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Abstract

Background—Changes in the hypothalamic—pituitary—adrenal (HPA) axis, as evidenced by
patterns of cortisol secretion, have been of interest in understanding depression and anxiety disorders
across the life span. Previous studies of pediatric depression have pointed to the period around sleep
onset as a key time point for observing alterations in cortisol secretion associated with affective
disorders. Evidence also indicates that pubertal development may influence the expression of HPA
dysregulation. We hypothesized that adolescents with depression and youth with anxiety disorders
exhibit elevated peri-sleep-onset cortisol.

Methods—Plasma cortisol was sampled every 20 min around sleep onset from children and
adolescents with major depressive disorder (n = 116), anxiety disorders (n = 32), or no history of
psychiatric disorder (control; n = 76). Sleep onset was determined by polysomnography.
Classification of participants as children or adolescents was based on Tanner staging of pubertal
maturation.

Results—Children with anxiety disorders had higher peri-sleep-onset cortisol than children with
depression or control children. Adolescents with depression had marginally higher peri-sleep-onset
cortisol than control adolescents and significantly higher peri-sleep-onset cortisol than children with
depression.

Conclusions—Depression and anxiety are associated with altered cortisol secretion around sleep
onset, and these changes appear to be influenced by pubertal maturation.
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A recent wave of studies in developmental and clinical neuroscience has increased interest in
understanding changes in the hypothalamic—pituitary—adrenal (HPA) axis in anxiety and
affective disorders. The HPA axis is involved in neuroendocrine and behavioral responses to
stress in ways that are shaped by developmental influences. Studies of humans, rodents, and
nonhuman primates indicate that HPA functioning is influenced by the enrichment or
impoverishment of the early social environment (Higley et al 1991; Lupien et al 2000; Meaney
2001). In animal models, HPA reactivity accompanies both the experience of social stress and
the display of abnormal behaviors similar to those in human anxiety and depression (Higley
et al 1991). In addition to extensive evidence for early developmental influences on these
neurobehavioral systems of stress, there is also evidence that adolescence is a time of plasticity
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in HPA function. For instance, the effects of early maternal influences can be at least partially
modified by experiences during the periadolescent period (Francis et al 2002).

There has also been a long history of clinical research focusing on HPA regulation and affective
disorders, with decades of studies showing a tendency for elevated cortisol in adults with
depression. Findings in adult depression have consistently reported elevated basal cortisol
(Halbreich et al 1985; Rubin et al 1987). Findings in pediatric depression, however, have been
less consistent. Studies with children and adolescents for the most part have not found a relation
between depression and basal cortisol (Birmaher et al 1992, 1996; Dahl et al 1989; Gispen-de
Wied et al 2000; Kutcher et al 1991; Puig-Antich et al 1989).

Depression-related differences in cortisol secretion may be more prominent during the evening
(Young et al 1994) or during the period surrounding sleep onset (Dahl et al 1991). Young and
colleagues have emphasized the role of mineralocorticoid receptor feedback as potentially
significant to these findings (Young et al 2003). Our research group has hypothesized that
subtle differences in HPA axis regulation in depression may be most evident when the axis is
normally physiologically quiescent because of circadian and sleep influences (Dahl et al
1996).

Pubertal development appears to be another critical factor influencing the relation between
depression and cortisol. Studies to date suggest that depressed adolescents tend to have elevated
cortisol around sleep onset (Dahl et al 1991; Goodyer et al 1991), whereas depressed children
do not (Puig-Antich et al 1989). Furthermore, animal studies indicate that HPA axis function
is altered by increasing levels of reproductive hormones (Shansky et al 2003). When extended
to human development, animal findings suggest that endocrine changes associated with puberty
in humans may modify the HPA response to stress. In addition, the developmental changes in
sleep that occur during adolescence may also create greater vulnerability in HPA regulation
during the night. More specifically, the physiologic drive toward deep, slow-wave sleep, which
is strong in childhood, diminishes during adolescence (Carskadon 2002). Because deep sleep
creates a high threshold of arousal and response in children (Busby and Pivik 1985), the
maturational decreases in deep sleep during adolescence may render adolescents more
vulnerable to the effects of stress in the period near sleep onset. This increased vulnerability
to stress could increase cortisol levels during this otherwise quiescent period.

In contrast to research on pediatric depression, hypotheses about cortisol hypersecretion during
the period around sleep onset have not been examined systematically across the range of
childhood and adolescent anxiety disorders. The exception has been research on posttraumatic
stress disorder (PTSD), which has revealed that children with PTSD exhibit elevated basal
cortisol (Carrion et al 2002) and 24-hour cortisol (De Bellis et al 1999). Aside from PTSD,
few studies have addressed anxiety disorders more generally, and others have tended to focus
on anxiety symptoms rather than diagnosed disorders. One recent article reported that
prepubertal children with anxiety disorders had lower overall cortisol secretion and an unusual
pattern of cortisol increase during the night (Feder et al 2004). The cortisol secretion patterns
in that study were not aligned by sleep onset, however, because polysomnography was only
conducted with a subsample of participants. The study also did not consider the role of pubertal
development because its sample was limited to children. It is not clear whether puberty
influences sleep-onset cortisol secretion in anxiety disorders. Thus, it is important to examine
whether depression and anxiety, in combination with puberty, involve abnormally high sleep-
onset cortisol.

This examined plasma cortisol during the 2 hours before and 2 hours after sleep onset in
children and adolescents who had major depressive disorder (MDD), children and adolescents
who had anxiety disorders, and children and adolescents who had no history of psychiatric
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disorder. Participants were part of a longitudinal, multiproject study of the neurobehavioral
characteristics of childhood depression. Thus, it was possible to compare findings from the
current sample with previous findings from other samples in the same study. Notably, in
samples related to the same larger study but independent of the current sample, our group has
found cortisol hypersecretion around sleep onset in depressed adolescents (Dahl et al 1991)
but not depressed children (Puig-Antich et al 1989). A recent reanalysis of data from a sample
originally studied by Puig-Antich et al in New York (Birmaher et al 1996; Puig-Antich et al
1989) also found reduced cortisol secretion during sleep in anxious children (Feder et al
2004). To date, we have not examined the influence of pubertal development directly.
Furthermore, adolescents’ high cortisol in previous samples was only evident between 8 PM
and midnight (Dahl et al 1991). Our main hypothesis was that adolescents with depression but
not children with depression would have higher levels of peri-sleep-onset cortisol (i.e., cortisol
in the period surrounding sleep onset) than would control participants. We examined whether
the same was true for participants with anxiety disorders, but we did not have a specific
hypothesis about puberty-related peri-sleep-onset cortisol differences in this group.

Methods and Materials

Participants

Participants were 138 children and 86 adolescents involved in a multiproject study of
neurobehavioral characteristics of pediatric affective disorders. Of all participants, 116 had
MDD (76 children), 32 had anxiety disorders (18 children), and 76 were healthy (control)
participants with no history of psychiatric disorder (44 children). Participants in the depression
and anxiety groups were recruited from the Child and Adolescent Depression Program at
Western Psychiatric Institute and Clinic in Pittsburgh, Pennsylvania, and from radio and
newspaper advertisements. Participants in the control group were recruited from
advertisements. The demographic characteristics of the sample are presented in Table 1.

Diagnoses were determined through administration of the Schedule for Affective Disorders
and Schizophrenia for School-Age Children—Present and Lifetime Version (K-SADS-PL,;
Kaufman et al 1997). Each participant and a parent (or guardian) were interviewed separately
by a bachelor’s-level research specialist trained to administer the K-SADS-PL according to
diagnostic reliability standards at Western Psychiatric Institute and Clinic. Reliability for
depression and anxiety disorders was >90%, and reliability was maintained through monthly
diagnostic review meetings. The results of the interview were then presented at a consensus
case conference with a child psychiatrist, who reviewed the findings and diagnosis and
provided a best-estimate diagnosis. Participants in the depression and anxiety groups were
required to be in a current episode based on DSM-III-R criteria (American Psychiatric
Association 1987). Participants in the anxiety group received diagnoses of generalized anxiety
disorder (n = 23), overanxious disorder (n = 4), panic disorder (n = 2), separation anxiety
disorder (n = 1), social phobia (n = 1), and both generalized anxiety disorder and separation
anxiety disorder (n = 1).

Participants in the control group were at low familial risk for depression and were free of any
lifetime episode of any major psychiatric disorder. Low familial risk was defined as the absence
of lifetime affective disorder in all first-degree relatives; the absence of lifetime mania,
schizoaffective disorder, or schizophrenia in second-degree relatives; and lifetime MDD in
fewer than 20% of second-degree relatives. First- and second-degree relatives were interviewed
using the Schedule for Affective Disorders and Schizophrenia for School-Age Children—
Epidemiologic Version (K-SADS-E; Orvaschel et al 1982).

Participants were excluded for the following reasons: use of medication with central nervous
system or hypothalamic—pituitary effects within the previous 2 weeks; use of fluoxetine;
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significant medical illness; extreme obesity (weight > 150% of ideal body weight); IQ < 70;

eating disorder, developmental disorder, or schizophrenia; phobia of intravenous (1V) needles;
and learning disabilities. For participants who had taken medication during the current episode,
medication was tapered under the guidance of the participant’s psychiatrist before entry into
the study. Use of nicotine, drugs, or alcohol was also an exclusionary criterion.

Pubertal development was determined through physical examination by a physician or nurse
practitioner trained in the assessment of pubertal development. Sexual maturity staging criteria
and definitions representing the five stages of breast, genital, and pubic hair development were
determined by visual inspection according to the criteria described by Marshall and Tanner
(1968). Percentage agreement for exact Tanner stage classification in the longitudinal study
has been > 90%. To be consistent with previous publications from our research group,
participants were categorized as children if they were Tanner stage 1 or 2 on physical exam at
the time of the study and as adolescents if they were Tanner stage 3, 4, or 5.

The study protocol was approved by the University of Pitts-burgh Institutional Review Board.
Upon entry into the study, participants’ parents or guardians were told about the procedures of
the study and signed an informed consent form. Participants who were 14-16 years old also
provided consent. Participants younger than 14 years old were present when procedures were
described to parents, and all provided verbal assent to participate. Participants were admitted
to the Child and Adolescent Sleep and Neuroendocrine Laboratory at Western Psychiatric
Institute and Clinic for a neurobiological assessment that included three consecutive nights of
polysomnography. The first night was considered an adaptation night. Cortisol and sleep-
related electroencephalogram (EEG) activity were measured during the second night of the
visit.

The IV catheter was inserted in an antecubital vein, which was then kept open by a slow drip
of heparinized saline with a mobile system, which allowed a free range of activities. The IV
insertion occurred during the afternoon of the first day, under low stress conditions and soon
after participants arrived at the lab. During the second night, participants maintained their usual
sleep schedule, as determined by the mean bedtime and waking time reported in sleep logs that
participants had completed during the previous week. Before bedtime, participants were
encouraged to relax and were allowed to read, watch quiet movies, or talk with laboratory staff.

Plasma sampled at 5 PM on the second day as part of a corticotrophin releasing hormone (CRH)
challenge was used to establish a baseline level for the current study. Because at least 24 hours
had elapsed between IV insertion and CRH challenge, we consider the pre-CRH challenge
cortisol measurement an appropriate baseline. Baseline cortisol was sampled at three points:
40 min, 20 min, and immediately before the CRH challenge. During the night, plasma was
sampled every 20 min, beginning 2 hr before the participant’s usual bedtime.

Sleep was assessed through standard polysomnographic (PSG) procedures (see Dahl et al
1996). Electrooculogram, EEG, and electromyography data were collected throughout the
night to measure eye movements, brain electrical activity, and muscle tone, respectively. A
scorer trained in PSG reviewed these data to determine periods of wakefulness, rapid eye
movement (REM) sleep, and non-REM sleep (i.e., stages 1-4).

Cortisol Assays

The assay procedure used was the Diagnostic Products (Los Angeles, California) solid phase
1251 radioimmunoassay for cortisol. This method is sensitive to 13.79 nmol/L (.5 mg/dL) of
cortisol. Cortisol levels were determined from 25-mL samples assayed in duplicate and added
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with labeled antigen into tubes coated with a highly specific cortisol antibody. The tubes were
incubated for 45 min at 37°C, decanted, and washed to decrease nonspecific binding. The
remaining percentage of bound antigen was then determined on a gamma spectrometer. Patient
duplicates exceeding a 5 % coefficient of variation (CV) were retested. For the larger study,
the intraassay CV has ranged from 1.3% to 2.7%, with a mean of 1.9%. The interassay CV
ranged from 11.7% at 103.7 nmol/L (3.76 mg/dL) to 7.0% at 839.0 nmol/L (30.4 mg/dL).

Data Reduction

Based on our previous study (Dahl et al 1991), peri-sleep-onset cortisol was defined as the
mean of cortisol values during the period + 2 hours around sleep onset (this included six
presleep measurements and six postsleep measurements). Because peri-sleep-onset cortisol
values were nonnormally distributed, a natural log transformation was applied to the values
before analyses. Sleep onset was computed as the first minute of 10 consecutive minutes of
stage 2 sleep. In addition, several sleep variables were computed to assess potential confounds.
Total time awake was computed as wakefulness after sleep onset and before waking time. Total
slow-wave sleep was computed as time in stage 3 and stage 4 sleep. Total REM sleep was
computed as time in REM sleep. Sleep latency was computed as the time difference between
bedtime and sleep onset. The EEG data during sleep (i.e., after the peri-sleep-onset period)
were missing for 11 participants. Baseline cortisol was computed as the mean of the three pre-
CRH values.

Data Analyses

Group differences were tested using an analysis of variance (ANOVA) approach, with
diagnostic group (depression, anxiety, or control), development (child or adolescent pubertal
status), and the diagnosis x development interaction as between-subjects factors. The primary
dependent variable was peri-sleep-onset cortisol. Dependent variables for secondary ANOVAs
were baseline cortisol, mean cortisol during sleep, and peak cortisol during sleep. Repeated-
measures ANOVAs were then conducted to further examine group differences in cortisol
secretion over time as a function of diagnosis and development. Partial eta squared (n2), which
reflects the proportion of variance in the dependent variable accounted for by an independent
variable, is reported as a measure of effect size for significant effects. Analyses for group
differences in mean and peak sleep cortisol secretion included only the depression and control
groups because cortisol data for the entire night were available for only a small subset of the
anxiety group (n = 6).

Preliminary analyses indicated that age, gender, race, and body mass index did not differ by
diagnostic group and were unrelated to peri-sleep-onset cortisol. Additional ANOVAS with
per-sleep-onset cortisol indicated no significant interactions of these variables with diagnostic
group. Within the depression group, participants who had taken medication during the current
episode did not differ in peri-sleep-onset cortisol from those who had not taken medication.
Socioeconomic status (SES) differed by diagnosis [F(2,216) = 8.84, p < .001]. Post hoc tests
indicated that the control group had higher SES than did the depressed group (p <.001), and
SES was therefore included as a covariate in the main analyses. An ANOVA conducted to test
group differences in baseline cortisol indicated that, as expected, the diagnostic groups did not
differ in baseline cortisol. There was a development main effect for baseline cortisol, with
children exhibiting lower levels of cortisol than adolescents [see Table 1; F(1,218) = 6.22, p
< .05]. The diagnosis x development interaction for baseline cortisol was nonsignificant.
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Results

Peri-Sleep-Onset Cortisol

An ANOVA for peri-sleep-onset cortisol revealed a significant diagnosis x development
interaction [F(2,188) = 5.58, p < .005, n = .06]. As depicted in Figure 1, follow-up ANOVAs
indicated a significant diagnosis effect within the child group [F(2,118) = 8.52, p < .001, n?
=.13]. Children with anxiety had significantly higher peri-sleep-onset cortisol than did either
children with depression [F(1,78) = 19.33, p < .001, n2 = .20] or control children [F(1,51) =
6.78, p < .05, n2 = .12]. Although there was no diagnosis effect within the adolescent group,
there was a statistical trend for higher peri-sleep-onset cortisol in adolescents with depression
than in control adolescents [F(1,59) = 3.20, p = .08, n2 = .05]. Furthermore, there was a
development effect within the depression group. Adolescents with depression had significantly
higher peri-sleep-onset cortisol than did children with depression [F(1,101) = 13.72, p < .001,
n? =.12]. There were no significant development effects within the anxiety and control groups.

Repeated-measures ANOVAs were also conducted with time series data from cortisol
assessments during the peri-sleep-onset period. Figure 2 depicts mean cortisol levels for
diagnostic and developmental groups. There was a diagnosis x development x time interaction
[F(2,40) = 6.61, p < .005, 2 = .25]. Follow-up repeated-measures ANOVAs indicated a
diagnosis x development interaction effect for cortisol secretion across the 2-hour period before
sleep onset [F(2,54) = 3.38, p < .05, n2 = .11] but no difference for cortisol secretion across
the 2-hour period after sleep onset. Within the 2-hour period before sleep onset, repeated-
measures ANOVAs indicated a diagnosis effect within the child group [F(2,24) =4.17,p <.
05, 12 = .20] but not within the adolescent group (p = .18). Post hoc Tukey tests revealed that
children with anxiety had significantly higher cortisol in the 2-hour period preceding sleep
onset than did children with depression (ps < .05) and marginally higher cortisol than did
control children (p = .08).

Peri-Sleep-Onset Cortisol in Depression Subgroups

Because previous studies have reported that peri-sleep-onset cortisol in depressed adolescents
varies with the presence of suicidal ideation or the severity of depressive episode (Dahl et al
1991), we tested whether these characteristics were related to mean peri-sleep-onset cortisol.
Following a strategy used previously in our group (see Williamson et al 1992), severity was
computed using an estimate of the Hamilton Depression Rating Scale (Hamilton 1960)
extracted from the K-SADS depression score. The results reported above did not differ when
the depression group was divided into suicidal ideation subgroups (present or absent) or
severity subgroups (depression score above or below the sample mean). Because high peri-
sleep-onset cortisol is associated with recurrent clinical course in early-onset depression (Rao
etal 1996), we also examined whether lifetime history of anxiety disorder or duration of current
depressive episode was related to peri-sleep-onset cortisol in the depression group. Comorbid
lifetime anxiety disorder (present or absent) was not related to differences in cortisol secretion
in the depression group. Duration of current episode was correlated with mean peri-sleep-onset
cortisol within the depression group (r = .23, p <.05), but including it in models of group
differences did not change the original results. Adolescents with depression who had a history
of childhood-onset depression did not differ in peri-sleep-onset cortisol from those who did
not. Finally, the children and adolescents with depression did not differ in the duration of the
current depressive episode or lifetime duration of MDD.

Sleep Cortisol and Sleep EEG

Analyses of variance indicated that the depression and control groups did not differ in mean
cortisol during sleep or peak cortisol secreted during sleep (insufficient data for the anxiety
group prevented us from including the group in these analyses). In addition, ANOVAs with
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EEG data indicated that the depression, anxiety, and control groups did not differ in total time
awake, total slow-wave sleep, total REM sleep, or sleep latency. Thus, group differences in
cortisol secretion were limited to the peri-sleep-onset period and were not confounded by group
differences in sleep.

Discussion

Using a large, well-characterized sample of children and adolescents with affective disorders,
we found that both diagnosis and development influenced peri-sleep-onset cortisol secretion.
Both anxiety and depression were associated with increased peri-sleep-onset cortisol, but the
two types of disorders showed different patterns of influence based on development. Children
with anxiety disorders had higher cortisol than did children with depression or children with
no psychiatric history. When examined in greater detail, this pattern of group differences
suggests that cortisol was significantly elevated in children with anxiety during the 2 hours
before EEG-determined sleep onset (at a circadian phase when cortisol should be quite low),
with levels approaching those of the other two groups of children by sleep onset. Among the
adolescents, in contrast, it was the depression group that showed a trend toward elevated peri-
sleep-onset cortisol. Elevated cortisol secretion in the depression group appeared to be most
prominent in the hour before sleep onset. These findings raise some interesting questions
regarding the interaction of pubertal maturation, affective disorders, and cortisol secretion.

These findings contribute to the literature on pediatric affective disorders in several ways. First,
the results replicate at a trend level previous depression-related findings by our research group,
with a larger and completely independent sample. As indicated in previous findings (Dahl et
al 1991; Puig-Antich et al 1989), adolescence appears to be an important period for the
emergence of cortisol hypersecretion with depression. Second, the study allowed the direct
comparison of cortisol secretion in youth with anxiety, depression, or no history of psychiatric
disorder, all studied in the same environment. Third, because the sample included both children
and adolescents, the study enabled us to test hypotheses related to development. The statistical
trend of elevated cortisol in adolescents with depression represents a partial replication of
previous findings in adolescents with depression and supports the hypothesis that changes in
HPA regulation associated with depression emerge during adolescence, particularly in the
usually quiescent period near sleep onset. Two methodologic strengths are also worth noting.
Measuring plasma cortisol allowed us to test hypotheses about sleep-related cortisol, and using
PSG rather than clock time allowed us to align cortisol by each participant’s actual sleep onset.

An important question that these findings raise is why childhood but not adolescent anxiety
disorders were associated with elevated cortisol in the peri-sleep-onset period. One possibility
is that children with anxiety had more difficulty settling in the evening as they prepared for
bed or were experiencing greater social stress and anxiety at this time. Therefore, we
hypothesize that cortisol levels are correlated with symptoms, arousal, and stress at the time
that cortisol is measured. Future studies could address the possibility that psychologic factors
influence peri-sleep-onset cortisol by measuring worry, arousal, and other anxiety symptoms
at bedtime. It is important to note that our findings suggest some specificity for elevated cortisol
during the sleep-onset period. Children with anxiety did not exhibit elevated cortisol levels at
baseline, and they did not show disrupted sleep or difficulties falling asleep.

Another consideration is the health consequences of persistently elevated cortisol. That is,
adaptation to stress and anxiety could entail a gradual lowering of serum cortisol, so that
children with anxiety disorders no longer have elevated peri-sleep-onset cortisol once they
reach adolescence. This possible reduction in cortisol may occur because anxiety disorders,
which have high continuity (Pine 1999), directly serve as a chronic stressor or are accompanied
by chronic stressors. Physiologic adaptation to anxiety disorders may therefore involve
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increased allostatic load, as occurs with affective disorders generally (McEwen 2003). This
view is consistent with the claim that hypocortisolism occurs with chronic stress (Heim et al
2000). The physiologic costs of long-term cortisol hypersecretion are high (Charney 2004),
and as aresult, adjustments may occur at other points in the HPA axis to regulate cortisol levels.
The claim that hypocortisolism results from chronic stress is controversial (see Rasmusson et
al 2003), however, and prospective studies of pediatric anxiety disorders are needed to examine
long-term changes in cortisol secretion in greater detail.

The difference in cortisol secretion between adolescents with depression and children with
depression has implications regarding neurobehavioral changes during puberty that influence
or interact with HPA changes that are associated with depression. Models of canalization of
development emphasize that vulnerability to abnormal development varies, with protection
from abnormality more likely at certain points in development than at others (Grossman et al
2003; Waddington 1940, 1957). It may be that physiologic processes such as sleep and HPA
function are protected through childhood but become more vulnerable to disruptions during
adolescence. Consequently, childhood depression may not create measurable disruptions in
HPA function and sleep (Dahl et al 1996). With pubertal development, however, these systems
may become vulnerable to dysregulation, so that adolescent depression exerts an influence on
peri-sleep-onset cortisol. Furthermore, the period around sleep onset may therefore be an
important period for detecting disruptions to HPA function that become evident during
adolescence.

The variability of peri-sleep-onset cortisol within the depression group at the time points before
sleep onset was notable (see Figure 2). This variability was not explained by factors such as
duration or severity of the current episode, presence of suicidality, or history of anxiety
disorder. Thus, the mechanisms of increased cortisol in adolescent depression—and the
differences between adolescents who do or do not exhibit increased peri-sleep-onset cortisol
—remain to be elucidated. To shed light on these mechanisms, it will be valuable to assess
reproductive hormone levels, psychosocial stressors, and affective symptoms in future studies
of HPA function in this population.

The size of the anxiety disorders group created limitations in our statistical power to examine
differences among various anxiety disorders. Given that the anxiety disorders vary in the extent
to which they predict future depression and involve physiologic factors such as respiratory
abnormalities (Pine 1999; Sinha et al 1999), this is an issue worth considering. In addition, it
is possible that the adolescents with anxiety disorders may have differed from the other groups
in peri-sleep-onset cortisol. Examination of Figure 2 indicates that this is not likely, however.
Another issue worthy of investigation is intraindividual change in HPA axis function with
pubertal development, an issue we could not examine because of our study’s cross-sectional
design. We were not able to test, for instance, whether individuals whose onset of depression
was during childhood do not exhibit cortisol hypersecretion until adolescence. Because
adolescence is an important period for the emergence of depressive disorders generally and of
gender differences in the prevalence of depression (Angold et al 1998; Cohen et al 1993;
Kessler and Walters 1998; McGee et al 1992), it will be important to examine whether
childhood-onset and adolescent-onset depression differ in HPA function during adolescence.

Because early-onset depression is often preceded by anxiety disorders (Giaconia et al 1994;
Kovacs et al 1989; Rohde et al 1991), our findings suggest that there may be continuity in the
dysregulation of the HPA axis for individuals who experience childhood anxiety and then
adolescent depression. Behavior genetics studies indicate that anxiety and depression may
represent different phases of a single disorder (Williamson et al, in press). Accordingly, the
adolescents with depression in our sample may be the mid-late pubertal counterparts of the
anxious children. Children with anxiety who exhibit hypersecretion of cortisol around sleep

Biol Psychiatry. Author manuscript; available in PMC 2009 June 8.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Forbes et al.

Page 9

onset may develop into adolescents with depression who also exhibit hypersecretion of cortisol
during this period. When we examined subgroups of the depressed group, we did not find that
history of anxiety disorder was associated with peri-sleep-onset cortisol. This could indicate
that many developmental pathways to adolescent depression, not simply prior anxiety, are
associated with high cortisol. Indeed, our own study will allow the eventual examination of
physiologic characteristics of children who experience anxiety disorders and then develop
depressive disorders.

In summary, this study has meaningful implications for the study of pediatric affective
disorders. One implication is that the same physiologic pattern may not pertain equally to
children with depression and to adolescents with depression or anxiety. Despite the widely
replicated finding that childhood depression has high continuity (Costello et al 2002), it is also
true that there are many possible trajectories for children with depression. Some of these
trajectories, in combination with pubertal development, may lead to adolescent depression and
elevated cortisol levels. Early HPA function plays an important role in brain development,
social affiliation, and behavioral functioning, and with a longitudinal strategy to elucidate the
course of childhood affective disorders, it will be possible to examine the ways that alterations
to HPA function occur.
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Figure 1.

Cortisol £2 hours of sleep onset in children and adolescents with depression, anxiety, or no
history of psychiatric disorder (control). Group differences are indicated by a dagger (p <.10)
or an asterisk (p < .05). Error bars represent one standard error of the mean. Raw data are
depicted; natural log-transformed data were included in data analyses.

Biol Psychiatry. Author manuscript; available in PMC 2009 June 8.




1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Forbes et al.

Page 13

Children
7
B —+—Control (n= 44)
§ 2 —a—Depressed(n =76)
._% 4 —&— Anxious (n=18)
° 3
74]
2 2
8 1 -
D L L) L) L] | ) L L L) L) L] L) L)
-120 100 -80 -60 -40 -20 O 20 40 B0 80 100 120
time (min) relative to sleep onset
Adolescents
3; | [—e— Control (n=32)
g '3. —&— Depressed (n= 40)
-
=2 ] —i— Anxious(n=14
2 25 ( )
S 2]
L 15
=
g 1
05 4
120 400 30 B0 -40 20 O 20 40 60 380 100 120
time (min) relative to sleep onset
Figure 2.

Cortisol at each 20-min sampling interval £2 hours of sleep onset, by diagnosis. Children and
adolescents are depicted separately. Sleep onset = 0. Error bars represent one standard error of
the mean.
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