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Abstract
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Social evaluative threat is a potent activator of the hypothalamic-pituitary-adrenocortical (HPA)
axis in typically developing (TD) populations. Studies have shown that children and adolescents
with autism spectrum disorder (ASD) show a blunted cortisol response to this type of stressor; yet,
a previous study in adults with ASD reported a more prototypical stress response. The current
study compared 24 adolescents and 17 adults with ASD to investigate a possible developmental
lag in autism resulting in a more adaptive stress response to social evaluation with development.
Participants were exposed to the Trier Social Stress Test (TSST), and salivary cortisol was
collected before and after stress induction. Multilevel modeling revealed that relative to
adolescents, young adults with ASD evidenced a significant increase in cortisol in response to
anticipatory stress, and 23.5% were classified as anticipatory responders. Adolescents, however,
had a significant change in slope in response to the TSST, with 37.5% classified as reactive
responders. In both groups, the majority of participants did not have a robust stress response to the
TSST as would be expected in TD participants. Findings suggest significant differences in the
cortisol trajectory; adults with ASD were more likely to show an anticipatory response to being
socially evaluated, which was maintained throughout the stressor, whereas the adolescents had a
more reactive response pattern with no anticipatory response. Further research is needed to
determine if such patterns are adaptive or deleterious, and to determine underlying factors that
may contribute to distinct stress profiles and to the overall diminished stress responses.
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Lay Summary
Many individuals have increased stress when being socially evaluated. The current study shows
that adults with ASD have increased stress in anticipation of a task in which individuals are
required to give a speech to unfamiliar raters, while adolescents with ASD tend to show a stress
response only during the task itself. Further research is necessary to understand whether
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developmental influences on stress response in ASD have significant impacts on other areas of
functioning often affected by stress.

Keywords
autism spectrum disorder; adolescence; adults; cortisol; HPA axis; stress

Introduction
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The hypothalamic-pituitary-adrenocortical (HPA) axis is involved in the regulation of
several biological processes that include the physiological response to stress, which results
in the release of cortisol from the adrenal cortices. Activation of the HPA axis occurs in
response to significant physiological and perceived psychological stress. Regarding the
latter, humans must determine the extent to which a given situation threatens their wellbeing via cognitive appraisal (Lazarus and Folkman, 1984). In humans, four primary
psychological determinants have been shown to promote a stress response and include
novelty, unpredictability, social evaluation, and a sense of low control (Dickerson and
Kemeny, 2004, Mason, 1968). The degree of responsivity can be affected by factors such as
context (e.g., social) and development (e.g., age, puberty) (e.g. (Gunnar et al., 2009)).
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A potent activator of this primary stress system is social evaluation in which the prospect of
being negatively evaluated by others triggers strong physiological and affective responses
(Dickerson and Kemeny, 2004). Under such circumstances, there is an inherent motivation to
be perceived favorably by others. While self-preservation is adaptive, individuals who
exhibit a pattern of heightened sensitivity to social evaluation may have health risks, such as
cardiovascular disease (e.g. (Lovallo and Gerin, 2003)). In addition to the response to social
evaluation, the mere anticipation of social evaluation may be considered a stressor (e.g.
(Engert et al., 2013)). It has been shown that early anticipatory stress as opposed to reactive
stress as measured by cortisol during public speaking is associated with a variety of factors
such as alexithymia (de Timary et al., 2008) and PTSD (e.g. (Bremner et al., 2003)). The
most established lab-based stress induction protocol examining social evaluative threat is the
Trier Social Stress Test (TSST) (Kirschbaum et al., 1993). The TSST is a well-validated
measure of psychosocial stress shown to robustly activate the HPA axis when compared to
many other laboratory stressors (Dickerson and Kemeny, 2004, Kudielka et al., 2007).
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In contrast to typically developing (TD) individuals, many with autism spectrum disorder
(ASD) do not show robust HPA axis activation in response to the TSST (e.g. (Corbett et al.,
2012, Edmiston et al., 2017, Levine et al., 2012)). An autism diagnosis is characterized by
significant difficulties in social interaction and communication (APA, 2013). These
difficulties- particularly in social cognition- may result in differential experiences of social
evaluative threat in individuals with ASD. This difference in perception of evaluative threat
may correspond with these atypical HPA axis reactivity patterns, which are often
characteristic of individuals with ASD (e.g. (Taylor and Corbett, 2014)).
The majority of the characterization of diurnal fluctuations and reactivity of the HPA axis in
ASD has been conducted on children (e.g. (Corbett and Schupp, 2014, Tomarken et al.,
Autism Res. Author manuscript; available in PMC 2019 September 02.
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2015)), with few on adolescents (Edmiston et al., 2017 ) or adults (Nir et al., 1995, Tani et
al., 2005). Research in children has generally shown a heightened cortisol response to
benign social interactions compared to TD children who do not exhibit stress during play
encounters (e.g. (Corbett et al., 2010, Lopata et al., 2008, Schupp et al., 2013)). In contrast,
relative to TD children, children with ASD tend to show a blunted cortisol response to the
TSST (Corbett et al., 2012, Jansen et al., 2000, Lanni et al., 2012, Levine et al., 2012).
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Characterization of HPA axis functioning is limited in adolescents and adults with ASD.
Recently, adolescents approximately 13–17 years old with ASD and TD were exposed to the
TSST, with results showing a similar profile to children with ASD. Specifically, TD
adolescents showed increased salivary cortisol in response to social evaluation, whereas the
adolescents with ASD had a significantly blunted cortisol response (Edmiston et al., 2017).
Previous studies of adults, however, have found few differences between ASD and TD
individuals, including a more prototypical heightened response to social judgment in a small
sample of young adults around 19–23 years of age with ASD (Jansen et al., 2006).
Additionally, there were no reported differences in cortisol response to other social stressors
in more recent studies of young to middle-aged (18–55 years) adults with ASD compared to
TD individuals (Bishop-Fitzpatrick et al., 2017, Smeekens et al., 2015). Resting state
cortisol does not appear to differ between ASD and TD adults (Smeekens et al., 2015, Tani
et al., 2005), and limited analysis of diurnal rhythm of the HPA axis in a small sample of
adolescents and adults ages 11–30 years with ASD or TD suggest no differences in diurnal
activity between diagnostic groups (Goldman et al., 2017).
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With previous studies showing a blunted cortisol response to social evaluation in adolescents
with ASD (Edmiston et al., 2017) but a typical response in adults with ASD (Jansen et al.,
2006), there may be a developmental effect such that by adulthood, individuals with ASD
begin to show a more typical stress response (Edmiston et al., 2017). The potential impact of
such developmental differences in the physiological response to stress should be considered
(Lupien et al., 2009). Abnormal physiological reactivity to social stress in ASD, including
blunted HPA axis reactivity or hypocortisolism, could have significant negative health
consequences, as low levels of cortisol have been correlated with other stress-related
pathologies, such as chronic fatigue, chronic pain, and others, across development (e.g.
(Heim et al., 2000)).
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While the preexisting literature provides some limited evidence for developmental
differences in the functioning of the HPA axis in ASD, no study to date has directly
compared physiological responses to social evaluative threat in adolescents versus adults
with ASD. Given the deleterious role that stress may play in psychological, physical, and
social well-being, the current study was undertaken. The response to social evaluative threat
was of particular interest, to determine if differences exist in adaptive stress response to the
TSST in adults compared to adolescents with ASD. It was hypothesized that adults with
ASD would show different patterns of response than adolescents with ASD, as evidenced by
significantly higher cortisol in response to the social evaluative stressor.
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Materials and Methods
Participants
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Participants included 24 adolescents with ASD between 13–17 years of age (mean age =
14.80) compared to 17 adults with ASD between 18–22 years of age (mean age = 19.62),
drawn from two larger studies. Families were recruited from the community through
research registries, other autism-related studies, ASD diagnostic clinics, and local autism/
disability organizations. In regards to gender, there were zero and four females in the
adolescent and adult samples, respectively. All participants had an intelligence quotient (IQ)
score of 70 or higher.. Due to the high rate of medication use in the adolescent and adult
population, we did not select medication-naïve participants. However, none of the
participants were currently taking medications known to interfere with the HPA axis stress
response (Granger et al., 2009), such as antipsychotics or steroid medications. Additionally,
those on stimulants abstained from usage prior to and on the day of the protocol.
Specifically, 24 participants were on at least one medication, including SSRIs/SNRIs (n=14),
stimulants (n=11), alpha-adrenergic receptor agonists (n=6), anti-epileptics (n=3) and anticholinergics (n=2). Some participants were on more than one medication type. Demographic
information for each age group is presented in Table 1.
Diagnostic Criteria
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The diagnosis of ASD was based on the Diagnostic and Statistical Manual-5 (APA, 2013)
and established by: (1) a previous diagnosis by a psychologist, psychiatrist, or behavioral
pediatrician with autism expertise; (2) current clinical judgment and (3) corroborated by the
Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2000), administered by
research-reliable personnel. Total ADOS scores were used to test for group differences in
autism symptoms. Intelligence quotient (IQ) scores were measured by the Wechsler
Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999) for the adolescents and the
Stanford-Binet Intelligence Scales (Roid, 2003) for the adult participants. Distinct lab
procedures and funding across the two groups determined the intelligence measure used.
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It is important to note that co-occurring psychiatric conditions are highly prevalent among
adults with ASD and accordingly they were common in the adult sample. Based on parental
report of current diagnoses, 10 out of the 17 adult participants were reported to have at least
one co-occurring condition, with 4 adults reportedly diagnosed with major depression, 5
with anxiety disorder, 1 with obsessive-compulsive disorder, 1 with post-traumatic stress
disorder, and 7 with ADD/ADHD. Despite the higher rate of internalizing disorder
diagnoses, internalizing symptoms did not significantly differ between groups, (Achenbach
Child/Adult Behavior Checklist (Achenbach, 2001, Achenbach, 2003) Internalizing t-scores
= 61.87 for adolescents and 59.65 for adults, t (38) = .683, p=.50.

The Social Responsiveness Scale- Second Edition (SRS-2) (Constantino and Gruber, 2012)
was administered as an indicator of the adolescent/adults’ autism severity. The SRS-2 is a
65-item questionnaire, which asks caregivers (in this case, parents) to report on severity of
autistic traits in individuals with ASD. Items are rated on a Likert scale from zero to three,
and scores are totaled across five domains: Social Awareness, Social Motivation, Social
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Cognition, Social Communication, and Restrictive and Repetitive Behaviors. Total t-scores
were used, with higher scores indicating greater autism severity.
The research was carried out in accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki). The Vanderbilt Institutional Review Board approved
the study. In compliance with the Vanderbilt Institutional Review Board determinations,
informed written consent/assent was obtained from all study participants and care providers
prior to inclusion in the study. Participation required two research visits to the University.
The diagnostic and cognitive measures were administered during visit 1. The participants
and family members were trained on the salivary collection methods (see below). On visit 2,
participants were exposed to the TSST, Though broader study protocols differed between the
adolescent and adult sample, the same study personnel implemented identical TSST
procedures for both the adolescent and adult participants.
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Procedures

Author Manuscript

Trier Social Stress Test—The Trier Social Stress Test (TSST) (Kirschbaum et al., 1993)
is a well-validated, experimentally induced psychosocial stressor known to reliably activate
the HPA axis in TD populations (Kudielka et al., 2004). The TSST combines several
elements shown to activate the HPA axis including social evaluative threat, unpredictability,
and uncontrollability to produce moderate stress in a majority of children, adolescents, and
adults (Dickerson and Kemeny, 2004, Kirschbaum et al., 1993). The TSST is a 20-min task
divided into four subcomponents including: 1) Intro/Preparation, 2) Present Speech, 3)
Serial Subtraction, and 4) Debriefing. The task also includes the collection of six salivary
samples (see Figure 1). The protocol involves a scenario in which the participant must
prepare a speech to convince a panel of judges (neutral, unresponsive judges lacking
supportive affect) that he/she is the best candidate for a job, followed by a serial subtraction
task. The TSST results in a profound increase of salivary cortisol in 70–80% of participants
(Kirschbaum et al., 1993, Kudielka et al., 2004).
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Salivary Cortisol Collection—Salivary cortisol can be measured reliably and noninvasively utilizing small amounts of saliva, making it an ideal measure in studies of
children and youth (Kirschbaum and Hellhammer, 2000). Samples were collected according
to previously described detailed methods (Corbett and Schupp, 2014). As a separate part of
the study, participants were instructed on home sampling techniques, providing four samples
(immediate waking, 30-min post-waking, afternoon, and evening) across three days. The
current study used the afternoon sample (AFT; between 1 pm and 4 pm) to compare baseline
afternoon samples with initial cortisol samples upon arrival at the lab (all TSSTs were
conducted in the afternoon). Additionally, participants provided six samples on the day of
the TSST, including at 20-min. pre-TSST, immediately prior to the TSST, immediately after
the TSST, as well as 10-, 20- and 40-min. post-TSST, reflecting stress response before
(TSST1 and TSST2), during (TSST3 and TSST4), and after (TSST5 and TSST6) the
stressor (see Figure 1 for timing of sample collection). Importantly, there is a 20-minute lag
time in detecting a stress response. Participants were instructed not to eat or drink anything
other than water one hour before arrival at the lab for the first sample. Samples were
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collected via passive drool into a test tube, and participants provided at least one mL of
saliva for each sample.
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Cortisol Assay—Prior to assay, samples were stored at −20°C. For the adolescent study,
the salivary cortisol assay was performed using a Coat- A-Count® radioimmunoassay (RIA)
kit (Siemens Medical Solutions Diagnostics, Los Angeles, CA) modified to accommodate
lower levels of cortisol in human saliva relative to plasma. Saliva samples were thawed and
centrifuged at 3460 rpm for 15 min to separate the aqueous component from mucins and
other suspended particles. All samples were duplicated. The coated tube from the kit was
substituted with a glass tube into which 100ml of saliva, 100ml of cortisol antibody
(courtesy of Wendell Nicholson, Vanderbilt University, Nashville, TN), and 100ml of 125Icortisol were mixed. After incubation at 4°C for 24h, 100ml of normal rat serum in 0.1%
PO4/ EDTA buffer (1:50) and precipitating reagent (PR81) were added. The mixture was
centrifuged at 3460 rpm for 30 min, decanted, and counted. Serial dilution of samples
indicated a linearity of 0.99. Interassay coefficient of variation was 1.62%.
For the adult study, the saliva samples were stored at −20°C or below until shipped with dry
ice overnight for assay. On the day of assay, samples were thawed, centrifuged to remove
mucins, and tested in duplicate for cortisol using a commercially available enzyme
immunoassay without modification to the manufacturer’s protocol (Salimetrics LLC,
Carlsbad, CA). The test volume was 25 μL, range of sensitivity from .007 to 3.0 ug/dL, and
on average, inter- and intra-assay coefficients of variation were less than 15 and 10%
respectively. Prior to data analysis, all cortisol assay values were converted to nmol/L.
Statistical Analysis

Author Manuscript

First, independent sample t-tests were conducted to test for differences between the
adolescent and young adult groups in demographic and diagnostic variables. Diurnal
afternoon cortisol values (i.e., AFT) were averaged across the three sampling days and
compared using independent sample t-tests to confirm there were no baseline differences
between adolescents and young adults. Due to cortisol samples being positively skewed, all
cortisol values were log transformed prior to analysis. Based on the Levene’s Test of
Equality of Error Variance, there were no significant differences in variance between the
groups for the TSST samples (all p > 0.05).
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We ran multilevel models using the Hierarchical Linear Modeling software (Raudenbush
and Bryk, 2002) to test for group differences in patterns of cortisol response over time.
Given the typical pattern of cortisol change across the TSST, we modeled discontinuous
individual change with three time epochs (Singer and Willett, 2003): 1) linear slope from
TSST1 to TSST2, representing anticipatory stress; 2) change in linear slope from TSST2 to
TSST4, representing stress in response to the TSST; and 3) change in linear slope from
TSST4 to TSST6, representing recovery from the TSST. To generate an average estimate of
each slope across the entire sample, we first estimated an “unconditional” model that
included the within-person time variables. Then, a second multi-level model was estimated
that included the between-subjects variable of age group, with groups centered on zero
(adolescent = −0.5, young adult = 0.5). Including age group into the model allowed us to
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determine whether any of the slope estimates (slope representing anticipatory stress, change
in slope in response to the TSST, further change in slope during recovery from the TSST)
significantly differed by age group. As there were no variables other than age that differed
between groups (see Table 1), we did not add any additional between-person covariates in
the models.

Results

Author Manuscript

Group differences in demographic and baseline data are presented in Table 1. There were
expected differences between the groups based on age. There were no significant differences
in total IQ, total autism symptoms based on the ADOS (Lord et al., 2000), or social
symptoms of the SRS (Constantino and Gruber, 2012). Additionally, there were no group
differences in afternoon cortisol (collected at home during diurnal saliva collection, at
approximately the same time as the arrival sample). Lack of significant group differences in
AFT cortisol is consistent with prior research in the lab showing comparable basal levels
(Corbett et al., 2014); it suggests that there were likely not systematic differences in the
values produced from the assays used in the adolescent versus adult samples. Average
cortisol values at each sampling time point are shown in Figure 2; repeated measures
ANOVA examining overall differences in cortisol as well as differences at each time point
are presented in supplemental material.
Results from Multilevel Models

Author Manuscript

Unconditional model—Results of the unconditional growth model, examining average
change for the combined adolescent and young adult sample for the three slopes
(anticipatory stress, response to TSST, recovery) are presented in Table 2. On average,
across the samples, there was no statistically significant change in cortisol from TSST1 to
TSST2 (anticipatory stress), B = .04, and no average change in slope in response to the
TSST (TSST2 to TSST4), B = .02. There was an average change in slope of cortisol across
the adolescent and adult samples during recovery (TSST4 to TSST6), B = −.17, resulting in
an average decline from TSST4 to TSST6 of .11 nmol/L per time point (.04 + .02 − .17).
Thus, when averaging across the adolescent and young adult sample, there appears to be
little cortisol response to either anticipatory stress or to the TSST, but a decline in cortisol
during the recovery period.
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Adding Age Group—Results of the multi-level model adding the between-persons factor
of age group are presented in Table 2. Age group significantly predicted initial cortisol levels
(TSST1); adolescents with ASD had initial cortisol levels (at TSST1) that averaged .18
nmol/L less than those of young adults. Age group also predicted change in cortisol due to
anticipatory stress and change in slope in response to the TSST, but not change in slope of
cortisol during recovery.
Growth curve models, conditioned on age group, are plotted in Figure 3. Cortisol values of
the adolescent sample did not change in response to anticipatory stress (TSST1 to TSST2),
B = −.02, SE = .04, p = .53, but there was a significant change in slope in response to the
TSST, B = .12, SE = .05, p = .01; logged cortisol values increased by .10 (−.02 + .12)
nmol/L per time point during the TSST (TSST2 to TSST4). There was another significant
Autism Res. Author manuscript; available in PMC 2019 September 02.
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change in slope cortisol during the recovery period for the adolescent group, B = −.21, SE
= .05, p < .01, with logged cortisol values decreasing by .11 (−.02 + .12 − .21) nmol/L per
time point during this period (TSST4 to TSST6). Thus, adolescents with ASD experienced a
rise in cortisol in response to the TSST, with a decline in cortisol during the recovery period.
There was no evidence of anticipatory stress.

Author Manuscript

Relative to adolescents, young adults with ASD evidenced different patterns of cortisol
change during the TSST (see Figure 3). Their logged cortisol values significantly increased
in response to anticipatory stress, B = .13, SE = .05, p = .01, and that increase was
attenuated during the stress response to the TSST, B = −.12, SE = .05, p = .03; slope of
logged cortisol changed from .13 nmol/L per time point during the anticipatory stress period,
to .01 nmol/L per time point (.13 − .12) during the TSST. There was another significant
change in slope during the recovery period for this group, B = −.10, SE = .03, p < .01, with
logged cortisol values declining by .09 (.13 − .12 − .10) nmol/L per time point during this
period. Thus, young adults with ASD experienced a rise in cortisol in anticipation of the
TSST, no additional rise during the TSST, and a decline in cortisol during the recovery
period.
Autism severity has been shown to relate to HPA axis response (e.g. (Hoshino et al., 1984).
Though measures of autism symtoms did not differ between groups, we reran the multi-level
model and included ADOS total score as a predictor of intercept and each slope (in addition
to age group). The only significant relation between autism symptoms and cortisol response
pertained to the recovery phase, B = 0.013, SE = 0.005, t = 2.32, p < .05; adolescents and
adults with more autism symptoms had a longer return to basal, pre-stress levels of cortisol.
Follow-up Analyses: Anticipatory Responders versus Reactive Responders
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Although many of the adolescents and adults had cortisol rises during the TSST (either in
anticipatory stress or in response to the TSST), the afore-described analyses do not test
whether the rise is sufficient to be considered a physiological “response.” To understand the
proportion of adolescents and adults with ASD who have a response to the TSST, we used a
well-accepted benchmark for TSST “responders” of 2.5 nmol/L (Van Cauter and Refetoff,
1985, Schoomer et al., 2003). We examined three types of response: any response during the
TSST (highest cortisol value – TSST1), response to anticipatory stress (TSST2 – TSST1)
and response to TSST (highest of TSST3/4 – TSST2). Consistent with the multi-level
models, we observed similar rates of responders, but different types of responses.
Specifically, 37.5% of adolescents and 41.2% of adults were TSST responders, as indicated
by a rise in cortisol at any post-TSST1 time point of 2.5 nmol/L or more, χ2(1)=.06, p=.81.
Adults were more likely than adolescents to be anticipatory responders (ARs), with 23.5%
of adults and no adolescents showing this response, χ2(1)=6.26, p=.01. Adolescents were
marginally more likely than adults to be reactive responders (RRs) to the TSST itself, with
37.5% of adolescents and 11.8% of adults responding, χ2(1)=.3.36, p=.07.

Discussion
The current study aimed to examine differences in the trajectory and temporal dynamics of
social stress in adults with ASD compared to adolescents with ASD. It was predicted that
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adults with ASD would show significantly higher cortisol response to a social evaluative
stressor, the TSST. The findings partially confirmed this hypothesis: though adolescents and
adults had similar rates of responding to the TSST, the patterns and timing of response were
different between groups. For the young adult group, as graphically shown in Figures 2 and
3, cortisol values significantly increased in anticipation of the stressor, and this significant
elevation was maintained throughout the stressor until gradually declining during the
recovery period. While there were no differences in baseline values between the groups from
afternoon home comparisons at arrival, the adults with ASD showed elevations in cortisol in
anticipation of being socially evaluated.
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While stress reactivity is often the primary focus of studies using the TSST, anticipatory
stress can be dissociated from the response phase. For example, alexithymia, a general
deficit in processing and distinguishing feeling states in self and others, has been associated
with significant elevation in cortisol in anticipation of the TSST, but not in response to the
stressor (de Timary et al., 2008). Across a series of studies employing frequent, serial
salivary collection in TD individuals, Engert and colleagues were able to identify a subgroup
of anticipatory responders who showed an increase in cortisol early in the task before the
acute stressor could trigger HPA axis reactivity (Engert et al., 2013). Moreover, healthy
individuals who showed higher cortisol in anticipation of the TSST, also showed more
reactive stress responses (Engert et al., 2013). This pattern of higher anticipatory cortisol and
maintained stress reactivity was observed in the adults with ASD in the current study.
Similarly, in a sample of healthy adult participants exposed to the TSST, Juster and
colleagues (Juster et al., 2012) showed that self-reported anticipatory stress predicted
increased stress reactivity as measured by cortisol. In other words, the priming effect of
anticipation may influence cognitive states and physiological arousal (Juster et al., 2012),
such that greater anticipation of stress may further modulate the effects of stress response in
adults with ASD. Thus, enhanced anticipatory cortisol response may be an index of
increased subjective stress sensitivity and enhanced responsivity.
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These findings may have clinical and developmental implications for adults with ASD. If it
is the case that adults with ASD experience more anticipatory stress to social evaluative
situations over time, it would behoove care providers to be aware of possible increased
arousal and to provide education and support as appropriate. For example, it is adaptive for
most TD individuals to experience discomfort when being judged by others; therefore,
normalizing such anticipatory stress through shared knowledge and experience may be
helpful. For some individuals, it may be necessary to teach stress reduction training and
coping strategies if increased arousal interferes with daily functioning (e.g., job
interviewing). Indeed, a recent study showed that practice with android robot-mediated job
interview sessions resulted in lower levels of salivary cortisol and improved self-confidence
compared to a control condition (Kumazaki et al., 2017).
Dysregulation of the HPA axis can have far-reaching implications for psychological and
metabolic health; therefore, discerning the acute stress response patterns is important and
informative. Recently, three primary physiological response patterns using cortisol were
studied in a large sample of 798 18-year old participants. Of the total participant sample,
26.2% were characterized as anticipatory responders (AR), 56.6% as reactive responders
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(RR), and 17.2% were non-responders (NR), and these patterns appear to vary with health
and disease (Herbison et al., 2016). In the current study, adults with ASD were more likely
than adolescents to be anticipatory responders (AR), such that 23.5% of adults showed a
response, whereas none of the adolescents showed an AR response pattern. At this time, it is
unclear what factors may be driving this anticipatory rise in the adult group. Since there
were no significant group differences in the afternoon diurnal sample, there does not appear
to be differences in tonic functioning of the HPA axis. However, the study does not allow us
to determine if other stress-sensitive parameters (e.g., sex, chronic stress) or plausible
experience-dependent developmental factors (e.g., cognitive appraisal, insight) may
contribute to the observed differences. While it is beyond the scope of the current study
aims, investigating factors that may contribute to the different patterns in the ASD groups in
addition to age may be informative and help determine if such cortisol profiles are adaptive
or deleterious.
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In contrast to the adults with ASD, cortisol values of the adolescent group did not change in
anticipation of the stressor; however, there was a significant increase in cortisol in response
to the stressor. Thus, the reactive slope for adolescents was much steeper. Adolescents with
ASD were marginally more likely than adults to be reactive responders (RR), such that
37.5% of adolescents showed a sharp rise in cortisol in response to the TSST, whereas only
11.8% of adults exhibited an RR response. While a larger number of adolescents compared
to the adult group showed a response to the TSST, a significant majority in both groups did
not evidence a stress response. Therefore, the results are consistent with previous findings
showing that compared to TD youth, adolescents with ASD show a more blunted cortisol
stress response to the TSST (Edmiston et al., 2017). Since an estimated 80% of people
exhibit a robust response to social threat (Dickerson and Kemeny, 2004), the reduced
reactivity to the TSST appears maladaptive. Indeed, it has been shown that non-responsive
patterns have been linked to early adverse life stress (Elzinga et al., 2008) and panic disorder
(Petrowski et al., 2010). While such conditions do not have a direct association with ASD,
the diminished cortisol response profile warrants further study to determine underlying
factors that contribute to it.
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The different cortisol trajectories in the ASD samples may be attributed to developmental
differences and experience. Alternatively, the explanation may rest directly within the
disorder itself, a condition marked by primary impairment in social awareness and
motivation (APA, 2013). While social evaluative threat has been shown to be a potent
activator of the HPA axis (Dickerson and Kemeny, 2004), it rests on the premise of an
inherent social drive to want to perform well and not be negatively evaluated by others. The
social motivation theory of ASD has characterized ASD as a disorder of diminished social
interest (Chevallier et al., 2012), which may dampen the extent to which some individuals
with ASD respond to the conditions of the TSST. It is also plausible that the reduced social
cognitive abilities, such as poor recognition of facial information and expression (e.g.
(Dawson et al., 2002)), may result in many of the adolescents with ASD not perceiving the
rater’s lack of positive affect and thereby the task is not deemed threatening (Edmiston et al.,
2017). In the first explanation, there is a limited need to be perceived favorably by others,
and in the second, there is a lack of awareness that social judgment by others is occurring.
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In a follow-up analysis, it was shown that adolescents and adults with more autism
symptoms had a longer return to pre-stress levels. While there were no associations with
anticipatory or reactivity to the stressor, a longer trajectory following the stressor suggests
diminished physiological recovery and perhaps poorer adaptation to stressful situations.
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Author Manuscript

Based on the preexisting literature showing developmental differences in regards to the
functioning of the HPA axis in ASD, especially in response to the TSST (Corbett et al.,
2012, Edmiston et al., 2017, Lanni et al., 2012, Levine et al., 2012), and the deleterious role
stress may play in psychological, physical and social well-being, the current study was
undertaken. Strengths of the study include consistent diagnostic, assessment, protocol, and
stress induction procedures and personnel for both age groups during the course of the same
two-year period. Moreover, symptom profile and cognitive level of functioning for the
groups were comparable. Nevertheless, the study has five primary limitations, including the
enrollment of a relatively small sample. Secondly, even though the labs are both well
established, samples were assayed at two different labs. Because there were no baseline
differences in the home samples, the findings showing differences between the groups
appear to be in response to the stressor rather than simply differences in methodology.
Further, the major analytic technique used in this manuscript (multi-level modeling) tests for
differences in within-person change, which is more robust to between-group differences that
could result from the assays. Thirdly, beyond autism symptoms, we did not assess other
potential modulatory factors across both groups, which may have been highly informative.
Fourth, the study would have benefitted from the inclusion of an age-and gender-matched
neurotypical group of developing adolescents and adults for comparsion to examine
potential modulatory factors. Finally, the assessment of perceived stress collected via selfreport was not obtained and could have provided some insight into the subjective experience
of the participants during social evaluative threat and relationship to physiological stress.
Future Directions

Author Manuscript

The current study only included adolescents and adults with ASD; future research should
also include a direct comparison to age-matched groups with typical development. The
inclusion of equal numbers of female participants is warranted to elucidate the wellestablished gender differences in TD samples (e.g. (Reschke-Hernandez et al., 2017)) and in
those with ASD (Edmiston et al., 2017, Sharpley et al., 2016). Even though stable
associations between physiological and psychological measures have been challenging (e.g.
(Cohen et al., 2000)) and often reflect dissociations between these indices, it may be worth
investigating potential associations between anticipatory and stress reactivity cortisol
compared to subjective psychological measures in persons with ASD. The neuroendocrine
cascade is influenced by a complex array of independent factors, such as age, sex (e.g. (Bale
and Epperson, 2015)) and cognitive appraisal (e.g. (Kudielka et al., 2007)); therefore,
studying such factors may shed light on our understanding of ASD. Examination of these
and other factors such as specific domains of autism symptoms or IQ may help to
differentiate responders from non-responders. Finally, while considerable research has been
conducted on the diurnal regulation of cortisol in children with ASD (e.g. (Tomarken et al.,
2015)), future research should investigate the diurnal rhythm of salivary cortisol and its
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developmental trajectory in regards to children, adolescents and young adults with and
without ASD.
Conclusion
In conclusion, the current study makes a unique contribution to the literature by emphasizing
developmental differences in adults versus adolescents with ASD. Specifically, adults with
ASD showed notable anticipatory and sustained reactive stress in response to social
evaluative threat, whereas the adolescent group had a more reactive response pattern. In both
groups, however, the majority of individuals evidenced a blunted cortisol response profile.
Further research is needed to determine if such patterns are adaptive or deleterious, and to
determine underlying factors that may contribute to the distinct and diminished stress
profiles.
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Figure 1, TSST Timeline.

Schematic of TSST and salivary cortisol sampling procedure.
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Figure 2, Average cortisol levels during TSST.

Salivary cortisol levels (in nmol/L) during the TSST in adolescents and adults with ASD.
Graph shows higher cortisol levels in the adult group, especially at TSST2. All values are
log-transformed.
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Figure 3, Plot of estimated trajectories of cortisol during the TSST paradigm by age group.
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Trajectory plot shows increased cortisol in anticipation of TSST in adults with ASD, and
increased cortisol during, but not in anticipation of, TSST in adolescents with ASD. All
values are log transformed and in units of nmol/L.
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Demographic and Baseline Data
Variable

Age

ASD Adolescent

ASD Adult

t

p

M

SD

M

SD

14.80

1.36

19.62

0.52

−15.79

0.0001

ADOS Total Score

12.25

4.25

13.12

4.14

−0.65

0.52

IQ

107.71

22.03

97.00

14.32

1.76

0.09

SRS Total

74.88

11.02

71.12

15.15

0.92

0.36

AFT Cortisol

0.47

0.26

0.52

0.16

−0.57

0.57

ASD, autism spectrum disorder; M, mean; SD, standard deviation; ADOS, autism diagnostic observation schedule; IQ, intelligence quotient; SRS,
social responsiveness scale; AFT, afternoon. Cortisol values reflect log-transformed values in nmol/L.
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Estimates from Multilevel Models of Change in Cortisol across the TSST – Unconditional and Conditioned on
Age Group
Variable

Model Estimates
Unconditional Model

Initial status intercept (random)
Age group
Anticipatory stress slope (random)
Age group
Response to TSST slope (random)
Age group

Author Manuscript

Recovery from TSST slope (random)
Age group

Conditioned on Age Group

Coefficient

SE

Coefficient

SE

0.48**

0.04

0.50**

0.04

----------

------

0.18*

0.09

0.04

0.03

0.05

0.03

----------

------

0.15*

0.06

0.02

0.04

0.00

0.03

----------

------

−0.24**

0.07

−0.17**

0.03

−0.16**

0.03

----------

------

0.11

0.06

*

p < .05

**
p < .01
Note. Slope estimates are additive. Thus, the average slope for response to TSST can be calculated by adding the anticipatory stress slope with the
response to TSST slope (0.05 + 0.00 = 0.05). The average slope for recovery from TSST can be calculated by adding the three slopes (0.05 + 0.00
− 0.16 = −0.11).
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