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Critical review
Adolescence, stress and cortisol in autism spectrum disorders
BA Corbett1,2*, D Simon1

Adolescence, the transition between
childhood and adulthood, is a period
of remarkable physiological, psychological and social change. A variety
of physiological changes coincide
with the dynamic transition, which
is evident in the regulation and
responsivity of the limbic–hypothalamic–pituitary–adrenocortical axis.
Specifically, elevations in diurnal
basal cortisol levels have been
reported as well as higher cortisol
in response to perceived stressors.
Although this enhanced responsivity
may help prepare the individual to
adapt to increased demands and new
challenges, it may also mark a time
of increased vulnerability in populations already prone to enhanced
physiological arousal and poor
adaption to change, such as autism.
To date, most studies investigating
the integrity of the limbic–hypothalamic–pituitary–adrenocortical
axis in children with autism spectrum disorders have shown more
variable diurnal regulation and a
pattern of enhanced responsivity to
stress. There is also evidence of more
marked reactivity over development
suggesting that adolescence may be
a time of increased risk for enhanced
physiological arousal and social
stress.
Conclusion
The following critical review briefly
summarizes the literature to date
on autism, adolescence and salivary cortisol. The current summary
suggests that enhanced study of the
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interplay between social functioning
and stress during the adolescent
period in autism spectrum disorders
is warranted.

Introduction
Adolescence is a time of remarkable physiological, psychological
and social changes in both typical
and atypical populations. Due to the
many changes that define it, adolescence has often been described as a
time of ‘storm and stress’1. During
this developmental period, pubertal
maturation contributes to significant
changes in morphology, cognition,
emotion regulation and physiological stress responsivity2,3. In typical
development, adolescence is a time
of increased awareness and interest
in both peer and romantic relationships4. It also represents a time of
dramatic rise in psychopathology and
depression, which have been associated with dysregulation of stress
systems, such as the hypothalamic–
pituitary–adrenocortical (HPA) axis3.
Although frequently used interchangeably, adolescence and puberty
represent distinct maturational
phenomena. Adolescence, strictly
defined, is the developmental transition of juvenile social and cognitive
processes to their adult versions.
Puberty refers to biological maturation, particularly that of sexual
systems and the physiological effects
of resultant changes to the endocrine
system5. The interplay between these
two systems is, however, critical for
appropriate and complete development into adulthood6. In this critical
review, we aim to discuss the stresses
on adolescents regarding social functioning.

Discussion
All work has been conducted in
accordance with the Declaration

of Helsinki (1964). The protocol of
this study has been approved by the
relevant ethical committee related
to our institution in which it was
performed. All subjects gave full
informed consent to participate in
this study.
HPA axis, stress and anxiety
The HPA axis is involved in the regulation of several biological processes
and interactions, including physiological response to stress7. Cortisol
is the primary stress hormone in
humans and is released from the
adrenal cortices following activation of the HPA axis in response to
extreme physiological or psychological stress7,8. Cortisol has a
normal circadian rhythm with a
peak early in the morning followed
by a sharp increase referred to as
the cortisol awakening response
(CAR); cortisol levels consequently
decline throughout the day and the
levels are lowest in the evening. The
system can be activated by both
actual and perceived threat. With
regards to the latter, there exist four
primary psychological determinants that induce a stress response,
which include conditions of novelty,
unpredictability,
uncontrollability
and social evaluative threat9,10, the
response to each of which varies
based on environmental, idiosyncratic and developmental factors.
Stress and anxiety are common
responses to the environment and
both are frequently adaptive mechanisms to everyday life. If stress or
anxiety are experienced in an excessive and uncontrollable manner,
however, they can become pathological11. For the purpose of this
review, anxiety encompasses the
anticipatory and apprehensive cognitive activity related to events for
which a person is exposed. Stress
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refers to the physiological reactivity
in response to events, including activation of primary stress systems,
such as the HPA axis. Although these
states are highly correlated to each
other in many circumstances, they
are not synonymous and disjunction
between the two does occur. Children with autism, for example, show
a lack of correspondence between
stress and anxiety in various circumstances12.
Adolescence and the HPA axis
A variety of physiological changes
coincide with the dynamic transition from childhood to adolescence,
including the regulation and responsivity of the HPA axis. Characterization of physiological change in this
system across the adolescent transition in typical and atypical development is important for characterizing
developmental variation13 as well as
marking the end of childhood and
the beginning of adult biological
responses14.
The HPA axis, by nature, is adaptive
to environmental change; yet, there
is an underlying trait-like diurnal
fluctuation. During the critical developmental adolescent period, there
is an apparent maturation of the
circadian rhythm revealing higher
basal cortisol levels in older adolescents14–16. A recent longitudinal study
assessing the stability and individual
variability of HPA axis maturation
in 357 youth studied at four assessments (aged 9–15 years) revealed
flatter circadian rhythms and higher
cortisol values as youth matured
based on chronological age and physical development17. Gender differences have also been identified. For
example, compared to male adolescents across development, females
often show higher cortisol levels and
more robust circadian rhythms17 and
symptoms of anxiety and depression have been linked with enhanced
cortisol reactivity in girls14.
Changes in normative stress
responsivity during the adolescent
transition have been documented.

The puberty-HPA stress hypothesis
proposes enhanced stress reactivity
with the emergence of sexual maturation14. Investigation of 82 healthy
children and adolescents showed
developmental differences based
on several physiological indices of
arousal18. Similarly, in a large cohort
of children and adolescents aged
9–17 years, biological reactivity (i.e.
cortisol) increased in anticipation of a
social stressor based on both age and
puberty19. This finding was especially
notable during the mid-adolescence
to advanced stages of pubertal development. It has been proposed that the
anticipatory rise in cortisol may be
associated with changes in cognitive
processes that may in turn contribute
to more worry prior to social evaluation20. The enhanced responsivity
may help prepare the individual to
adapt to increased demands and
new challenges. However, it may also
mark a time of increased vulnerability in populations already prone
to enhanced physiological arousal
and poor adaption to change such as
autism18.
Adolescence and autism
Adolescence poses a number of
serious challenges in typical development provoking anxiety and
stress as youth place new importance on peer relationships and
begin to develop romantic relationships21. Peer rejection in adolescents
is a major contributor to anxiety22,
and impairments in social skills
inherent to autism spectrum disorders (ASD) become increasingly
more apparent in adolescence due
to the enhanced complexity and
demand for competence during this
period of time23. As a result, children with ASD often develop significant social anxiety directly related
to their social impairments24. In
addition to anxiety resulting from
altered interactions related to social
ability, greater awareness of their
impairments may also be a significant contributing factor to anxiety23.
Thus, these and other findings have

fostered growing attention on the
co-occurrence of anxiety in adolescents with ASD.
It has been estimated that
between 11% and 84% of children
with ASD experience anxiety that
impairs everyday function25 and
42–55% have a co-morbid anxiety
disorder26,27. Furthermore, anxiety
symptoms impact many areas of
functioning,
including
restless
behaviour and sleep difficulties28.
Therefore, addressing anxiety in
ASD is a major concern. Additionally, stress and anxiety have been
shown to be significant contributors
to specific difficulties, such as loneliness and social withdrawal that may
compound already inhibited social
abilities. Risk of psychopathologies,
already frequently associated with
adolescence, such as depression, are
also elevated in children with ASD29
and there is evidence that anxiety
may arise or even worsen during
adolescence30,31. As such, it is important to address underlying causes of
stress and anxiety in children with
ASD, while remaining mindful of
differences from typically developing
children. For example, it has been
shown that compared with their typically developing peers, children with
ASD experience elevated stress and
anxiety in both social and non-social
contexts, and that repeated exposure
to stressors often amplifies the physiological stress response as opposed
to attenuating it32,33. This altered
vulnerability to dysregulated arousal
emphasizes the importance of judicious application of interventions
shown to be effective for anxiety
treatment in ASD, such as cognitive
behavioural therapy34,35.
The overall trajectory of autism
symptoms and resultant behaviours
over maturation is the subject of
conflicting reports. An early study
suggested deterioration of symptom
profile during the onset of puberty36.
Similarly, behavioural decompensation requiring intervention was
reported in a series of case reports37.
Although there are various physi-
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ological changes potentially contributing to a worsening of symptom
presentation, it has been suggested
that sex hormones acting on DNA
methylation at the RELN promoter
may be an important factor38.
Conflicting with these findings, other
studies have found that autism symptoms and maladaptive behaviours
tend to decrease in participants aged
10 years and above over long periods
of time39.
Another study following 242
subjects over 4.5 years found the
greatest improvement in autism
symptoms and maladaptive behaviour during puberty, with overall
symptom trajectory decaying after
exit from high school40. It is important to note that reductions in disability-related services have been
proposed as a possible explanation
for this trajectory. Taken together, it
is clear that significant work remains
in establishing a framework for
understanding changes in overall
autism symptom profiles, behaviour
and mood during adolescence.
HPA axis in autism
The majority of characterizations of
diurnal fluctuations and reactivity
of the HPA axis in ASD have been
conducted in children. Whereas lower
functioning children with autism have
been shown to exhibit atypical diurnal
regulation of the HPA axis41, higher
functioning children with ASD show a
normal temporal placement of cortisol
secretion42–44. However, the rhythm
tends to be much more variable from
day-to-day compared with that of typically developing children, especially
the morning values42,45. Additionally,
evening values are higher45 and have
been associated with increased stress
related to poor response to changes
throughout the day45,46. Children with
autism also tend to show a more sluggish response to adrenocorticotropic
hormone stimulation43 and lower
serum concentrations have also been
reported47.
Our ability to adapt to changing
circumstances and novelty is in part

modulated by the HPA axis and in
particular the CAR. Developmental
factors may play a role in the CAR
as suggested by studies examining
the presence and frequency of the
CAR in children and adolescents
with ASD. Brosnan et al.48 examined
the presence of the CAR in a group of
20 adolescent males with Asperger
syndrome and 18 typically developing control youth aged between 11
and 16 years. All participants showed
a normal diurnal decline of cortisol;
however, the CAR was absent in a
majority of the youth with Asperger
syndrome. The authors speculated
that poor response to changes in individuals with Asperger syndrome may
be due to refractory HPA axis; specifically, the CAR. More recently, Zinke et
al.49 investigated the CAR in a group
of 15 high-functioning children with
autism compared with 25 typically
developing children aged 6–12 years
and showed similar cortisol levels
and frequency of the CAR between
the groups. Taken together, developmental changes occurring between
childhood and adolescents may be
contributing to the observed differences. Distinctions in the diagnostic
categories (i.e. Asperger syndrome
versus HFA) or level of severity may
also be playing a role.
Regarding response to stress,
higher cortisol levels have been
reported in children with ASD in
response to non-social stimuli,
including exposure to medical procedures such as phlebotomy50 and
exposure to a magnetic resonance
imaging environment42,45. Social
scenarios also result in activation
of the HPA axis and subsequently
higher cortisol during school integration44, social interaction with peers
in a playground33,51 and engagement
with unfamiliar children52. However,
not all social stressors are salient for
youth with ASD. It has been shown
that a widely recognized social
evaluative stressor, the Trier Social
Stress Test – Child Version53, failed to
provoke a stress response in participants with ASD, whereas typically

developing peers show increased
physiological arousal across various
indices12,51,54,55. These findings underscore the importance of “perceived”
threat and suggest that children with
ASD do not interpret some aspects
of social evaluation, such as public
speaking tasks, to be socially threatening.
Although the precise neuroendocrine mechanisms are yet to be determined, the findings to date implicate a
pattern of increased arousal to acute
stress rather than persistent hyperarousal in many children with ASD42,56.
Although frequent perturbation of
the stress system can be deleterious
to the physical and mental health of
the individual, the acute reactivity to
stimuli (rather than a chronic state
of arousal) suggests that it may be
responsive to intervention. In fact,
there is evidence that stress reactivity
can be modified in response to treatment in youth with ASD. Cortisol
levels in children and adolescents
appear sensitive to intervention
as demonstrated by reductions in
the CAR following introduction of
a service dog57. Additionally, lower
cortisol levels have been reported in
children aged 7–18 years following a
theatre-based intervention designed
to improve social interaction skills
and reduce stress when engaging
with typically developing peers58.
It has been shown that age is a
critical moderating factor in the activation of the limbic–hypothalamic–
pituitary–adrenocortical (LHPA) axis
in children with ASD. For example,
older children with ASD show
higher levels of cortisol compared
with younger children with ASD as
well as their typically developing
peers during play51,59. The aforementioned studies have shown an
interaction between diagnosis and
age resulting in significantly higher
stress responses in older school-age
youth who engage in play with peers.
As this study utilized a naturalistic
playground paradigm, it likely parallels what is frequently experienced
during daily recreational activities in
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the school environment. Importantly,
heightened reactivity was diminished in the younger cohort, implying
less awareness of and experience
with negative social encounters24.
Importantly, because cortisol levels
are moderated by age, they may also
to some degree reflect underlying
maturational factors related to developmental, social and physiological
changes.
To date, the majority of the research
on the circadian rhythms and responsiveness to stress of cortisol has been
conducted in children with autism
with relatively few studies investigating adolescents and adults60–62.
Furthermore, these limited studies
utilized different methodologies
(e.g. blood samples versus saliva).
Moreover, developmental considerations as well as distinctions between
age and puberty have not been part
of the investigations. Considering the
literature on the LHPA axis in typical
development17,18,63 and the emerging
literature in autism33,51, it may be
predicted that stress reactivity,
especially in response to social functioning, might be even more challenging for adolescents on the autism
spectrum. If such is the case, what
are the consequences of increased
arousal and stress in this population?

cally during the adolescent transition. As such, careful consideration
of stress and anxiety in individuals
with ASD is critical, especially during
developmental periods marked
by novel, unpredictable and social
evaluation9,10. Knowledge of factors
that can exacerbate or facilitate ease
of transition will be far reaching in
preparing adolescents with ASD for
this hopeful, albeit precarious developmental milestone. Studies are
underway to examine such factors
with the goal of informing treatment
for youth with ASD to make it less of a
period of ‘storm and stress’ and more
a time of strength and resiliency.
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Acknowledgement
This work was supported in part
by the National Institute of Mental
Health (grant no. R01 MH085717
awarded to BA Corbett) and by the
National Institute of Child Health and
Human Development (grant no. P30
HD15052 awarded to the Vanderbilt
Kennedy Center).

References

Conclusion
If a pattern of acute physiological
arousal intensifies during the adolescent transition already shown to be
more volatile, it is likely to contribute
to increased risk and vulnerability.
It is long established that moderate
levels of arousal and stress are
adaptive and even necessary for
survival64,65. However, repeated, exaggerated and prolonged physiological
responsivity to stressors can be
deleterious and result in pronounced
dysregulation of the LHPA axis66,67.
Although there is no evidence that
dysregulation of the LHPA axis is
causally related to autism, enhanced
reactivity of the system may be a
developmental risk factor, specifi-

1. Hall GS. Adolescence: In psychology and
its relation to physiology, anthropology,
sociology, sex, crime, religion, and education. Englewood Cliffs: Prentice-Hall; 1904.
2. Chrousos GP, Torpy DJ, Gold PW.
Interactions between the hypothalamic-pituitary-adrenal axis and the
female reproductive system: clinical
implications. Ann Intern Med. 1998
Aug;129(3):229–40.
3. Spear LP. The adolescent brain and
age-related
behavioral
manifestations. Neurosci Biobehav Rev. 2000
Jun;24(4):417–63.
4. Steinberg L, Morris AS. Adolescent development. Annu Rev Psychol.
2001;52:83–110.
5. Sisk CL, Foster DL. The neural basis of
puberty and adolescence. Nat Neurosci.
2004 Oct;7(10):1040–7.

6. Romeo RD, Richardson HN, Sisk CL.
Puberty and the maturation of the male
brain and sexual behavior: recasting a
behavioral potential. Neurosci Biobehav
Rev. 2002 May;26(3):381–91.
7. Herman JP, Cullinan WE. Neurocircuitry
of stress: central control of the hypothalamo-pituitary-adrenocortical
axis.
Trends Neurosci. 1997 Feb;20(2):78–84.
8. Hennessey JW, Levine S. Stress, arousal,
and the pituitary-adrenal system: a
psychoendocrine hypothesis. In: Sprague
JM, Epstein AN, editors. New York:
Academic Press; 1979.
9. Dickerson SS, Kemeny ME. Acute
stressors and cortisol responses: a
theoretical integration and synthesis of
laboratory research. Psychol Bull. 2004
May;130(3):355–91.
10. Mason JW. A review of psychoendocrine research on the pituitary-adrenal
cortical system. Psychosom Med. 1968
Sep–Oct;30(5):576–607.
11. APA. Diagnostic and statistical manual
of mental disorders. 4th ed., Text Revision
(DSM-IV-TR). Washington, DC: American
Psychiatric Association; 2000.
12. Lanni KE, Schupp CW, Simon D,
Corbett BA. Verbal ability, social stress, and
anxiety in children with autistic disorder.
Autism. 2012 Mar;16(2):123–38.
13. Cicchetti D, Rogosch FA. A developmental psychopathology perspective on
adolescence. J Consult Clin Psychol. 2002
Feb;70(1):6–20.
14. Gunnar MR, Wewerka S, Frenn K, Long
JD, Griggs C. Developmental changes in
hypothalamus-pituitary-adrenal activity
over the transition to adolescence:
normative changes and associations
with puberty. Dev Psychopathol. 2009
Winter;21(1):69–85.
15. Adam EK. Transactions among
adolescent trait and state emotion and
diurnal and momentary cortisol activity
in naturalistic settings. Psychoneuroendocrinology. 2006 Jun;31(5):664–79.
16. Walker EF, Walder DJ, Reynolds F.
Developmental changes in cortisol secretion in normal and at-risk youth. Dev
Psychopathol. 2001 Summer;13(3):
721–32.
17. Shirtcliff EA, Allison AL, Armstrong JM,
Slattery MJ, Kalin NH, Essex MJ. Longitudinal stability and developmental
properties of salivary cortisol levels
and circadian rhythms from childhood
to adolescence. Dev Psychobiol. 2012
Jul;54(5):493–502.

Licensee OA Publishing London 2013. Creative Commons Attribution Licence (CC-BY)
F
2013 Mar 01;1(1):2.

: Corbett BA, Simon D. Adolescence, stress and cortisol in autism spectrum disorders. OA Autism

CompeƟng interests: none declared. Conflict of interests: none declared.
All authors contributed to the concepƟon, design, and preparaƟon of the manuscript, as well as read and approved the final manuscript.
All authors abide by the AssociaƟon for Medical Ethics (AME) ethical rules of disclosure.

Critical review

Page 5 of 6

18. Stroud LR, Foster E, Papandonatos GD,
Handwerger K, Granger DA, Kivlighan KT,
et al. Stress response and the adolescent
transition: performance versus peer
rejection stressors. Dev Psychopathol.
2009 Winter;21(1):47–68.
19. Sumter SR, Bokhorst CL, Miers AC,
Van Pelt J, Westenberg PM. Age and
puberty differences in stress responses
during a public speaking task: do adolescents grow more sensitive to social evaluation? Psychoneuroendocrinology. 2010
Nov;35(10):1510–6.
20. Muris P, Merckelbach H, Ollendick T,
King N, Bogie N. Three traditional and
three new childhood anxiety questionnaires: their reliability and validity in a
normal adolescent sample. Behav Res
Ther. 2002 Jul;40(7):753–72.
21. Graber JA, Brooks-Gunn J. Expectations for and precursors to leaving home
in young women. New Dir Child Dev.
1996 Spring;(71):21–38.
22. Ladd GW. Peer rejection, aggressive
or withdrawn behavior, and psychological maladjustment from ages 5 to 12: an
examination of four predictive models.
Child Dev. 2006 Jul–Aug;77(4):822–46.
23. Tantam D. The challenge of adolescents and adults with Asperger syndrome.
Child Adolesc Psychiatr Clin N Am. 2003
Jan;12(1):143–63.
24. Bellini S. The development of social
anxiety in adolescents with autism spectrum disorders. Focus Autism Other Dev
Disabl. 2006;21(3):138–45.
25. White SW, Oswald D, Ollendick T,
Scahill L. Anxiety in children and adolescents with autism spectrum disorders. Clin Psychol Rev. 2009 Apr;29(3):
216–29.
26. de Bruin EI, Verheij F, Wiegman T,
Ferdinand RF. Differences in finger
length ratio between males with autism,
pervasive developmental disorder-not
otherwise specified, ADHD, and anxiety
disorders. Dev Med Child Neurol. 2006
Dec;48(12):962–5.
27. Simonoff E, Pickles A, Charman T,
Chandler S, Loucas T, Baird G. Psychiatric
disorders in children with autism spectrum disorders: prevalence, comorbidity,
and associated factors in a populationderived sample. J Am Acad Child Adolesc
Psychiatry. 2008 Aug;47(8):921–9.
28. Hallett V, Lecavalier L, SukhodolskyDG, Cipriano N, Aman MG, McCracken
JT, et al. Exploring the manifestations of
anxiety in children with autism spec-

trum disorders. J Autism Dev Disord.
2013 Feb.
29. White SW, Roberson-Nay R.
Anxiety, social deficits, and loneliness in youth with autism spectrum
disorders. J Autism Dev Disord. 2009
Jul;39(7):1006–13.
30. Kuusikko S, Pollock-Wurman R,
Jussila K, Carter AS, Mattila ML, Ebeling
H, et al. Social anxiety in high-functioning
children and adolescents with autism and
Asperger syndrome. J Autism Dev Disord.
2008 Oct;38(9):1697–709.
31. Weisbrot DM, Gadow KD, DeVincent
CJ, Pomeroy J. The presentation of anxiety
in children with pervasive developmental
disorders. J Child Adolesc Psychopharmacol. 2005 Jun;15(3):477–96.
32. Corbett BA, Constantine LJ. Autism
and attention deficit hyperactivity
disorder: assessing attention and
response control with the integrated
visual and auditory continuous performance test. Child Neuropsychol. 2006
Aug;12(4–5):335–48.
33. Corbett BA, Schupp CW, Simon D, Ryan
N, Mendoza S. Elevated cortisol during
play is associated with age and social
engagement in children with autism. Mol
Autism. 2010;1(1):13.
34. Wood JJ, Drahota A, Sze K, Har K,
Chiu A, Langer DA. Cognitive behavioral
therapy for anxiety in children with
autism spectrum disorders: a randomized, controlled trial. J Child Psychol
Psychiatry. 2009 Mar;50(3):224–34.
35. White SW, Ollendick T, Albano AM,
Oswald D, Johnson C, Southam-Gerow
MA, et al. Randomized controlled trial:
Multimodal Anxiety and Social Skill Intervention for adolescents with autism spectrum disorder. J Autism Dev Disord. 2013
Feb;43(2):382–94.
36. Gillberg C, Schaumann H. Infantile
autism and puberty. J Autism Dev Disord.
1981 Dec;11(4):365–71.
37. Granana N, Taddeo P, Espoueys P,
Nazer C. Pubertal behavioral decompensation in patients with pervasive
developmental disorders. Vertex. 2010
May–Jun;21(91):245–9.
38. Lintas C, Persico AM. Neocortical
RELN promoter methylation increases
significantly after puberty. Neuroreport.
2010 Jan;21(2):114–8.
39. Shattuck PT, Seltzer MM, Greenberg JS,
Orsmond GI, Bolt D, Kring S, et al. Change
in autism symptoms and maladaptive
behaviors in adolescents and adults with

an autism spectrum disorder. J Autism
Dev Disord. 2007 Oct;37(9):1735–47.
40. Taylor JL, Seltzer MM. Changes in the
autism behavioral phenotype during the
transition to adulthood. J Autism Dev
Disord. 2010 Dec;40(12):1431–46.
41. Hoshino Y, Yokoyama F, Watanabe
M, Murata S, Kaneko M, Kumashiro H.
The diurnal variation and response to
dexamethasone suppression test of
saliva cortisol level in autistic children.
Jpn J Psychiatry Neurol. 1987 Jun;41(2):
227–35.
42. Corbett BA, Mendoza S, Abdullah M,
Wegelin JA, Levine S. Cortisol circadian
rhythms and response to stress in children with autism. Psychoneuroendocrinology. 2006 Jan;31(1):59–68.
43. Marinovic-Curin J, Marinovic-Terzic
I, Bujas-Petkovic Z, Zekan L, Skrabic V,
Dogas Z, et al. Slower cortisol response
during ACTH stimulation test in autistic
children. Eur Child Adolesc Psychiatry.
2008 Feb;17(1):39–43.
44. Richdale AL, Prior MR. Urinary cortisol
circadian rhythm in a group of high-functioning children with autism. J Autism Dev
Disord. 1992 Sep;22(3):433–47.
45. Corbett BA, Mendoza S, Wegelin JA,
Carmean V, Levine S. Variable cortisol
circadian rhythms in children with
autism and anticipatory stress. J Psychiatry Neurosci. 2008;33(3):227–34.
46. Corbett BA, Schupp CW, Levine S,
Mendoza S. Comparing cortisol, stress
and sensory sensitivity in children with
autism. Autism Res. 2009;2:32–9.
47. Curin JM, Terzic J, Petkovic ZB, Zekan
L, Terzic IM, Susnjara IM. Lower cortisol
and higher ACTH levels in individuals
with autism. J Autism Dev Disord. 2003
Aug;33(4):443–8.
48. Brosnan M, Turner-Cobb J, MunroNaan Z, Jessop D. Absence of a normal
cortisol awakening response (CAR)
in adolescent males with Asperger
syndrome (AS). Psychoneuroendocrinology. 2009 Aug;34(7):1095–100.
49. Zinke K, Fries E, Kliegel M, Kirschbaum
C, Dettenborn L. Children with high-functioning autism show a normal cortisol
awakening response (CAR). Psychoneuroendocrinology. 2010 Nov;35(10):
1578–82.
50. Spratt EG, Nicholas JS, Brady KT,
Carpenter LA, Hatcher CR, Meekins KA, et
al. Enhanced cortisol response to stress in
children in autism. J Autism Dev Disord.
2012 Jan;42(1):75–81.

Licensee OA Publishing London 2013. Creative Commons Attribution Licence (CC-BY)
F
2013 Mar 01;1(1):2.

: Corbett BA, Simon D. Adolescence, stress and cortisol in autism spectrum disorders. OA Autism

CompeƟng interests: none declared. Conflict of Interests: none declared.
All authors contributed to the concepƟon, design, and preparaƟon of the manuscript, as well as read and approved the final manuscript.
All authors abide by the AssociaƟon for Medical Ethics (AME) ethical rules of disclosure.

Critical review

Page 6 of 6

51. Corbett BA, Schupp CW, Lanni KE.
Comparing biobehavioral profiles across
two social stress paradigms in children
with and without autism spectrum disorders. Mol Autism. 2012 Nov;3(1):13.
52. Lopata C, Volker MA, Putnam SK,
Thomeer ML, Nida RE. Effect of social
familiarity on salivary cortisol and selfreports of social anxiety and stress in
children with high functioning autism
spectrum disorders. J Autism Dev Disord.
2008 Nov;38(10):1866–77.
53. Buske-Kirschbaum A, von Auer K,
Krieger S, Weis S, Rauh W, Hellhammer D.
Blunted cortisol responses to psychosocial stress in asthmatic children: a general
feature of atopic disease? Psychosom
Med. 2003 Sep–Oct;65(5):806–10.
54. Levine TP, Sheinkopf SJ, Pescosolido
M, Rodino A, Elia G, Lester B. Physiologic arousal to social stress in children
with autism spectrum disorders: A pilot
study. Res Autism Spectr Disord. 2012
Winter;6(1):177–83.
55. Jansen LM, Gispen-de Wied CC, Van
der Gaag RJ, ten Hove F, Willemsen-Swinkels SW, Harteveld E, et al. Unresponsiveness to psychosocial stress in a subgroup
of autistic-like children, multiple complex
developmental disorder. Psychoneuroendocrinology. 2000 Nov;25(8):753–64.

56. Tordjman S, Anderson GM, McBride
PA, Hertzig ME, Snow ME, Hall LM, et
al. Plasma beta-endorphin, adrenocorticotropin hormone, and cortisol in
autism. J Child Psychol Psychiatry. 1997
Sep;38(6):705–15.
57. Viau R, Arsenault-Lapierre G, Fecteau
S, Champagne N, Walker CD, Lupien S.
Effect of service dogs on salivary cortisol
secretion in autistic children. Psychoneuroendocrinology. 2010 Sep;35(8):
1187–93.
58. Corbett BA, Gunther JR, Comins
D, Price J, Ryan N, Simon D, et al. Brief
report: Theatre as therapy for children
with autism spectrum disorder. J Autism
Dev Disord. 2011 Apr;41(4):505–11.
59. Schupp CW, Simon DS, Corbett BA.
Cortisol responsivity differences in children with autism spectrum disorders
during free and cooperative play. J Autism
Dev Disord. 2013 Feb.
60. Tordjman S, Anderson GM, Botbol M,
Brailly-Tabard S, Perez-Diaz F, Graignic
R, et al. Pain reactivity and plasma
beta-endorphin in children and adolescents with autistic disorder. PLoS One.
2009;4(8):e5289.
61. Nir I, Meir D, Zilber N, Knobler H,
Hadjez J, Lerner Y. Brief report: Circadian
melatonin, thyroid-stimulating hormone,

prolactin, and cortisol levels in serum of
young adults with autism. J Autism Dev
Disord. 1995 Dec;25(6):641–54.
62. Tani P, Lindberg N, Matto V, Appelberg
B, Nieminen-von Wendt T, von Wendt L,
et al. Higher plasma ACTH levels in adults
with Asperger syndrome. J Psychosom
Res. 2005 Jun;58(6):533–6.
63. Gunnar MR, Talge NM, Herrera A.
Stressor paradigms in developmental
studies: what does and does not work
to produce mean increases in salivary
cortisol.
Psychoneuroendocrinology.
2009 Aug;34(7):953–67.
64. Seyle H. A syndrome produced
by diverse nocuous agents. Nature.
1936;138:32.
65. Yerkes RM, Dodson JD. The relation of strength of stimulus to rapidity
of habit-formation. J Comp Psychol.
1908;18(5):459–82.
66. Charmandari E, Tsigos C, Chrousos
G. Endocrinology of the stress response.
Annu Rev Physiol. 2005;67:259–84.
67. McEwen BS. Stress, adaptation, and
disease. Allostasis and allostatic load.
Ann N Y Acad Sci. 1998 May;840:33–44.

Licensee OA Publishing London 2013. Creative Commons Attribution Licence (CC-BY)
F
2013 Mar 01;1(1):2.

: Corbett BA, Simon D. Adolescence, stress and cortisol in autism spectrum disorders. OA Autism

CompeƟng interests: none declared. Conflict of interests: none declared.
All authors contributed to the concepƟon, design, and preparaƟon of the manuscript, as well as read and approved the final manuscript.
All authors abide by the AssociaƟon for Medical Ethics (AME) ethical rules of disclosure.

Critical review

