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SUMMARY
Background—Tourette syndrome (TS) is characterized by motor and vocal tics, which are often
exacerbated by stress. The hypothalamic-pituitary-adrenocortical (HPA) axis, a major stress response
system is thus of interest for understanding TS.

Methods—Diurnal cortisol rhythms were estimated in medication-free children 7-to-13 years with
TS (N=20) and healthy age-matched controls (N=16). Salivary samples were collected on three
consecutive days from the home. HPA responsivity was assessed by examining cortisol in response
to a mock and real MRI scan.

Results—The results of diurnal rhythmicity revealed a trend showing marginally lower evening
cortisol for the TS group. By contrast, the TS group had higher cortisol levels in response to the
stressor. There were strong, negative correlations between evening cortisol and tic severity as well
as diurnal cortisol and anxiety.

Conclusions—The children with TS showed increased cortisol in response to the MRI
environment, supporting a model of enhanced HPA responsivity. The lower evening cortisol may be
the result of chronic daily stress. Alternatively, the negative associations between cortisol and
reported anxiety and tics may reflect biologically-based anxiolytic properties of tic expression. Taken
together, the results clearly implicate involvement of the HPA axis in the neuropathology of TS.
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INTRODUCTION
Gilles de la Tourette Syndrome (TS) is a complex, highly heritable neurodevelopmental
disorder characterized by the expression of motor and phonic tics. The diagnostic criteria
require the expression of tics defined as sudden, rapid, recurrent, non-rhythmic, stereotyped
motor movements and vocalizations (APA, 1994). TS usually has a childhood onset with
waxing and waning symptoms and response to medication over the course of development
(Surwillo et al., 1978). Many individuals present with a mild-to-moderate symptom profile
that is treated with education, behavioral techniques, and follow-up (Coffey et al., 1994).
Patients with more severe symptoms often require treatment that may involve
pharmacotherapeutic intervention and cognitive-behavioral therapy. TS is often accompanied
by a range of co-occurring symptoms, including inattention, impulsivity, and impaired
executive function (Bruun & Budman, 1992). There is also a high preponderance of symptoms
of obsessive-compulsive disorder (OCD) in TS (McElroy et al., 1994; Steingard & Dillon-
Stout, 1992; Swedo & Leonard, 1994). Further, anxiety disorders are often comorbid with TS
and may be related to tic severity (Coffey et al., 1992).

It is commonly reported that stress-related fluctuations in symptom severity occur in all phases
of TS illness (Peterson, 1996), often in response to fatigue, emotional trauma, anxiety, or stress
(Shapiro et al., 1988). Premonitory urges are a sensory phenomenon that often precede motor
tics (Banaschewski et al., 2003; Cohen & Leckman, 1992; Jankovic, 1997; Kwak et al.,
2003; Leckman & Peterson, 1993; Woods et al., 2005), such that patients frequently describe
their tics as voluntary and intentionally produced, as a way of relieving unpleasant involuntary
premonitory sensations. Voluntary tic suppression can result in a buildup of tension that some
claim leads to a paradoxical rebound or outburst of tics (Bliss, 1980; Jankovic, 1997). However,
some studies involving behavioral observation methods (Himle & Woods, 2005; Meidinger et
al., 2005; Woods et al., 2007) and intervention techniques (Verdellen et al., 2004) do not
support the presence of a rebound effect.

A diathesis stress model proposed by Leckman and colleagues suggested that TS is the product
of a genetic predisposition coupled with unknown environmental factors occurring at a
vulnerable stage of development (Leckman et al., 1984). An example of an environmental
trigger is pediatric autoimmune neuropsychiatric disorders associated with streptococcal
infection (PANDAS) that arise after exposure to streptococcal (group A beta-hemolytic
streptococcal [GABHS]) infections (Mell et al., 2005; Swedo et al., 1998; Trifiletti & Packard,
1999). However, other research does not support the notion that PANDAS and TS are the result
of autoantibody exposure (Harris & Singer, 2006; Kurlan, 1998; Loiselle et al., 2004; Singer
et al., 2005).

Aside from these specific etiological factors, anxiety and stress-related symptoms are
consistently and intimately involved in both the maintenance and exacerbation of tics
(Lombroso et al., 1991; Peterson, 1996). Given this strong relationship between symptoms and
stress-related reactivity, the hypothalamic-pituitary-adrenocortical (HPA) axis is of interest in
the study of TS.

Regulation of the HPA axis involves three interrelated processes: the maintenance of a diurnal
rhythm, activation in response to challenge or threat (stress response), and the restoration of
basal activity via negative feedback mechanisms. One or more of these processes could be
affected in TS. Additionally, the consistency of the diurnal rhythm has been considered an
important factor in some neuropsychiatric disorders (Corbett et al., in press; Yehuda et al.,
1996).

Cortisol, the primary glucocorticoid in humans, is a principal homeostatic regulator. Its
secretion follows a circadian rhythm, with high concentrations in the morning and a decline
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throughout the day, with the lowest levels in the evening and at night. This pattern is already
well-developed by the third month of infancy (Price et al., 1983; Vermes et al., 1980). It has
been suggested that individual differences in cortisol secretion, especially in the morning, may
be an important variable for typically developing children (Bartels et al., 2003) as well as
children with neuropathology, such as autism (Corbett et al., 2006; Corbett et al., in press).

Arguably, the best-studied aspect of the HPA axis pertains to the response to stress, and one
of the most widely used biological markers of stress is an increased concentration of circulating
cortisol secreted by the adrenal gland. The stress response is initiated by the release of
corticotrophin releasing hormone (CRH) from the hypothalamus, which in turn stimulates the
synthesis and release of adrenocorticotropic hormone (ACTH) from the anterior pituitary
gland, which ultimately stimulates release of glucocorticoids, including cortisol, from the
adrenal gland. Elevation in cortisol secretion occurs in response to novel, threatening, and
unpredictable situations (Gunnar & Donzella, 2002; Hennessey & Levine, 1979).

Despite the observation that tics associated with Tourettte syndrome may be exacerbated by
stress (Lombroso et al., 1991; Peterson, 1996), there has been a dearth of research exploring
the HPA axis in TS (Chappell et al., 1994; Sandyk, 1988; Sandyk & Bamford, 1988; Young
et al., 1981), and no such work in children, who are typically most strongly affected by TS.

An early case study of a patient with TS with midbrain involvement showed a normal endocrine
evaluation, which included plasma cortisol (Sandyk, 1988). A report of six TS patients
evidenced a significant rise in plasma cortisol secretion in response to naloxone challenge
(Sandyk & Bamford, 1988). The investigators hypothesized that noradrenergic locus coeruleus
receptors involved in the release of corticotropic releasing factor are hypersensitive in response
to chronic and excessive opiod-noradrenergic activity in TS (Sandyk & Bamford, 1988).
However, given the lack of a direct comparison to control participants, this hypothesis awaits
further investigation.

Another study (Chappell et al., 1994) examined the stressful effects of lumbar puncture on
plasma ACTH and cortisol, urinary catecholamines, and self- and clinician ratings of anxiety
in 13 medication-free TS patients and 10 normal controls, ages 17 to 41 years. The TS patients
secreted significantly more ACTH than the control subjects following lumbar puncture, as
manifested by greater mean and peak ACTH levels. Using a similar protocol, adult patients
with TS showed elevated corticotrophin-releasing factor (CRF) in response to lumbar puncture
when compared to individuals with OCD and normal control subjects (Chappell et al., 1996).
Taken together, these findings suggest that TS patients show heightened reactivity of the HPA
axis.

In the current investigation, we sought to characterize the diurnal rhythmicity and reactivity
of the HPA axis in children with TS. We examined: 1) the diurnal pattern of cortisol secretion
in children with and without TS using in-home sampling of salivary cortisol, 2) between-subject
variability in diurnal rhythms, 3) the response to stress following initial exposure to a mock
MRI, and following response to a real functional MRI (fMRI) scan, and 4) the association
between cortisol and clinical symptoms of tics and anxiety. We predicted that children with
TS would exhibit elevated stress-related cortisol levels relative to age-matched control
children.

METHODS
Subjects

The subjects consisted of 36 unmedicated, English-speaking, predominantly male children
between 7 and 13 years of age. 20 of these children were diagnosed with TS (17 males, 3
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females) and 16 were neurotypical (NT) (11 males, 5 females) children. For demographic
information see Table 1. Informed written consent was obtained from parents, and verbal assent
was obtained from all research subjects prior to inclusion in the study. This study was approved
by the Institutional Review Board of the University of California, Davis.

All subjects underwent a rigorous clinical assessment. Participants in the experimental group
were recruited via clinical referrals, the Tourette Syndrome Association, local advertisements,
physician referrals, and through the University of California at Davis M.I.N.D. Institute. The
diagnosis of TS was based on DSM-IV criteria (APA, 1994) and established by: 1) a previous
diagnosis of TS by a psychologist, psychiatrist or behavioral pediatrician, 2) clinical judgment
by the first author (B.A.C.), and 3) confirmation of the presence of motor and phonic tics based
on the Yale Global Tic Severity Scale (YGTSS). The parents of all participants also completed
a semi-structured interview (see DISC below) to determine the extent of symptomology across
other related disorders (i.e., OCD, ADHD, and anxiety).

Age-matched typically developing children were recruited through area schools, flyers, and
recreational centers. Following initial contact, potential subjects were screened for
neurodevelopmental disorders via parent interviews. Subjects with a history of serious physical
illness (e.g., endocrine, cardiovascular, or neurological disorders) were not enrolled in the
study.

Assessment
Testing was completed following informed consent procedures on the first of two visits.

Diagnostic and Inclusion Measures—Wechsler Abbreviated Scale of Intelligence
(WASI) (Wechsler, 1999) was used as an estimate of IQ. This measure was administered to
all subjects unless an IQ score from a more comprehensive measure had been completed less
than two years previously. Participants with a score of less than 75 on the WASI were excluded
from the study.

Diagnostic Interview Schedule for Children (DISC; Shaffer et al., 2000) is a semistructured,
computer-assisted interview. For this study, 15 subsections of the DISC were administered and
included: Tic Disorders [Tourette syndrome, Chronic Tic Disorder, Transient Tic Disorder],
Obsessive-Compulsive Disorder, ADHD, Social Phobia, Separation Anxiety Disorder,
Specific Phobia, Panic Disorder, Agoraphobia, Generalized Anxiety Disorder, Post-traumatic
Stress Disorder, Trichotillomania, Major Depressive Episode, Dysthymic Disorder,
Oppositional Defiant Disorder, and Conduct Disorder. The DISC was used to better
characterize the diagnostic profile of the participants.

The Yale Global Tic Severity Scale (YGTSS; Leckman et al., 1989) is a clinical rating
instrument that provides an assessment of the number, frequency, intensity, complexity, and
interference of motor and phonic symptoms in individuals with TS and related tic disorders.

Child Yale-Brown Obsession and Compulsion Scale (CY-BOCS; Scahill et al., 1997) is a semi-
structured interview administered jointly to the child and his/her parent. The scale is divided
into separate subscales for obsessions and compulsions, each with a maximum score of 20.
Considered the gold standard for assessment of OCD symptoms, the CY-BOCS was used to
document the presence, rate and severity of these symptoms.

Questionnaires—The parents of the participants completed the following questionnaires.

Conners’ Parent Rating Scale-Revised (Short)(Conners, 2001). The CPRS-R:S is a parental
rating scale that provides a narrow range of information about behaviors associated with
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attention deficits and/or hyperactivity, as well as oppositional behavior. The Conners’ is
considered a standard and valid measure frequently used in the assessment of ADHD. T-scores
are generated with a mean of 50 and a standard deviation of 10. Scores ranging from 60 to 65
fall in the at-risk range and scores > 70 are considered clinically significant.

The Social Communication Questionnaire (SCQ; Rutter et al., 2003) is used as a screening
tool for autism spectrum disorders (ASD). Scores of 15 or higher are highly suggestive of ASD
and scores of 22 and higher are suggestive of autism. Participants scoring ≥ 15 were excluded
from the study.

Multidimensional Anxiety Scale for Children (MASC; March et al., 1999) was used as a
parental and self-report measure of anxiety. The results are presented as t-scores with a mean
of 50 and a standard deviation of 10.

Parenting Stress Index (PSI; Abidin, 1995) is a 101-item questionnaire used to identify
caregiver stress experienced in the child-parent relationship and family.

Cortisol Sampling Methods
We used the current preferred procedure in human stress research, collecting salivary samples
for subsequent assay of cortisol concentrations. A total of 13 salivary samples were collected
from each research participant: 9 home samples collected to measure the cortisol diurnal
rhythm, and 4 laboratory samples collected to evalute the participant’s response to stress.

Parents were trained on the collection procedures, and were provided with sample tubes and
preprinted labels. Tubes were stored in a container fitted with a Trackcap™ (distributed by
Aprex®, Union City, CA), described below. The participant was given Trident® Original
Sugarless chewing gum, which acts as a saliva stimulant. After 30 seconds, the child was asked
to spit the gum out into a tissue. The test tube was then removed from the Trackcap™ container.
The child was given a large straw and asked to put it in his/her mouth while the lower end of
the straw was placed into the collection tube. The participant was then asked to deposit saliva
into the tube by spitting. This method of direct sampling into a collection container does not
have any measurable effects on the results of the assays (Schwartz et al., 1998). Once
completed, a pre-typed, peel-off label (coded with the date and time of collection) was placed
on the tube. For home collection, the samples were placed in the home refrigerator for
temporary storage.

A critical concern with respect to the home samples is the danger of parental noncompliance
with collection of multiple salivary samples. We attempted to address this concern by
monitoring compliance via careful instruction and parental diaries. As an additional means of
measuring parental compliance to the outlined experimental procedures, the empty collection
tubes were contained within a bottle fitted with a TrackCap™ (distributed by Aprex®, Union
City, CA). A TrackCap is a bottle cap containing microelectronics that records the date and
time for each occasion that the bottle is opened. This record was compared with the parent
record of each sample collection time.

To evaluate the accuracy of recording and adherence to the sampling protocol, we computed
Pearson correlations between the parent report (PR) sampling times and the Trackcap report
(TR) times. For any disagreements greater than 30 minutes, the log and cortisol values were
scrutinized for accuracy. A discrepancy was observed in fewer than 1% of the samples.
Exclusion of these data points did not alter the results; thus, the samples remained in the
analysis.
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Diurnal Rhythmicity—Basal levels of salivary cortisol were collected for three diurnal
cycles. Research assistants instructed parents on the basic saliva sampling procedure described
above for in-home collection. Parents were provided with a supply packet containing a
TrackCap™ - fitted container with collection tubes, Trident® Original Sugarless gum, large
straws, storage bag, diary forms and a calendar with pre-numbered, peel-off labels that
corresponded to the collection schedule. Research staff regularly called parents to ensure
adherence and to answer questions regarding the sampling procedures. Within 48 hours of the
final saliva sample, the test tube kits were collected by the research assistant, placed in a cooler
and brought to the Endocrine Laboratory.

Home samples were collected by parents three times per day for three consecutive days
beginning with the morning sample on the first day, followed by mid-afternoon and evening
samples. For each participant, the samples were collected at approximately the same time each
day. Specifically, the morning sample was collected within a half-hour of waking prior to the
participant eating, drinking or brushing his teeth. The afternoon sample was collected between
1300 and 1500 hours, and children were to avoid eating for a minimum of one hour prior to
sampling. The evening sample was collected within 30 minutes of bedtime, prior to brushing
teeth and again avoiding eating for an hour before sample collection.

Environmental Stress—This portion of the study was conducted at the UC Davis Imaging
Research Center (IRC). To evaluate response to environmental challenges to an environmental
stressor, we obtained salivary samples from the participants before and after exposure to the
mock scanner (MRI simulator), and before and after a real MRI scan session. The exposure is
conceptualized as a model of environmental stress insofar as it is a novel event that involves
mild restraint and exposure to previously-recorded unpleasant noises generated by the MRI
scanner (Corbett et al., 2006; Corbett et al., in press). It is important to note that the children
exposed to this procedure were not provided with additional strategies (e.g., watching a
videotape of an MRI) to help them habituate to the mock scanning procedures. All mock
scanning sessions occured between 1300 to 1500 hours. A total of four saliva samples were
collected which included: Arrival (Arr): immediate collection upon arrival to the IRC,
PostMock: 20 minutes post-exposure to the stressor, PreMRI: 40 minutes post-exposure and
before MRI, and PostMRI: approximately one hour after beginning the real MRI scans. The
neuroimaging data have been published elsewhere (Baym et al., 2008). Saliva samples from
three typically developing children were dropped from the analysis, because scanning took
place too early in the day to allow for comparison of cortisol levels to the TS group.

Mock Scanning Procedure—During the mock scan sessions, participants were asked to
lie on the scanning bed and, once situated, the research assistant (RA) moved them into the
bore of the mock scanner. They were instructed to remain still and to not move their head or
extremities during the simulator session. Throughout the simulation, participants were asked
whether they were comfortable. A two-minute mock scan session was initiated to familiarize
the children with the sights and sounds of the procedure including 3 separate previously-
recorded scanner noises that they would later experience in the real scanner. The RA then sat
behind the scanner and monitored head and extremity movement. Approximately 15 to 20
minutes after initial exposure to the mock scanner environment, participants were removed
from the scanner and provided a salivary sample. A Postmock/PreMRI sample was taken
approximately 40-minutes after exposure. A final sample was collected after the functional
MRI scanning (Baym et al., 2008).

Cortisol Storage and Assays—Cortisol assays were conducted in the Endocrine
Laboratory of the University of California, Davis California National Primate Research Center
under the direction of Dr. Sally Mendoza. Once all of the samples were collected, they were
logged and stored in a −20°C freezer until assayed. Immediately prior to assay, samples were
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centrifuged at 3000 rpm for 20 min. to separate the aqueous component from mucins and other
suspended particles. Salivary concentrations of cortisol were estimated in duplicate using
commercial radioimmunoassay kits (Siemens Medical Solutions Diagnostics, Los Angeles,
CA).

Assay procedures were modified to accommodate overall lower levels of cortisol in human
saliva relative to plasma as follows: 1) standards were diluted to concentrations ranging from
2.76 to 345 nmol/L; 2) sample volume was increased to 200 µl, and 3) incubation times were
extended to 3 h. Serial dilution of samples indicates that the modified assay displays a linearity
of 0.98 and a least detectable dose of 1.3854 nmol/L. Intra- and inter-assay coefficients of
variation are 2.53 and 4.05, respectively.

Statistical Analysis
Statistical analysis was performed with the following objectives: to characterize diurnal
patterns of cortisol and response to stress, to compare these patterns between diagnostic groups
(TS/NT), and to examine the association between cortisol and diagnostic variables. To assess
diurnal cortisol and pre- and post-scan cortisol concentrations, two-way repeated measures
analysis of variance ANOVA were conducted. Within group paired t-tests were conducted
between afternoon values and arrival to the imaging center. Finally, relationships between
cortisol and clinical variables were examined with Pearson Product moment correlations.

RESULTS
Independent samples t-tests revealed no statistically significant group differences for age (t=
−0.04, P > 0.05) or estimated IQ (t = 1.79, p > 0.05). As expected, there were significant
differences for many clinical variables including tic severity, obsessive-compulsive symptoms,
and ADHD symptoms (all p < 0.05; see Table 1). In addition, there were significant group
differences on the MASC anxiety scale (all p < 0.05; see Table 2).

Cortisol measurements are displayed by diagnostic group and time point in Figure 1 (home
samples) and Figure 2 (imaging center samples) and Table 3. The results of the repeated
measures ANOVAs and subsequent correlations are presented below.

There were no observable differences in the natural diurnal pattern, as both groups showed
expected diurnal rhythms with higher cortisol concentration in morning followed by a sharp
decline and lower evening cortisol (see Figure 1). Further, based on repeated measures
ANOVA, there was no effect of Group for the morning or afternoon (all F < 1). However, there
was a trend towards an effect of Group for the evening (F(1,32) = 3.18, P = 0.08), showing
that the TS group tended to have lower cortisol values in the evening than the NT group.

In regards to the response to stress, a multivariate repeated measures ANOVA revealed a main
effect for Stress (arrival, PostMock, PreMRI, PostMRI) F(1,27) = 3.50, P = 0.033, and a main
effect for Group F (1,27), = 6.83, P = 0.014, but no Stress × Group interaction (F < 1). The
between-group ANOVAs were significant for Arrival F(1,28)=4.26, P =0.048, PostMock F
(1,28) = 6.42, P=0.02, and PreMRI (1,28) = 5.22, p=0.030, and there was a trend for PostMRI
(1,27) 3.54, P =0.07 (see Table 4). Thus, the children with TS exhibited significantly higher
cortisol levels in response to the MRI environment compared to the NT children.

In order to more thoroughly evaluate differences in the TS group between regulation vs.
reactivity, analyses were conducted between average afternoon cortisol compared to the stress
protocol and arrival to the imaging center using within group paired sample t-tests. The results
showed a significant difference between average afternoon cortisol and the stress protocol t
(20) = 5.59, P < 0.001. The afternoon average compared to the arrival approached significance
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t(20) = −1.36, P = 0.09 suggesting that the anticipatory stress may have been a contributory
factor, but not sufficient to explain the pronounced reactivity in the TS group to the stress
protocol. Further, cortisol slopes across the groups parallel one another, including a drop
following the mock MRI exposure, indicative of good HPA regulation. Thus, the elevated
cortisol response to the stressor is suggestive of enhanced reactivity rather than reduced
regulation.

To evaluate potential relationships between cortisol levels and clinical variables for the TS
children, within-group Pearson Product correlations were conducted. The first morning cortisol
sample was highly correlated with the number of motor tics r = 0.643, p=0.005. Evening cortisol
variables were negatively correlated with the number, intensity or interference of motor tics,
global impairment, and overall tic severity (see Table 5).

The Arrival cortisol value was significantly negatively correlated with the number and intensity
of motor tics, number of phonic tics and overall tic severity (see Table 5). The PostMRI cortisol
values were not correlated with tic severity. In other words, greater tic severity within the TS
group was related to lower cortisol levels upon arrival to the MRI session but not to cortisol
values after the mock or real MRI. Further, the diurnal and stress cortisol values were not
correlated with the OCD or ADHD symptom variables (p>0.05). Thus, the observed
correlations appear specific to level of TS symptoms and anxiety.

Since children with TS reported greater levels of anxiety across all MASC subscales (all
p<0.05; see Table 2), correlations were conducted in an exploratory fashion to examine the
relationship between anxiety and cortisol in the TS group. Several of the MASC anxiety
domains were significantly negatively correlated with Morning, Afternoon and Evening
cortisol (see Table 6), but Pre- and PostMRI cortisol were not correlated with general levels
of anxiety as measured by the MASC (all p > 0.05). Thus, contrary to expectations in the TS
group, lower diurnal cortisol levels were associated with greater symptoms of anxiety.

There was a significant difference between the groups regarding overall reported parenting
stress F(1,36) = 8.40, p<0.008, with the parents of children with TS reporting higher levels of
stress. Even so, parental stress was not associated with their childrens’ cortisol levels except
immediately following exposure to the mock scanner r=0.38, p=0.023.

DISCUSSION
The primary aims of the current investigation were to examine the diurnal pattern and
responsivity of cortisol secretion in children with TS compared to neurotypical (NT) peers,
and to explore the association between cortisol levels and clinical symptoms of tics and anxiety
in TS.

Regarding the clinical characterization of the sample, the children with TS showed increased
levels of anxiety across all domains on the MASC compared to the typically developing
children. In addition, they showed higher rates of OCD and ADHD symptoms. Although there
was a statistical difference between the groups on the SCQ, a screener for autism, none of the
children came close to the clincal range for an autism spectrum disorder. There were no
statistically significant differences between groups in regards to age, IQ, or gender.

Initially, we simply plotted the patterns of cortisol indicating that both groups showed expected
diurnal rhythm with higher cortisol concentration in the morning, a sharp decline throughout
the day, and lowest cortisol levels in the evening. Statistically, there were no significant
differences in the diurnal rhythm for morning or afternoon between or within the TS and NT
groups. The evening values for the groups revealed a trend level for group in that individuals
with TS tended to have lower evening cortisol. A lower evening cortisol profile has been
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reported in conditions of chronic stress (Nickel et al., 2007; Nicolson & van Diest, 2000;
Ockenfels et al., 1995), including chronic fatigue syndrome (Strickland et al., 1998), and some
cases of severe depression (Secunda et al., 1986). The reduced evening cortisol levels in the
children with TS may thus be the result of chronic daily stress. Lower cortisol, which includes
evening values, has been observed in posttraumatic stress disorder (PTSD) (Yehuda, Boisoneau
et al., 1995; Yehuda, Kahana et al., 1995; Yehuda, Resnick et al., 1993; Yehuda, Southwick
et al., 1993; Yehuda et al., 1994), .

Previously, using a comparable sample collection methodology, we reported that children with
autism exhibited higher evening cortisol and greater variability compared to age-matched
typically developing peers (Corbett et al., 2006). These observed differences across the clinical
populations speak to the importance of exploring diurnal rhythms in neurodevelopmental
disorders.

Regarding the response to our stress manipulation, children with TS showed significantly
higher cortisol levels than typically developing peers. These findings seem to reflect heightened
responsivity of the HPA axis in response to stress in the TS group a finding consistent with
previous research and clinical observation. For example, in response to lumbar puncture, adult
patients with TS showed elevated ACTH compared to control subjects (Chappell et al.,
1994) and higher levels of CRF than individuals with OCD and control participants (Chappell
et al., 1996). The enhanced cortisol level in children with TS was observed especially in
response to the stressor, but also in anticipation of the MRI environment. The pattern remained
when comparing the cortisol stress values to diurnal afternoon cortisol values taken from home.
While these findings could reflect heightened reactivity of the HPA axis in children with TS,
alternatively TS may lead to disturbances in the HPA axis. Although these results do not specify
a causal relationship between HPA axis reactivity and the symptomatology of TS, they do
indicate that stress-related neurobiological mechanisms are involved in the neuropathology of
TS. Furthermore, the data support a model of enhanced HPA reactivity rather than reduced
regulation.

To explore the relationships between cortisol levels and clinical variables, comparisons were
made between cortisol, anxiety, and tics. There was a single positive correlation between the
first morning cortisol and number of motor tics, which may refect a direct stress response to
the sampling regimen. Significant negative correlations were found between cortisol and
several MASC anxiety scales. In addition, evening cortisol and arrival to the MRI environment
were highly negatively associated with greater tic severity. These inverse relationships may
initially seem counterintuitive since higher cortisol levels might be expected to correlate with
greater tic severity and anxiety. However, this association may be the result of the persistent,
chronic nature of the disorder such as in PTSD. In other words, the chronicity of stress,
concomitant anxiety, and persistent tendency to suppress tics on a daily basis may take a
biological toll, resulting in reduced levels of cortisol by the end of the day. As noted, lower
evening cortisol has been reported in conditions of chronic stress (Nickel et al., 2007; Nicolson
& van Diest, 2000; Ockenfels et al., 1995; Secunda et al., 1986), and reduced circadian rhythms
have been rather consistently reported in PTSD (Yehuda, Boisoneau et al., 1995; Yehuda,
Kahana et al., 1995; Yehuda, Resnick et al., 1993; Yehuda, Southwick et al., 1993; Yehuda et
al., 1994). It may be the case that an enhanced negative feedback mechanism is part of the
pathophysiology in some individuals with TS, as has been proposed for PTSD (Yehuda,
Boisoneau et al., 1995). To test this hypothesis, similar investigations in large samples utilizing
dexamethasone or more thoroughly examining cortisol rhythms will be necessary to see if this
is a robust, reproducible finding.

Alternatively, it is plausible that an increase in the expression of tics results in a decrease in
cortisol secretion and experienced anxiety. In other words, the performance of tics may have
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anxiolytic properties leading to stress reduction and subsequently lower cortisol levels. There
is some evidence in the TS literature to support this notion. There are numerous reports
documenting sensory phenomena referred to as premonitory urges that precipitate the
performance of a tic, which are alleviated to some degree following the behavior
(Banaschewski et al., 2003; Cohen & Leckman, 1992; Jankovic, 1997; Kwak et al., 2003;
Leckman & Peterson, 1993; Woods et al., 2005). Individuals with TS are often driven to
decrease the discomfort of these urges through the expression of a specific tic or compulsion.
Evers and van de Wetering (Evers & van de Wetering, 1994) proposed a model in which tics
are characterized as tension-reducing responses to a specific sensory stimulus. In this
intervention paradigm, tics are not suppressed, but instead are redirected to more socially
acceptable alternative responses (Evers & van de Wetering, 1994).

Additionally, in the TS group there was a negative correlation between Arrival (higher cortisol
levels) and the number and intensity of motor tics (fewer tics). Again, this finding is similar
to the notion above that tic expression can result in stress reduction subsequently leading to
less cortisol secretion. In other words, individuals with lower levels of tic severity (number
and intensity) may show increased cortisol responsiveness under certain conditions of acute
stress. Despite these provocative findings, the aforementioned associations are based on
correlational analysis, and as such, no causal relationship can be made.

There are additional limitations to highlight regarding the current investigation. Although the
patient population was well-characterized, medication-free, endorsed distress from symptoms,
and included a fairly restricted age range, the fact that the children were unmedicated meant
that their tic symptoms tended to be mild-to-moderate compared to some individuals with the
disorder. As a result, the findings may not generalize to more severe cases of TS, to those who
do not experience distress from symptoms, or to individuals with TS who are prescribed
medication. We also acknowledge that our sample size was relatively small and large samples
are clearly warranted. Further, the focus of the study and subsequent interpretation of the data
arises from a Tourette syndrome lens which may not account for the influence of comorbid
conditions on the HPA axis. It is apparent that other contributory factors, such as underlying
symptoms of OCD, anxiety or ADHD may be influential. Thus, an enhanced study would
include well-defined comparison groups of these disorders without tics to better characterize
the independent influence of TS.

In spite of the aforementioned limitations, the findings may have important therapeutic
implications. First, the enhanced reactivity of the HPA axis provides clues for
neuropsychopharmacotherapy. For example, it has been shown that mecamylamine blocks the
neuroendocrine effects of acetylcholine, thereby stimulating the HPA axis and ostensibly
targeting the underlying stress and anxiety associated with TS (Newman et al., 2001; Sanberg
et al., 1998; Silver et al., 2000). In addition, the observed relationship between tic performance
and reduced cortisol in patients suggests that behavioral therapy which aims to redirect rather
than suppress motor and vocal tics may be preferred (Evers & van de Wetering, 1994). Finally,
it will be important to evaluate the diurnal rhythm and stress resonsivity of cortisol in a cohort
of children with more debilitating symptoms to see if our findings generalize to more severe
cases of TS. Furthermore, the examination of the HPA axis in patients with TS prior to and
following medication trials may be helpful in order to ascertain biological efficacy.
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Figure 1.
Cortisol Diurnal Values Across the Groups. Log transformed salivary cortisol presented in n/
mol per liter for each group sampled three times per day for three consecutive days over two
consecutive weeks. NT = Neurotypical, TS = Tourette syndrome. Mor = Morning, Aft =
Afternoon, Eve = Evening 1 = 1st day, 2 = 2nd day, 3 = 3rd day.

Corbett et al. Page 15

Psychoneuroendocrinology. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Cortisol Stress Paradigm Samples. Log transformed salivary cortisol samples obtained upon
arrival to Imaging Research Center (Arr), 20 minutes post-exposure to mock MRI (PostMock),
before the real MRI (PreMRI) and following a real MRI (PostMRI).
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Table 1
Demographic Means, Standard Deviations and Differences Across Groups

Clinical Variable NT Mean (SD) TS Mean (SD) t-score p-value
Estimated IQ 115 (14.97) 107 (15.90) 1.66 0.11
Age 10.46 (1.96) 10.38 (1.80) 0.13 0.89
Number of Motor Tics 0.10 (0.31) 2.95 (1.18) −11.02 0.001
Number of Phonic Tics 0.00 (0.00) 1.67 (1.02) −7.33 0.001
Frequency of Motor Tics 0.15 (0.54) 3.69 (1.11) −14.78 0.001
Frequency of Phonic Tics 0.00 (0.00) 2.72 (1.39) −10.01 0.001
Intensity of Motor Tics 0.19 (0.69) 3.00 (0.89) −12.97 0.001
Intensity of Phonic Tics 0.00 (0.00) 2.14 (1.09) −9.96 0.001
Complexity of Motor Tics 0.00 (0.00) 2.17 (1.23) −9.02 0.001
Complexity of Phonic Tics 0.00 (0.00) 1.38 (1.15) −6.13 0.001
Interference of Motor Tics 0.00 (0.00) 2.00 (1.34) −7.62 0.001
Interference of Phonic Tics 0.00 (0.00) 1.55 (1.40) −5.63 0.001
Impairment 0.00 (0.00) 18.28 (9.67) −9.64 0.001
YGTSS Total Score 0.42 (1.50) 23.76 (7.83) −14.94 0.001
CY-BOCS 0.45 (1.28) 10.90 (8.35) −5.53 0.001
SCQ 3.27 (2.43) 8.72 (5.86) −3.36 0.001
Conners ADHD Index 46.13 (4.09) 62.83 (11.73) −5.24 0.001
Note: CY-BOCS = Children’s Yale-Brown Obsessive Compulsive Scale, SCQ = Social Communication Questionnaire. NT = Neurotypical, TS = Tourette
syndrome.
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Table 2
MASC Scales Means, Standard Deviations and Differences Across Groups.

MASC NT Mean (SD) TS Mean (SD) t-score p-value
Tension/Restlessness 41.33 (4.69) 51.00 (8.25) −5.353 .0001
Somatic/Autonomic 39.47 (6.29) 47.00 (9.41) −3.371 .002
Physical Symptoms 39.20 (5.36) 49.00 (8.62) −4.965 .0001
Perfectionism 46.60 (10.89) 51.59 (7.62) −2.080 .044
Anxiety Coping 46.47 (13.51) 54.47 (6.58) −2.471 .018
Harm/Avoidance 45.33 (13.14) 53.65 (7.05) −2.673 .011
Humility/Rejection 46.67 (9.50) 55.12 (11.19) −2.071 .045
Perfection/Fear 44.80 (8.34) 54.41 (10.47) −2.161 .037
Social Anxiety 45.07 (9.02) 55.35 (10.78) −2.418 .020
Separation/Panic 47.07 (9.17) 61.82 (12.41) −4.005 .0001
Total 41.33 (8.01) 55.88 (9.31) −5.044 .0001
Anxiety Disorder Index 46.93 (10.22) 56.94 (10.81) −2.823 .007
Note: Multidimensional Anxiety Scale for Children (MASC). NT = Neurotypical, TS = Tourette syndrome. SD = standard deviation.
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Table 4
Cortisol Values Before and After Scan across the Groups

Sample NT Mean NT SD TS Mean TS SD
Arrival 3.18 1.35 5.29 4.70
PostMock 2.97 1.04 6.11 6.37
PreMRI 2.54 0.94 4.70 4.39
PostMRI 2.69 1.66 4.68 4.97
Note: NT = Neurotypical, TS = Tourette syndrome. Cortisol salivary samples obtained upon arrival to Imaging Research Center, 20 minutes post-exposure
to mock MRI (PostMock), before real MRI (PreMRI) and following a real MRI (PostMRI). SD = standard deviation.
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Table 6
MASC Scales Correlated with Cortisol Variables in TS Group

MASC Cortisol Sample r-score p-value
Perfectionism Mor2 −0.48 0.042
Anxiety Coping Eve1 −0.60 0.008

Aft3 −0.48 0.046
Harm/Avoidance Eve1 −0.46 0.053†

Aft3 −0.49 0.038
Humility/Rejection Aft1 −0.53 0.034

Mor2 −0.48 0.042
Perfection/Fear Aft2 −0.62 0.006
Social Anxiety Aft1 −0.54 0.029

Aft3 −0.55 0.017
Separation/Panic Eve2 −0.47 0.055†
Total Eve1 −0.45 0.060†
Anxiety Disorder Index Mor3 −0.5 0.030

Aft3 −0.53 0.023
Note: NT = Neurotypical, TS = Tourette syndrome. Mor = Morning, Aft = Afternoon, Eve = Evening 1 = 1st day, 2 = 2nd day, 3 = 3rd day. SD = standard
deviation. MASC = Multidimensional Anxiety Scale for Children, ADI = Anxiety Disorder Index. Data uncorrected for multiple comparisons. Only the
Perfection/Fear and Anxiety Coping survive correction. Neurotypical children showed a positive correlation with the Aft3 sample for Humility/Rejection
r=0.68, p<0.016 and a negative correlation with the Aft2 sample and tension and restlessness r=−0.61, p<0.026.

†
trend.
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