
to establish whether this may be a useful index of stress in this population. Research has also
demonstrated an inverse relationship between the increase in the CAR and mental wellbeing,
indicating that positive functioning was linked to a reduced CAR in adolescents, (Rickard, Chin, &
Vella-Brodrick, 2015). In addition, given the extensive co-morbidity of anxiety disorders in
children with ASD, further research has started to investigate the CAR in this population, (for
review see Taylor & Corbett, 2014).
There have typically been two research designs associated with the collection of salivary
cortisol in children; those that focus on collection of samples before and after a specific stressor,
and those that take multiple samples throughout the day, to chart the child's circadian rhythm of
cortisol. Studies investigating the CAR tend to be of the latter design, taking multiple saliva
samples throughout the day, including at least one sample in the first hour of wakening, to
establish the child's individual pattern of cortisol levels and to compare this with others in the
population. This approach is argued to reflect measurement of a child's stable anxiety levels (akin
to trait anxiety). The research showing robust, stable intra-individual patterns of CAR across a
period of time (Hucklebridge et al., 2005) would indicate that the influence of stress and worry on
the CAR may reflect a conceptualisation of trait anxiety as being the mechanism influencing the
magnitude of the CAR. Trait anxiety, most widely conceptualised as closely associated with GAD
(APA, 2013) reflects an individual’s characteristic pattern of responding to multiple situations with
a state anxiety response. Therefore, given the robust pattern of the CAR, changes in the CAR due
to psychosocial factors such as stress and worry would hypothetically be assumed to be
representative of trait anxiety. In contrast, methodology utilising exposure to stressors with pre24
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and post-samples of cortisol to measure for reactivity in cortisol, focuses instead on a child's state
anxiety reactions. This type of design may likely capture a child’s anxiety responses associated
with specific anxiety disorders, such as SAD, SpAD or Specific phobia (APA, 2013).
As cortisol is the stress hormone used to measure HPA-axis reactivity, one would expect
that moment-to-moment experiences of state anxiety (when a person is in an actual or perceived
threatening situation) would lead to increased levels of cortisol at that specific time. The literature
also then suggests that repeated exposure to stress and anxiety then influences the overall pattern
of an individual’s cortisol responses; the CAR and DR (Chida & Steptoe, 2009; Fries et al., 2009).
Researchers have suggested that trait anxiety influences the magnitude of the CAR in a healthy
adult population, and further analysis indicated that this influence was mediated by anticipatory
anxiety (regarding exposure to a stressor) (Walker, O’Connor, Schaefer, Talbot & Hendrickx,
2011). This indicates that the CAR may be influenced by trait anxiety, and therefore associated
levels of GAD, but also by state anxiety, more frequently conceptualised as specific anxiety
disorders such as SAD, SpAD, Panic Disorder.
In this review, we will focus on research studies that have measured the CAR and related
diurnal rhythm in children with ASD, using multiple samples of saliva collected throughout the
day.

1.1.6 Diurnal Rhythm

In contrast to the CAR, other researchers have focused on measuring the general diurnal
rhythm of cortisol across the day. This diurnal rhythm is a widely-established pattern of cortisol, as
part of the HPA axis, displayed by the general population, whereby people show their highest
levels of cortisol in the morning, and these levels gradually decline throughout the day (Kiess et al.,
1995; Tsigos & Chrousos, 2002).
This diurnal rhythm is separate from the CAR as it does not measure the specific levels of
cortisol in the 60 minutes after waking, but measures the general daily pattern of cortisol. This is
usually achieved by taking at least two saliva samples across the day (morning and night).
Research suggests the CAR is distinct from the diurnal rhythm of cortisol, and is an additional
biological process, rather than part of a natural rise and fall of cortisol throughout the day
(Wilhelm, Born, Kudielka, Schlotz, & Wüst, 2007).
Whilst the diurnal rhythm is separate from the CAR, it has been used in research as a
potential measure or predictor of psychiatric symptoms, in the healthy population, (Polk, Cohen,
Doyle, Skoner, & Kirschbaum, 2005; Shirtcliff & Essex, 2008). We have therefore included
studies in this review that measure diurnal pattern of cortisol in children with ASD, as, similar to
the CAR, this may be a useful predictor of HPA-axis dysregulation.
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1.1.7 Rationale and objectives

This review explored the current literature with regards to the evidence of the CAR in a
specific population; children and young people with ASD, given the commonality of anxiety in
this population, and the link between anxiety disorders and stress.
Review aims:
1. To present a systematic overview to evaluate the utility of the CAR in children and young
people with ASD
2. To utilise a meta-analytic approach to explore whether children and young people with ASD
show the same patterns of CAR as the typical population.
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1.2

Method

1.2.1 Protocol Registration

The search protocol for this systematic review and meta-analysis was registered on the
International Prospective Register of Systematic Reviews PROSPERO,
(http://www.crd.york.ac.uk/ PROSPERO, protocol number: CRD42017051187).

1.2.2 Data sources

Searches were completed by the author and an independent researcher in parallel, on 5
electronic databases; Web of Science via Web of Knowledge and PsychInfo, EMBASE, PubMed
and Medline via EBSCO. Initial searches and later data extraction and quality assessment were
completed by the first author and an independent researcher, to increase inter-rater reliability.
Following the initial searches there were four disagreements between the two researchers, which
were resolved by consensus, with the addition of one paper, and exclusion of the other three due to
lack of further information available (2), and inappropriate study design. In total, 109 papers were
identified, and of these, 42 were assessed for eligibility for this review. After retrieving and
examining these papers, 8 were included in this review. A further 7 articles were identified and
screened using reference lists of identified papers, and assessing papers those identified had been
cited in. A diagram of this process can be seen in Figure 2.
The following search terms were used: Autis*, ASD, Asperger* or "Pervasive
Developmental Disorder", and "Cortisol Awakening" or "Awakening Cortisol". The search
included papers identifying these words in their key words, Title or Abstract.
A final search was run again in February 2017, using the same search strategy before
analysis, to check for additional papers published since the initial search in November 2016. No
further papers were added after this search.

1.2.3 Data extraction and Synthesis

A variety of information was extracted from the identified papers, including participant
demographics (age, gender, locality), participant information (diagnosis), study design
(instructions regarding cortisol sampling) and outcome measures used (cortisol levels and time of
samples), as well as key findings and limitations. Pre-agreed data extraction tables were used to
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extract objective data (see appendix A). Three disagreements were resolved by consensus and a reexamination of the papers.

1.2.4 Inclusion Criteria

Papers were included if the studies involved children aged 18 or under, with a diagnosis of
ASD (APA, 2013). Studies were included if they used a quantitative methodology, and were
included if they had a control group or not. Studies were also included if they were intervention
studies, measuring the effect of specific interventions on the CAR.
Studies were included if the outcome measure was salivary cortisol levels, and if they took
at least two measurements of salivary cortisol, with at least one of these samples being within 30
minutes of the participants waking. This has been widely used to capture the peak in an
individual's cortisol levels, as part of the diurnal rhythm (see Taylor & Corbett, 2014 for review).
Studies were included if they evidenced quantitative analysis of cortisol levels at different time
points and analysed the pattern of these cortisol levels.

1.2.5 Exclusion Criteria

Papers were excluded if they focused on the caregivers, parents or siblings of the child
with ASD. Dissertations, conference presentations and other unpublished works were excluded if
further data could not be obtained. Review papers were also excluded.

1.2.6 Meta-analysis process

For inclusion in the meta-analysis component of the review, additional inclusion/exclusion
criteria were applied to the 15 selected papers identified from the data search above (see figure 2).
1.2.6.1 Meta-analysis inclusion criteria

Studies needed to use best practice guidelines for measuring the CAR; taking samples
immediately upon waking, then 30 minutes after waking (Stalder et al., 2016). Studies were also
required to use a case control study design, comparing cortisol levels and the CAR between a
group of children with ASD to a matched control group of children without ASD. Papers were
required to confirm ASD status by formal diagnosis according to DSM-IV or ICD-10. Five studies
identified from the initial systematic search above met these eligibility criteria for inclusion in the
meta-analysis.
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1.2.6.2 Meta-analysis exclusion criteria

Papers were excluded from the meta-analysis if, after unsuccessful contact with authors,
no further information could be obtained regarding specific cortisol values (see appendix B for
details). One study (from the 5 that met the additional meta-analysis inclusion criteria) was
excluded from the meta-analysis for this reason. Therefore, in total, 4 studies identified from the
15 papers retrieved by the initial systematic search were used in the meta-analysis (see Table 1).
1.2.6.3 Meta-analysis data extraction and analysis

Data extracted from these papers was entered into Review Manager 5.3 (Cochrane
Collaboration, 2014). Standard mean differences (SMD) in CAR were combined for each study,
using the inverse variance method. A random effects model was used, given the inherent
heterogeneity of the studies, and an I2 statistic was calculated to allow an estimate of between
study heterogeneity in SMD. An I2 value of more than 50% indicates substantial heterogeneity
between the studies used in the meta-analysis (Higgins, Thompson, Deeks, & Altman, 2003).
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Records identified through
database searching
(n = 109)

Eligibility

Screening

Records after duplicates removed
(n =42)
Records excluded by title
(n =27)
Additional records
identified through other
sources (reference list of
other articles)
(n = 7)

Titles screened
(n = 49)

Full-text articles assessed
for eligibility
(n = 22)

Excluded for not having ASD
(15) and focusing on
caregiver/family/sibling (12)

Full-text articles excluded,
with reasons
(n = 7):
Excluded for being review
(n = 2), conference
presentation (n = 1), not
ASD (2), dissertation (n =
1) and no further info

Included

available (n=1)

Studies included in
systematic review
(n = 15)

Studies included in metaanalysis
(n = 4)

Figure 2. PRISMA flow chart, showing study selection process
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Table 1:
Characteristics of studies included in meta-analysis (identified from the studies included in the systematic review)
Study information
First
author and
year

ASD

Country

Outcome

Group

data

measure

definition

Exclusion

Control group

N

Mean

Mean

(f/m)

age (SD)
or range

collected

N (f/m)

Mean

Mean

CAR

age

CAR

(SD)

(SD) or

(SD)

from
Corbett &

USA

Results

range
Salivary

DSM-IV,

IQ below 70.

46

10.3

0.21

Schupp,

cortisol at

ADOS,

Pubertal. Female.

male

8-12.1yr

(0.50)

2014

immediate

formal

Medications.

wake, 30 mins

diagnosis

Control: neuro-

+ wake,

by

developmental

afternoon,

clinician

conditions

Salivary

DSM-IV,

Learning or physical

20

12.8

0.29

cortisol at

formal

disability.

male

(1.91)

(1.21)

immediate

diagnosis

Medication. Female.

wake, 30mins +

by

Comorbidities

wake, 8pm. 2

clinician

48 male

9.9

0.23

No sig.

8-12.1yr

(0.28)

dif. in
CAR

evening. 3 days
Brosnan et

UK

al., 2009

28 male

11-16yr

13.3

1.63

Absence

(1.91)

(2.58)

of CAR

11-16yr

in ASD,
sig. dif
from

days
Tomarken,
Han &

USA

control

Salivary

DSM-IV,

IQ below 70.

36

10.2

0.64

cortisol at

ADOS,

Medication.

(6/30)

(1.96)

(2.00)

27 (4/23)

9.71

0.68

No sig.

(1.54)

(1.44)

dif. in
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Corbett,
2015

immediate

formal

wake, 30mins +

diagnosis

wake,

by

afternoon,

clinician

CAR

evening. 3 days
Zinke et
al., 2010

Germany

Salivary

ICD-10,

Insufficient verbal

15

9.1

5.16

cortisol at

ADI &

abilities, IQ below

(2/13)

6-12yr

(5.17)

immediate

ADOS

78. Genetic,

wake, 30mins +

infectious or

wake. 2 days

metabolic disorders.

25 (4/21)

9.0

7.59

No sig.

6-12yr

(5.89)

dif. in
CAR
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Table 2:
Characteristics of the remaining studies included in the review but excluded from meta-analysis
Study information
First author
and year

ASD

Country

Outcome measure

data

Group

Exclusion

N (f/m)

definition

collected

Control group

Mean age

N (f/m)

Results

Mean

(SD) or

age (SD)

range

or range

from
Marinovic-

Croatia

Salivary cortisol at

DSM-IV and

Psychiatric or

9 male

11.9 (2.97)

7 male

11.6

No sig dif. in

Curin et al.,

immediate wake,

ICD-10

endocrinology disorders

(4.27)

CAR or cortisol

2008

30+ wake, before

criteria,

Female

lunch, 60 after

determined by

rhythm between

lunch, 6pm and just

child

groups

before sleep. 1 day

psychiatrist.

circadian

ADI and
Childhood
autism rating
scale
Tordjman et
al., 2014

France

8:00, 11:00, 16:00,

DSM-IV and

Medication

55

11.3 ±

32

11.7 ±

Sig higher

24:00, 8:00 next

ICD-10,

History of encephalopathy

(19/36)

4.1years

(10/22)

4.9 years

cortisol at all

day. 8:00 samples

observations

or neuro-endocrinological

time points in

were collected 15-

by 2 child

disease or obesity.

ASD group. Sig

60 minutes after

psychiatrists,

Control group: history of

variability in
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Corbett et al.,

US

2006

awakening and

confirmed by

psychopathological,

ASD group

therefore assumed

ADI and

developmental or

to represent the

ADOS

neurological disorder,

CAR

(delivered by

family history of Autistic

psychiatrist).

Disorder.

Mid-afternoon,

Previous

Female

evening, morning

records and

History of cardiovascular,

overall levels of

sample. Morning

concurrent

endocrine, pulmonary,

cortisol or daily

sample within 30

ADOS.

liver or kidney disease, or

variation. Sig

mins of waking. 2

Clinical

neurological conditions

variability in

days

judgement

e.g. epilepsy.

ASD.

based on

Control group: history of

DSM-IV

neurodevelopmental

12 male

8.5 years

10 male

9.2 years

No sig dif in

disorders including autism
Kidd et al.,
2012

US

Within 30 mins of

DSM-IV,

Genetic or chromosomal

26 (4/22)

2 - 5.5

waking, mid-

ADOS and

disorder, chronic illness,

afternoon (2pm

ADI

significant visual

morning sample

approx.), evening 30

impairment, Tourette’s,

in ASD.

mins before bed.

seizure disorder, OCD,

2 days.

anxiety, depression, other

years

26 (3/23)

2 - 5.5

Higher cortisol

years

levels at

psychiatric disorders.
Parents seeking treatment
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for sleep disorder, use of
oral or inhalant corticosteroids during study.
Control group excluded if
any evidence of cognitive
or developmental delay.
Viau et al.,

Canada

2010

Wake, 30 mins after

Diagnostic

Allergic to dogs or taking

42 (5/37)

7.1 +/- 3.1

N/A

N/A

wake, and bedtime.

evaluation by

oral steroids

1 day a week.

a team of

salivary cortisol

Averages then

independent

at each

computed for each

professionals

experimental

years

Normal diurnal
rhythms in

time point for 2

condition. Sig

weeks’ pre-dog, 4

effect of

weeks during dog,

intervention on

and 2 weeks after

CAR -

dog

reduction in
CAR when
service dog
introduced

Gabriels et al.,
2013

US

Wake, 30+ wake,

Met or

IQ below 40. Female.

before lunch and

exceeded cut

Reached puberty

4pm. 3 days

off on SCQ

21

3-9 years

N/A

N/A

Compared Low
and High
repetitive
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(above 15),

behaviours

and ADOS.

groups. All

Diagnosed

showed

confirmed by

expected

psychologist,

diurnal rhythm.

using clinical

Levels of

records, SCQ

cortisol sig

and ADOS

lower in High
RB group.

Sharpley et al.,

Australia

2016

Wake, 30 mins after

DSM-IV

Male

39

10.1 (SD

N/A

N/A

wake and between

criteria,

Genetic or neurological

2-4pm. 1 day

confirmed by

conditions, or previous or

waking to 30

clinical

comorbid psychiatric

min later (i.e.,

psychologist.

disorder. IQ below 70 on

the CAR) then a

ADOS-2.

WASI

decrease to the

2.7)

Expected
increase from

afternoon
sampling.
Bitsika et al.,
2015

Australia

30 mins after

DSM-5 and

Concurrent genetic or

150

11.1 (3.3)

N/A

N/A

Expected

waking, and

ADOS

neurological conditions, or

pattern of

between 2-4pm. 1

confirmed by

previous DSM psychiatric

higher cortisol

day

Clinical

disorders or current

in morning

Psychologist

comorbidities, or taking
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anxiety medication.
Female. IQ below 70 on
WISC-IV
Putnam et al.,

US

2015

Morning upon

ASD

Female

29 male

7-12 years

14 male

9.36

No sig dif in

waking (between 7-

diagnosis by

Control group: prior or

(1.55)

cortisol levels

9am), Midday and

physician or

current psychiatric

between control

evening (7-9pm). 2

psychologist.

diagnosis or special

and High

consecutive

Standardized

education classification, or

functioning

weekends.

checklist

history of significant

ASD group, but

documenting

physical illness or medical

sig higher

cognitive

condition

cortisol in Low

ability and

functioning

ASD

ASD group

symptoms

compared to
HFA or control.

Corbett et al.,
2008

US

Within 30 mins of

ADOS and

ASD group: Children with

22 (1/21)

8.81 (1.90)

22 (3/19)

9.35

No sig dif in

waking, afternoon

ADI

Autism Spectrum

(1.75)

diurnal rhythm

between 1-4pm and

Diagnosis

disorders - PDD-NOS and

of cortisol. Sig

evening 30 mins

confirmed

Asperger’s.

variability in

before bed. 3 days

according to

Control group: history of

ASD group.

for 2 consecutive

DSM-IV,

neurodevelopmental

weekends

SCQ score

disorders and history of
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serious physical illness
(endocrine, cardiovascular,
neurological). Scores
above cut off on SCQ
Corbett et al.,
2009

US

Within 30 mins of

DSM-IV,

Children with PDD-NOS

waking, afternoon

ADOS, SCQ

and Asperger’s.

between 1-4pm and

score

Control group: ASD traits

to night in

measured on SCQ

ASD; greater

evening 30 mins

22 (1/21)

8.81 (1.90)

22 (3/19)

9.35

Shallower slope

(1.75)

from morning

before bed. 3 days;

variability in

2 consecutive

daily cortisol

weekends
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1.3

Results

1.3.1 Sample Characteristics

In the 15 studies included, the age range of participants varied from 2 to 18 years, with an
average age of M = 9.1 years across 795 participants (Tables 1 and 2). All studies included a
sample with a diagnosis of an Autism Spectrum Disorder; Autism, Asperger’s or PDD-NOS.
The majority of participants across the studies were male (87%); nearly half of the studies
(7) using all male participants and only 1 study with only female participants. Most studies (80%)
confirmed diagnoses of ASD with validated and widely accepted diagnostic measures for
assessing ASD; Autism Diagnostic Interview Revised (ADI-R, Lord, Rutter & LeCouteur, 1994)
or Autism Diagnostic Observation Schedule (ADOS, Lord, Rutter, DiLavore, & Risi, 1999). The
remaining studies relied on prior formal diagnoses by paediatric clinicians, or diagnostic
evaluation by appropriately qualified professionals (psychologist, paediatrician, psychiatrist).
The majority of studies (11) included a matched control comparison group, but of these,
only 5 used the preferred sampling method for accurate CAR, taking samples at immediate
wakening and 30 minutes after (Stalder et al., 2016). Of the remaining 4 studies, 3 used the
preferred sampling method for CAR but had no control sample, and 1 had neither a control sample,
nor the preferred CAR sampling method. For studies included in the review that did not use the
preferred CAR method (n = 7), these studies collected saliva samples only at 30 minutes after
wakening, and at least one other time point in the day.
For example, Tordjman et al., (2014) have used this approach (collecting saliva 30
minutes after waking), arguing that it is sufficient to reflect some element of the CAR because it
captures the rise in cortisol 30-60 minutes after wakening (see also Pruessner et al., 1997; Wust et
al., 2000b). However, it is important to note that these studies cannot accurately measure the true
CAR, which requires calculation of the increase in cortisol from immediate wakening to 30-60
minutes later. However, studies that only use one sample after awakening have been included in
this review, as they can still provide useful comparisons when looking at the overall pattern of
cortisol rhythms in children and adolescents with ASD.
One study (Viau et al., 2010) used an experimental design to measure the effect of an
intervention (introduction of service dogs) on the size of the CAR, whereas all other studies
focused on establishing and comparing the CAR or diurnal pattern of cortisol in children with
ASD.
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1.3.2 Presence of similar CAR and Diurnal Pattern in both populations

Four studies included in the meta-analysis, plus one additional study (Marinovic-Curin et
al., 2008) did measure the CAR using cortisol samples at immediate wakening and 30 minutes
after, and had a control comparison group of typically developing peers, matched on age. Of these
5 studies, 80% indicated the presence of a CAR in children with ASD that did not differ
significantly from that seen in the typically developing control group. These results provide some
evidence to suggest that the CAR in children with ASD is similar to that seen in the general
population (Corbett & Schupp, 2014; Marinovic-Curin et al., 2008; Tomarken, Han & Corbett,
2015; Zinke, Fries, Kliegel, Kirschbaum, & Dettenborn, 2010).
Similarly, Corbett, Mendoza, Abdullah, Wegelin and Levine (2006) found no significant
difference in the daily pattern of cortisol levels between ASD groups (n =12) and typically
developing controls (n = 10), with the highest cortisol levels seen in the morning, 30 minutes after
waking, and then declining throughout the day, in the same pattern for both groups. However, this
study did not measure the CAR directly, so only represents the overall diurnal pattern of cortisol.
Whilst Gabriels et al., (2013) did not include a control comparison group, their results
indicate that their participants with ASD (n = 21) also displayed a diurnal rhythm and CAR as you
would expect in the general population, with an initial rise followed by a fall in cortisol levels
throughout the day. However, the increase in cortisol from immediate wake and 30 minutes after
wake did not reach statistical significance, although these two morning samples were significantly
higher than the afternoon or evening samples.
In the only intervention study included in this review, Viau et al., (2010) found children
with ASD (n = 42) showed the expected rise in cortisol, 30 minutes after waking, in comparison to
their immediate waking samples, indicative of the CAR seen in the general population. This study
also reported that the proportion of the increase in cortisol after waking, (the CAR) decreased
during the intervention stage (introduction of a therapy dog), providing evidence that the CAR
may be linked to stress and can be moderated by intervention. Viau et al., (2010) further showed
that when the intervention ceased, the CAR's proportionate increase rose again.

1.3.3 Differences in observed and expected CAR

In contrast to studies above, which highlight the lack of group differences in CAR,
Tordjman et al. (2014) reported evidence that contrasts the notion of comparable CAR and diurnal
patterns in children with ASD with that of the general population. This study (n = 87) found a
significant effect of group on cortisol levels, (F(1,71) = 16.28, p = 0.0001), indicating that the
ASD group (n = 55) showed significantly higher levels of cortisol at all time points and flatter
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slopes, indicating less of a decline throughout the day than the typically developing group (n = 32).
This finding suggests the ASD group did not show as much of an increase in cortisol in the 30
minutes after wakening as would be expected, but this cannot be accurately asserted due to not
having a measurement of cortisol at immediate awakening, and only at 30 minutes after waking.
In addition, Kidd et al. (2012) found that young children with ASD showed waking values
of cortisol to be 1.34 units higher than a typically developing control group, but stated that there
was uncertainty regarding this result due to wide confidence intervals. The study further concluded
there were no statistically significant differences in cortisol levels between the autism group (n =
26) and typically developing group (n = 26) at any time point across the day.
A study including all-female sample showed the expected CAR and diurnal pattern,
however, Sharpley et al., (2016) found that 15 of their 39 showed a decrease in cortisol levels 30
minutes after waking, compared with their immediate waking levels. A further 6 participants
showed an increase in cortisol of less than 10% in the 30 minutes after waking, which is much less
than typically reported in the literature (Pruessner et al., 1997; Wust et al., 2000b). The researchers
reported that this lack of increase in cortisol was unlikely to be due to significant arousal before
waking which may have prompted the CAR in pre-wake period, as there was no significant
difference in waking cortisol levels between participants that showed the CAR and those that did
not (Sharpley et al., 2016).
Similarly, Bitsika et al., (2015) found the presence of a typical diurnal rhythm, with
cortisol levels highest in the 30 minutes after waking, in participants aged between 6 - 18 years in
the overall sample (n =150). However, 14.7% of their sample showed a reverse diurnal rhythm,
with lower levels of cortisol in the morning compared with the afternoon. No differences were
found across age.
Putnam et al., (2015) explored the differences in diurnal rhythm across high and low
functioning ASD groups compared with a typically developing control group (n = 33). High
functioning ASD was defined as those without cognitive or language impairment and average or
above IQ, and low functioning ASD was defined as those with cognitive impairment and
significantly below average IQ. All groups showed significantly higher levels of cortisol in the 30
minutes after waking than in the afternoon or evening. However, this study also found a
significant main effect of group on cortisol levels at all time points, (F(2, 40) =7.231, p =.002),
with post hoc Bonferroni corrected comparisons indicating marginal mean scores to be
significantly higher in the low functioning ASD group compared with the high functioning ASD
group (0.19 and 0.12, p = .002) and between low functioning ASD group and the typically
developing group (0.19 and 0.14, p = .021). This finding indicates that lower levels of functioning
in ASD may alter the pattern of the diurnal rhythm, and potentially the CAR, in comparison to
control groups or higher functioning ASD groups.
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1.3.4 Variability

An important finding from many of the studies in this review is that children with ASD
showed significantly more variability in their cortisol levels and patterns of cortisol than the
typically developing groups (Corbett et al., 2006, 2008, 2009; Kidd et al., 2012; Tordjman et al.,
2014). Bitsika et al., (2015) found that within their ASD sample, there was a sub-sample of boys
who did not show the same diurnal pattern of cortisol as expected (i.e. their cortisol levels did not
show a decline from morning to evening), and this notion of sub-samples might explain why other
studies found significant variation in the ASD groups.
In addition, Corbett et al., (2006) found that whilst their ASD group showed the expected
pattern of diurnal rhythm of cortisol, this group also showed a pattern of gradual decline in the
levels of morning cortisol over the course of the 6 days sampling, which may indicate that longer
term studies assessing the stability of the CAR and diurnal rhythm are needed.

1.3.5 Quality Assessment

Papers included in the review were assessed for methodological quality based on meeting
predefined criteria; (1) control of confounding variables affecting CAR; reporting age, gender, IQ,
medication (Wust et al., Fries et al., 2009), (2) presence of matched control sample, (3) measures
taken to increase participant compliance with best practice guidelines for collection of CAR data
(Stalder et al., 2016), (4) clear procedural instructions regarding saliva samples, (5) presence of
sampling at immediate wakening and 30 minutes after waking.
Table 3 provides definitions for the quality assessment criteria used. Studies were given an
overall score, based on how fully they met each of the criteria; 0 = not met/no information
available, 1 = partially met, 2 = fully met. Assessment of quality was completed by the first author
and an independent researcher to improve inter-rater reliability. There were 9 1-point
disagreements between the researchers, which were resolved by consensus and clarification of the
assessment criteria.
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Table 3:
Quality Assessment criteria and definition
Criteria

Definition

1. Control

Presence of a control sample

2. Age

Reporting of age and/or pubertal stage

3. Gender

Reporting of gender and potential influence on results (e.g. was gender
controlled for)

4. Medications

Reporting of medications taken/exclusion criteria if medication taken, and
report of potential effect

5. IQ

Appropriate and valid measures of cognitive ability, was this controlled for
and matched across groups

6. Accurate CAR

Did the study take saliva samples at immediate waking then 30 minutes

recording

after?

7. ASD diagnosis

Did the study use validated and reliable measures of assessment of ASD e.g. ADOS, ADI, according to DSM-IV-TR or 5 criteria?

8. Quality of

Were instructions on saliva sampling procedure clear, accurate (including

instructions

refraining from eating, drinking, brushing teeth)

9. Improving

Were measures used to help increase compliance with correct saliva

compliance with

sampling techniques, e.g. TrackCap electronic monitoring, was adherence

sampling protocol

assessed?

10. Completeness of

Were missing data reported and accounted for? Did the study have low

data

levels of missing data?
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Table 4 shows that studies included in the review scored between 7 and 17 out of 20, with
the 4 studies identified as suitable for inclusion in the meta-analysis, scoring an average of 15
points, suggesting the risk of bias in the studies included to be acceptable. Whilst 2 studies scored
below 10 they were included in the review, as they both used best practice methods of collecting
CAR (immediate wake and 30 minutes after).
Whilst 11 of the studies included a matched control group, 4 studies did not, and these
absences makes it difficult to ascertain whether the cortisol patterns displayed by participants with
ASD are similar or distinct from those of the general population. The majority of studies (13)
reported adequate information about their participant sampling and recruitment techniques,
however due to study designs, none of the studies used randomised or blinded conditions. All
studies reported adequate cortisol analysis techniques, with sufficient detail of cortisol extraction
and assay techniques.
There was variation in instructions given to participants regarding protocols for collecting
saliva samples, and variations in salivary cortisol collection kits used. Nearly half of the studies (7)
did not use any methods for increasing participant compliance with cortisol sampling procedures.
This lack of rigour makes it difficult to ascertain how accurately participants complied with
sampling times, which has been shown to be particularly important for measuring the CAR
(Stalder et al., 2016), as delays in sampling compared to reported time of sampling may skew the
reported pattern of cortisol levels.
Two studies employed TrackCap systems, which are electronic monitoring systems that
track when test tubes are removed and returned to the collection kits, to help provide a more
accurate time stamp for the sample. Both studies found there was no significant difference between
reported sample times and TrackCap registered times (Corbett & Schupp, 2014; Kidd et al., 2012),
which helps improve the likelihood that the reported patterns in cortisol in this study do reflect the
CAR, as the timing of the samples matched best practice guidelines (Stalder et al., 2016).
Other studies aimed to increase compliance with sampling times by asking parents to use a
diary to record sampling times, or used researchers within the participants' environment to ensure
samples were collected at the correct time. However, in Brosnan et al.'s (2009) study where the
researcher collected samples from the ASD group, this in turn created unequal research procedures,
as the control group samples were collected by parents. The presence of the researcher introduces
an artificial component to the participant's normal waking routine, and this may have influenced
their stress levels and potential cortisol levels.
It is important for studies to consider the effect of confounding variables such as cognitive
functioning on cortisol levels, as specific areas of cognition involving the hippocampus and
prefrontal cortex have been shown to correlate with increased/decreased magnitude of CAR. For
example, Almela, van der Meij, Hidalgo, Villada, and Salvador, (2012) found that an increase in
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the magnitude of the CAR seen in participants correlated to a poorer declarative memory.
Similarly, poorer overall cognitive functioning, as measured by a comprehensive selection of
cognitive tests, was associated with an attenuated CAR (Evans et al., 2011). A further variable to
consider is age, specifically pubertal stage, as Kiess et al., (1995) found significant correlations
between pubertal stage and cortisol levels, with higher cortisol being associated with adolescence
and increasing age.
Controlling for the effect of cognitive functioning on cortisol levels, 6 studies had
exclusion criteria of participants with IQs below 70, one study excluded those with IQs below 40.
5 studies used validated measures of IQ (WASI; Wechsler, 1999) and included this in their
analysis, showing no significant effect or correlation of IQ with cortisol levels. Interestingly, Kidd
et al., (2012) found correlations between cognitive functioning, estimated on the Mullen Scale of
Early Learning (Mullen, 1997) and cortisol levels, with higher cortisol levels associated with lower
cognitive functioning. Three studies reported using inconsistent measures of IQ across their
samples and did not report the effect of IQ on their results, making it hard to conclude that
variation in cognitive functioning did not influence their reported patterns of cortisol. Furthermore,
3 studies did not report IQ levels at all for participants.
To further reduce the influence of confounding variables, 4 studies excluded participants
taking any medication, and 4 excluded all participants with current or historic co-morbid
psychiatric disorders. Zinke et al., (2010) included additional analyses comparing medicated and
non-medicated participants, finding no significant effects on cortisol levels, and Sharpley et al.,
(2016) reported that whilst 54% of participants were taking anxiety medications, these were not
reported to affect cortisol secretion, according to manufacturers.
Controlling for the effects of medication allows the researchers to have increased
confidence that their reported cortisol patterns are not influenced by this and it also acts to reduce
the external validity of these studies to the wider ASD population, as research has established
psychiatric disorders, especially anxiety disorders can be prevalent in up to half of individuals with
ASD (de Bruin, Ferdinand, Meester, de Nijs, & Verheij, 2007; Simonoff et al., 2008). Therefore,
by excluding participants with co-morbid psychiatric conditions, the ASD sample included in these
studies may not accurately reflect the true ASD population.
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Table 4:
Quality assessment scores for studies included in review. Criteria Score: 0 = not met/no information available, 1 = partially met, 2 = fully met
Study

Criteria
1:

2:

3:

4:

5:

6:

7: ASD

8:

9:

10:

Control

Age

Gender

Meds

IQ

CAR

Diagnosis

Instructions

Compliance

Attrition

Corbett & Schupp, (2014)

2

2

2

2

2

2

2

2

1

0

17

Brosnan et al., (2009)

2

1

2

2

0

2

1

2

1

0

13

Tomarken et al., (2015)

2

1

1

2

2

2

2

2

0

2

16

Zinke et al., (2010)

2

1

1

2

2

2

2

0

1

1

14

Marinovic-Curin et al., (2008)

2

1

2

0

0

2

2

0

0

0

9

Tordjman et al., (2014)

2

2

2

2

1

0

2

2

0

1

14

Corbett et al., (2006)

2

2

2

0

0

0

2

2

1

1

12

Kidd et al., (2012)

2

2

1

2

1

0

2

2

2

1

15

Total

Studies included in meta-analysis

Studies not in meta-analysis
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Viau et al., (2010)

0

1

2

1

0

2

0

0

0

1

7

Gabriels et al., (2013)

0

2

2

0

1

2

2

2

0

2

13

Sharpley et al., (2016)

0

1

2

2

2

2

2

1

1

0

13

Bitsika et al., (2015)

0

1

2

1

2

0

2

1

1

0

10

Putnam et al., (2015)

2

1

2

0

2

0

0

2

0

2

11

Corbett et al., (2008)

2

1

1

0

1

0

2

2

2

0

11

Corbett et al., (2009)

2

1

1

0

2

0

2

2

0

0

10
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1.3.6 Meta-analysis results

Results from the meta-analysis indicated no significant difference between ASD and TD
groups in their mean CAR; z = 1.52, p = .13, suggesting that both groups show the same pattern of
a rise in cortisol in the 30 minutes after wakening. The I2 test for between study heterogeneity
indicates that only 6% of the variability in effect estimate is likely to be due to the heterogeneity of
the studies. Figure 3 shows that whilst two studies report higher mean CAR in the typically
developing group, this did not reach statistical significance, and the overall pooled effect showed
no significant difference in CAR between the groups.
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ASD
Study or Subgroup

Mean

Control

SD Total Mean

Std. Mean Difference

SD Total

IV, Random, 95% CI

Brosnan 2009

0.29

1.21

20

1.63 2.58

18

-0.66 [-1.32, -0.01]

Corbett & Schupp 2014

0.21

0.5

46

0.23 0.48

18

-0.04 [-0.58, 0.51]

0.654 2.008

36

0.68 1.44

27

-0.01 [-0.51, 0.48]

15

7.59 5.89

25

-0.42 [-1.07, 0.22]

88

-0.23 [-0.53, 0.07]

Tomarken, Han & Corbett 2015
Zinke 2010

5.16

Total (95% CI)

5.17

117

Std. Mean Difference

Heterogeneity: Tau² = 0.01; Chi² = 3.20, df = 3 (P = 0.36); I² = 6%

Test for overall effect: Z = 1.52 (P = 0.13)

IV, Random, 95% CI

-1

-0.5

0

0.5

1

Favours ASD Favours Control (TD)

Figure 3: Forest plot for meta-analysis of differences in CAR between ASD and control
groups
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1.4

Discussion

The CAR is a widely established biological phenomenon, involving a peak in cortisol
levels in the 30-60 minutes after waking that has been shown to be influenced by psychosocial
factors such as stress, anxiety, depression, fatigue and cognitive ability (Chida & Steptoe, 2009;
Fries et al., 2009). The prevalence of anxiety in ASD is estimated to be up to 50% (de Bruin,
Ferdinand, Meester, de Nijs, & Verheij, 2007; Simonoff et al., 2008), therefore this review sought
to explore whether the CAR can be seen consistently in populations with ASD, to help establish
whether this may be a useful biological marker of stress and anxiety for this population.
Overall, results suggest that children with ASD showed a comparable CAR to typically
developing children. This comprehensive, narrative synthesis of the literature indicated similar
CAR and diurnal patterns of cortisol across the groups. These results indicate that the CAR is a
useful objective indicator of physiological stress and could prove to be a useful index with which
to monitor stress in developing populations, including ASD.
However, it is important to note that this review also highlighted several key studies that
did not find the expected CAR or diurnal rhythm pattern as expected for the general population,
and therefore interpretation of this result must be taken with some caution. Sharpley et al., (2016)
demonstrated that their overall mean results found the expected CAR and cortisol diurnal rhythm.
However, this study also highlighted that over half of their participants did not show this expected
pattern, indicating that future studies should be mindful of inter-individual variability. Bitsika et al.,
(2015) also found that 14.7% of their sample showed a pattern in contrast of the expected diurnal
rise and fall of cortisol levels throughout the day.
This variability may reflect individual differences in the chronicity of stress. Previous
research suggests that anxiety and stress can increase the CAR in the typical population (Vreeburg
et al., 2010). Alternatively, further studies indicate that chronic stress or prolonged exposure to
stressors such as in PTSD or burnout is associated with a flattened CAR (Chida & Steptoe, 2009).
It may be plausible to hypothesise that some children in these samples experienced anxiety, given
the prevalence of anxiety (up to 84% in a recent review) in children with ASD (White et al., 2009),
and that this led to an increase in their CAR.
It may also be plausible however, that a proportion of these children, given the
neurodevelopmental nature and lifelong course of ASD (APA, 2000), may have experienced
anxiety or stress for a prolonged period of time, therefore, in line with previous research on
chronic exposure to stress, we would expect them to show an attenuated CAR. The variation in
individual exposure to stress throughout their lifetime may impact on the effect of the CAR and
may account for the variation in results reported by the studies included in this review. Future
51

EXPERIENCE OF ANXIETY IN ASD
studies exploring the CAR should consider the moderating impact of anxiety and previous
exposure to chronic stress.
The clinical implications for the findings of this review suggest that measuring cortisol in
children with ASD, specifically using controlled measurement of the CAR, using samples at
immediate waking and 30 minutes after, may provide a useful insight into an individual’s
physiological levels of stress, compared to that of the general population. Given the documented
difficulties with language and emotion recognition in people with ASD (APA, 2000; Hill, Berthoz,
& Frith, 2004), the pattern of CAR may provide clinicians with information regarding the person's
daily anticipated stress, if they have difficulties with reporting this themselves. Based on the
results of this meta-analysis and systematic review, one could expect individuals with ASD to
show similar patterns of CAR to the general population, and therefore deviations from this pattern
may indicate psychopathology, for example elevated anxiety.

1.4.1 Limitations and Future Research

A significant limitation of the research in this review is the lack of studies using best
practice recommendations for the calculation of an accurate CAR, and using a control comparison
group, controlling for IQ, gender and age, to compare these results to. A consistent finding
throughout this review is the need for more controlled studies into the CAR in children with ASD,
controlling for medication use, gender, lifetime stress, and impairment related to ASD symptoms
and IQ. This review highlights the variation in controlling for these potential confounding
variables in the existing literature, making it challenging to draw firm conclusions from the results,
especially given the contrasting findings amongst the studies. Of the 15 studies included in the
review, only 5 used a matched control group and took saliva samples at immediate wakening and
30 minutes after. This highlights how limited the research is in this area, and emphasises the need
for more comprehensive investigations of the CAR in children with ASD to ascertain whether the
CAR can be used as a reliable biological indicator of physiological and psychosocial stress.
This review also highlights the paucity of research involving females with ASD, as the
majority of participants were male. Previous research has provided contrasting evidence for the
effect of gender on the CAR, with some studies suggesting a slightly increased CAR in females
(Fries et al., 2009). The inclusion of more males in research may reflect the demographics of the
ASD population (Baird et al., 2006; Fombonne, Quirke, & Hagen, 2011), however, further
research could usefully work to include more females with a view to using the CAR as a marker of
physiological stress in the ASD population as a whole.
In summary, this paper incorporates the first meta-analysis amalgamating the existing data
in the field measuring the CAR in young people with ASD, alongside comprehensive narrative
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synthesis of additional research in this area. Collectively, the reviewed studies demonstrate the
potential validity in using the CAR as an objective, physiological marker of stress. This
recommendation is strengthened by the results presented in the meta-analysis which across four
high quality studies indicate no significant difference in CAR between the ASD group and
typically matched controls. The meta-analysis and review also highlight the importance of further,
more controlled studies, to enable some understanding of the evident variability presented within
individual studies. A wider and more robust research base will allow clearer conclusions to be
drawn about the exact pattern of CAR in children with ASD, to more conclusively establish
whether this index can be used as a reliable and valid measure of stress/anxiety in young people
with ASD.
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Chapter 2: Understanding the experience of anxiety in
young people with Autism Spectrum Disorder (ASD)
2. 1 Introduction

2.1.1 Anxiety

It is estimated that anxiety disorders are one of the most common mental health disorders
in young people, affecting over 3% of children aged 5-16 years in the UK (Green, McGinnity, &
Meltzer, 2005). Green et al., reported rates of diagnosis to be higher in females (3.8%) compared
to males (2.9%), and in adolescents (~4%) versus children (~ 2%) (Green et al., 2005). In a largescale survey of over 10,000 adolescents in the US, anxiety disorders were the most common
mental disorders, with lifetime prevalence rates of 31.9% (Merikangas et al., 2010).
Anxiety is linked with poorer academic performance (Essau, Conradt, & Petermann, 2000),
early school withdrawal (Van Ameringen, Mancini, & Farvolden, 2003), and poorer social
functioning (La Greca & Lopez, 1998). Furthermore, research conducted using a longitudinal
study of over 1000 children, found that anxiety disorders in childhood (under 16 years) were
significantly associated with risk in adulthood of subsequent anxiety disorders, academic
underachievement, and onset of additional disorders such as depression and substance misuse
(Woodward & Fergusson, 2001).
The onset of anxiety in children is argued to reflect a complex mix of interacting factors,
including environmental, biological, genetic and cognitive influence (Murray, Cresswell, &
Cooper, 2009; Rapee et al., 2009). For example, Murray et al., (2009) proposed a framework for
understanding the development of anxiety in childhood, centring on the role of parental anxiety
and how this influences three pathways; biological/genetic vulnerability, life events and modelling
of anxious behaviours. Further frameworks have focused specifically on the core role of
attentional processes in the development of and vulnerability to anxiety in childhood, highlighting
that attentional biases towards threat information, and reduced attentional control are linked with
increased disposition to anxiety in childhood (review by Hadwin, Visu-Petra, Muris, Derakshan &
Macleod, 2016).

2.1.2 Autism Spectrum Disorder and Anxiety
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Autism Spectrum Disorder is characterised by significant deficits in social communication,
interaction and a restrictive repertoire of behaviours (APA, 2013), that often cause significant
impact on social functioning (Bellini, 2004) and academic achievement (see Fleury et al., 2014 for
review). Characteristic of ASD is the 'need for sameness' (WHO, 2016) and difficulties in adapting
to change. Research has increasingly focused on mental health challenges in ASD, highlighting
that amongst the most common comorbid conditions are anxiety and depression (Simonoff et al.,
2008). Some studies have indicated lifetime prevalence rates of anxiety of nearly 40% in
individuals diagnosed with ASD (van Steensen et al., 2011), highlighting increased prevalence
compared with a general population.

2.1.3 Theoretical Models of Anxiety in ASD

Difficulties highlighted by researchers associated with the measurement of anxiety in ASD
raise questions about whether anxiety experienced by people with ASD is etiologically and
phenotypically similar to the anxiety experienced by the typically developing population.
Researchers have considered, for example, whether anxiety in ASD is phenotypically altered, by
the presence of ASD and its presence is associated with distinct causal pathways (Wood & Gadow,
2010). Wood and Gadow’s (2010) review of research into common genetic markers of anxiety in
TD and ASD populations includes several studies that indicate common factors to suggest that
anxiety may be phenotypically similar in both populations. While the presentation of anxiety may
be similar, several theoretical frameworks have proposed that pathways to anxiety in individuals
with ASD include both distinctive and unique features, compared with typically developing
populations.
Wood and Gadow (2010) proposed a framework incorporating common risk factors of
anxiety from the TD literature alongside proposed risk factors specific to ASD. For example,
ASD-related stressors such as social confusion and the unpredictability of social situations were
proposed to increase social anxiety, providing some explanation for why social anxiety disorder is
common in young people with ASD, with prevalence rates between 29% - 49 % in studies of 1016 year olds (Bellini, 2004; Simonoff et al., 2008). The notion of social confusion and difficulties
predicting social situations and outcomes links to a recent conceptualisation of anxiety in ASD.
Boulter, Freeston, South and Rodgers (2014) explored the potential role of 'Intolerance of
Uncertainty' (IU) in the development of anxiety in people with ASD. IU has been defined as a
‘broad dispositional risk factor for the development and maintenance of clinically significant
anxiety’ (Carleton, 2012, p. 939). In typically developing models of anxiety, IU has been
theorised as most closely linked to GAD and worry (Comer et al., 2009; Dugas, Gagnon,
Ladouceur, & Freeston, 1998), but recent research with adult populations comparing clinical,
community and control samples, indicates IU to be linked to symptoms of multiple anxiety
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disorders such as GAD, SAD and panic (Carleton et al., 2012). Boulter et al., (2014) argued that
IU is a useful construct to explain anxiety in children with ASD, due to its overlap with core
features of ASD, such as preference for sameness and resistance to change (Kanner (1943).
Conceptual frameworks of anxiety in ASD incorporate specific risk factors linked to social
situations, raising the question of how young people diagnosed with ASD experience anxiety in
school. School settings are associated with fluid social situations and unstructured activity and
associated difficulties (e.g., increased noise levels) and collectively these factors may potentially
increase feelings of anxiety in children with ASD. Reviews of the literature have suggested that
people with ASD report increased sensitivity to noise (Stiegler & Davis, 2010), and that certain
types of noise/sensory input (uncontrollable, unpredictable and unexpected) are more distressing
(Ashburner, Bennett, Rodger, & Ziviani, 2013). School environments provide opportunity for
frequent exposure to these types of stressors, especially in break or transition times (between
lessons). These difficulties may be further confounded by additional stressors of the school day,
such as multiple social interactions and periods of unstructured time. Moving between lessons or
having breaks creates uncertainty in expected behaviour, and researchers have theorised that
intolerance of this uncertainty is associated with anxiety (Boulter et al., 2014). A preference for
sameness, routine and predictability is inherently symptomatic of people with ASD (Kanner, 1943;
WHO, 2006), so unstructured and unpredictable times throughout a school day, especially with
multiple, uncertain social situations, could be hypothesised as being stress/anxiety provoking for
individuals with ASD.
This increased risk of anxiety in ASD, associated with school specific factors may be more
evident for young people who also report recognised predispositions to experiencing anxious
affect (i.e., those with elevated trait anxiety). Trait anxiety reflects a characteristic predisposition
to experience increased and transitory (state) anxiety in situations perceived as potentially
threatening (Speilberger, 1996).

2.1.4 Assessment of Anxiety in ASD

Anxiety in TD is assessed via parent and teacher report, and via self-report from middle
childhood. In clinical settings, clinicians would also aim to obtain information from multiple
sources using semi-structured standardised interview techniques, as well as questionnaires
(Silverman & Ollendick, 2005). Findings in TD (review by De Los Reyes & Kazdin, 2005) and
ASD populations (e.g., White et al., 2009) highlighted that questionnaire measures used to assess
anxiety show poor inter-rater reliability, following the pattern of multiple informant discrepancies
established in the general population. For example, a large community sample of school-aged
children without ASD (n = 1039), all participating in a randomised control trial of an anxiety
prevention CBT school-based programme, highlighted agreement between parent and teacher
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report of child anxiety to be acceptable but poor between parent-child or teacher-child agreement
(Miller, Martinex, Shumka, & Baker, 2014). Similarly, in a review of multi-informant models in
the general population, Smith (2007) advises that the most accurate informant for psychiatric
disorder will depend on the child's age, setting and type of problem, suggesting that for older
children with internalising disorders such as anxiety disorders, child, then parent, then teacher
report is most accurate. De Los Reyes & Kazdin, (2005) highlighted that discrepancies in the
rating of internalising versus externalising disorders (e.g. conduct disorder) may reflect their less
observable behavioural features. Similarly, further research has found adolescents with ASD
endorsed more symptoms of anxiety compared with parents and teachers (Hurtig et al., 2009).
While White, Schry, and Maddox, (2012) reported that adolescents with high functioning autism
underreported their symptoms of anxiety, compared to parent and clinician reports.
In a recent large systematic review, De Los Reyes et al., (2015) highlight that across a
range of mental health disorders, spanning from early childhood to adulthood, there are
consistently discrepancies in multiple informant reporting of disorders such as depression, social
anxiety, conduct disorder and attention/hyperactivity difficulties. The review highlights the
relevance of context; emphasising that multiple informant discrepancies may reflect the varying
contexts in which symptoms are displayed (home vs school) and how these contexts may influence
what symptoms are recorded by particular informants (parent, child, teacher, clinician). This
review highlights the ongoing difficulties with discrepancies between informants in the general
population, not specific to an ASD population, or anxiety difficulties, which highlights the
importance and continued value of assessing for all mental health difficulties in childhood using
multiple informants from different contexts.
In a systematic review of literature regarding assessment of anxiety in ASD, MacNeil,
Lopes, and Minnes, (2009) highlighted further difficulties clinicians face determining which
symptoms are inextricably linked to ASD symptomatology, and which distinctively reflect
comorbid anxiety symptoms. Of note, diagnostic overshadowing, whereby symptoms are
attributed to the neurodevelopmental disorder of ASD rather than an anxiety disorder, has been
argued to hinder accurate recognition of anxiety in this population (MacNeil et al., 2009).
Moreover, this challenge may be linked to the difficulties around discriminant validity of existing
measures and poor inter-rater reliability (White et al., 2009).
The difficulties discriminating ASD symptoms from anxiety symptoms are further
exacerbated when examining specific social anxiety disorder symptoms. Research has increasingly
found symptoms of SAD and ASD overlap, including avoidance of social situations and
preference for aloneness (White, Bray & Ollendick, 2011). Similarly, Cath, Ran, Smit, Van
Balkom and Comijs, (2008) found that in people with SAD, without co-morbid ASD, these
participants scored as highly on the domains for social communication/interactions difficulties of
the Autism Quotient Questionnaire (assessing for traits of ASD) as participants with ASD and
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SAD. This further highlights the overlap between the two disorders, and therefore the difficulties
in correctly distinguishes unique features of either (White et al., 2011).
Researchers have also noted that the assessment of anxiety disorders relies on individuals
with ASD accurately identifying and interpreting their own emotional responses, and that this
process might be specifically problematic for this population (Hill, Berthoz, & Frith, 2004; Rieffe
et al., 2011). Furthermore, assessment of self-reported anxiety symptoms relies on the language
abilities of the informant. A recent study evaluating psychometric properties of two self-reported
anxiety questionnaires in an ASD population suggests that parent-child agreement in anxiety
symptoms correlated with the child having higher IQ and less severe ASD symptoms (Kaat &
Lecavalier, 2015). Consistently, in a recent review of the literature regarding accurate assessment
of anxiety in children with ASD, Grondhuis and Aman, (2012) highlighted the link between verbal
ability and reported anxiety symptoms, suggesting that the number of anxiety symptoms reported
is positively correlated to communication abilities. The authors argued that this relationship may
reflect a lack of insight in individuals with less cognitive ability into their own emotional
experiences, or a limited ability to communicate feelings of anxiety. This argument fits with
research highlighting positive links between verbal ability and an ability to understand mental
states in themselves and others in children diagnosed with ASD (Happé, 1995; review by BaronCohen, Lombardo & Tager-Flusberg, 2013).

2.1.5 Triangulation of data from different sources

Research that aims to understand risk factors linked to the development of anxious affect
needs to ensure that the measurement of anxiety in ASD is reliable and valid. In line with
recommendations from MacNeil et al., (2009), it is important to use multiple methods of
assessment, including standardised questionnaires and clinical interviews, from multiple sources of
informants (parent, child, and teacher). A further issue highlighted by current research is that
studies use questionnaires or clinical interviews that have been established using typically
developing populations. MacNeil et al., (2009) indicated there are only two specific measures
designed for assessing psychiatric symptoms in ASD, but these need further testing to establish
reliability and validity. Instead, research to date focuses on using standardised questionnaire
methods and interviews for assessing anxiety. One way of exploring the validity of anxiety
measures is to look at associations between these more traditional measures with a more objective
index of stress; Cortisol.
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2.1.6 Cortisol Awakening Response

The HPA-axis is a central system, largely associated with the regulation of stress, and has
been long since established as a useful index of stress in the general population (Fries et al., 2009).
Cortisol, a stress hormone, can be measured to identify the pattern of individuals’ HPA-axis
activity over the course of the day, with greater HPA-axis activity indicating elevated stress.
Cortisol levels, as part of the HPA-axis, follow a widely established diurnal rhythm, with increased
levels in the morning and a gradual decrease throughout the day (Gröschl, Rauh, & Dörr, 2003). A
unique feature of the HPA-axis, in addition to the diurnal rhythm of cortisol, is the Cortisol
Awakening Response (CAR); a sharp peak in cortisol levels in the 30 - 60 minutes after wakening
(Pruessner et al., 1997), which is estimated to be found in 75% of the healthy population (Wust et
al., 2000b).
Since being first systematically reviewed and used by Pruessner et al., (1997), there has
been a large expansion in the research focusing on CAR (Stalder et al., 2016) as an index of stress
in typically developing and atypical populations. The CAR has been found to be moderated by a
wide range of psychosocial factors, including job stress, fatigue, burnout, psychiatric disorders and
physical ill-health (for review see Fries et al., 2009). An increase in CAR has also been linked to
anticipation of daily stresses; hence research has found it to be increased in populations who
experience elevated anxiety (Vreeburg et al., 2010). For example, an increased CAR was
positively associated with stable (trait-like) measures of anxiety in a community sample of
typically developing 10-12 year olds (n = 1768) (Greaves-Lord et al., 2007). The study aimed to
test whether HPA-axis activity, including CAR, was associated with current self-reported anxiety
symptoms and/or historical anxiety (measured by parents retrospectively reporting their child's
anxious behaviours from aged 4). The study found higher cortisol levels and a higher CAR were
associated with persistent and historical (and not current) symptoms of anxiety at preschool age,
thereby emphasising its link to chronic anxiety (Greaves-Lord et al., 2007).
Given the high proportion of individuals with ASD who also experience anxiety, research
has begun to explore the diurnal rhythm of cortisol in this population (Fries et al, 2009; Pruessner
et al., 1997). The existing research exploring the CAR in children with ASD versus a typically
developing population is however limited. More research is also needed to explore the nature of
the diurnal rhythm of cortisol in children with ASD, and associations with reported levels of
anxiety symptoms. Given the extensive research indicating discrepancies between multiple
informants when rating childhood symptoms of mental health disorders in TD and ASD
populations (De Los Reyes et al., 2015; White et al., 2009), the inclusion of an objective measure
of stress, which could be theorised as linked to an individuals’ experience of anxiety in a certain
situation, is a valuable addition to this field of research. Measuring self and other – reported levels
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of anxiety, and assessing for their correlation to levels of cortisol at each point in time, and general
patterns of anxiety and cortisol rhythms could help establish which informant report is most
closely linked to the individual’s physiological experience of stress. This could therefore indicate
for each group (TD and ASD), which informants’ rating of anxiety would be most useful to rely on
in having a more accurate reflection of that individuals’ experience of anxiety.

2.1.7 Aims of the current research

The current study aimed to explore anxiety in adolescents diagnosed with ASD in a school
setting, according to multiple informants. While capturing trait-like symptoms of anxiety (via
questionnaires and interview), the study aimed to extend current findings to explore self-reported
levels of anxiety and emotions more generally across the school day using an experiencing
sampling technique. This allows researchers to consider contextual factors that might moderate
feelings of anxious affect at any point in time. The study considered three factors that might be
associated with anxiety in ASD in school; noise, group size and activity. In order to validate
reported anxiety symptoms we measured the CAR, and cortisol level at each time point across the
school day, to have an objective, physiological marker of stress, exploring whether this was
associated with reported levels of affect and contextual factors within the school day, and might
therefore be a useful way of monitoring and identifying stress and anxiety in this population.
2.1.7.1

Research hypotheses

(1) Parent, teacher and self-reported measures of anxiety may not correlate for either group,
similar to previous research. Correlations between specific informants’ ratings of higher
anxiety and higher cortisol levels would indicate that this informant may be the most
useful source of information about the physiologically experienced anxiety in each group.
(2) School specific factors such as noise, group size and activity would correlate with selfreported levels of anxiety, happiness and anger, in the ASD group. Higher levels of noise,
bigger group sizes and unstructured activity would be expected to correlate with higher
anxiety, lower happiness and higher anger in the ASD group.
(3) Individual differences such as trait anxiety and attentional control would be correlated
with experience sampling anxiety (state anxiety) in each group. Higher levels of (trait)
anxiety and less attentional control as rated by self-reported questionnaire measures would
be expected to correlate with higher reported levels of anxiety on experience sampling
data, in each group.
(4) There will be no significant difference in CAR between groups, and CAR will correlate
with reported measures of anxiety in each group.
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(5) Cortisol levels for each time point would correlate with reported self-rated emotion, for
each group. Higher cortisol would be expected to correlate with higher anxiety, lower
happiness and higher anger, as a physiological measure of stress.
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2.2

Method

2.2.1 Analysis plan from hypotheses

(1) Explore group differences in reported anxiety across multiple informants
(2) Assess associations between anxiety as rated by multiple informants for each group using
correlational analysis
(3) Explore associations between school specific factors and experience sampling anxiety in
each group, using correlational analysis
(4) Explore correlations between general factors of anxiety (anxiety measured by
questionnaires) and experience sampling emotion in each group
(5) Establish pattern of CAR for each group and association with anxiety measures
(6) Explore correlations of cortisol with questionnaire rated anxiety from multiple informants
and self-reported experience sampling emotions

2.2.2 Participants

2.2.2.1 Inclusion Criteria

Participants were required to be in Years 7-10 (aged 11-15), attending mainstream
secondary school, or special educational needs school. For inclusion in the ASD group,
participants needed a diagnosis of ASD listed on their EHCP. To have a diagnosis of ASD on their
EHCP, participants will have historically been assessed by a Child Psychiatrist or Psychologist,
using the Autism Diagnostic Observation Schedule (ADOS, Lord, Rutter, DiLavore, & Risi, 1999)
and Autism Diagnostic Interview (ADI, Rutter, Le Couteur, & Lord, 2003) and/or clinical
judgement. Participants were required to have English as their first language, due to the number of
written questionnaires to complete. Participants were required to have an IQ level above 70.
All participants were required to show elevated levels of worry at screening, as measured
by the Spence Children’s Anxiety Scale (SCAS) (Generalised anxiety items) (Spence, 1998).
2.2.2.2 Exclusion Criteria

All participants were excluded if, after screening they scored below 8 on the screening
task for worry. Participants in the TD group were excluded if they had a diagnosis of ASD in their
EHCP. TD participants were also excluded if they scored above 30 on the Autism Quotient
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Questionnaire: Adolescent version (AQ-Adol) (Baron-Cohen, 2006). In the TD group, all scores
were < 30 (so no participant was excluded).
Following advice from expert consensus panel guidelines (Stalder et al., 2016), which
suggest case-by-case evaluation and exclusion of participants on glucocorticoid medication or with
endocrine disorders, no participants were excluded.

2.2.3 Screening Procedure
102 typically developing (TD) male pupils were sent opt-out consent forms to their home
address, informing them of the 6-item screening questionnaire they would be asked to complete as
part of a study looking at anxiety in ASD. One parent contacted the school to opt-out of
participation; the remaining 101 pupils completed initial screening.
Adolescents diagnosed with ASD were recruited from three schools in the South of
England, all of which are commissioned to provide specific provisions for pupils with Autism
Spectrum Disorder, within close proximity to each other, in the researcher’s geographical location.
Schools were selected as they had previously been involved in research and expressed a wish to
continue this involvement. Thirty male pupils in Years 7-10 with ASD were identified from a
Special Educational Needs School, and 13 from two mainstream secondary schools. The parents of
these pupils were sent opt-in consent forms, requesting permission for their son to complete the 6item screening questionnaire. Of these 43, 29 returned consent and completed the screening, 12
were not returned, and 2 declined, stating their child was “too anxious”.
Twenty-three (/101; 23%) TD (see below for details) and 16 (/29; 55%) adolescents with
ASD were eligible to take part in the further study (see below). Of the 16 eligible adolescents with
ASD, 12 adolescents and families took part in the final study1. Of the 23 TD pupils identified, 14
agreed to further participation2.
2.2.3.1 Sample characteristics after screening

After screening, the final sample included 12 pupils (M = 13.1 years, SD = 1.24) with
ASD and 14 TD pupils (M = 13.07 years, SD = 1.22). A Mann-Whitney test indicated there were
no significant differences between scores from ASD participants (Mdn = 9.50) and TD
participants (Mdn = 9.50) on the 6-item screening questionnaire (SCAS); U = 73.00, z = -.57, p
= .57. This suggests participants were self-reporting similar levels of worry at initial screening
1

The families of two adolescents with ASD identified as eligible declined further participation. A further two eligible
participants with ASD completed the screening at school after the designated end of data collection date were contacted
to inform them that they had reported elevated anxiety scores but would not be invited to take further part in the study.
Parents were given information about anxiety if they had further concerns.
2
Three pupils declined participation due to personal reasons, two declined as they were moving out of area, and four
could not be contacted by the researcher.
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(mean scores can be seen in Table 5). There was a significant difference in scores on the AQ,
between the ASD group (M = 38.67, SD = 6.98) and the TD group (M = 18.68, SD = 8.62) (t(24)
= 6.42, p < .001; see Table 5).
Participants in each group were matched for age and IQ. An independent t-test showed
there were no significant differences in estimated full-scale IQ between the ASD group (M = 95.00,
SD = 11.59) and TD group (M = 102.07, SD = 8.86); t(24) = 1.76, p = .09). However, the TD
group scored significantly higher on the Vocabulary task (M = 52.57, SD = 5.12), measuring
verbal ability compared with the ASD group (M = 46.59, SD = 6.18); t(24) = 2.70, p = .012. Full
sample characteristics are shown in Table 5.
Four participants reported to taking medication (methylphenidates) for ADHD, and one
participant took anti-rejection medication following a liver transplant. All participants taking
medication orally did so at least one hour prior to or after taking their saliva samples.

2.2.4 Design

The study consisted of an initial screening procedure to identify participants for the main
study. The subsequent main study comprised of 2 parts; the experience sampling component of the
project was a between subjects repeated measures 2 (Typically developing and ASD group) x 5
(measurements across 5 time points) design, comparing emotional responses and associated factors
(i.e., affect, noise, social size) in young people with or without ASD, across 2 consecutive school
days.
2.2.4.1 Screening measures

Anxiety symptoms. The Spence Children’s Anxiety Scale (SCAS) (Spence, 1998) was
used to screen all participants for self-reported symptoms of generalised anxiety disorder (GAD).
This subscale is appropriate for children aged 7 to 16 years and consists of 6 items on which
participants rate the frequency they experience the symptom; never (0), sometimes (1), often (2),
always (3), which yields a total score between 0–18. Pupils scoring 8 or above on the 6 item SCAS
screening task were invited to take part in further measures. Scores above 8 indicate one standard
deviation above the mean score for males aged 8-15 on this measure (Spence, 1998), indicating
higher than average scores of worry.
Cognitive ability. Two subtests of the Wechsler Abbreviated Scale of Intelligence Second
Edition (WASI - II) (Wechsler, 1999) were used to assess cognitive ability. The two subtests
associated with verbal ability and perceptual reasoning (i.e., vocabulary and matrix reasoning)
were completed by the first author (EL) at the adolescent’s home or in school and can be used to
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estimate general cognitive ability via a full-scale IQ score. This short form assessment has good
test-retest reliability, α = .88 (Wechsler, 1999).
Autism traits. In order to ensure that no TD adolescent met criteria for elevated ASD
symptoms, parents of all participants completed the Autism Quotient Questionnaire: Adolescent
version (AQ-Adol) (Baron-Cohen, 2006); a 50-item scale to assess for symptoms of ASD designed
for 12-15-year-olds to assess for traits of autism. Parents rate items by the extent to which they
agree with the statements; definitely agree, slightly agree, slightly disagree and definitely disagree
to generate a score range from 0 to 50 and where scores > 30 are considered to be elevated (BaronCohen, Hoekstra, Knickmeyer, & Wheelwright, 2006). This measure shows good internal
consistency, with Cronbach's α =.79 for the whole scale, with test re-test reliability also being high
(r =.92) (Baron-Cohen et al., 2006). In the current study, the measure also had good internal
consistency (α =.94).
2.2.4.2 Main study Questionnaire Measures

Anxiety symptoms. We used the parent- and self-report versions of the SCAS (Spence,
1998) to measure anxiety symptoms. The current study used the SCAS total score, and this is
made up of sub-scales measuring social phobia, separation anxiety, obsessive/compulsive,
panic/agoraphobia and physical injury fears. Each item requires participants to judge how often
they experience specific symptoms, from: never (0), sometimes (1), often (2) or always (3), and
total anxiety scores range from 0 - 114. Research has found the SCAS to have good convergent
validity and test-re-test reliability (Essau, Sasagawa, Anastassiou-Hadjicharalambous, Guzmán, &
Ollendick, 2011; Spence, Barrett, & Turner, 2003). Self-reported and parent-report internal
consistency is good (αs > .8); Essau et al., 2011; Nauta et al., 2004). Further research has
demonstrated that the SCAS parent version also demonstrated good sensitivity and specificity
when used to assess symptoms of anxiety in a sample with ASD, compared with a standardised
clinical interview (Zainal et al., 2014). Internal consistency in the current study for parent and
adolescent report was very good; α = .95 and .91 respectively.
Anxiety in school. We used the School Anxiety Scale - Teacher Report (SAS-TR) to
measure feelings of anxiety in a school setting. The teacher rates how the child has been over the
last 6 months across 16 items using a Likert scale of 0 to 3 (never = 0, sometimes = 1, often = 2 and
always = 3). Total anxiety scores were calculated (possible score range = 0-48). The psychometric
properties of the SAS-TR were assessed using a large sample of children aged 5-12 and results
suggest good internal reliability (α = .93), along with good convergent and discriminant validity
(Lyneham, Street, Abbott, & Rapee, 2008). The measure in the current study had high internal
consistency, α =.96.
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Anxiety Disorders. The Diagnostic Interview Schedule for Children Version 4 (DISC IV)Anxiety Module, (Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) is a structured interview
assessment appropriate for use with parents of 6-18 year olds, to assess for diagnoses of
psychiatric disorders, using criteria listed in DSM-IV-TR (APA, 2000) and ICD-10 (WHO, 2006).
Questions regarding specific symptoms are followed in a stem/contingent structure by questions
specifying frequency, duration and onset to establish diagnoses. The DISC-IV Anxiety module
contains subsections of various types of anxiety disorders. For this study, we administered the
Generalised Anxiety, Obsessive-Compulsive, Panic disorder, Separation Anxiety, Social Phobia
and Specific Phobia modules. This structured interview was completed by parents, administered
electronically, on an encrypted laptop, using an automatic scoring software, in either the
adolescent's home or school environment and when the young person was not present. Total
number of diagnoses met by each adolescent was recorded, along with total number of symptoms
met across the 6 modules of anxiety disorders. The DISC-IV has been shown to have good testretest reliability in comparison to earlier versions (Shaffer et al., 2000). Previous versions of the
DISC have been shown to have good criterion validity, K = .62 for anxiety disorders (SchwabStone et al., 1996).
Attention Control. We measured adolescents’ ability to shift and focus attention using the
Attentional Control Scale (ACS) (Derryberry & Reed, 2002). This self-reported measure includes
20 items and uses a 4 point Likert scale from 1 = almost never, 2 = sometimes, 3 = often and 4 =
always, to assess symptoms of attentional control (score range = 20-80). Judah, Grant, Mills and
Lechner, (2014), demonstrated the measure to have good validity, correlating with other cognitive
tasks that require attention control, such as switch trial performance tasks, and antisaccade
performance. Higher scores indicate increased ability to control and sustain attention. Internal
consistency in this study was good, with Cronbach's α =.81
Behavioural symptoms. We used the Strengths and Difficulties Questionnaire (SDQ)
(Goodman, 1997) to measure behavioural symptoms in each group. The SDQ is a 25-item
questionnaire that is used to assess symptoms of common psychiatric difficulties in young people
aged 4-17 years. The self-report, parent and teacher report versions were used in this study, asking
participants to rate how true statements are (0 = not true, 1 = somewhat true, 2 = certainly true).
The current study used the internalising difficulties (made up of emotional symptoms and peer
relationship difficulties subscales) scale score. The possible range of scores in each scale is 0 to 20,
with a maximum of 40 for total scores. Total scores between 14-16 (parent), 15-17 (self-report) or
12-15 (teacher) indicate slightly higher/lowered scores. Total scores between 17-19 (parent), 18-19
(self-report) or 16-18 (teacher) indicate high/low behaviours and scores between 20-40 (parent and
self-report) or 19-40 (teacher) suggest very high/very low number of behaviours. The scale has
been found to have good psychometric properties (Goodman, 2001). In the current study,
Cronbach's alphas in the TD group were: parent report α = .67, teacher report α = .66 and self67
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report α = .69, and in the ASD group: parent report α = .65, and above .7 for self and teacher report.
This is similar to reported internal consistency of the measure in other research using similar
populations (Salomone et al., 2014).

2.2.4.3 Experience Sampling

Hewlett Packard iPaq electronic palm-pilot devices were used to collect experience
sampling measures throughout the day and at the same time participants were asked to provide a
cortisol sample (see below). The palm-pilot prompted participants to answer a series of questions
5 times a day (wake, 30 minutes after wake, 11am, 3pm, and 7pm). Questions included a rating of
current emotion, (anxiety, happiness and anger on a sliding scale of 0-10 and where increased
scores indicate more intense emotion). They were also asked to indicate their activity, environment,
noise level and number of other people present (0, 1-5, 6-10 or more than 10). The researcher
demonstrated to each participant and their parent how to use the sliding scale to rate their emotions.
Each emotion scale was accompanied by visual images depicting the varying ends the scale, e.g.
happy/sad faces for ‘happiness’ rating. The researcher also discussed with each participant various
examples of mood states, allowing them to practice rating their emotion on the scale. Participants
were prompted to answer a series of yes/no questions in relation to their saliva sample (e.g. had
they exercised in the last 30 minutes). At the end of each day, participants were prompted to
indicate whether anything unusual had occurred that day, and if so, to detail it in a diary-like entry.
Data was stored on the device as an electronic file.
2.2.4.4 Cortisol measures

Participants provided cortisol samples using Salivette® Code Blue Cortisol sample
collection kits (saliva sampling device, Sarstedt Ltd, Leicester, UK). The researcher demonstrated
to participants and their parents how to collect their sample, by chewing the dental swab for 30
seconds, then returning to the Salivette® plastic container. Participants were instructed not to eat,
drink (other than water), exercise or brush their teeth in the 30 minutes before taking their saliva
sample, as these factors have been suggested to influence cortisol secretion (Clow et al., 2004; Hill
et al., 2008; Rosmond, Holm, & Björntorp, 2000; Stalder et al., 2016). Participants were given
ziplock bags, labelled according to Day 1 or Day 2, each containing 5 Salivette® containers, each
labelled with the time of sample, day, and participant ID number. Participants and parents were
informed of the importance of adhering to sampling at the correct time, using the correct
Salivette®, as variations in actual sampling time from procedural sampling time have been showed
to reduce the accuracy of plotting cortisol patterns, especially the CAR (Stalder et al., 2016).
Participants provided these samples at each time point of the experience sampling, and
were prompted by the electronic palm-pilot device to indicate whether they had taken their sample,
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and whether or not they had eaten, drunk, exercised or brushed their teeth in the 30 minutes before
the sample.
Participants stored their samples in a small pouch, containing the electronic device, for the
duration of the 2 days’ experience sampling procedure. In reviewing CAR procedures, Stalder et al.
(2016) acknowledge that salivary cortisol will remain relatively stable for up to 5 days at room
temperature. Samples were then collected by the researcher the day after the participants
completed the study, and stored in a locked freezer, below -20C. Saliva samples were sent for
analysis of free cortisol levels at the Molecular Biology and Genetics Laboratory, Ruhr-University
Bochum, Germany. Each cortisol assay was analysed twice, to calculate a mean cortisol level for
each sample given.

2.2.5 Procedure

Headteachers from three schools in the South of England gave consent for their school's
participation in this study. Male pupils in a mainstream and secondary schools completed initial
screening as detailed above. Following screening, written consent for participation was obtained
by the researcher from the pupil, their parent and their form tutor. The researcher met with each
participant and their parent, to administer the two items of the WASI-II with the participant,
complete the DISC-IV interview with the parent, the series of questionnaire measures, and outline
the protocol for the experience sampling procedure and cortisol sampling. These sessions took
place at the participant’s home or at school, and lasted between 60-90 minutes.
Participants were visited by the researcher the day prior to commencing the experience
sampling part of the study. The researcher provided the palm-pilot electronic devices and
Salivette® cortisol collection kits, and reiterated procedural instructions with the adolescent and
parent. Each participant completed 2 consecutive school days of experience sampling at five time
points (making a maximum of 10 data points for each participant), including the provision of
saliva samples. The researcher then met with the participant again the day after experience
sampling, to collect the palm-pilot and saliva samples.
Study adherence rates for the experience sampling procedure were 96.9%; out of a
possible 260 data points, data was collected at 252 time points. Two participants (1 ASD, 1 TD)
missed one time sample, one participant with ASD missed two time samples, and one TD
participant missed the first four time samples. Two cortisol samples were unable to be processed;
therefore 0.8% of cortisol data was missing. Completion rate of questionnaire measures from
participants, parents and teachers was 100%, with missing data within questionnaires ranging from
0 - 1.2% and with no one participant having more than 10% of missing data across all
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questionnaires. Due to the equal spread of missing data points across questionnaire measures,
missing data values were replaced with the series mean before scores were calculated.

2.2.6 Ethics

Ethical approval was obtained from the University of Southampton Research Governance
Office, and the Hampshire Research Ethics Committee (IRAS Number 203085).
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2.3

Results

2.3.1 Approach to cortisol analysis

The CAR and area under the curve (AUC) across the five cortisol samples (i.e., the mean
of each time point for each day) were the two main indices of cortisol levels. The CAR was
calculated by subtracting the immediate wake level of cortisol from the 30 minutes after wake
level (Time 2 - Time 1). Preliminary analysis compared the CAR between days and because this
was not significantly different the days were collapsed to provide an overall CAR for each group.
Cortisol measurements for each time point and day were positively skewed and nonnormally distributed, therefore we log transformed the data (base 10) (see Tomarken et al., 2015).
Further analysis showed the log transformed data was normally distributed, so all analyses were
carried out using this data and non-transformed data is reported in tables and figures. Cortisol at
each time point was compared across the two days using a repeated measures ANOVA for 2 Day
(Day 1, Day 2) by 5 Time (wake, 30 minutes +wake, 11am, 3pm, 7pm) repeated for day and time.
As the main effect of Day was non-significant and there was no interaction between Day and time,
the cortisol measures were collapsed for each time point to provide 5 values. AUC was calculated
for the mean sample (Day 1 and 2 combined) across all five time points (figure 4).

71

EXPERIENCE OF ANXIETY IN ASD

Figure 4. Mean AUC for each group, ASD and TD, calculated by combining the average cortisol
levels at each time point across the two days
Normal distribution was assessed separately according to group (TD or ASD) for each
scale used. The majority of data was found to be normally distributed and have homogeneity of
variance. However, teacher-reported data from the SAS-TR, and SDQ (Internalising scale) were
not normally distributed, nor was the total number of diagnoses met on the DISC-IV. The 6-item
SCAS screening questionnaire and self-report experience sampling data scores for anxiety,
happiness, anger and noise were also found not to be normally distributed (in all cases ShapiroWilk <.9, p < .05), therefore non-parametric tests were used. As sample sizes were unequal, when
using parametric tests, pooled variance estimate t-tests were calculated, to account for unequal
sample sizes by weighting each sample's variance. When performing correlational analysis,
Bonferroni corrections were applied to account for performing multiple correlations, by dividing
the significance value (p = .05) by number of analyses run. Correlations reaching statistical
significance without Bonferroni adjustments are also reported, and their interpretation is made
with caution, due to the recognised potential effect of multiple comparisons.
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Table 5:
The mean, SD and range for ASD, TD and total group scores on; age, cognitive ability (IQ and
subscales), self-reported anxiety and school anxiety, parent and teacher reported anxiety symptoms
and self-reported attention
Group

ASD
Mean

TD

SD

Range

Mean

SD

1.24

11.3-15

13.07

1.22

Total
Range

Mean

SD

Range

11.4-

13.08

1.20

11.5-

Sample characteristics
Age

13.10

14.8
Full Scale IQ

95.00

11.59

72-109

102.0

15.0

8.86

84-117

98.81

10.62

72-117

7
Vocabulary

46.58

6.18

36-54

52.57

5.12

44-62

49.81

6.30

36-62

Matrix

47.50

9.57

31-58

50.00

7.55

33-62

48.85

8.46

31-62

GAD screen

10.25

2.92

8-18

11.14

3.25

8-17

10.73

3.08

8-18

Parent

45.20

18.06

15-68

21.05

13.66

3-42

32.20

19.78

3-68

Adolescent

31.30

13.97

6-53

45.53

17.68

18-81

38.96

17.34

6-81

reasoning
SCAS anxiety

SDQ internalising
Parent

14.62

2.90

10-20

6.57

5.01

0-17

10.29

5.79

0-20

Adolescent

9.75

3.91

3-17

7.14

3.03

2-11

8.35

3.64

2-17

Teacher

10.42

4.88

4-17

1.71

2.46

0-8

5.73

5.76

0-17

Other measures
Teacher report

18.89

8.26

10-35

6.38

4.07

0-14

12.15

8.89

0-35

41.71

9.22

21-54

48.38

6.00

36-61

45.30

8.22

21-61

School
anxiety
Self report
Attentional
control

2.3.2 Group differences

Pooled variance t-tests showed that according to the SCAS, parents reported significantly
more symptoms for the ASD group (M = 45.20, SD = 18.06) compared with the TD group (M =
21.05, SD = 13.66; t(24) = 3.88, p <.001. In contrast, the TD group rated themselves as more
anxious (M = 45.53, SD = 17.68) compared with the ASD group (M = 31.30, SD = 13.97), and
this difference was significant (t(24) = 2.25, p = .03) (see table 5).
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Consistent with the SCAS, on the DISC-IV, parents of adolescents with ASD reported
significantly more symptoms of anxiety (M = 26.75, SD = 7.20) than parents of TD adolescents
(M = 15.29, SD = 10.04; t(24) = 3.29, p < .001). The total number of diagnoses met on the DISCIV was significantly lower in the TD group (Mdn = 2.00) than in the ASD group (Mdn = 3.50), U
= 43.00; z = -2.19, p = .03, r = -.43).
Parents reported significantly more internalising difficulties for adolescents with ASD (M
= 14.62, SD = 2.90) than TD peers (M = 6.57, SD = 5.01), t(24) = 4.89, p < .001, see Table 5).
Similarly, teachers rated participants with ASD as having significantly more internalising
difficulties (Mdn = 11.00) than the TD group (Mdn = 0.50); U = 8.00, z = -3.95, p < .001. Teacher
reported School Anxiety for the ASD group (Mdn = 15.50) was also significantly higher than the
TD group (Mdn = 6.00; U = 7.00, z = -3.96, p < .001). However, self-reported symptoms for the
ASD group (M = 9.75, SD = 3.91) and TD group (M = 7.14, SD = 3.03) on the SDQ internalising
scale were not significantly different (t(24) = 1.92, p = .07).
On the self-reported measure of attentional control, the TD group showed significantly
higher scores (M = 48.38, SD = 6.00) than the ASD group (M = 41.71, SD = 9.22); t(24) = 2.20, p
= .04). This suggests that TD pupils reported having higher levels of control over their attention
than their peers with ASD.
2.3.2.1 Experience sampling data3

Average emotion levels were calculated for each participant using their scores for each of
the 10 time points across the 2 days, to give average anxiety, anger/frustration and happiness
scores (possible range = 0 – 10; see Table 6). The Mann Whitney test indicated significantly lower
average level of self-reported anxiety in the ASD group (Mdn = 1.25), compared to the typically
developing group (Mdn = 4.05); U = 16.50, z = -2.87, p = .003). Participants with ASD showed
significantly higher self-reported levels of happiness (Mdn = 7.65) than the TD group (Mdn =
6.10); U = 18.50, z = -2.7, p = .004, and significantly lower levels of anger (Mdn = 0.80) than the
TD group (Mdn = 3.70); U = 18.00, z = -2.77, p = .004.
Additional information related to the context in which emotions were made include noise
levels, activity (structured or unstructured) and number of people in the social group. The average
noise level (possible range = 0-10) was significantly higher for the TD group (Mdn = 2.85),
compared with the ASD group (Mdn = 1.40); U = 19.00, z = -3.34, p < .001).
3

Experience sampling data also assessed compliance with recommended best practice guidelines (Stalder et al., 2016), regarding
refraining from eating or drinking, brushing teeth or exercising in the 30 minutes before taking the salivary cortisol sample. At each
time point, participants were asked to indicate yes/no as to whether they had complied with this advice. Overall, 79% of participants
indicated they had not eaten/drunk anything in the 30 minutes prior to their sample, 91.7% had not exercised, and 95.6% had not
brushed their teeth.
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There was no significant difference in activity (structured or unstructured) between the
groups, U = 7654.5, z = -.57, p = .64 at each time point through the day. There was a significant
difference in social group size between the TD group (Mdn = 2.00) and the ASD group (Mdn =
2.00); U = 6849.00, z = -2.01, p = .04, with ASD adolescents being in significantly larger social
groups than the TD participants (table 6).
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Table 6:
Mean, SD and range for experience sampling data (emotional measures and noise) and CAR, for
ASD (117 data points) and TD groups (135 data points), and frequency responses for activity and
social status from experience sampling
Measure

ASD (n=12)
Mean

SD

TD (n=14)
Range

Mean

SD

(0-10)

Range
(0-10)

Emotional Measures
Anxiety

1.36

1.19

0-3

3.85

1.921

1-7

Positive

7.92

1.17

6-9.80

6.23

1.20

4.50-8.60

Anger

1.15

1.13

0-2.90

3.25

1.32

1.40-5.20

Noise

1.62

0.65

0.67-2.50

2.89

0.93

1.50-4.10

-2.42nmol/l

9.46

-22.31 -

8.04nmol/l

12.20

-7.45 -

Affect

Cortisol
CAR

11.35
AUC

64.80nmol/l

18.49

38.01 -

32.27
76.29nmol/l

31.41

93.75
Activity

Social

117.24

Structured

Unstructured

Structured

Unstructured

27 (23.1%)

90 (76.9%)

27 (20%)

108 (80%)

Alone

Small group

Alone

Small group

Large
group

Status
22 (18.9%)

66 (56.4%)

29

45.90 -

Large
group

39 (28.9%)

(24.8%)

72 (53.3%)

24
(17.8%)

CAR = Cortisol Awakening Response, measuring increasing in cortisol from wake to 30 minutes after wake,
AUC = Area under the curve, measuring total cortisol level in the day. Social Status = Alone (1), Small
group (2), Large group (3). Activity = Structured (1), Unstructured (2)
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2.3.3 Hypothesis (1); Association between multiple informants

Agreement between informants (parent, adolescent and teacher) was generally poor both
within groups and for the two groups collapsed and between questionnaire measures and
experience sampling data, with most correlations between informants being non-significant.
For the ASD group, there was a significant association between self-reported anxiety on
SCAS with total number of anxiety symptoms on the DISC-IV and total diagnoses met on the
DISC-IV, as rated by parents (rs = .64, p < .05; rs = .59, p < .05). This pattern was also replicated
in the TD group; rs = .72, p < .01; rs = .64, p < .05, indicating that in both groups, higher total selfreported anxiety was associated with more parent-reported symptoms of anxiety and diagnoses
met on the DISC-IV.

2.3.4 Hypothesis (2); Association between school specific factors and
anxiety

Data from the experience sampling component of the study was analysed using
correlations to look for associations between reported mood, noise, activity, social status and
cortisol at each specific time point. Associations were explored separately for each group (see
Appendix AB) and for both groups combined (see Table 7). Noise, activity and social status were
not significantly associated with self-reported anxiety, happiness or anger at each time point, from
the experience sampling data for either group. This indicates that these school specific factors were
no more influential in the ASD group than the TD group, as previously hypothesised.
Cortisol level was significantly associated with reported noise level, where lower noise
was associated with higher cortisol levels for both groups. In addition, across both groups higher
cortisol levels were associated with unstructured activity and smaller social groups were associated
with higher cortisol levels (rss >.22, ps <.008, adjusted using Bonferroni corrections to account for
multiple comparisons). Considering associations between contextual factors, the results showed
that higher noise levels were significantly associated with structured activities (such as being in
lesson or playing games) and larger social groups (rss >.33, ps <.008, Bonferroni adjusted), in
both groups.
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Table 7:
Spearman's rho correlations between mood, noise, cortisol, activity and social status from
experience sampling data for both groups. Significant associations are highlighted.
Measure

1

2

3

4

5

6

7

1. Anxiety

-

.66***

-.62***

.23***

-0.02

-0.01

0.06

-

-.55***

.24***

-0.04

0.00

-0.02

-

-.12*

-0.09

-0.04

0.04

-

-.22***

-.26***

.33***

-

.22***

-.20***

-

-.39***

2. Anger
3. Positive
Affect
4. Noise
5. Cortisol
6. Activity
7. Social

-

Status
* p < .05, ** p < .01, *** p < .008 (Bonferroni corrections for multiple comparisons)

2.3.5 Hypothesis (3); Association between individual factors and selfreported experience sampling data

2.3.5.1 ASD

Attention control was negatively associated with mean anger and anxiety ratings from
experience sampling data, indicating higher levels of attentional control were associated with
lower day-to-day anger and anxiety. This association did not meet significance when Bonferroni
adjustments were applied.
2.3.5.2 TD

Total anxiety on SCAS self-report was significantly correlated with mean anxiety ratings
from experience sampling data, suggesting that higher day-to-day anxiety ratings were associated
with anxiety scores on self-report SCAS.
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Attention control was negatively associated with anxiety ratings from experience sampling
data, suggesting those with higher attentional control reported less day-to-day anxiety. Attention
control was positively correlated with positive affect ratings from experience sampling, suggesting
higher attention control was linked to higher happiness (table 9). As with the ASD group, these
associations met statistical significance at p < .05, but did not meet Bonferroni adjusted
significance.

2.3.6 Hypothesis (4); Pattern of CAR and association with anxiety
measures

Analysis exploring CAR between groups highlighted a significant difference in CAR
between the ASD group (M = -2.42, SD = 9.46) and TD group (M = 8.04, SD = 12.20), t(24) =
2.41, p = .02). The TD group displayed a significantly larger CAR than the ASD group.
A two-way repeated measures ANOVA was used to explore effects of group (ASD, TD)
and 5 times of sampling (wake, 30+wake, 11am, 3pm and 7pm) on cortisol levels. Mauchly's test
for sphericity was not significant for the effect of time, χ2(9) = 11.38, p = .25, therefore sphericity
was assumed. There was a significant main effect of time on cortisol levels F(4, 96) = 155.73, p
< .001 (figure 5). Post-hoc tests using the Bonferroni corrections indicate cortisol was significantly
higher at Time 1 (wake) (M = 24.26, SD = 7.97) than at Time 3 (11am) (M = 7.37, SD = 3.64),
Time 4 (3pm) (M = 7.70, SD = 6. 21) or Time 5 (7pm) (M = 3.99, SD = 3.26), but not significantly
higher than Time 2 (30+wake) (M = 27.48, SD = 12.22). Cortisol was also significantly higher at
Time 2 than at Time 3, 4 or 5. Post hoc comparisons also indicate that Time 5 cortisol levels were
significantly lower than Time 3 or 4 levels. There was no significant effect of group (ASD vs TD);
F(1, 24) = 1.07, p = .31, indicating cortisol levels were similar across the groups collapsed across
each time point. There was also no significant group and Time interaction; F (4, 96) = 1.31, p
= .27 (figure 5).
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Figure 5: Estimated marginal mean cortisol levels (nmol/l) at each of the time points, collapsed
across the two days, showing significant effect of time on cortisol levels, but no effect of group
and no group x time interaction.
2.3.6.1 ASD

With respect to associations within groups and the CAR, teacher-reported internalising
difficulties was positively correlated with mean CAR, (rs = .71, p = .009), suggesting more
internalising difficulties were associated with a higher CAR.
2.3.6.2 TD

Scores on teacher-reported internalising difficulties were negatively associated with CAR,
(rs = .66, p = .009), suggesting fewer internalising difficulties were associated with a higher CAR.
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2.3.7 Hypothesis (5); Association of cortisol with experience sampling
data and questionnaire measures

2.3.7.1 ASD

AUC was significantly positively correlated with attention control, and negatively
associated with self-reported total anxiety score on the SCAS, self-reported internalising
difficulties and mean anger scores from experience sampling; indicating higher total levels of
cortisol were associated with higher reported attentional control, lower self-reported anxiety and
lower day to day anger ratings (table 8).
2.3.7.2 TD

There were no significant correlations between cortisol or total AUC and any anxiety
measures.
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Table 8
Correlations between measures for ASD group. Significant correlations are highlighted. Non-parametric correlations are reported in italics for non-normal data
Measure

1

2

3

4

5

6

7

8

9

10

11

-

0.36

.60*

-0.06

0.31

-0.13

0.47

-0.40

0.50

0.34

-0.36

-

0.24

.67*

0.32

-.64*

.64*

-0.48

0.55

0.21

-0.84***

-

0.28

0.30

-.11

-0.00

-0.16

0.09

0.52

-0.17

-

-0.04

-0.30

0.15

-0.13

0.15

-0.06

-0.43

-

-.24

-0.00

-0.18

-0.04

0.71**

-0.43

-.73*

0.57

-0.66*

-0.35

0.87***

0.84***

0.22

-0.79**

-0.70*

-0.45

0.60

-

0.26

-0.76**

-

-0.30

Anxiety
1. SCAS Parent
2. SCAS Child
3. SDQ Internalising scale - Parent
4. SDQ Internalising scale -Self-report
5. SDQ Internalising scale -Teacher
Attention
6. ACS
Experience Sampling
7. Mean anxiety
8. Mean happiness
9. Mean anger

-

**

-.80*
-

Cortisol
10. Mean CAR
11. Mean AUC

-

* p < .05, ** p < .01, *** p < .005 (Bonferroni adjustment for multiple comparisons)
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Table 9:
Correlations between measures for TD group. Significant correlations are highlighted. Non-parametric correlations are reported in italics for non-normal data
Measure

1

2

3

4

5

6

7

8

9

10

11

-

0.48

0.83***

0.52

0.08

-0.18

0.02

0.02

-0.04

-0.01

0.21

-

0.44

0.87***

-0.11

-0.47

.72**

-0.40

0.38

0.10

0.07

-

0.51

0.06

-0.22

0.20

-0.19

-0.00

-0.19

0.08

-0.35

-0.42

.71

**

-0.46

0.47

0.21

0.25

-

0.32

-0.10

-0.00

-0.10

-0.66**

-0.41

-

-.73**

.62*

-0.42

-0.05

-0.39

-

-.76**

0.79***

-0.02

-0.03

-

-0.87***

-0.01

0.17

-

0.10

-0.30

-

0.60*

Anxiety
1. SCAS Parent
2. SCAS Child
3. SDQ Internalising scale - Parent
4. SDQ Internalising scale -Self-report

-

5. SDQ Internalising scale -Teacher
Attention
6. ACS
Experience Sampling
7. Mean anxiety
8. Mean happiness
9. Mean anger

*

Cortisol
10. Mean CAR
11. Mean AUC

-

* p < .05, ** p < .01, *** p < .005 (Bonferroni adjustment for multiple comparisons)
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2.4 Discussion
2.4.1

Summary of findings

This study aimed to develop a more comprehensive understanding of the CAR in
adolescents with ASD, compared to their typically developing peers, and explored factors that may
be associated with this response (i.e. reported affect, social group and activity). We explored
whether CAR and cortisol levels were associated with multiple informants reports of anxiety.
Furthermore, we hoped to develop a wider understanding of self-reported affect across the school
day, using experience sampling methods, and whether this was associated with cortisol levels. The
study explored whether school specific factors (e.g. group work) or more general factors (e.g.
attentional control) were associated with affect in each group.
The findings suggested that this group of adolescents with ASD did not show the same
pattern of CAR as the TD group. The TD group displayed the expected pattern of increase in
cortisol 30 minutes after waking (Pruessner et al., 1997), however, the ASD group showed a
significantly flattened CAR in comparison. This is in contrast to the findings of the meta-analysis
in Chapter 1 and based on existing findings, but does support findings from other similar studies
that have suggested an absence of CAR in ASD populations (Brosnan et al., 2009).
Findings of a flattened CAR in the ASD group may support previous research suggesting
chronic stress and anxiety is associated with a reduced CAR (Chida & Steptoe, 2009). Using
models of anxiety in ASD (Boulter et al., 2014; Wood & Gadow, 2010), it could be conceptualised
that stable, trait factors associated with the pathway to anxiety in ASD, such as rigid thought,
social confusion, and sensory difficulties, lead to chronic vulnerability and experience of anxiety,
as people with ASD may always experience these ASD-related stressors, given the
neurodevelopmental nature of the disorder. This is also consistent with previous research that
indicates trait anxiety was negatively associated with a peak in CAR (Walker et al., 2011).
Whilst the study found significant differences in CAR between the groups, there was no
significant difference in AUC; the total volume of cortisol released by an individual each day. This
suggests that both groups experienced the same overall levels of physiological arousal. This
contrasts to the experience sampling data which showed significantly higher levels of self-reported
negative affect for the TD group. These findings could support previous research suggesting
participants with ASD have difficulties recognising and interpreting their own emotions (Hill et al.,
2004), as the difference in experience sampling data but not overall cortisol levels could represent
deficits in recognising the body's emotional experience of anxiety. However, there may have been
alternative sources of physiological arousal for participants. It may have been that other factors,
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such as exposures to stressors at times other than the specified sampling time, led to an increase in
cortisol, which could be reflected in participants samples but might not link with their rated
anxiety.
AUC, whilst not being significantly different between the groups, was significantly
correlated with self-reported anxiety on the SCAS and on the experience sampling data, with
higher AUC associated with lower anxiety reports, only in the ASD group. This is the opposite of
what might be expected, as AUC represents total cortisol levels in the day, and with cortisol being
a stress hormone, one would expect higher levels to be associated with higher stress.
In both groups, experience sampling reports of anxiety did not correlate with cortisol
levels at the same time point. Experience sampling levels of anxiety did however significantly
correlate with social status in the TD group, suggesting that higher anxiety was associated with
bigger group sizes. This pattern was not true for the ASD group, which might have been expected,
given the conceptualisation of anxiety in ASD incorporating IU and the prediction that greater
social size might lead to more unpredictable social situations and therefore increase the likelihood
of anxiety (Boulter et al., 2014).
For both groups, the experience sampling data suggests higher cortisol levels were
associated with lower noise, unstructured activity and large group sizes. It was anticipated, given
the Wood & Gadow (2010) model, that these 3 factors would be specifically associated with
anxiety in the ASD group, and therefore associations in both groups suggests these factors may not
have affected anxiety in ASD more than they did in the TD group. Noise, which could contribute
to sensory difficulties in ASD, was not associated with felt negative affect in the ASD, but was
significantly correlated with it in TD group. The finding that higher noise levels were associated
with lower cortisol levels is somewhat unexpected, as, especially in the ASD group, it would be
expected that higher noise may lead to more sensory difficulties, which may lead to higher stress
and therefore higher cortisol levels. More research is needed to explore the relationship between
noise and cortisol. One hypothesis may be that higher cortisol levels were found in the morning, as
expected by the diurnal rhythm, and this would also be the time when participants were at home/in
bed and therefore noise levels were reduced in comparison to later time samples where noise is
higher due to school environment, but cortisol is lower. However, noise was measured subjectively,
and individuals will vary in their sensitivity and rating of noise. Therefore, differences in noise
may not reflect actual variation in noise level, which would need to be measured objectively,
before conclusions regarding noise and its association with cortisol could be drawn.
Data from the experience sampling procedure does not indicate any school-specific factors
that were associated with anxiety in ASD, but instead suggested larger group size, higher noise
levels and unstructured activities were associated with higher anxiety in the TD group.
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Whilst there were no significant differences in estimated overall cognitive ability, the ASD
participants had significantly lower verbal ability than the TD group. Increased verbal ability has
previously been positively correlated to higher self-reported anxiety symptoms (Grondhuis &
Aman, 2012). Having lower verbal ability in the ASD group may have led to difficulties
understanding the questionnaire and experience sampling questions fully. This may explain the
significantly lower levels of anxiety self-reported by the ASD group compared to their peers,
across both questionnaire and experience sampling methods. This also makes it hard to draw
conclusions on the lack of school-specific factors found to be associated with anxiety in ASD
which one might expect (Boulter et al., 2014; Wood & Gadow, 2010).
Results show that for both groups, self-reported total anxiety on SCAS was positively
associated with number of anxiety symptoms reported on the DISC-IV by parents, which may
indicate that the semi-structured interview with parents is a useful way of measuring anxiety in
both populations. However, aside from this, agreement between multiple informants was poor. The
study consistently found that parent and teacher reports of anxiety in ASD were higher than the
adolescents' ratings of their own anxiety. In reversal, the TD group rated themselves higher for
anxiety across questionnaire and experience sampling measures. These informant discrepancies are
consistent with current literature regarding multiple informants (De Los Reyes & Kazdin, 2005).
The contrasting pattern of rated anxiety symptoms between the ASD and TD group may be
conceptualised by De Los Reyes and Kazdin's (2005) Attribution Bias Context Model, which
suggests that the informant's perspective and attribution of the behaviour will influence their report.
As awareness of one's own psychological state is commonly impaired in ASD (Williams, 2010),
the tendency for parents and teachers to report higher anxiety symptoms than the individual
themselves might reflect this difficulty. Similarly, in the TD group, their own perspective and
ability to recognise their own internal emotional state may have led to higher self-report of anxiety,
and supports research findings that internalising disorders, being less observable in terms of
behaviour, may produce higher multiple informant discrepancies (De Los Reyes & Kazdin, 2005;
Smith, 2007). Our results are consistent with Smith (2007), who predicted that for TD adolescents
with internalising disorders, the best source of informant would be the adolescent themselves, then
parent and teacher. Our findings, potentially indicating under-reporting of anxiety symptoms by
adolescents with ASD are consistent with previous research by White, Schry and Maddox (2012)
who found that adolescents with ASD under-reported symptoms of anxiety compared to parent and
clinician report.
Whilst the discrepancies in informant report of anxiety symptoms in both groups are
consistent with previous research, it is crucial to consider the lack of validated measures for
assessing anxiety in ASD (MacNeil et al., 2009). Lower self-reported symptoms of anxiety in the
ASD group may reflect our use of questionnaire measures designed for the general population.
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Previous reviewers summarise current literature regarding the role of attentional control in
the disposition to anxiety (Hadwin et al., 2016). This review highlights consistent findings of
higher attentional control being associated with lower levels of anxiety or vulnerability to anxiety,
which was replicated in our study, in both groups.

2.4.2

Methodological limitations

The experience sampling procedure relied on participants and their families reporting what
time they awoke on average in the mornings, so that the devices used could be pre-programmed to
alarm at this time for each participant. Whilst this ensures the procedure was individualised for
participant's personal sleep/wake cycle, it relies on participants waking at the time they stated. If
participants woke naturally before their alarm, this would initiate the CAR, and therefore samples
taken at recorded 'wake' time, may instead reflect the already rising levels of cortisol. Errors in
recorded wake time and natural wake time have been reported to affect reliability of CAR data
(Stalder et al., 2016); delays in immediate wake sampling can significantly reduce the estimate of
the CAR. In future, research procedures should seek to use devices that allow participants to input
measures manually as soon as they wake each morning, rather than specified alarm wake time.
Whilst having an all-male sample restricts the findings' generalisability to the wider
population, our findings of a flattened CAR do support findings from research involving a female
sample of adolescents with ASD who also showed a dysregulated CAR and HPA-axis activity
(Sharpley, Bitsika, Andronicos, & Agnew, 2016). However, more research is needed with larger
mixed gender samples, as the evidence is still tentative and mixed regarding the exact pattern of
the CAR in ASD.
A further limitation is the potential for the experience sampling and cortisol sampling
procedures to have raised the participant's anxiety, as they were completing measures in school,
where they could potentially be observed by peers. By completing measures in school, this may
have led to fears of social evaluation, known to contribute to the experience of social anxiety
(Clark & Wells, 1995).

2.4.3

Future Research

Future research should include a controlled comparison group without anxiety, for each
group (TD and ASD) to compare the pattern of the CAR, to draw firmer conclusion about the
applicability of the pattern of CAR seen in our groups. This would help understand the
proportionate flattening of the CAR in our ASD group when compared to a non-anxious
population, to explore whether presence of anxiety altered the CAR in this group compared to a
non-anxious group.
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Research should also look to assess the chronicity of anxiety symptoms from a
developmental perspective, to assess for differences between groups in history and stability of
anxiety symptoms. This is needed before conclusions can be drawn from potential hypotheses
regarding the chronicity of ASD-related stressors linked to the development of anxiety, and their
link with potentially attenuated CAR due to this chronic exposure to stress (Chida & Steptoe, 2009;
Fries et al., 2009).
Research could also consider assessing levels of parental anxiety, exploring whether this is
associated with reported anxiety in their children, given the pivotal role parenting is thought to
play in conceptualisations of the development of anxiety (Murray et al., 2009). It would be helpful
to explore whether differences in parental levels of anxiety might mediate anxiety differences
reported by parents of participants, seen between the groups in our sample, or whether this differs
according to child diagnosis (ASD or not).
In addition, future research should also consider the differences between DSM-IV-TR
(APA, 2000) and DSM 5 (APA, 2013) in the categorisation of anxiety disorders. DSM 5 no longer
categorises OCD or PTSD as anxiety disorders, therefore future research needs to utilise new
measures that reflect this, as more generalised measures such as the SCAS include indices of OCD,
which would no longer contribute to total scores of anxiety, according to DSM 5 (APA, 2013).
Changes to the classification of SAD should also be taken into consideration, as symptoms now
must be present for at least 6 months in groups of all ages, whereas previously in children presence
of symptoms was required for 4 weeks. This may reduce frequency of participants meeting SAD
criteria in future research studies.

2.4.4

Clinical implications

Our findings that there were no school-specific factors associated with anxiety in the ASD
group may suggest that interventions used for anxiety in TD populations could be as beneficial for
this group, as the study would suggest there were no significant differences in factors in the school
day that influenced anxiety. This is useful in identifying appropriate treatment interventions, as
school based CBT interventions are already beginning to demonstrate effectiveness in reducing
symptoms of anxiety in young people with ASD (Luxford, Hadwin, & Kovshoff, 2016).
The findings that the TD group report significantly higher levels of anxiety when using
self-report measures than are reported by their parents or teachers is worth considering for clinical
practice. It may indicate that choice of informant for anxiety symptoms may depend on diagnosis,
and that more screening using self-report measures in the TD population may be needed to identify
a potential group of pupils with anxiety symptoms that are being missed.
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Our findings, potentially indicate the under-reporting of anxiety symptoms by adolescents
with ASD and highlight the need for focused work in schools regarding emotion recognition and
emotional literacy, given that research suggests recognition and interpretation of self-emotion may
be impaired in this population (Hill, Berthoz, & Frith, 2004). Our finding that AUC was
comparable across groups may suggest that overall physiological stress levels were similar across
groups, but intervention may be most useful when focused on helping aid recognition of stress and
anxiety in the ASD population.
The findings of higher internalising difficulties, according to parent/teacher report SDQ
for the ASD group could indicate that clinically, this group could be more at risk of other
psychiatric disorders, in addition to showing signs of anxiety. This needs to be taken into account
when planning effective interventions, to consider the effects of co-morbid psychiatric symptoms
on overall anxiety severity and intervention effectiveness. In addition, Wood & Gadow (2010)
argue that increases in anxiety symptoms increases severity of ASD symptoms, and it may be that
this in turn leads to an increase in ASD related difficulties and behaviours that may be categorised
as externalising difficulties (e.g. restless, hyperactivity) when measured on standardised
questionnaires designed for typically developing populations. This further highlights the
importance of researching validated measures specifically designed for people with ASD.

2.4.5

Conclusion

This study utilised multiple informants and multiple methods of assessment
(questionnaires, interviews, experience sampling and physiological measures) to develop a broader
understanding of the experience of anxiety in adolescents with ASD, in comparison to a typically
developing matched control group. The study highlights ongoing difficulties in the accurate
assessment of anxiety in the general population as well as in ASD, with mixed patterns of
discrepancies between informants according to diagnoses. The study also highlights the need for
extended research into the CAR in ASD populations in relation to chronicity of anxiety, and in
comparison to a non-anxious population.
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Appendix A: Data extraction table template

Category

Information

Study Title
Authors
Country
Date Published
Study objective
Study design
Control Participants
ASD participants
Age range (and Means)
Inclusion criteria
Exclusion Criteria
ASD diagnosis
Duration of cortisol collection
Exclusion from data analysis
Total number of participants
Number of cortisol samples
Time of cortisol samples
How was CAR calculated
Validity of instructions used for cortisol
Data analysis
Differences in sampling times
Control group mean wake cortisol
ASD wake mean cortisol
Control CAR peak cortisol
ASD 30+ cortisol
Control CAR
ASD CAR
Difference in CAR between groups
Proportion showing CAR
Number of missing samples
Confounding variables controlled for
Possibility of compliance issues
External validity
Selection bias
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Appendix B: Studies excluded from meta-analysis, after meta-analysis inclusion
criteria applied, then subsequent exclusion criteria applied to 15 papers from initial
search

Reference

Reason for exclusion

Marinović-Ćurin, J., Marinović-Terzić, I., Bujas-

Contact with author requesting specific CAR

Petković, Z., Zekan, L., Škrabić, V., Đogaš, Z., & Terzić,

data unsuccessful

J. (2007). Slower cortisol response during ACTH
stimulation test in autistic children. European Child &
Adolescent Psychiatry, 17(1), 39–43.
https://doi.org/10.1007/s00787-007-0632-1
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Appendix C: Table of Studies excluded from systematic review

Reference
Hoshino, Y., Yokoyama, F., Watanabe, M., Murata, S.,
Kaneko, M., & Kumashiro, H. (1987). The diurnal variation
and response to dexamethasone suppression test of saliva
cortisol level in autistic children. Psychiatry and Clinical
Neurosciences, 41(2), 227-235.
Taylor, J. L., & Corbett, B. A. (2014). A review of rhythm and
responsiveness of cortisol in individuals with autism spectrum
disorders. Psychoneuroendocrinology, 49, 207–228.
https://doi.org/10.1016/j.psyneuen.2014.07.015
Corbett, B. A., & Schupp, C. W. (2013). Comprehensive
Investigation of the Cortisol Awakening Response in Children
with Autism. Biological Psychiatry, 73(9), 96S–97S. Meeting
Abstract: 298. Conference Presentation: 68th Annual Scientific
Meeting of the Society-of-Biological-Psychiatry. Location:
San Francisco, CA. MAY 16-18, 2013

Reason for exclusion
No further information available. Contact
with authors not successful

Ocklenburg, S., Korte, S. M., Peterburs, J., Wolf, O. T.,
& Gunturkun, O. (2016). Stress and laterality - The

Not ASD population

Review paper presenting multiple studies

Conference presentation title. Data later
published in Corbett & Schupp 2014,
included in the systematic review

comparative perspective. Physiology & Behavior, 164, 321–
329. https://doi.org/10.1016/j.physbeh.2016.06.020

Gustafsson, P. A., Gustafsson, P. E., Anckarsäter, H.,
Lichtenstein, P., Ljung, T., Nelson, N., & Larsson, H.
(2011). Heritability of cortisol regulation in children. Twin

Not ASD population

Research and Human Genetics, 14(6), 553–561.
https://doi.org/10.1375/twin.14.6.553
Fung, L. K. (2016). Cortisol in individuals with autism
spectrum disorder: Meta-analysis and systematic review.
Journal of the American Academy of Child and Adolescent
Psychiatry, 55 , Issue 10 , S325
https://doi.org/10.1016/j.jaac.2016.07.367

Conference presentation title and review
presentation

Kidd, S. A. (2012). Sleep and cortisol in preschool-aged
children with autism and typically developing children.
ProQuest Information & Learning, US.

Dissertation abstract - data published in
Kidd et al. (2012), included in systematic
review
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Appendix D: Research Protocol for Ethics application
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Appendix E: NHS NRES REC approval letter

103

EXPERIENCE OF ANXIETY IN ASD

104

EXPERIENCE OF ANXIETY IN ASD

105

EXPERIENCE OF ANXIETY IN ASD

106

EXPERIENCE OF ANXIETY IN ASD

Appendix F: Headteacher consent form
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Appendix G: Headteacher letter sent out with consent to parents
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Appendix H: Opt-out consent form for initial screening

109

EXPERIENCE OF ANXIETY IN ASD

Appendix I: Opt-in consent form for screening, for ASD participants
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Appendix J: Parent information and consent form
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Appendix K: Young person's information and consent form (11-13 years)

115

EXPERIENCE OF ANXIETY IN ASD

116

EXPERIENCE OF ANXIETY IN ASD

117

EXPERIENCE OF ANXIETY IN ASD

118

EXPERIENCE OF ANXIETY IN ASD

119

EXPERIENCE OF ANXIETY IN ASD

Appendix L: Young person's information and consent form (14-15 years)
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Appendix M: Teacher information and consent form
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Appendix N: Anxiety information sheet given to parents of children scoring highly
for worry at screening
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Appendix O:6 items from Spence Anxiety Scale, used for screening
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Appendix P: Autism Quotient Questionnaire
The Adolescent Autism Spectrum Quotient (AQ)
Ages 12-15 years
SPECIMEN, FOR RESEARCH USE ONLY.
For full details, please see:
S. Baron-Cohen, R. Hoekstra, R. Knickmeyer, S. Wheelwright, (2006)
The Autism Spectrum Quotient (AQ) – Adolescent Version
Journal of Autism and Developmental Disorders.

Name:...........................................
Date of birth:...................................

Sex:...........................................
Today’s Date.................................

How to fill out the questionnaire
Below is a list of statements about your child. Please read each statement very carefully
and rate how strongly you agree or disagree by selecting the appropriate option opposite
each question.
DO NOT MISS ANY STATEMENT OUT.
Examples
E1. S/he is willing to take risks.

definitel slightly slightly definitel
y
y
agree disagree
agree
disagree

E2. S/he likes playing board games.

definitel slightly slightly definitel
y
y
agree disagree
agree
disagree

E3. S/he finds learning to play musical
instruments easy.

definitel slightly slightly definitel
y
y
agree disagree
agree
disagree

E4. S/he is fascinated by other cultures.

definitel slightly slightly definitel
y
y
agree disagree
agree
disagree
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Definitely
Agree

Slightly Slightly
Agree Disagree

Definitely
Disagree

1. S/he prefers to do things with others rather
than on her/his own.
2. S/he prefers to do things the same way over
and over again.
3. If s/he tries to imagine something, s/he finds it
very easy to create a picture in her/his mind.
4. S/he frequently gets so strongly absorbed in
one thing that s/he loses sight of other things.
5. S/he often notices small sounds when others do
not.
6. S/he usually notices car number plates or
similar strings of information.
7. Other people frequently tell her/him that what
s/he has said is impolite, even though s/he
thinks it is polite.
8. When s/he is reading a story, s/he can easily
imagine what the characters might look like.
9. S/he is fascinated by dates.
10. In a social group, s/he can easily keep track of
several different people’s conversations.
11. S/he finds social situations easy.
12. S/he tends to notice details that others do not.
13. S/he would rather go to a library than a party.
14. S/he finds making up stories easy.
15. S/he finds her/himself drawn more strongly to
people than to things.
16. S/he tends to have very strong interests, which
s/he gets upset about if s/he can’t pursue.
17. S/he enjoys social chit-chat.
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Definitely
Agree

Slightly Slightly
Agree Disagree

Definitely
Disagree

18. When s/he talks, it isn’t always easy for others
to get a word in edgeways.
19. S/he is fascinated by numbers.
20. When s/he is reading a story, s/he finds it
difficult to work out the characters’ intentions.
21. S/he doesn’t particularly enjoy reading fiction.
22. S/he finds it hard to make new friends.
23. S/he notices patterns in things all the time.
24. S/he would rather go to the theatre than a
museum.
25. It does not upset him/her if his/her daily
routine is disturbed.
26. S/he frequently finds that s/he doesn’t know
how to keep a conversation going.
27. S/he finds it easy to “read between the lines”
when someone is talking to her/him.
28. S/he usually concentrates more on the whole
picture, rather than the small details.
29. S/he is not very good at remembering phone
numbers.
30. S/he doesn’t usually notice small changes in a
situation, or a person’s appearance.
31. S/he knows how to tell if someone listening to
him/her is getting bored.
32. S/he finds it easy to do more than one thing at
once.
33. When s/he talks on the phone, s/he is not sure
when it’s her/his turn to speak.
34. S/he enjoys doing things spontaneously.
35. S/he is often the last to understand the point of
a joke.
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Definitely
Agree

Slightly Slightly
Agree Disagree

Definitely
Disagree

36. S/he finds it easy to work out what someone is
thinking or feeling just by looking at their face.
37. If there is an interruption, s/he can switch back
to what s/he was doing very quickly.
38. S/he is good at social chit-chat.
39. People often tell her/him that s/he keeps going
on and on about the same thing.
40. When s/he was younger, s/he used to enjoy
playing games involving pretending with other
children.
41. S/he likes to collect information about
categories of things (e.g. types of car, types of
bird, types of train, types of plant, etc.).
42. S/he finds it difficult to imagine what it would
be like to be someone else.
43. S/he likes to plan any activities s/he
participates in carefully.
44. S/he enjoys social occasions.
45. S/he finds it difficult to work out people’s
intentions.
46. New situations make him/her anxious.
47. S/he enjoys meeting new people.
48. S/he is a good diplomat.
49. S/he is not very good at remembering people’s
date of birth.
50. S/he finds it very to easy to play games with
children that involve pretending.
 MRC-SBC/SJW Feb 1998
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Appendix Q: Spence Children's Anxiety Scale - Self-report
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Appendix R: Strengths and Difficulties Questionnaire - Self-report
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Appendix S: School Anxiety Scale - Teacher report (SAS-TR)
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Appendix T: Attentional Control Scale (ACS)
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Appendix U: Palm-pilot questions

1. Please take your saliva sample.
2. Out of 10 with 10 being the most and 1 being the least, how worried or concerned
are you feeling right now?
1

2

3

4

5

6

7

8

9

10

3. Out of 10 with 10 being the most and 1 being the least, how happy are you feeling
right now?
1

2

3

4

5

6

7

8

9

10

4. Out of 10 with 10 being the most and 1 being the least, how angry or frustrated are
you feeling right now?
1

2

3

4

5

6

7

8

9

10

5. Out of 10 with 10 being the most and 1 being the least, rate how noisy it is right
now?
1

2

6.













3

4

5

6

7

8

9

10

What are you doing at the moment?
In lesson
Break time
Lunch time
In between lessons
At home
Travelling
Outside
In bedroom
Eating dinner
Watching TV
Playing games
Other

3a. (if in lesson) What lesson are you in?








English
Maths
Science
Geography
History
Art
Drama
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Music
P.E

3b (if in lesson) Are you working alone or in a group?
Alone

In a group

7. How many people are with you?
I’m alone

0-5

5-10

over 10

8. Who are you with?
- Family
- Friends
- Teachers
- Nobody
- People I don't like
9. Have you done any exercise in the last 30 minutes?
Yes

No

10. Have you eaten any food or drank anything in the last 30 minutes?
Yes

No

10. Have you brushed your teeth in the last 30 minutes?
Yes

No

11. Have you taken your saliva sample?
Yes

No

End of the day prompt:
Has anything unusual happened during the day?
Yes

No

If yes, please describe what happened:
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Appendix V: Power Calculation for sample size
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Appendix W: Compliance data for experience sampling procedure

Food/Drink 30

ASD (120 possible data

TD (140 possible data

Total

points, 3 missing)

points, 5 missing)

Yes (%)

No (%)

Yes (%)

No (%)

Yes (%)

No (%)

17 (14.5%)

100 (85.5%)

36 (26.7%)

99 (73.3%)

53 (21%)

199 (79%)

11 (9.4%)

106 (90.6%)

10 (7.4%)

125 (92.6%)

21 (8.3%)

231 (91.7%)

4 (3.4%)

113 (96.6%)

7 (5.2%)

128 (94.8%)

11 (4.4%)

241 (95.6%)

mins before
sample?
Exercise 30
mins before
sample?
Brushed teeth
30 mins before
sample?
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Appendix X: Proportion of participants meeting clinical cut off on questionnaire
measures, and cut off points required

SCAS: Percentage meeting cut off (to indicate elevated anxiety: above 84th percentile), (Spence,
n.d)
Parent Total SCAS cut off = above 23 (based on T-scores)
Self-report Total SCAS cut off = above 32 (based on T-scores)
Separation Anxiety Parent cut off: >4, and Self Report cut off: >3
Social Anxiety Parent cut off: >6, Self Report cut off: >7
Panic Parent cut off: >1, Self Report cut off: > 4
Physical Injury parent cut off: > 4, Self Report cut off: >3
OCD parent cut off: >1, Self Report cut off > 6
GAD parent cut off: > 4, Self Report cut off > 8
Percentage of participants showing elevated levels of anxiety, according to t-scores on
SCAS
TD
ASD
Total
Parent
Self
Parent
Self
Parent
Self
report
report
report
report
report
report
Separation
42.8%
71.4%
83.3%
75%
61.5%
73.0%
anxiety
Social Anx
21.4%
71.4%
83.3%
16.6%
50%
46.1%
Panic
57.1%
71.4%
91.6%
33.3%
73.0%
53.8%
Physical
35.7%
85.7%
50%
58.3%
42.3%
73.0%
Injury
OCD
42.8%
50%
83.3%
33.3%
61.5%
42.3%
GAD
42.8%
50%
100%
33.3%
69.2%
42.3%
Total SCAS 50%
78.5%
91.6%
50%
73.0%
65.3%
score
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SDQ cut offs (YouthinMind, 2016)
Percentage of participants meeting criteria for significant difficulties on SDQ (Abnormal or High levels)
TD
ASD
Total
Parent Self
Teacher Parent Self
Teacher Parent Self
Teacher
report
report
report
report
report
report
report
report
report
Total
35.7% 21.4% 7.1%
100%
50%
66.6%
65.3% 34.6% 34.6%
difficulties
Emotional
35.7% 21.4% 0%
83.3% 41.6% 41.6%
57.6% 30.7% 19.2%
problems
Conduct
21.4% 7.1%
0%
58.3% 25%
41.6%
38.4% 15.3% 19.2%
problems
Hyperactivity
14.2% 28.5% 21.4%
83.3% 50%
50%
46.1% 38.4% 34.6%
Peer problems 28.5% 7.1%
7.1%
100%
16.6% 66.6%
61.5% 11.5% 34.6%
Prosocial
14.2% 0%
7.1%
41.6% 16.6% 33.3%
26.9% 7.6%
19.2%

DISC: Cut off applied using automatic scoring software (C-DISC 4)
Diagnosis
Separation Anxiety
Social Anxiety
Panic
Specific Phobia
OCD
Generalised
Anxiety
Meeting 1 diagnosis
Meeting 2
Meeting 3
Meeting 4

Percentage meeting criteria
TD
ASD
28.5%
58.3%
50%
66.6%
14.2%
0%
64.2%
75%
21.4%
50%
21.4%
58.3%

Total
42.3%
57.6%
7.6%
69.2%
34.6%
38.4%

35.7%
35.7%
14.2%
14.2%

23.0%
30.7%
15.3%
30.7%

8.3%
25%
16.6%
50%
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SAS-TR cut off:
Scores of 8 and more on the social anxiety, 10 or more on the generalized anxiety, and 17 or more
on the total anxiety is considered to represent high anxious condition (Lyneham, Street, Abbott, &
Rapee, 2008).
Scale
Generalised Anxiety
Social Anxiety
Total score

TD
0%
7.1%
0%

ASD
83.3%
16.6%
41.6%

Total
38.4%
11.5%
19.2%
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Appendix Y: Pattern of each individual's cortisol levels, averaged for each time point
across the two days

102

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

101

Wake

30+ 11am
Wake

3pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

7pm

Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+ 11am
Wake

3pm

7pm

Wake

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

7pm

30+
Wake

11am

3pm

7pm

3pm

7pm

106

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
30+ 11am
Wake

3pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

105

Wake

11am

104
Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

103

30+
Wake

3pm

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+
Wake

11am
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108

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

107

Wake

30+ 11am
Wake

3pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

7pm

Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+ 11am
Wake

3pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

7pm

Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
30+ 11am
Wake

30+ 11am 3pm
Wake

7pm

112
Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

111

Wake

7pm

110
Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

109

30+ 11am 3pm
Wake

3pm

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+ 11am 3pm
Wake

7pm
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114

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

113

Wake

30+ 11am 3pm
Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+ 11am 3pm
Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

7pm

Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
30+ 11am 3pm
Wake

30+ 11am 3pm
Wake

7pm

205
Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

203

Wake

7pm

202
Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

201

30+ 11am 3pm
Wake

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+ 11am 3pm
Wake

7pm
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207

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

206

Wake

30+ 11am 3pm
Wake

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake

30+ 11am 3pm
Wake

Wake

7pm

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)
7pm

Wake

Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

7pm

30+ 11am
Wake

3pm

7pm

213

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
30+ 11am 3pm
Wake

3pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

212

Wake

30+ 11am
Wake

211

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
30+ 11am 3pm
Wake

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

210

Wake

3pm

209
Cortiosl nmol/l (Log10)

Cortiosl nmol/l (Log10)

208

30+ 11am
Wake

7pm

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Wake 30+ 11am 3pm
Wake

7pm
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Appendix Z: Cortisol data calculations and transformations

Each participant provided a sample for each of the 10 time points (5 per day for 2 days).
Each sample was analysed at the laboratory in Germany to give two values for each
sample. This was then averaged to give a mean cortisol level for each sample.
As there was no significant difference in cortisol levels between the two days, an average
for each time point was calculated from the mean of the time point for each day. This gave
5 cortisol values for each participant, 1 for each time point, averaged across the two days.
To calculate the CAR, cortisol values at time point 1 (Wake) were subtracted from cortisol
values at time point 2 (30 + wake), to give a value of cortisol change from Time 1 to Time
2. To calculate AUC, average values for each time point were added together (Time 1 + 2
+ 3 + 4 + 5) to give a total value of cortisol released in the day. As there was no significant
difference in cortisol values across the day, this too was calculated using the average of
each time point across the two days. As AUC variable was not normally distributed, AUC
values were then log transformed (base 10) when used in further analysis. Raw mean data
for AUC is reported in tables.
When assessing correlations in the experience sampling data with cortisol levels and
emotions, noise and other factors (social status, activity), log transformed values of
cortisol were used in this analysis, as cortisol for each time point were not normally
distributed.
When assessing interactions between time and cortisol between groups, raw mean data for
each time point was calculated across the two days, then these 5 variables were log
transformed (base 10) as they were not normally distributed. The log transformed
variables were then used in the repeated measures ANOVA to assess for effect of time on
cortisol, and interaction of ASD diagnosis.
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Appendix AA: List of non-normal data scales
- SAS-TR:
- Both groups: Total anxiety score for both groups.
- ASD: General Anxiety sub scale
- TD: General Anxiety and Social Anxiety sub scale
- SDQ:
Teacher report SDQ:
- Both groups: Internalising Difficulties Scale and Emotional Problems scale
- TD: Behaviour difficulties, hyperactivity and peer difficulties scales, externalising
difficulties scale
Parent report SDQ:
- TD: behaviour difficulties, peer relationship problems and pro-social scales
Self-report SDQ:
ASD: Behaviour difficulties scale
TD: Pro-social scale
- SCAS:
Parent report
TD: Panic and OCD scale
Self report
ASD: Panic scale for ASD
- DISC:
Both groups: total number of diagnoses met
- Experience sampling data:
Both groups: Anxiety, Happiness, Anger and Noise. Activity structure and social status.
- Cortisol
Data at each time point and AUC when calculated from raw data
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Appendix AB: Experience sampling data correlations by group
Spearman's rho correlations between mood, noise, cortisol, activity and social status from
experience sampling data, for the ASD group (top of table) and TD group (bottom of
table) Significant associations are highlighted
Measure

1

2

3

4

5

6

7

-

.66***

-.51***

0.03

-0.13

0.11

-0.14

-

-.55***

0.07

-0.16

0.12

-.19*

-

-0.01

0.03

-0.10

0.15

-

-.21*

-.28***

.37***

-

.29***

-.20*

-

-.48***

ASD (n=12)
1. Anxiety
2. Anger
3. Positive
Affect
4. Noise
5. Cortisol
6. Activity
7. Social
Status

-

TD (n=14)
1. Anxiety
2. Anger
3. Positive
Affect
4. Noise

-

.55***

-.57***

.25***

-0.00

-.18*

.32***

-

-.46***

.25***

0.01

-0.09

0.15

-

-0.04

-0.16

0.02

-0.09

-

-.30***

-.26***

.39***

-

.18*

-.20*

-

-.31***

5. Cortisol
6. Activity
7. Social
Status

-

*p < .05, **p < .01, ***p < .008 (bonferroni adjustment)
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