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Abstract Disruptions to hypothalamic-pituitary-adrenal
(HPA) axis function have been associated with varying
forms of psychopathology in children. Studies suggest-
ing children with ADHD have blunted HPA function
have been complicated by the prevalence of comorbid
diagnoses and heterogeneity of ADHD. The goals of
this research were to assess the relations between
waking and stress—response salivary cortisol levels and
comorbid disruptive behavior (DBD) and anxiety
(AnxD) disorders and problems in boys with ADHD,
and to examine whether cortisol levels varied across
ADHD subtypes. One hundred seventy elementary
school-age boys with ADHD provided salivary cortisol
at waking and in reaction to venipuncture. Parent
reports were used to assess boys’ psychiatric diagnoses
and severity of behavioral problems. Boys’ comorbid
AnxD and anxiety problems were associated with
greater cortisol reactivity, whereas boys’ comorbid
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DBD and oppositional problems predicted diminished
adrenocortical activity. Reactive cortisol increases were
greatest in boys with ADHD and comorbid AnxD, but
without DBD. ADHD subtypes were not differentially
associated with waking, pre-stress baseline, or reactive
cortisol levels. However, comorbid DBD predicted
decreased cortisol reactivity in boys with inattentive
and hyperactive subtypes of ADHD, but not in boys
with combined subtype of ADHD. The results clarify
previous patterns of distinct and divergent dysregula-
tions of HPA function associated with boys’ varying
kinds of psychopathology.
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Attention-deficit/hyperactivity disorder (ADHD) is one of
the most prevalent forms of childhood psychopathology,
accounting for up to 50% of referrals of children to
mental health clinics (Waschbush et al. 2002). ADHD is a
heterogeneous disorder, as children may present symp-
toms of inattentiveness, symptoms of hyperactivity-
impulsivity, or a combination of both (American Psychiatric
Association 2000). Further, many children with ADHD
manifest comorbid disruptive behavior and anxiety prob-
lems (Connor et al. 2003; Pliszka 2000). As comorbidity
exacerbates the persistence and adverse outcomes of
childhood psychopathology (e.g., Capaldi 1992), further
research into the processes that may contribute to comor-
bidity is needed (Lilienfeld 2003). Examining the etiology
and nature of ADHD and its comorbid conditions,
including underlying physiological processes, is necessary
to improve the efficacy of treatments. Interpretation of past
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studies is challenging, however, as physiological correlates
might vary across subtypes of ADHD or its comorbid
conditions, and few samples have been large enough to
support examination of phenotypic variability. This study
addressed these issues by examining waking and reactive
salivary cortisol levels as indicators of hypothalamic-
pituitary-adrenal (HPA) axis regulation in a large sample
of boys with ADHD, in order to assess potential differences
in HPA function across comorbid conditions and across
ADHD subtypes.

ADHD and Stress Reactivity

Poor response inhibition is a central feature of ADHD
(Barkley 1997; Barkley et al. 2002), and is thought to
reflect an under-active Behavioral Inhibition System (BIS;
Gray 1982). The BIS, which serves to halt ongoing
activities and activate withdrawal mechanisms, involves
neurocircuitry incorporating the frontal cortex, septohip-
pocampal system, locus ceruleus, raphe nucleus, hypo-
thalamus and amygdala (Hirshfeld-Becker et al. 2004).
Suboptimal BIS activity fails to support normal, adaptive
arousal responses or stress reactivity, resulting in dimin-
ished responses to punishment and fear stimuli (Quay
1997). Heightened physiological activity in response to an
environmental challenge is a somatic cue for the salience
of the event and the need for a response (Cacioppo et al.
1993). Appropriate arousal supports behavioral responses
to effectively deal with the situation, including increased
vigilance and focused attention (Ohman 1993). Children
who display maladaptive behavior patterns could be
experiencing physiological arousal that is inappropriate
or dysfunctional (Frijda 1994). Should children with
ADHD manifest diminished physiological arousal or
reactivity to stressors, this could indicate an under-active
BIS contributing to their attentional and behavioral
difficulties.

The HPA axis is one of the body’s principal stress—
response and regulation systems, producing a cascade of
hormones resulting in cortisol secretion from the adrenal
glands. Unbound, biologically active cortisol circulates in
serum, is excreted into saliva and urine, and is capable of
crossing the blood-brain barrier (Lovallo and Thomas
2000). The effects of cortisol on neurophysiological activity
are subject to the differential distributions of the two major
types of glucocorticoid (GC) receptors. Mineralocorticoid
receptors (MR) are mostly located in the hippocampus and
limbic structures, and glucocorticoid receptors (GR) are
located in those regions and also in the prefrontal cortex
(PFC) area of the frontal lobes (Patel et al. 2000; Sanchez et
al. 2000), which are part of the functional network of BIS
(Hirshfeld-Becker et al. 2004). MR have higher binding
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affinity for cortisol than GR, and for most of the circadian
cycle the majority of MRs are occupied. At peak moments
of circadian levels, such as the waking period, and under
conditions of acute stress and consequent reactive cortisol
secretion, MR are saturated and therefore the proportion of
cortisol binding to GR increases (Reul and de Kloet 1985).
Under conditions of challenge or stress, cortisol binding to
GC receptors in prefrontal regions supports normative and
adaptive orientation and arousal. Structural and functional
abnormalities in these prefrontal regions have been identi-
fied in children with ADHD and linked to their difficulties
with response inhibition (Castellanos et al. 2003; Hendren
et al. 2000). The distribution of GC receptors in prefrontal
regions of the brain implicates HPA function in the
neurophysiology of response inhibition. Thus, lowered
circulating cortisol in response to stress might play a role
in the maladaptive behaviours of children with ADHD.

Evidence of a possible link between HPA dysfunction
and ADHD emerges from research examining whether
children with ADHD manifest lower basal cortisol levels
and weaker acute HPA reactivity to stressors (e.g., Hong et
al. 2003). Some studies have shown such negative relations
between ADHD symptoms or diagnoses and cortisol levels
(e.g., Kaneko et al. 1993; Randazzo et al. 2008). However,
other investigators have found positive relations between
ADHD and cortisol (e.g., Sondeijker et al. 2007; White and
Mulligan 2005) or comparable cortisol levels in children
with and without ADHD (e.g., Snoek et al. 2004). This
inconsistency across studies is further complicated by
findings that the relations between ADHD and cortisol
vary across sexes, age groups, and methods of inducing
adrenocortical reactivity (e.g., Klimes-Dougan et al. 2001;
Sondeijker et al. 2007).

ADHD, Comorbidity, and the HPA axis

The presence of comorbid problems also might obscure
specific associations between inhibitory physiology and
ADHD (Vaessen and Van der Meere 1990). Children
with ADHD often manifest other difficulties that cut
across the externalizing and internalizing spectrums
(Connor et al. 2003), and which are themselves associated
with disruptions in BIS and stress reactivity. One
dominant model of disruptive behavior disorders (DBD),
which include oppositional defiant disorder (ODD) and
conduct disorder (CD), is that children with DBD have
deficient or under-active BIS (Fowles 1988; Raine 1997).
Youths with DBD or externalizing problems tend to
experience lower physiological arousal in challenging
situations (Snoek et al. 2004). Conversely, children and
youths with anxiety disorders (AnxD) or internalizing
problems typically have been found to show patterns of



J Abnorm Child Psychol (2009) 37:565-578

567

heightened arousal to challenges (Hastings et al. 2007).
Their strong reactivity or inability to regulate arousal
overwhelms their capacity to adapt effectively to chal-
lenging situations (Thompson and Calkins 1996). Given
the connections of these multiple problems to a common
underlying substrate of regulation (Hastings et al. 2007),
clarifying the relations between ADHD and stress reactiv-
ity necessitates accounting for children’s profiles of
comorbid diagnoses and problems.

The high comorbidity between ADHD and DBD (30—
50%; Lynam 1996) has led some researchers to examine
HPA function in children with varying combinations of
these diagnoses (e.g., Jansen et al. 1999). Some studies
have shown that children with ADHD have normative
baseline or reactive cortisol levels unless they also have
comorbid DBD (Snoek et al. 2004). Children with DBD
have been shown to manifest lower waking or baseline
cortisol levels (McBurnett et al. 2000), and smaller
cortisol increases following challenges as compared to
children without DBD (Snoek et al. 2004; for a recent
review see van Goozen et al. 2007). According to the BIS
model, threats or challenges produce weak biological
arousal in children with DBD that does not evoke a fear
response, and is insufficient to stop the children from
engaging in dangerous, disruptive and aggressive acts.
Supporting this, comorbid AnxD or sub-clinical anxiety
problems in children with DBD are associated with stronger
HPA reactivity to stressors (McBurnett et al. 1991; Van
Goozen et al. 1998). There are inconsistencies across
studies, however. Some researchers have failed to find that
children with DBD or externalizing problems have lower
waking, basal or reactive cortisol (Jansen et al. 1999), and
some have even found positive associations (McBurnett et
al. 2005).

ADHD and AnxD or anxiety problems also are often
comorbid (Connor et al. 2003), but few studies of HPA
function have included enough children with comorbid
ADHD and AnxD to examine their combined presence in
relation to cortisol (Hong et al. 2003). The physiological
underpinnings of AnxD typically are portrayed as the
opposite of DBD, and children with AnxD or anxiety
problems tend to show exaggerated cortisol stress responses
(Watamura et al. 2003). Again, though, results are not
consistent across studies. Klimes-Dougan and colleagues
(2001) found that young adolescents who showed decreas-
ing cortisol levels to a parent conflict procedure had more
anxiety and ADHD symptoms, whereas increasing cortisol
levels to anxiety provocations were associated only with
anxiety symptoms. Just as the absence versus presence of
comorbid AnxD changes the association of CD with
cortisol levels, so too might reactive cortisol levels differ
between children with ADHD who do versus do not have
comorbid AnxD.

Hyperactivity, Inattention and the HPA Axis

The heterogeneity of ADHD itself might also contribute to
the complexity of findings. Treating ADHD as a global
construct implicitly assumes that common processes under-
lie the varying subtypes. Alternatively, variations in child-
ren’s manifestations of symptoms might be related to
differences in their baseline and reactive physiology. Barkley
(2001) has argued that the absence of hyperactivity makes
ADHD-PI (predominantly inattentive) a different disorder
than ADHD-C (combined) or ADHD-HI (hyperactivity-
impulsivity). Under-active BIS might only be characteristic
of the latter two subtypes (Quay 1997). Analogously,
attention deficits and hyperactivity-impulsivity could be
two distinct disorders that are often comorbid (Hartman et
al. 2004), contributing to differences in pathophysiology
across the subtypes.

Few studies have compared psychophysiological func-
tioning across ADHD subtypes. The most consistent
neurophysiological evidence for decreased BIS functional-
ity has been found for ADHD-C (Loo and Barkley 2005),
or ADHD with more severe hyperactivity (Kaneko et al.
1993). However, one recent study found that children with
ADHD-PI also show decreased HPA reactivity relative to
comparison children (Randazzo et al. 2008). Thus, evidence
is inconsistent regarding the extent to which ADHD
subtypes share similar physiological correlates. Further
study of HPA function across ADHD subtypes is war-
ranted, as identifying distinct physiological substrates
accompanying symptom profiles would be consistent with
proposals that multiple distinct disorders are subsumed
within the broader category of ADHD.

Limitations of Past Research

Most studies of ADHD and HPA function have used small
samples, giving inadequate power to detect small-to-
moderate effect sizes. Thus subtle but potentially impor-
tant changes in cortisol levels in response to stressors, or
differences across groups, might have been missed. Large
samples are needed to have reasonable power to examine
possible differences in HPA activity across ADHD
subtypes, and across all profiles of comorbid DBD and
AnxD.

Some behavioral tasks and neuropsychological tests
have not been shown to be effective in eliciting strong
HPA reactivity (e.g., Jansen et al. 1999; White and
Mulligan 2005). It can be difficult to elicit a reliable and
robust HPA response in children (Gunnar and Vazquez
2006). For this study, we took advantage of a scheduled
drawing of a blood sample within a hospital’s phlebotomy
clinic to examine HPA reactivity to a powerful naturalistic
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stressor. Fear of needles is very common (Fassler 1985),
and venipuncture produces elevations in cortisol levels
(Meeran et al. 1993).

Needle puncture for blood draw or inoculation
evokes elevated salivary cortisol levels in young
children (e.g., Braarud and Stormark 2006; Lewis and
Ramsay 1997). The average latency to peak cortisol
elevation after venipuncture is 20 min (Ramsay and Lewis
2003), and the magnitude of cortisol increase is associated
with behavioral distress (Lewis and Thomas 1990),
providing evidence for the validity of venipuncture as a
stress induction task. Expectations of pain from venipunc-
ture incorporates learning from past experiences, and
studies of affective and adrenocortical reactions to
venipuncture suggest that cortisol elevations are more
attributable to emotional arousal than physical stress or
pain (Hubert et al. 1989). Thus, a child’s visit to a
hospital’s phlebotomy clinic is likely to draw upon the
BIS, and could be expected to produce fear-related arousal
and an elevated stress response.

Goals and Hypotheses of this Investigation

There were two primary aims of this investigation: First, to
examine how comorbid disruptive behavior and anxiety
problems moderated salivary cortisol levels in boys with
ADHD; and second, to assess the relations between ADHD
subtype and waking and stress-response salivary cortisol
levels. We studied HPA function in 170 elementary school-
age boys with ADHD and varying patterns of comorbid
DBD and AnxD and problems by assessing salivary
cortisol levels at waking, and before and after experiencing
a venipuncture stressor

Based on past studies of HPA function in children with
DBD and AnxD, boys with comorbid DBD were expected
to show the smallest cortisol elevation in response to
venipuncture, whereas boys with comorbid AnxD were
expected to show the largest cortisol elevations. Boys with
ADHD and no comorbid diagnoses and boys with ADHD
and both comorbid DBD and comorbid AnxD were
expected to show cortisol reactivity at intermediate levels.
Examinations of ADHD subtype differences in HPA
function were more exploratory. Based on the limited
research available, we tentatively predicted that boys with
ADHD-PI subtype would show higher waking and reactive
cortisol levels than boys with ADHD-HI or ADHD-C
subtypes. Finally, we examined whether the presence of
comorbid DBD or AnxD were differentially associated with
cortisol levels in boys with varying subtypes of ADHD.
Relations were expected to be consistent across analyses by
discrete diagnostic categories, and by continuous indices of
problem severity.
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Method

This research was completed in accordance with the ethical
principles of the Canadian Tri-Council Ethics Guide and the
American Psychological Association, and approved by the
IRBs of I’Hopital Sainte-Justine and 1’Université de
Montréal.

Participants

Physicians referred families to a hyperactivity clinic at a
university-based pediatric hospital if children were sus-
pected of having ADHD. The inclusionary criterion for
referral was that the primary-care physician suspected a
diagnosis of ADHD in the child. The exclusionary criteria
for participation were child age outside targeted range of 6
to 11 years old, IQ lower than 80, premature birth, severe
learning or language retardation, neurological disease or
Tourette’s syndrome as a primary diagnosis. Families were
retroactively excluded if the child did not meet the criteria for
diagnoses of ADHD in the Diagnostic Interview Schedule
for Children (DISC-1V; Shaffer et al. 2000) administered to
parents, and were judged to not have clinical-level ADHD
problems by clinic staff. There were 70 families referred to
the clinic who declined participation, 27 children who met
exclusionary criteria and were not enrolled in the study, and
15 boys excluded because the diagnosis of ADHD was not
confirmed. Receipt of services (e.g., medication titration)
from the clinic was not contingent upon enrolment in the
study, but about half of the boys who participated also
received such services. None of the boys who received
services by clinic staff were re-evaluated as not having
ADHD. One hundred eighty-seven boys participated in the
study. Of these, 16 were excluded from the current analyses
because of prescriptions for non-stimulant medication (see
Results: Covariates), and one boy was excluded because he
did not provide any saliva samples.

Thus, the final sample for the current analyses included
170 boys, 59 diagnosed with ADHD-PI, 25 with ADHD-
HI, and 86 with ADHD-C subtype. The boys ranged in age
from 6 to 11 years (M=8.25, SD=1.51). Families were
predominantly French Canadian (88%) and Caucasian
(96%), and lower-middle to upper-middle socioeconomic
status, earning an average of $61000 Cdn/year (SD=
26300). Most parents were college-educated; there were
52 mothers and 68 fathers who did not proceed past
secondary school education, and 14 mothers and 12 fathers
who completed graduate or professional degrees.

Measures

Parents were administered the DISC-IV to assess ADHD
subtype and comorbid DBD (ODD and/or CD) and AnxD
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(social phobia, specific phobia, separation anxiety, agora-
phobia, generalized anxiety, and/or obsessive-compulsive)
that reached diagnostic levels. (No boys reached diagnostic
levels for major depressive disorder or dysthymia.) A
French-language version of the DISC-IV was obtained
through iterative translation and back-translation by bilin-
gual health professionals in collaboration with the DISC
authors. To assess the severity of boys’ problems, parents
also completed the French-language version of the
Conners’ Parent Rating Scales—Revised (CPRS-R; Conners
1997). The hyperactive, inattentive, oppositional and
anxious-shy problem scales were used in analyses. Boys
were administered the French-language version of the
WISC-IIT (Wechsler 1991).

Procedures

All children were assessed without stimulant or other
medication. Children with an existing prescription were
not given any medication on the day of testing. Prior to a
scheduled family visit to the ADHD clinic, parents were
instructed in how to use the salivettes (Sarstedt, Inc.) with
their child. A Waking sample was collected from each child
on the morning of the scheduled clinic visit, within 15 min
of waking and prior to eating, drinking or brushing teeth.
One hundred forty-two of the 148 waking samples brought
to the clinic by parents were usable (had enough saliva to
perform assays of cortisol).

Each family attended a 3-h testing session at the clinic.
There were 107 (63%) families seen in the morning (9 AM
to 11 AMm start-time), and 63 (37%) seen in the afternoon
(1 pM to 3 pM start time). Parents completed the DISC,
CPRS-R, and demographic form in one room of the clinic,
while the child was assessed in another room. The WISC-
I (M 1Q=100.13, SD=12.28, range 80-137) and other
procedures were administered to the child. Two hours after
arriving at the clinic, a second saliva sample was collected
from the child (Pre-stress). The child was then told that a
nurse needed to collect a blood sample. (The broader
protocol for this study included a blood draw for the
purpose of genotyping, which also provided an opportunity

Table 1 Characteristics of Boys and Inventory of Data Collected

to examine the physiology of stress reactivity.) In accord
with local IRB policy, a topical analgesic was applied to the
child’s arm, which the child was told would “make the
needle not hurt.” The child and interviewer then went to the
phlebotomy clinic, where a nurse drew the blood. The child
and interviewer returned to the ADHD clinic, and exactly
20 min after the venipuncture, a third saliva sample (Post-
stress) was obtained.

Two boys refused to provide pre-stress samples; thus 168
usable pre-stress saliva samples were collected. Also, 14
boys refused the blood draw procedure and therefore post-
stress samples were not collected from these boys. Of 154
post-stress saliva samples collected, 153 were usable. The 16
boys who refused to provide pre- or post-stress samples did
not differ from the other children in prevalence of ADHD
subtype, DBD, AnxD (all sz) <1 .50) , inattentive, hyperac-
tive, oppositional or anxiety problems (all |¢| < 1.15).

Saliva samples were stored in a —80C medical freezer,
then shipped to the Pennsylvania State University Behav-
ioral Endocrinology Laboratory (Salimetrics™) to be
thawed, centrifuged, and have 50 ul of clear samples
pippetted into test-wells for enzymeimmunoassay of corti-
sol. All samples were tested in duplicate; samples that
varied by more than 5% across duplicates were re-tested;
correlation across duplicates »=0.99. Mean values of
duplicates were used in analyses, in units of microgram
per deciliter (ug/dL). Raw cortisol data were leptokurtic
and positively skewed, therefore log-transformations were
used to establish normality. These transformations corrected
the skews and eliminated outliers; thus, log-transformed
data were used in analyses. Untransformed data are
reported in text and Tables for ease of interpretation.

Results
Examination of Possible Covariates
Child Age Boys with ADHD-HI were younger than boys

with ADHD-PI, F(2, 167)=3.89, p<0.05 (see Table 1). Age
was not significantly correlated with any Conners’ scores or

Number of CPRS

Number of Waking

Number of Pre-Stress ~ Number of Post-Stress

Sample N Age Completed Samples Samples Samples A Cortisol
All boys 170 8.25 (1.51) 162 142 168 153 152
ADHD-PI 59 8.66 (1.43) 57 48 57 55 54
ADHD-HI 25 7.80 (1.53) 23 22 25 21 21
ADHD-C 86  8.09 (1.51) 82 72 86 77 77

Age mean (SD) in years, CPRS Conner’s Parent Rating Scale, A Cortisol post-stress — pre-stress, Pl purely inattentive (ADD-only), HI

hyperactive—impulsive, C combined
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salivary cortisol levels, all |r| < 0.11, and boys with and
without comorbid DBD and AnxD did not differ in age,
both |¢] < 0.85. Preliminary analyses showed that control-
ling for age did not affect any results. Therefore, age was
not controlled in final analyses.

Stimulant Medication There were 89 boys prescribed
stimulant medication (methylphenidate hydrochloride),
dosage M=22.26 mg/day, SD=9.52, administered on
average for 5.29 days/week (SD=1.34). These boys did
not differ significantly in their waking, pre-stress, or post-
stress levels of salivary cortisol, or in change in cortisol
from pre- to post-stress from the 81 boys not receiving
ADHD medication, all [¢| < 0.75. Likelihood of stimulant
medication did not differ across ADHD subtypes,
X%z) = 2.37,ns, comorbid DBD, X%l) = 0.05, ns, or comor-
bid AnxD, X%n = 2.01,ns, nor was stimulant medication
associated with severity of problems reported on the
Conners’ scales, all |f| < 1.81. Preliminary analyses
showed that controlling for stimulant medication did not
affect any results. Therefore, prescription for stimulant
medication was not controlled in final analyses.

Other Medications Sixteen boys who participated in the
study were excluded from current analyses because of other
medications. Ten boys had been prescribed corticosteroid
medication (e.g., flovent, ventolin), and six had been
prescribed various other medications (e.g., risperidone,
clonidine). Preliminary analyses indicated that some results
varied depending on whether these 16 boys were included
or excluded, and including non-stimulant medication as a
covariate did not remove the differences. Thus, these boys
were excluded from all final analyses.

Times of Saliva Sampling and Hospital Visit The HPA
diurnal rhythm produces morning basal cortisol levels that
are higher than afternoon basal levels. Preliminary analyses
examined whether time of saliva sample collection or time
of hospital visit (morning versus afternoon) were associated
with cortisol levels or stress responses. Correlations
between time of sampling and salivary cortisol levels were
non-significant for the waking and post-stress samples, rs=
—0.04 and —0.06, respectively, but cortisol levels were
lower for pre-stress samples collected later in the day, =
—0.18, p<0.05. Boys tested in the afternoon had lower pre-
stress cortisol levels (M=0.09, SD=0.06) than boys tested
in the morning (M=0.11, SD=0.07), 1(166)=2.43, p<0.05.
Examining boys tested in the morning versus in the
afternoon separately, time of pre-stress sample was non-
significantly correlated with pre-stress cortisol levels, rs=
0.11 and —0.05, respectively, indicating that each testing
period was an appropriately narrow window of time. As
well, neither time of pre-stress sample nor time of post-
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stress sample was correlated with the magnitude of cortisol
response to venipuncture, AC, whether boys were consid-
ered together or separately by time of hospital visit,
mean || = 0.09,range — 0.13 to 0.09.

Boys tested in the morning versus afternoon did not
differ significantly on waking cortisol levels, #140)=0.77.
A 2x2 (Time of Visit by Sample) mixed ANOVA, with
Sample (pre- versus post-stress) treated as a repeated
measure, was used to see if boys tested in the morning
versus afternoon differed in cortisol levels around the stress
procedure. The main effect for Sample was significant, F(1,
150)=106.21, p<0.001. The post-stress salivary cortisol
levels were higher than the pre-stress salivary cortisol
levels, showing that venipuncture elicited a robust HPA
response (M AC=0.13 pg/dL, SD=0.21); increased cortisol
from pre-stress to post-stress was evident in 78.9% (N=
120) of the boys. The main effect for Time of Visit
approached significance, F(1, 150)=2.81, p<0.10, which
was due to the previously described difference in morning
versus afternoon pre-stress cortisol levels. The Sample X
Time of Testing interaction was not significant, (1, 150)=
1.48, ns. Thus, boys tested in the morning had similar
increases in salivary cortisol levels (M AC=0.12, SD=
0.21) in response to venipuncture as boys tested in the
afternoon (M AC=0.14, SD=0.20).

Boys tested in the morning versus afternoon were similar
on CPRS-R scores and prevalence of diagnoses. The two
groups did not differ on prevalence of DBD x%l) =2.13,ns,
ratings of problems, all |¢| < 1.65, or distribution of ADHD
subtypes, X%z) =4.16,ns. A greater proportion of boys
tested in the afternoon had AnxD (29/63) than boys tested
in the morning (31/107), x%l) =4.83,p < 0.05. In the fully
crossed design (Time of Testing X DBD X AnxD), all but
one cell had more than 10 participants; there were 9 boys
with ADHD and comorbid AnxD (without DBD) who were
tested in the morning.

Because boys tested in the morning versus afternoon
differed in pre-stress cortisol levels and prevalence of AnxD,
time needed to be accounted for in analyses of pre-stress and
post-stress cortisol, and AC. Therefore, the exact time of pre-
stress sample collection was included as a covariate in all
analyses of pre-stress and post-stress cortisol, and AC.

Preliminary and Descriptive Analyses
Comorbid Disorders and Problem Scores

Severity of inattentive, hyperactive, oppositional and
anxiety problems were assessed from parents’ responses
to the CPRS-R. Parent-reports of child functioning on the
DISC were used to score the presence versus absence of
each diagnostic category assessed by the DISC. Frequen-
cies of mean CPRS-R ratings and comorbid diagnoses
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across ADHD subtypes are presented in Table 2. More boys
with ADHD-C and fewer boys with ADHD-PI were likely
to have comorbid DBD than would be expected by chance,
X%z) = 13.15,p < 0.01. This was driven by the presence of
comorbid ODD, X(zz) = 14.67,p < 0.01. Neither rates of
comorbid CD,X22) = 1.00,ns, nor rates of comorbid
AnxD, sz) = 2.30, ns, varied across ADHD subtypes.

ADHD subtypes differed on Inattentive, Hyperactive,
and Oppositional CPRS-R scores, all F(2, 159)>15.00,
p<0.001, but not Anxious-Shy problems, F(2, 159)=1.37,
ns. Follow-up Student-Newman—Keuls tests showed that
parents reported more hyperactive and oppositional prob-
lems in boys with ADHD-HI and ADHD-C than in boys
with ADHD-PI, but fewer inattentive problems in boys
with ADHD-HI than other sub-types (see Table 2).

Aim 1: Salivary Cortisol Levels in Relation to Comorbid
Diagnoses and Problems

Categorical Analyses of Comorbid DBD and AnxD

There were 50 boys with no comorbid diagnoses, 60 boys
with comorbid DBD only, 22 boys with comorbid AnxD
only, and 38 boys with both comorbid DBD and AnxD. A
2x2 (DBD by AnxD) ANOVA was performed to determine
whether comorbid DBD and/or AnxD were associated with
Waking cortisol levels. The main effects of DBD and
AnxD, and the interaction of DBD by AnxD, were non-
significant, all F(1, 138)<0.70.

To determine whether comorbid DBD and/or AnxD were
associated with HPA reactivity to venipuncture, a 2x2x2
(Sample by DBD by AnxD) mixed-design ANCOVA, with
Sample treated as a repeated measure and controlling time
of pre-stress sample, was performed. There were no
significant main effects of comorbid diagnoses, but there
were three significant interaction effects: Sample by DBD,
F(1, 147)=4.04, p<0.05, Sample by AnxD, F(1, 147)=
4.38, p<0.05, and Sample by DBD by AnxD, F(1, 147)=
4.59, p<0.05 (see Fig. 1). Follow-up analyses of the

Table 2 DISC Comorbidities and CPRS Scores of Boys

significant three-way interaction revealed that, although all
groups of boys showed significant elevations in cortisol
from pre- to post-stress samples, all paired >-3.80,
p<0.01, the magnitude of HPA responses (AC) differed,
one-way F(3, 148)=3.35, p<0.05. Student-Newman—Keuls
tests revealed that boys with only comorbid AnxD (without
DBD) had significantly greater AC than boys in the other
three groups; the latter three groups did not differ from each
other significantly. (Correspondingly, the Sample by DBD
interaction was driven by smaller AC in boys with DBD
compared to boys without DBD, whereas the Sample by
AnxD interaction reflected greater AC in boys with AnxD
than in boys without AnxD).

Dimensional Analyses of Comorbid Oppositional
and Anxious-Shy Problems

CPRS-R scores were examined as measures of the severity of
children’s oppositional and anxious problems. Regression
analyses were used to predict waking, pre-stress and reactivity
cortisol levels from CPRS-R Oppositional and Anxious-Shy
problem scores. Problem scores were centered prior to
computing an Oppositional x Anxious-Shy interaction term,
and centered scores were used in all analyses. For the
prediction of waking cortisol, oppositional and anxious-shy
scores were entered in Step 1, and the oppositional x anxious-
shy interaction was entered in Step 2. The regression was non-
significant, adj.R*=0.0, F(3, 134)=0.33, and there were no
significant unique predictors, all |3| < 0.07. Similarly, for
the prediction of pre-stress cortisol, with time of pre-stress
sample collection controlled in Step 1, the regression was
non-significant, adj.R*=0.023, F(4, 155)=1.93, p=0.11; only
sample time predicted cortisol, 5=—0.17, p<0.05.

For the prediction of AC, pre-stress cortisol level and
time of pre-stress sample collection were entered in Step 1,
oppositional and anxious-shy scores in Step 2, and
oppositional X anxious-shy interaction in Step 3. The
regression was significant, adj.R2=0.222, F(5, 140)=9.27,
»<0.001, with three significant unique predictors: pre-stress

Sample Number of  Number of Number of Number of Inattentive Hyperactive Oppositional Anxious—shy
DBD ODD CD AnxD
M SD M SD M SD M SD
All boys 98 86 42 60 71.17 883 71.78 13.55  68.19 12.60  57.08 11.22
ADHD-PI 23 18 13 17 72.18, 748 5958, 11.19 60.54, 10.55 55.11, 1041
ADHD-HI 18 16 5 8 62.43, 992 7522, 1121 71.00, 1331 5835, 12.79
ADHD-C 57 52 24 35 7293, 801  79.29, 8.80 7271, 11.14 58.10, 11.26

Thirty-four boys with DBD had both ODD and CD. 21 boys with AnxD had multiple diagnoses (e.g., social phobia and specific phobia. Means in
a CPRS column not sharing a common sub-scripted letter differ significantly across ADHD sub-types at p<0.05.

DISC diagnostic interview schedule for children, P/ primarily inattentive, HI hyperactive-impulsive, C combined, DBD disruptive behavior
disorders, ODD oppositional defiant disorder, CD conduct disorder, AnxD anxiety disorders
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No DBD

Fig. 1 Boys with ADHD and comorbid anxiety disorders (AnxD) but
no disruptive behaviour disorders (DBD) manifested greater HPA
reactions to venipuncture than boys with others patterns of comorbid-
ity (M + SE)

cortisol level, 3=—0.43, p<0.001, oppositional problems,
[5=-0.24, p<0.01, and anxious-shy problems, (=0.16,
p<0.05. The severity of oppositional and anxiety problems
had independent but opposite associations with the cortisol
reactivity to venipuncture in boys with ADHD; boys
described as more oppositional or less anxious by parents
showed reduced HPA reactivity to venipuncture.

Aim 2: Salivary Cortisol Levels in Relation to ADHD
Subtypes and Inattention and Hyperactivity Problems

Cortisol Levels and Reactivity across ADHD Subtypes

A one-way (ADHD Subtype) ANOVA was used to
determine whether waking cortisol levels varied across

Table 3 Cortisol Levels and Reactivity Across ADHD Subtypes

ADHD subtypes (see Table 3). The effect of Subtype was
not significant, F(2, 139)=0.05, ns. A 3x2 (ADHD
Subtype by Sample) ANCOVA was used to determine
whether HPA reactivity to venipuncture varied across
ADHD subtypes (see Table 3). Neither the Subtype main
effect nor the Subtype by Sample interaction were
significant, both F(2, 148)<0.45. This was confirmed using
a one-way (ADHD Subtype) ANCOVA on the magnitude
of the stress response, AC. The effect of Subtype was not
significant, F(2, 143)=0.34.

Correlations between Inattentive and Hyperactive ratings
and waking cortisol levels, and partial correlations control-
ling for time of pre-stress sample between Inattentive and
Hyperactive ratings and pre-stress and post-stress cortisol
levels, and AC, were examined to determine whether
severity of ADHD was associated with salivary cortisol.
The eight correlations were non-significant, all || < 0.13.

Exploratory Analysis: Do the Associations
between Cortisol Levels and Comorbid Diagnoses
and Problems differ across ADHD Subtypes?

Cortisol, ADHD Subtypes, and Comorbid Diagnoses
of DBD and AnxD

Two exploratory analyses were conducted to test whether
associations between comorbid DBD or AnxD and boys’
waking or reactive cortisol levels differed across ADHD
Subtypes. First, waking cortisol levels were examined in a 2 x
2x3 (DBD by AnxD by Subtype) ANOVA. The model was
limited to include only two-way interactions (DBD by AnxD,
DBD by Subtype, AnxD by Subtype). All cells had at least 14
boys, with the exception of boys with ADHD-HI and AnxD
(n=6), and boys with ADHD-HI without DBD (n=7). No
effects of Subtype were significant, all (2, 132)<0.40.
Second, reactive cortisol levels were examined in a 2%
2x2x3 (Sample by DBD by AnxD by Subtype) mixed-
design ANCOVA. The model was limited to include only

Waking sample Pre-stress sample Post-stress sample A Cortisol

Sample M SD M SD M SD M SD

All boys 0.31, 0.14 0.10, 0.06 0.23, 0.20 0.13 0.21
ADHD-PI 0.31, 0.10 0.10, 0.07 0.25, 0.24 0.15 0.24
ADHD-HI 0.30, 0.14 0.10, 0.07 0.22, 0.15 0.11 0.18
ADHD-C 0.32, 0.16 0.10, 0.06 0.22, 0.19 0.12 0.19
DBD 0.31, 0.14 0.10, 0.06 0.20, 0.17 0.11 0.17
AnxD 0.30, 0.13 0.09; 0.05 0.27, 0.24 0.18 0.25

Cortisol levels are in pg/dL. A Cortisol = Post-Stress — Pre-Stress. Log-transformed cortisol levels were used in analyses. Cortisol means in a row
not sharing a common sub-scripted letter differ significantly across samples at p<0.05.
PI primarily inattentive, HI hyperactive-impulsive, C combined, DBD boys with comorbid disruptive behaviour disorders, AnxD boys with

comorbid anxiety disorders
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two-way interactions of the between-subjects variables
(DBD by AnxD, DBD by Subtype, AnxD by Subtype).
All cells had at least 15 boys, with the exception of boys
with ADHD-HI and AnxD (n=5), and boys with ADHD-HI
without DBD (n=6). Only one effect involving Subtype
was significant, DBD X Subtype, F(2, 141)=3.18, p<0.05
(see Fig. 2)." Because this effect did not involve Sample, it
suggested boys did not differ in reactivity per se, but rather
in their mean pre- and post-stress samples. Higher mean
cortisol levels were evident in boys with ADHD-PI alone
and ADHD-HI alone, than in boys with ADHD-C alone,
ADHD-PI with DBD, ADHD-HI with DBD, or ADHD-C
with DBD. There were significantly higher mean cortisol
levels in boys with ADHD-PI alone versus ADHD-PI with
DBD, #(52)=2.01, p=0.05, and the comparison between
boys with ADHD-HI alone versus ADHD-HI with DBD
approached significance, #19)=1.88, p<0.10. Conversely,
mean cortisol levels were comparable in boys with ADHD-
C alone versus ADHD-C with DBD, #75)=—1.09. As well,
boys with ADHD-C alone had lower mean cortisol levels
than boys with ADHD-HI alone, #31)=2.46, p<0.05, and
boys with ADHD-PI alone, #56)=1.89, p<0.10. Mean
cortisol levels did not differ across ADHD subtypes in boys
with comorbid DBD, all |7] < 1.15.

Discussion

This investigation was conducted to determine whether
comorbid disruptive behavior problems were associated
with lower, and comorbid anxiety problems with higher,
cortisol reactivity, and whether adrenocortical functioning
differed in school-age boys with different subtypes of
ADHD. Boys with comorbid AnxD or problems evidenced
stronger cortisol reactivity, whereas boys with comorbid
DBD or oppositional problems evidenced diminished
cortisol reactivity. Boys with ADHD inattentive subtype,
ADHD hyperactive-impulsive subtype, and ADHD com-

"It could be argued that dimensional scores for severity of problems,
rather than categorical scores for presence of diagnoses, might be a
stronger way to examine whether inattention or hyperactivity prob-
lems are differentially associated with HPA axis activity depending on
the presence of comorbid difficulties. This was addressed using the
scores from the Conners” PRS-R. Regression and correlation analyses
using these dimensional scores supported the categorical analyses.
Specifically, the Conners’ score for Oppositional problems was
negatively correlated with the magnitude of cortisol stress response
for boys with ADHD-PL, »=-0.35, p=0.012, and boys with ADHD-HI,
r=-0.42, p=0.069, but not for boys with ADHD-C, r=0.02, ns.
Considered another way, in boys without DBD, the correlation
between Inattention problems and magnitude of cortisol stress
response was not significant, »=0.08, ns, but for boys with DBD,
there was a significant negative correlation, r=-0.21, p=0.046. The
correlation for Hyperactive problems on the Conners’ was not
significant for either group of boys, »=-0.09 and -0.12, respectively.

0.25

mNo DBD
2DBD

salivary cortisol (ug/dL)

ADHD-PI

ADHD-HI ADHD-C

Fig. 2 Boys with ADHD-Predominantly Inattentive (PT) and ADHD-
Hyperactive Impulsive (HI) without comorbid disruptive behaviour
disorders (DBD) had higher mean pre- and post-stress salivary cortisol
levels across the venipuncture procedure than other boys (M =+ SE)

bined subtype showed similar salivary cortisol levels at
waking, prior to experiencing a stressful blood-draw
procedure, and in reaction to venipuncture. There was an
intriguing interaction between ADHD subtype and comor-
bid diagnoses, however, that indicated the presence of
comorbid DBD was unrelated to cortisol levels in boys with
the ADHD combined subtype. These results support
developmental models of the links between dysregulated
stress physiology and children’s externalizing and internal-
izing problems (Hastings et al. 2007), and proposals that
under-active BIS functions or poor response inhibition is
characteristic specifically of boys with DBD (Fowles 1988)
and boys with the combined subtype of ADHD (Loo and
Barkley 2005).

Our findings on the associations between boys’ comor-
bid conditions and cortisol levels were largely consistent
with past research and serve to bolster support for the
important role of HPA axis function in both DBD and
AnxD, and the opposing nature of BIS dysregulation
associated with these two classes of disorders. There were
no robust associations between waking cortisol levels and
children’s comorbid diagnoses or problems. This might
reflect the fact that the relatively elevated cortisol levels
observed at waking are produced by the normative diurnal
cycle of the HPA axis, rather than acute responses to events
(Lovallo and Thomas 2000). Compared to studies of adults,
research with children and youth has not found consistent
associations between waking cortisol levels and psychopa-
thology (Klimes-Dougan et al. 2001). Future studies might
benefit by undertaking a more comprehensive examination
of the cortisol awakening response (CAR). In contrast to
waking levels, we found that relations between cortisol
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reactivity and comorbid conditions were more evident.
Using both diagnoses and ratings of problems, boys with
ADHD who were less anxious manifested weaker adreno-
cortical stress responses to venipuncture than boys with
ADHD who were highly anxious, provided they had no
additional externalizing problems.

One question that might be posed is whether anxious
boys were reacting to the fear or the pain of venipuncture.
Acute pain has been found to elicit HPA arousal (e.g.,
Dixon et al. 2004). However, children can show cortisol
elevations to invasive procedures even in the absence of
observable or reported discomfort (Walco et al. 2005), and
increased cortisol levels after venipuncture have been found
to be more attributable to emotional than physical factors
(Hubert et al. 1989). Furthermore, it is likely that the topical
analgesia administered to boys in this study minimized the
extent to which actual pain was experienced or contributed
to stress responses. Thus, it is more probable that the
cortisol elevations observed were the result of anxious
boys’ anticipation and fear of potential pain. Thus, our
results are consistent with developmental models identify-
ing exaggerated arousal in response to threat as a core
feature of AnxD and problems (Klimes-Dougan et al. 2001;
Zahn-Waxler et al. 2000). Over-active BIS functioning is
thought to contribute to fearful reactions, and greater HPA
and autonomic reactivity in anxious children (Hastings et
al. 2007; Hastings and Utendale 2008).

Conversely, boys with DBD and oppositional problems
showed decreased adrenocortical stress responses. There-
fore the results also offered support for the role of under-
active BIS affecting stress physiology such that diminished
reactivity in seen in children with disruptive behavior
problems (van Goozen et al. 2007). Interestingly, we did
not identify the “protective” role of anxiety for children
with DBD that has been reported previously (e.g., McBurnett
et al. 1991); the magnitudes of cortisol elevations were
similar for boys with DBD alone and DBD with AnxD. This
inconsistency might be due to the boys in the current sample
being younger than those in most prior studies (see also
Oosterlaan et al. 2005). In addition, the fact that all boys had
a primary presenting condition of ADHD, and venipuncture
was used as a stressor, might have affected the pattern of
associations.

One strength of this study was its relatively large sample
size, which allowed us to evaluate whether ADHD subtypes
were associated with differences in HPA function. Argu-
ments have been made that deficits in BIS and response
inhibition might be specific to either the hyperactive-
impulsive dimension of ADHD (Quay 1997), or the
combined subtype (Loo and Barkley 2005) but studies are
inconclusive (Randazzo et al. 2008). We found that, overall,
there were not differences in adrenocortical reactivity
across ADHD subtypes. However, once we took account
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of boys’ comorbid conditions, we found that ADHD
subtypes differed with respect to how DBD were associated
with daytime cortisol levels. Cortisol levels were higher in
boys with ADHD-PI and ADHD-HI who did not have
DBD compared to boys with these two ADHD subtypes
with comorbid DBD. Conversely, the presence of comorbid
DBD was not associated with cortisol reactivity for boys
with ADHD-C. Cortisol levels in boys with ADHD-C alone
were as low as those in boys with comorbid DBD. This
could be evidence in support of the argument that ADHD-C
has a distinct pathophysiology from ADHD-PI or ADHD-
HI (Loo and Barkley 2005), or that the pathophysiology of
ADHD-C is more closely associated with DBD. Given
recent human (Blair et al. 2004) and primate research
(Lyons et al. 2000) implicating adrenocortical activity in
BIS function and response inhibition, it would be worth-
while to conduct further examinations of how stress-
induced elevations in cortisol are related to prefrontal
dopaminergic activity in children with and without ADHD
and DBD.

These findings also contrast with those of earlier studies
indicating that children with ADHD have normative
baseline or reactive cortisol levels unless they also have
comorbid DBD (e.g., Snoek et al. 2004). Despite links
between both classes of disorders and BIS problems, it has
been argued that ADHD and DBD have differing underly-
ing neurobiological substrates (van Goozen et al. 2007).
Studies of HPA function in children with ADHD and DBD
have tended to aggregate children across ADHD subtypes
into a single group, whereas our findings suggest it might
be important to keep them distinct. When we considered the
current sample of boys with ADHD as a single group, we
also replicated the past findings: The presence of DBD and
more severe oppositional problems predicted weaker
adrenocortical reactivity. When subtypes were distin-
guished, this pattern was not evident in boys with ADHD-
C. Current diagnostic systems, of course, distinguish DBD
and ADHD subtypes on the basis of behavioural profiles,
not pathophysiology. Given recent emphasis on the need to
identify robust endophenotypes of the genetic basis of
ADHD (Crosbie et al. 2008), it might be worthwhile to
pursue further study of which aspects of pathophysiology
are common or unique to these disorders, in order to
improve etiological models and perhaps improve diagnostic
procedures (Loo and Barkley 2005).

Overall, salivary cortisol concentrations in boys with
ADHD followed an expected diurnal pattern: Highest at
waking, and higher pre-stress cortisol levels in the morning
than in the afternoon. The venipuncture challenge elicited a
significant cortisol response, with mean post-stress levels
more than twice as high as mean pre-stress levels, with the
time of provocation being unrelated to cortisol reactivity.
However, these results should not necessarily be interpreted
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to suggest that having ADHD is associated with typical or
normative HPA activity. Lacking a comparison group of
boys without ADHD, it is possible that we failed to detect
deviations from non-clinical samples. We examined previ-
ously published normative data on salivary cortisol levels in
school-age children without psychopathology collected at
roughly comparable times (studies of community groups, or
comparison groups in clinical studies; Jansen et al. 1999;
Rosmalen et al. 2005; Snoek et al. 2004; Van Goozen et al.
1998). All of these studies showed higher waking, mid-
morning baseline and mid-afternoon baseline cortisol levels
than were evident in the boys with ADHD in this study.
These studies could be taken to suggest that the boys with
ADHD in our sample had low waking and pre-stress
cortisol levels relative to similarly-aged peers without
ADHD. This suggestion can be only tentative, of course,
but further direct comparisons of HPA function in children
with and without ADHD clearly are warranted.

Finally, time of day was not associated with magnitude of
cortisol reactivity. Post-stress cortisol levels were more than
double the pre-stress levels, and approached waking levels,
whatever the time of venipuncture. Some researchers have
argued it is advantageous to conduct stress-induction proce-
dures in the afternoon, because cortisol reactions are stronger
later in the day (e.g., Kirschbaum et al. 1990; Snoek et al.
2004). Perhaps such time-dependent reactivity is particular to
purely psychosocial stressors. Clearly, for school-age chil-
dren, the prospect of having blood drawn in a hospital clinic
strongly activated the HPA stress response system in both the
morning and afternoon hours. Further research on the
associations between type of stressor, time of day and
magnitude of cortisol response appears warranted.

Limitations

Although this study included a large and socioeconomically
diverse sample, the sample was not widely varying in other
demographic characteristics. Thus, the current findings may
not be generalizable beyond Québec francophone families of
European descent. Attention to how ADHD, comorbid
conditions, and HPA regulation might vary across sociodemo-
graphic groups would be warranted in future investigations.
Similarly, this study did not look at HPA function in girls with
ADHD. ADHD is more common in boys than girls, and there
are pronounced sex differences in typical symptom profiles
(Barkley 2003), so relations between adrenocortical func-
tioning and ADHD or its comorbid conditions may be
dissimilar for boys and girls (Sondeijker et al. 2007). The
current results obtained with boys with ADHD should not be
generalized to girls with ADHD.

The study also lacked a normal comparison sample
of boys without ADHD. Consideration of previously
published data on children without diagnosed psychiatric

problems was useful, but direct comparisons of results
were not possible due to methodological differences
across studies. Thus, although consistent with some past
research (e.g., Randazzo et al. 2008), the suggestion that
salivary cortisol levels might have been lower in these
boys with ADHD than one would expect in a normative
community sample must be treated with considerable
caution. The field would benefit from more basic,
descriptive studies on the development of normative
HPA function (e.g., Rosmalen et al. 2005).

It should also be recognized that our results were
contingent upon our methodology. We examined elementa-
ry school-age boys, assessed salivary cortisol levels at
specific times on 1 day when boys were unmedicated,
analyzed only the comorbid psychopathology prevalent in
this sample, and relied exclusively on parent-reports of
diagnoses and problems. It would be useful to examine the
development of HPA function and other endocrine systems
over time in children with ADHD, to evaluate whether
administration of stimulant medication affects reactivity,
and to utilize multiple informants on children’s psychopa-
thology. For example, relations between youths’ anxiety-
related problems and cortisol levels have been found to
differ across mother-reported and self-reported symptoms
(Klimes-Dougan et al. 2001). The venipuncture procedure
proved to be an effective technique for eliciting HPA
reactivity in most of the children, which can be challenging
with behavioural stressors (Gunnar and Vasquez 2000).
Given this, it could be informative to examine the relations
between cortisol in response to venipuncture or similar
strong challenges and children’s performance on executive
function paradigms that tap cognitive regulation processes
implicated in ADHD.

Additional improvements to procedures would help
future studies to advance this area of work. Had children
been given the opportunity to report on their experience of
the venipuncture procedure, such as completing affect
ratings (e.g., Hastings et al. 2007), it might have informed
whether physiological and emotional arousal were associ-
ated. Collection of time-matched samples on another day
(e.g., Klimes-Dougan et al. 2001) would have revealed
whether pre-stress cortisol levels were elevated, perhaps
due to being in the hospital setting. Finally, it would have
been useful to monitor post-stress cortisol levels over a
longer period of time, in order to determine whether some
boys showed delayed onset of HPA arousal, or regulation
problems resulting in prolonged HPA activation.

Clinical Implications
ADHD is a complex and multi-faceted diagnostic category.

There has been considerable debate about whether the three
subtypes should be retained under a single diagnosis.
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Although it is unclear whether current methods of identi-
fying ADHD subtype are effective for informing treatment
(Pelham 2001), advantages might be obtained by incorpo-
rating physiological indices into diagnostic procedures (Loo
and Barkley 2005). ADHD-C might have a distinct
underlying pathophysiology that could necessitate differing
treatment than ADHD-PI or ADHD-HI.

Children’s anxiety problems are less obvious and
troublesome than ADHD or DBD, and often go unrecog-
nized by parents or caregivers. Undiagnosed anxiety
disorders may cause over-arousal and distress to challenges
in some children with ADHD, which adults may misattrib-
ute to hyperactivity or impulsivity and therefore respond to
inappropriately. Accurate diagnosis of comorbid anxiety in
children with ADHD could support effective parent-training
interventions, and also identify children in need of therapy
to improve self-regulation and coping skills.
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