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Abstract

Children with Autism often show difficulties in adapting to change. Previous studies of cortisol, a
neurobiologic stress hormone reflecting hypothalamic—pituitary—adrenal (HPA) axis activity, in
children with autism have demonstrated variable results. This study measured cortisol levels in
children with and without Autism: (1) at rest; (2) in a novel environment; and (3) in response to a
blood draw stressor. A significantly higher serum cortisol response was found in the group of
children with autism. Analysis showed significantly higher peak cortisol levels and prolonged
duration and recovery of cortisol elevation following the blood-stick stressor in children with
autism. This study suggests increased reactivity of the HPA axis to stress and novel stimuli in
children with autism.
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Introduction

Autism is a biologic, brain-based disorder with genetic and non-genetic etiologies. Its
clinical course is influenced by neurobiological events, but these are not well understood.
Children with autism are classically characterized by deficits in language and social
interactions as well as displays of odd or repetitive behaviors. Though historically
considered relatively rare, the Centers for Disease Control and Prevention's (CDC)
Morbidity and Mortality Weekly Report currently estimates that an average of 1 in 111
children in the U.S. have an Autism Spectrum Disorder (ASD), with a gender bias of 4-5
times more males than females having ASD (Rice 2009). Despite this relatively high
prevalence, our understanding of the neurodevelopmental biology and pathophysiology of
these disorders remains limited. An improved understanding of neurobiological factors
associated with autism may lead to more effective therapeutic interventions and additional
clues as to the etiology of the disorder.

Previous studies have shown that people with autism have abnormal levels of various
hormones and neuroactive substrates such as serotonin, oxytocin, vasopressin, cortisol, and
dehydroepiandrosterone (DHEA) (Lam et al. 2006). These studies have made use of a
variety of technologies to analyze saliva, urine, and serum samples. One of the most well
studied psychoneuroendocrine systems is the hypothalamic—pituitary—adrenal (HPA) axis
which is intimately involved in the stress response (Heinrichs and Koob 2004). Cortisol has
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been well studied in many populations as it is an important measure of the biologic
reactivity to stress and both excessive and deficient cortisol responses have been associated
with dysregulation of the HPA axis (Gunnar and Donzella 2002; Gillespie et al. 2009).
Cortisol measures offer an excellent index of adrenocortical function during childhood that
is independent of chronological age and Tanner Stages of pubertal development (Gomez et
al. 1991). Any type of physical or mental stress can result in an elevation of cortisol;
however, the type of situation that elicits a stress response can vary from person to person.
Individuals with autism are commonly observed to react abnormally to environmental
changes or novel situations that might not be stressful to others. Studies on the variation of
cortisol levels in children with autism have reported conflicting findings, which is thought to
be due in part to the use of different methodologies, to performing the measurements at
different times of day, and to lack of adequately controlling collection conditions (Karten et
al. 2005). A very interesting recently published study using a peer interaction paradigm
found higher levels of cortisol in many children with autism (Corbett et al. 2010). This is of
significant concern as chronic cortisol elevations can have a harmful effect on brain
development (Squire 1992; Hahn et al. 1992). An association has been found between
prolonged and elevated levels of cortisol and a reduced size of brain regions such as the
hippocampus in individuals without autism (Karten et al. 2005). Elevated cortisol levels
have been linked to other adverse associations including low security of parent—child
attachments (Naber et al. 2007; Dettling et al. 2000), and perhaps the elevated level found in
some studies is a reflection of poor attachment characteristics associated with autism. Other
thoughts about elevated stress in children with autism could be due to the fact that these
individuals have difficulty tolerating novel environments and some environmental stressors,
can lead to excessive behavioral reactivity to stressful situations that could be associated
with a concurrent rise in cortisol. The Childhood Autism Rating Scale reflects this
characteristic by measuring adaptation to change as one of its core domains (DiLalla and
Rogers 1994). In summary, the neuroendocrine stress reactivity in children with autism has
not been well characterized. The aim of this study was to compare the HPA axis stress
response in children with autism to normal controls in three ways, by measuring the urinary
cortisol levels from first morning void and responses to a blood-stick stressor using salivary
and serum cortisol levels.

Twenty children between the ages of 3 and 10 (11 males and 9 females) meeting full DSM-
IV-TR criteria for autism and 28 participants (15 males and 13 females) without a history of
developmental concerns were recruited from treatment providers, community-based
agencies, and health care clinics. Children with an 1Q of less than 55 or children having any
co-morbid medical conditions that might impact the HPA axis (e.g. endocrine disorders)
were excluded. Children were excluded if they had a history of abuse or neglect. The
Medical University of South Carolina Institutional Review Board (MUSC IRB) approved
this study. Informed consent was obtained from each subject prior to their arrival at the
Clinical and Translational Research Center (CTRC).

The Autism Diagnostic Observation Schedule (ADOS) was used to confirm the clinical
diagnosis (Lord and Risi 2000). This assessment uses a highly structured scoring system
where evaluations are made based on social and communicative skills, and is considered the
“gold standard” for the diagnosis of autism. In addition, the lead author (ES) and study
clinician (KM) independently reviewed all records available for each subject to assist in the
assessment of lifetime autism criteria. A control group of 28 subjects was formed by
recruiting 3—12 year old children with normal developmental history by structured
interview.
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We performed a Childhood Autism Rating Scale (CARS) assessment on all patients with a
diagnosis of autism. The CARS consists of 14 domains assessing autism behaviors with a
15th domain assessing overall impressions of autism. Each domain is scored from 1 to 4
(total score 15-60) with the higher scores indicating more severe forms of autism. Scores
below 30 classify subjects as non-autistic, between 30 and 36.5 as mildly to moderately
autistic, and scores from 37 to 60 as severely autistic (Schopler et al. 1980). The Child
Behavior Check List (CBCL) was completed by parents of all participants. The CBCL
assesses maladaptive functioning from the perspective of the parent or caregiver. The scales
derived include Total Problems, Internalizing and Externalizing Problems, and eight
syndrome scales (Achenbach 1991).

Demographic information, including age, gender, race, school placement, household
composition, medical insurance, socioeconomic status, religious participation, and nicotine/
substance use in the home, was obtained for each study participant.

Informed consent approved by the MUSC IRB was obtained from each parent prior to
participation. Because cortisol levels are known to fluctuate diurnally, efforts were made to
standardize the time at which studies were performed. Each child and parent arrived at the
CTRC at approximately 8 a.m. Subjects were provided with instructions and specimen
collection materials prior to their visit and were asked to bring the first morning void urine
sample to the visit. If a sample was unavailable at the time of arrival (e.g. parent forgot to
collect the specimen), then a first morning void of the subject was collected at home on
another day soon after the day of study, refrigerated, and collected by research personnel. A
health professional performed a review of systems and a physical exam, including height,
weight, head circumference, and vital signs, on all participants at the time of CTRC
admission to ensure health and to review inclusion—exclusion data. Medications and medical
conditions were reviewed. In order to minimize the potential effect of diet on cortisol, each
subject was provided with a standardized, non-caffeinated breakfast of toast, jelly and apple
juice to minimize any potential effect of carbohydrates on cortisol production (Gonzalez-
Bono et al. 2002). Approximately 20 min after the breakfast was completed, the first
salivary cortisol was collected using a standard swab from a Salimetrics kit. Ten minutes
after the first salivary cortisol was collected, a blood draw was performed using a 21 gauge
butterfly needle. The blood collection served both as a stressor and to collect serum for
determining the baseline serum cortisol level. Salivary cortisol samples were obtained 10
min before and 20 and 40 min after the blood draw. The CTRC research setting was a novel
setting to all participants as none had previously been there. A visual illustration of the
methods is shown in Fig. 1 below.

In order to evaluate HPA response and recovery activity, we measured cortisol levels
obtained in three ways. (1) Morning void urine samples were used to estimate overnight
basal activity. These were performed at the Wisconsin Primate Lab. Samples were assayed
in duplicate using an enzyme-linked immunoassay (EIA) method (HRP Munro) with a
sensitivity of 2.8 pg/ml and direct sample preparation (Toni Ziegler, personal
communication, March 2010). (2) Serum was collected using standard sampling tubes and
assayed for cortisol at Nichols Institute/Quest Diagnostic Laboratories using the Bayer
Advia Centaur Immunoassay System. These samples were used to establish baseline cortisol
levels in the novel setting of the CTRC. (3) HPA response to the blood draw stressor was
evaluated using quantitative salivary cortisol samples taken 10 min before and 20 and 40
min after the stressor (blood draw). These were collected by standard protocol utilizing
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salivettes and sorbettes and processed at the CTRC Core Laboratory using an expanded
range, high sensitivity salivary cortisol EIA kit supplied by Salimetrics.

Statistical Analysis

Results
Subjects

HPA Activity

Subjects were characterized by age, gender, and race using descriptive statistics. Differences
in mean urinary and serum cortisol levels between children with and without autism were
calculated using two independent group 2-sided t-tests with alpha = 0.05. Salivary cortisol
levels at each of the three time points (before blood draw, 20 min and 40 min after blood
draw) were similarly compared between groups. In addition, the area under the curve (AUC)
established by the three time points was calculated for each group. The difference between
groups in their respective AUC values was tested for significance again using the t-test.
Breakdowns by group and by gender were evaluated using the same techniques. All
calculations were made using either SPSS or SAS statistical software.

The twenty children with autism had a mean age of 83.9 months; 55% were male; 80% were
Caucasian and 20% were African American or other. The 28 healthy controls had a mean
age of 66.1 months; 54% were male; 71% were Caucasian and 29% were African American
or other. The autism group was older (p = 0.006), but the two groups were comparable with
respect to race (p = 0.737) and gender (p = 1.000).

The urinary cortisol and serum cortisol levels for the two groups of children are shown in
Table 1. There was no significant difference in the first morning void urinary cortisol level
between the two groups (p = 0.329). However, there was a statistically significant difference
in the serum cortisol obtained during the blood draw, with the autism group displaying a
significantly higher serum cortisol level as compared to the control group (p = 0.014).
Salivary cortisol levels in ug/dL were log transformed to ensure that the data was normally
distributed. HPA responsiveness, as measured by salivary cortisol response to the stressor, is
shown in Fig. 2.

Prior to the blood draw (time 1), the mean salivary cortisol level was not significantly
different between children with autism (mean 0.175) and those without autism (mean 0.105,
p = 0.242 between groups). Both groups displayed an increase in salivary cortisol levels 20
min after the blood draw, with a significantly greater peak response among children with
autism (mean 0.426 for autism group versus 0.132 for those without, p = 0.014). At 40 min
after the blood draw, the salivary cortisol level in the children with autism remained above
their baseline level (mean 0.329), while in those without autism it dropped below their
baseline level (mean 0.011, p = 0.057 between groups). The area under the curve (AUC)
across the three time points was significantly different between the two groups (p = 0.013).
Figure 2 also shows the change across the three time points for male and female children
with autism. Females had a slightly lower level at baseline (time 1), and higher levels at
times 2 (20 min post blood draw) and 3 (40 min post blood draw), but the differences were
not significant at any time point (p = 0.545 at time 1, p = 0.416 at time 2, p = 0.685 at time
3). No statistically significant differences were found between the Caucasian and African-
American children with autism, but only 4 children of the 20 children with autism were
African American, which gave insufficient power to detect potential racial differences.

Comparisons across gender for urinary and serum cortisol levels did not reveal any
statistically significant differences between females with and without autism (urinary p =
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0.542, serum p = 0.106), males with and without autism (urinary p = 0.433, serum p =
0.063), or males versus females with autism (urinary p = 0.559, serum p = 0.199). In
addition, tests were conducted for potential correlations (Pearson bivariate correlation)
between test scores (total CARS, DSM4 total A, ABC by subscale totals) and each of the
cortisol measurements: urinary cortisol, serum cortisol, and salivary cortisol. There were no
significant correlations found.

In additional analyses, Pearson correlations between urine, serum, and salivary cortisol
measures were assessed. For children with autism, salivary and serum cortisol measures
were correlated at Time 2 (0.748, p = 0.000) and at Time 3 (0.645, p = 0.003). Salivary
measures at Time 2 were correlated with salivary measures at Time 3 (0.889, p = 0.000).
There was no significant correlation between age in months and any of the cortisol values
(urine, serum, or salivary). For control children, salivary measures at Time 2 were also
correlated with salivary measures at Time 3, but not as strongly (0.566, p = 0.002). Salivary
and urine measures were correlated at Time 3 (0.407, p = 0.048).

Discussion

Behavioral symptoms of autism are known to be influenced by neurobiological factors.
Many studies that have investigated stress hormone responses look at only a single time
point or how the HPA axis responded to a single stressor. There have been very few studies
examining how this response changes through the day or how it is affected by certain
stressors, environments, and activities. Our results, derived using three methods of cortisol
measurement, indicate that there is a significantly greater biologic reactivity of the HPA axis
in response to a blood draw stressor in children with autism as compared to children without
autism. Although there was no measurable difference in urinary morning resting levels
representing basal HPA axis activity in the home environment, or differences in serum level
representing exposure to a mildly novel new environment (the CTRC), the cortisol response
to a blood stick stressor was significantly greater among children with autism. Specifically,
these patients showed an increased magnitude of cortisol response and a prolonged duration
of cortisol secretion recovery when subjected to this stressor.

A strength of this study is that there was a stressor (blood draw) and a measured HPA
response as well as measures of a resting state. The significant difference in baseline
salivary cortisol taken prior to the blood draw may reflect the response to the novel CTRC
environment as children with autism commonly find new situations to be more stressful than
would typically developing children. This is supported by the observation that although
there was no significant difference in baseline levels of urinary cortisol between control
participants and children with autism, a statistically significant difference in serum cortisol
levels was observed. It is clearly accepted by anyone working with children that have
Autism that their behavioral responses can be extreme. One study speculated that the
cortisol awakening response (CAR) of the HPA axis could be a factor in how youth with
high-functioning autism react to new situations. This suggests that the biologic conditions
produced by stress hormones are associated with the behavioral response of these
individuals. Non-significant findings between the experimental group of young children and
control group led to the hypothesis that in some children with autism the CAR variations in
the HPA may develop during adolescence or later in life (Zinke et al. 2010).

Our findings are similar to those of Richdale and Prior (1992) who demonstrated
hypersecretion of cortisol in children with autism who were integrated into a regular school
system, suggesting a hyper-responsiveness to the environmental stress of the school
environment. This has been demonstrated by Corbett, et al. as they found that a peer
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interaction paradigm situation triggered an HPA response in many children with autism
(2010).

Elevated cortisol levels have been linked to other adverse associations including low
security of parent—child attachments (Naber et al. 2007; Dettling et al. 2000), and perhaps
this elevated level is a reflection of poor attachment characteristics associated with autism.
However, much variability is noted in the responses of children and variable responses were
seen in some of our 20 children.

One of the largest studies conducted in humans with severe Autism Spectrum Disorder
(ASD) (N = 48) found higher levels of plasma adrenocorticotropic hormone (ACTH), which
was suggested to be a better marker for acute stress while cortisol, whose levels were not
significantly different as compared to the control group, is a better marker for basal
functioning. The highest ACTH levels were found in the subjects with most severe ASD.
However in our study, higher elevations of cortisol were not associated with greater ASD
impairment as measured with the CARS.

Several other studies have found dysregulation in the HPA response in subjects with ASD
(Richdale and Prior 1992; Nir et al. 1995; Yamazaki et al. 1975). Lopata et al. (2008) found
significantly increased salivary cortisol levels in response to conditions of peer familiarity in
children with high-functioning ASD. Unfortunately, many studies examining HPA
responsiveness in children with autism are weakened by lack of appropriate controls,
invasive sampling techniques, mixed diagnoses, and very small samples (Maher et al. 1975;
Tordjman et al. 1997; Curin et al. 2003; Corbett et al. 2006).

Although data has been inconsistent, some studies show alterations in the normal circadian
patterns of cortisol in children with autism (Richdale and Prior 1992; Yamazaki et al. 1975;
Tordjman et al. 1997; Aihara and Hashimoto 1989; Hill et al. 1977; Hoshino et al. 1987).
The results seem to be more apparent in populations with greater cognitive impairment;
however Brosnan et al. (2009) showed an increased cortisol awakening response in
adolescent males with Asperger Syndrome. It has also been postulated that children with
autism show poor negative feedback regulation of the HPA axis. Hoshino et al. (1987)
demonstrated that some children with autism had abnormal diurnal rhythm and/or failure to
suppress cortisol in response to dexamethasone, which would normally be expected to cause
a strong negative feedback response. The results suggest that in children with autism the
negative feedback mechanism regulating the HPA axis may be less efficient, resulting in
prolonged cortisol increase following activation by a stress response.

When studying the HPA axis, it is important to take into account the diurnal variability of
the axis which has been shown to be altered in several studies. Corbett et al. (2009) found
increased variation in circadian rhythms as well as statistically significant cortisol elevations
from exposure to a nonsocial stimulus (placement in a mock MRI machine) among ASD
subjects. Another study by Corbett et al. showed decreased salivary cortisol levels in the
morning with increased levels in the evening. Autistic subjects also showed increased
circadian variability within and between subjects. Some have suggested that ann abnormal
circadian pattern may be due to dysfunction of the pineal gland (Bourgeron 2010).

As additional studies are conducted, we it's important that we continue to look at multiple
ways that the HPA axis is functioning, times of day as well as the specific stressor tested.
Stressors related to novel experiences and social interactions, not considered by others to be
stressful, may be especially stressful for those with autism. The interaction between stress
and the multi layered variability of the HPA axis activity is known to be complex. Using
both a Trier-style psychosocial stressor test and a control test with no intended stressor,
Jansen et al. (2003) demonstrated higher cortisol levels in children with autism after the
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control test and lower levels after the psychosocial test when compared to normal children.
Although cortisol levels did not increase for children with autism during the stressor, their
heart rate significantly increased indicating that the test was perceived as stressful. When
trying to replicate these results with adults, Jansen et al. (2006) found increased levels of
oxytocin but no difference in cortisol levels between Autism and controls when given the
psychosocial stressor task. In both studies, however, the researchers found a decreased heart
rate in those with Autism in response to the psychosocial stressor and hypothesized that this
is due to a physiological dysfunction in the stress response (Jansen et al. 2003, 2006).

Our study provides evidence for dysregulation of the HPA stress response in individuals
with autism. In this study, no correlation was found between the severity of autism
symptoms, as measured by the CARS, and measures of HPA response. Although we
attempted to control many variables that potentially confound studies of the HPA axis, our
study is still limited by the difficulty of regulating induced stress in a population known for
their abnormal and widely varied perception of and response to stress. However, there are
several strengths of our study that include the controlled environment of the CTRC, a high
carbohydrate breakfast and the use of a same time of day standardized protocol and
procedures. Prepubertal participants were chosen, and we had an almost equal number of
males and females in both groups. We used standard measures of the severity of autistic
features. There is no way to comprehensively evaluate which environmental stressors are
perceived as most stressful in this population i.e. novel environment, social interactions,
meeting new people, anticipation of blood draw, etc. Future research that aims to evaluate
the role of different stressors and the biologic mechanisms of other systems might provide
insight into the association of increased cortisol response and behavior. This was a small
pilot study to demonstrate the feasibility of conducting biologic studies with prepubertal
children with autism in our CTRC and to begin exploring the associations of behavior and
biology in these children. Further research looking at larger groups of test subjects in more
controlled scenarios over extended periods of time and monitoring multiple stress and
resilience systems at the same time may be required if we are to someday understand the
scope of HPA dysregulation and its effects in individuals with autism.
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Urinary Cortisol (first morning void)

8am:arrival and standaradized breakfast

20 minute delay

Salivary Cortisol (1)
10 minute delay

Blood Draw (stressor/serum cortisol)

20 minute delay

Salivary Cortisol (2)

20 minute delz

Salivary Cortisol (3)

Fig. 1.
The experimental time sequence used to assess the stress response of children with and
without autism
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Salivary Cortisol
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Fig. 2.

Mean salivary cortisol levels in response to a blood draw stressor between children with
Autism (further broken down by gender) and developmentally normal controls.
Measurements at Time 1 were taken 10 min prior to a blood draw. Times 2 and 3 refer to
measurements at 20 and 40 min post-draw, respectively. Subjects with autism display a
higher peak response as well as a prolonged duration. Standard errors of the mean are as
follows: Time 1 (autism 0.061, control 0.024), Time 2 (autism 0.107, control 0.018), Time 3
(autism 0.111, control 0.018)
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