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Alterations in Stress Cortisol Reactivity in Depressed
Preschoolers Relative to Psychiatric and
No-Disorder Comparison Groups

Joan L. Luby, MD; Amy Heffelfinger, PhD; Christine Mrakotsky, PhD;
Kathy Brown, BA; Martha Hessler, BS; Edward Spitznagel, PhD

Background: Despite the robust and widely replicated
finding of elevated hypothalamic-pituitary-adrenal (HPA)
axis reactivity in depressed adults, studies of depressed
children have yielded ambiguous findings. Animal mod-
els of early depression and studies of children experi-
encing early psychosocial deprivation have suggested that
alterations in HPA axis reactivity are evident in early “de-
pressive-like” conditions. The current study is, to our
knowledge, the first investigation of HPA axis reactivity
in very young children with a clinical depressive syn-
drome for which content validity has been established.

Methods: Depressed, psychiatric, and no-disorder com-
parison children aged 3 through 5.6 years were studied
for HPA axis reactivity in response to experimental psy-
chosocial stressors. The children were diagnosed using
a developmentally appropriate, structured psychiatric in-
terview. Salivary cortisol was obtained at 3 time points
during a laboratory assessment before and after stress-
ors involving separation from the parent and frustrating
tasks.

Results: Repeated measures of multivariate analysis of
variance revealed a significant interaction between the

diagnostic group and 2 cortisol percent change scores.
Depressed preschoolers displayed a pattern of increas-
ing cortisol levels throughout the assessment in re-
sponse to both separation and frustration stressors. In con-
trast, both comparison groups showed decreasing cortisol
levels in response to the separation stressor. All groups
displayed increasing cortisol levels in response to frus-
trating tasks. Preschoolers with a presumptive melan-
cholic depressive subtype displayed these alterations at
a greater magnitude relative to comparison groups.

Conclusions: To our knowledge, these findings are the
first to demonstrate altered HPA axis reactivity in de-
pressed preschoolers. These alterations are consistent with
those described in depressed adults and in animal mod-
els of early depression. These findings provide evidence
for possible continuity of HPA axis alterations in depres-
sive disorders across the lifespan and are discussed in the
context of prior studies of HPA axis reactivity in clini-
cally depressed children and adolescents, suggesting that
younger age and inpatient status are features associated
with altered HPA axis reactivity.
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HE FINDING of alterations
in the reactivity of the hy-
pothalamic-pituitary-
adrenal (HPA) axis inadults

sibility that the DST might have utility as
a diagnostic laboratory test in psychia-
try.” However, this early enthusiasm for the
DST was sharply diminished by the find-
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with major depressive dis-
orders (MDD) is perhaps the most con-
sistent and robust biological finding in psy-
chiatry to date.'” Numerous investigations
have consistently reported elevated lev-
els of the adrenal corticosteriod cortisol and
nonsuppression of this hormone in re-
sponse to administration of the synthetic
corticosteriod dexamethasone (the dexa-
methasone suppression test or DST) among
depressed adults.® Further, the finding that
these alterations of HPA axis reactivity were
state and severity dependent (eg, they were
reversed during recovery and enhanced in
more severe melancholic or psychotic sub-
types) increased enthusiasm for the pos-

ing of DST nonsuppression in many other
serious psychiatric conditions, including
anxiety and eating disorders, which dem-
onstrated a lack of specificity of these find-
ings to MDD.

While hypersecretion and nonsup-
pression of cortisol are well established in
depressed adults, investigations of HPA
axis reactivity in depressed children have
yielded a more ambiguous array of find-
ings. In contrast to findings in depressed
adults, investigations of 24-hour cortisol
secretion have demonstrated no differ-
ences between depressed child and ado-
lescent outpatients and control groups.®!°
Numerous studies of the DST have been
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done in depressed child and adolescent populations us-
ing varying methodologies and study samples. Despite
this wide variety of methods and findings, there has been
a general consensus that the sensitivity of the DST is higher
in children than adolescents and higher in inpatients com-
pared with outpatients.'** Although there has been much
investigation of pharmacologic challenges, such as the
DST in depressed child and adolescent samples, experi-
mental psychosocial stress paradigms widely used in de-
velopmental studies have not been reported, to our knowl-
edge, in clinical samples of depressed children to date.

There has been much interest in the implications of
HPA alterations to the developmental neurobiology of
MDD. Nemeroff*® and others have proposed a develop-
mental model of depression as “stress response gone awry”
in which corticotropin-releasing factor and related HPA
alterations are hypothesized to be central to the devel-
opmental neurobiology of MDD.!* In keeping with this
theory, rodent models of early adversity induced by post-
natal mother-infant separations at key time points dur-
ing early development display an endophenotype char-
acterized by increased HPA axis responsiveness and stress-
induced glucocorticoid secretion with enduring increases
in HPA activity.”!" Longitudinal follow-up studies of such
maternally deprived rats that resume normal maternal
contact have found persistent elevations in cortisol se-
cretion in response to stress. Postmortem examination
reveals reduced corticotropin-releasing factor receptor
density in the anterior pituitary of these animals, fur-
ther suggesting that there are long-lasting corticotropin-
releasing hormone alterations associated with this model
of early adversity at developmentally specific time points.'®

Despite a large body of compelling data on alter-
ations in HPA response subsequent to early adversity in
rodents, whether similar HPA alterations can also be dem-
onstrated in nonhuman primates remains less clear.'’
Fewer data are available on the long-term effects of early
adverse life events on nonhuman primates. Differences
in the early neural development of primates and the ab-
sence of a stress hyporesponsive period as occurs in ro-
dents* may be among many factors explaining why rep-
lication of rodent findings in nonhuman primates has not
been straightforward. While the data paint a mixed pic-
ture, evidence is available demonstrating that intermit-
tent early separations between infant primates and their
mothers result in blunted cortisol reactivity and associ-
ated behavioral changes.'”2!#

The potential relevance of these findings to forms
of psychopathology in humans early in life is suggested
by studies of children who have experienced early ad-
versity in the form of psychosocial deprivation, maltreat-
ment, malnutrition, or exposure to toxins. Both eleva-
tions and blunting of HPA axis reactivity have been
reported, with findings varying by sample and design char-
acteristics. Blunting of diurnal variation in cortisol se-
cretion among depressed, maltreated school-aged chil-
dren and among Romanian orphans has been reported.?*
Alternately, Gunnar et al* have also reported cortisol el-
evations in deprived Romanian orphans compared with
control groups of nondeprived adoptees. These studies
suggest that early and profound emotional deprivation,
conditions similar to those observed to be associated with

hospitalism or anaclitic depression described by pedia-
trician Renee Spitz*’ almost 50 years ago, gives rise to HPA
alterations, some of which are similar to those known to
exist in depressed adults.

Studies of human and animal infants under condi-
tions of postnatal separation from their mothers have
yielded similar HPA alterations and have been helpful in
the development of models of early adversity as a proxy
for depressive syndromes. However, such models, while
informative, are imperfect approximations of early de-
pression. Specifically, these adversity models do not ad-
dress the development of early-onset depression in the
absence of adversity, which is known to occur in older
child and adult populations. Alterations in cortisol re-
activity as a result of depression may differ qualitatively
from those arising as a result of adversity. This notion is
underscored by the findings that alterations in cortisol
secretion in response to corticotropin-releasing hor-
mone challenge can be found only in depressed chil-
dren when maltreatment was present.?*?* These studies
had relatively small samples of depressed children and
thus power to detect changes as a result of depression
alone may have been limited.

While numerous studies using experimental physi-
ological stress conditions have been done in depressed
child and adolescent populations, the effects of experi-
mental psychological stressors have not been widely stud-
ied in clinical populations. Ashman et al*® have pro-
vided the first data demonstrating that children at high
risk for depression (offspring of depressed mothers) ex-
hibited greater elevations in cortisol in response to a psy-
chosocial stressor compared with control children. Al-
though findings in this group at high risk for depression
are suggestive, to our knowledge there have been no data
to date addressing changes in psychosocial, stress-
induced cortisol secretion, or other aspects of HPA func-
tion, in very early clinical depressive states in humans.

Basic developmental studies have established that
the high-risk offspring of depressed mothers demon-
strate alterations in affect expression, behavior, and psy-
chophysiology very early in life.*" Despite these highly
suggestive findings, until recently there have been in-
sufficient data to determine whether clinically signifi-
cant depressive disorders could occur in children younger
than 6 years.*** Luby et al**** have now demonstrated
that children aged 3 to 5.6 years can manifest a clini-
cally significant depressive syndrome characterized by
typical DSM-IV MDD symptoms. The DSM-IV MDD cri-
teria were modified by setting aside the 2-week dura-
tion criterion and developmentally translating a num-
ber of symptom states in the structured psychiatric
interview (described later) when indicated to capture the
pertinent life experiences of the young child.

Validation of this preschool depressive syndrome has
been established using the methods first described by Rob-
ins and Guze® and used in the development of the DSM
system. Preschool children with this depressive syn-
drome displayed a specific and stable symptom constel-
lation, increased family history of related disorders, and
significantly greater depression severity compared with
both psychiatric and no-disorder comparison groups.*
This depressed group also displayed social impairment
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and self-reported more negative affect compared with the
no-disorder comparison group.*! Further investigation,
now underway in our laboratory, of the predictive va-
lidity of this preschool syndrome will be essential to its
clinical definition.

The finding of a biological correlate provides a key
validator for a psychiatric syndrome according to the Rob-
ins and Guze model.” To investigate a possible early bio-
logical marker of MDD, the current study used an ex-
perimental stress paradigm to explore HPA axis reactivity
in depressed preschool children compared with psychi-
atric and no-disorder comparison groups. The primary
hypothesis of this investigation was that the depressed
preschoolers would show greater elevations in salivary
cortisol in response to a psychosocial stressor compared
with the no-disorder comparison group, similar to find-
ings in depressed adults. We also hypothesized, consis-
tent with the adult literature, that anhedonic, depressed
preschoolers (n=21), a hypothesized melancholic sub-
type, would show greater elevations in stress cortisol re-
activity than nonmelancholically depressed children.

B VETHODS

STUDY POPULATION

The Early Emotional Development Program at the Washing-
ton University School of Medicine, St Louis, Mo, assessed 174
preschoolers aged 3 to 5.6 years as part of a study of the no-
sology of preschool depression. Children were recruited from
community pediatricians’ offices using a checklist designed to
screen for early-onset behavior problems* and by consecutive
case ascertainment from a specialty mental health clinic exclu-
sively serving young children. Three study groups were com-
pared in the following analyses: (1) those who met DSM-IV MDD
criteria (with the exception of the duration criterion); (2) a psy-
chiatric comparison group who met DSM-IV criteria for atten-
tion-deficit/hyperactivity disorder or oppositional defiant dis-
order; and (3) those who did not meet criteria for any DSM-IV
psychiatric disorder (no-disorder group). Excluded were chil-
dren with chronic medical illnesses or neurologic problems and
those with pervasive developmental disorders or language and
cognitive delays that would prohibit their ability to under-
stand the study questions. After complete description of the study
and procedures, written informed consent was obtained from
the child’s guardian. Assent was not obtained because of the
very young age of the study subjects.

ASSESSMENTS

Preschoolers and their primary caregivers underwent a com-
prehensive 2- to 3-hour assessment at Washington University
School of Medicine’s Early Emotional Development Program
during which time 3 salivary cortisol samples were obtained.
Parents were given materials for the collection of salivary cor-
tisol samples at home on the evening after the assessment and
for the following 2 consecutive nights. They were also given
instructions about the handling of the saliva samples and ap-
propriate packaging and postage to mail them back to the Early
Emotional Development Program.

A comprehensive, structured diagnostic interview, a ver-
sion of the Diagnostic Interview Schedule for Children, Ver-
sion IV* modified for young children,* was administered to
caregivers about their children. To develop this interview, sev-
eral Diagnostic Interview Schedule for Children, Version IV items

were modified to account for their age-appropriate develop-
mental manifestations. This was deemed necessary at face value,
because some items as they were described in the Diagnostic
Interview Schedule for Children, Version IV did not apply to
the life experiences of preschool children. Those diagnostic mod-
ules that were developmentally inapplicable to young chil-
dren (eg, schizophrenia and substance abuse modules) were
not administered. All anxiety disorders with the exception of
posttraumatic stress disorder and panic disorder were admin-
istered. These disorders were excluded because of either un-
certainty about their application to young children or the pre-
sumption that they would occur in very low frequency in the
study population.

While child report and observational measures of symp-
tom states were used in the assessment, diagnostic group sta-
tus was determined solely by parent ratings from the Diagnos-
tic Interview Schedule for Children, Version IV modified for
young children using DSM-IV criteria. Children who met DSM-IV
MDD criteria (with the exception of the duration criterion) were
included in the depressed group regardless of comorbid sta-
tus. Consistent with findings in older depressed children, high
levels of comorbidity with other DSM-IV disorders were found.*
Those with the diagnoses of attention-deficit/hyperactivity dis-
order or oppositional defiant disorder (could be comorbid for
both disorders but could not have any affective disorder) were
included in the psychiatric comparison group. To be included
in the no-disorder comparison group, the child could not meet
criteria for any psychiatric disorder. From the 174 subjects stud-
ied at baseline, 155 fell into 1 of the 3 comparison groups (n=55
depressed, n=43 psychiatric comparison, n=57 no disorder).
Among the 55 depressed preschoolers, 31 (56%) were charac-
terized by anhedonia and had a number of other characteris-
tics suggesting they constituted a melancholic subgroup (J. L.
Luby, MD, unpublished data, 2003). Therefore, in some of the
analyses that follow, the depressed group was divided into an-
hedonic or melancholic vs nonmelancholic or hedonic sub-
groups so that differences between these 2 depressive sub-
types could be investigated.

Children were observed in interaction with their caregivers
and were interviewed directly about their internal experience of
depression and anxiety states using an age-appropriate puppet
interview, the Berkeley Puppet Interview-Symptom Scales.*” Chil-
dren also independently underwent an observational assess-
ment of emotional reactivity as well as cognitive and neuropsy-
chological testing. Parents filled out a number of additional
standardized developmental, behavioral, and family history ques-
tionnaires. All assessments and all coding were done by raters
blind to the diagnostic status of the child.

SALIVARY CORTISOL COLLECTION METHODS

Salivary cortisol was collected 3 times at specifically desig-
nated intervals during the assessment by having the children
place a sterile dental cotton roll in their mouthes. To avoid any
potential contamination of the assay, no salivary stimulant was
used. Guided-imagery techniques to visualize various pre-
ferred foods were used to stimulate salivation after which the
dental roll was spit out into the examiner’s sterile gloved hand.
Out of the child’s sight, the dental roll was then placed in a
needleless syringe, the saliva was extracted into a vial, and the
vial was sealed, labeled, and frozen. The timing of the cortisol
samples was determined based on the stressful events of the
assessment and the principle that cortisol levels are believed
to measure the level of stress experienced about 30 minutes prior.
Based on this, the first level would represent preassessment time
with a parent, which was not hypothesized to be stressful. The
second was collected 30 minutes following the separation from
a parent (a relational stressor), and the third was 60 minutes
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later after qualitatively different frustration-inducing stress-
ors. This second set of stressful events were structured play tasks
designed to produce transient and mild frustration or anger in
the child (such as not being able to unlock a transparent box
with a desirable toy inside). Prior to salivary cortisol collec-
tion, an ear temperature was taken to verify afebrile status. To
control for nonstress related elevations of cortisol, assess-
ments were conducted either at 9 AM (50% of the sample) or
1 pM. Time of day (assessment time) was then considered as a
potential confounding variable in all analyses.

The first saliva sample was taken at least 1 hour after a
meal, and children were provided with a snack of water and
crackers no later than 30 minutes prior to the prestress corti-
sol sample. Information pertinent to conditions known to al-
ter salivary cortisol values was obtained. This included cur-
rent medication history (particularly use of any form of steroid
medication), any recent tooth loss, and the time since the child’s
last meal (since food or blood in saliva are known to alter cor-
tisol values). Families were asked to obtain and mail back to
the laboratory 1 saliva sample on the evening after the labora-
tory assessment and for the 2 consecutive nights thereafter. Cor-
tisol levels in the saliva sample were assayed through the Wash-
ington University General Clinical Research Center, St Louis,
Mo, using the Gamma Coat Cortisol Radioimmunoassay kit pro-
cedure (DiaSovin, Stillwater, Minn). Appropriate adjustments
for the assay of cortisol in saliva were made.

To be included in these analyses, it was necessary for sub-
jects to have interpretable data on all 3 cortisol samples. Eleven
subjects were excluded because they had taken a steroid medi-
cation or used a sympathomimetic inhaler, both of which are
known to increase levels of cortisol. An additional 27 subjects
were excluded because of insufficient amounts of saliva for as-
say, child refusal or inability to cooperate with saliva collec-
tion, and laboratory error (eg, failure to obtain a sample or lost
samples) in 1 or more of the 3 samples. Based on these exclu-
sions, 40 depressed subjects (21 anhedonics and 19 hedon-
ics), 33 psychiatric control subjects, and 44 no-disorder con-
trol subjects were included in the following analyses.

The findings of samples with insufficient amounts of sa-
liva raised the possibility that the child was too anxious to pro-
duce enough saliva; therefore we investigated whether these
insufficient samples came more often from the depressed group.
We found that 4 were from children in the depressed group
and 3 were from the psychiatric control group. To determine
if subjects who failed to give all 3 cortisol samples differed from
the included group on any demographic variables or diag-
noses, t tests or x* analyses were performed as appropriate. No
significant differences were found for any measures.

DATA ANALYSIS

Differences in mean raw cortisol values between groups were
investigated using repeated-measures analysis of variance. To
investigate differences in cortisol stress reactivity between di-
agnostic groups, cortisol change variables were calculated. The
percent change between the first (baseline) and second (first
post stress) cortisol values (percent change 1 to 2) and be-
tween the second (post stress) and third (second post stress)
cortisol values (percent change 2 to 3) were calculated as a
method of representing reactivity. This transformation al-
lowed for standardization of the baseline and stress response
values between subjects’ comparisons of change values. Per-
cent change 1 to 2 was (cortisol 2 - cortisol 1/cortisol 1 X 100)
and percent change 2 to 3 was (cortisol 3 - cortisol 2/cortisol
2X100).

Differences in the raw cortisol values between groups were
investigated using a repeated-measures multivariate analysis of
variance (MANOVA) with group as the between-subjects vari-

Table 1. Demographic Characteristics of the Study Sample*
Depressed Psychiatric ~ No-Disorder
Group Group Group
Demographic Variable (n = 40) (n =33) (n = 44)
Age, mean (SD), mo 57.18 (7.11)  53.82(9.24)  56.8 (7.30)
Female 55.0 455 59.1
Family income, $
<30000 25.0 9.1 11.3
<60000 30.0 36.4 27.3
=60000 45.0 54.5 59.1
Refused to answer 0 0 2.3
Ethnicity
White 80.0 91.0 84.1
African American 10.0 3.0 9.1
Hispanic 2.5 0 2.3
Other 7.5 6.0 45
Marital status
Married 75.0 87.8 86.0
Separated/divorced/ 25.0 12.2 14.0
single

*Data are presented as percentage unless otherwise indicated.

able and cortisol values in microgram per deciliter as the within-
subjects variable. To investigate whether the depressed group
had a different response pattern to the stressor than the 2 com-
parison groups, a repeated-measures MANOVA was com-
pleted with the diagnostic group as the fixed variable and cor-
tisol percent change 1 to 2 and cortisol percent change 2 to 3
as the repeated measures. As opposed to ordinary repeated mea-
sures of analysis of variance, MANOVA makes no assumption
about the correlation of the error term. Therefore, it retains the
desired type I error probability () even though the second cor-
tisol value is common to both measures, owing to their being
constructed as changes. To test the hypothesis that cortisol
change values would differ as a function of diagnostic group,
the interactions were of primary interest. To further explore
the significant interactions, the repeated measures were rerun
between the depressed group and each control group. Post hoc
t tests were computed to determine which groups differed for
the interaction effects. Finally, another repeated-measures analy-
sis of variance was conducted with 4 diagnostic groups, the 2
nondepressed comparison groups and 2 subgroups of de-
pressed children (anhedonic and hedonic), to explore whether
anhedonically depressed preschoolers (a presumptive melan-
cholic subtype) displayed a significantly more elevated corti-
sol response to stress than did hedonically depressed preschool-
ers.

— T

DEMOGRAPHIC CHARACTERISTICS
OF THE STUDY SAMPLE

No significant differences were found in any demo-
graphic variable, such as age in months, sex, household
income per year, ethnicity, marital status, and parental
education, between the depressed, psychiatric, and no-
disorder control groups (Table 1).

To assess any effect that stressful life events could
have had on cortisol reactivity on the day of assessment,
we investigated group differences in parents’ report of
stressful life events according to the Coddington Life
Events Scale.” No differences were found in the fre-
quency of any recent or major stressful life event be-
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Table 2. Medians, Means, and Standard Deviations of Raw Cortisol Values by Study Group
Laboratory Assessment Cortisol Samples Nighttime Cortisol Samples
T 1 T 1
1 2 3 4 5 6

No-Disorder Group

Mean (SD) 0.31(0.40) 0.16 (0.10) 0.19 (0.10) 0.27 (0.62) 0.26 (0.51) 0.13 (0.12)

Median 0.19 0.15 0.19 0.10 0.12 0.10
Psychiatric Group

Mean (SD) 0.31(0.33) 0.18 (0.10) 0.21 (0.09) 0.37 (1.00) 0.42 (1.10) 0.40 (0.89)

Median 0.21 0.15 0.21 0.12 0.10 0.12
Depressed Group

Mean (SD) 0.32 (0.63) 0.24 (0.37) 0.23 (0.18) 0.47 (0.17) 0.32 (0.89) 0.33 (0.95)

Median 0.16 0.17 0.19 0.09 0.09 0.10

tween study groups. To address any effect that daycare
or preschool participation could have on cortisol reac-
tivity, we investigated whether there were differences in
daycare or preschool participation between groups and
whether daycare or preschool participation had an im-
pact on cortisol values. We found no differences in day-
care or preschool participation between diagnostic groups
(X3.144=5.57; P=.06). Participation in daycare or pre-
school had no significant relationship to cortisol 1 val-
ues (F;135=0.494; P=.48) or to cortisol percent change
1to 2 (F,73=0.013; P=.91). There was no significant in-
teraction between participation in daycare or preschool
and clinical group membership on cortisol 1 values
(F,,55=0.078; P=.93).

CORTISOL FINDINGS

Cortisol values obtained in this investigation were simi-
lar to those obtained in several other studies of children
of the same age despite variation in saliva sampling tech-
niques and assay procedures.**® Because cortisol val-
ues were highly skewed, means and standard deviations
were determined to be poorly representative of group char-
acteristics. Qualitative investigation of the median scores
of the groups at the various assessment points demon-
strated that the groups differed in the fluctuations of cor-
tisol levels across the assessment. Table 2 displays me-
dians, means, and standard deviations of all cortisol
samples obtained in each study group. Figure 1 dis-
plays the median cortisol value for each study group of
interest at the 3 time points in the context of the overall
assessment and timing of the stressful events.

Because of the limitations of statistical procedures
available for nonparametric repeated measures in mul-
tiple groups, a repeated-measures MANOVA was com-
pleted even though cortisol is not normally distributed.
A main effect for salivary cortisol values was present across
time of samples (F,1,=5.458; P<<.01) suggesting that re-
gardless of group, salivary cortisol levels fluctuated over
the assessment. There was no significant interaction be-
tween group and sample time found when raw data were
explored (F4=0.249; P>.05).

When both percent change variables (percent change
1 to 2 and percent change 2 to 3) by diagnostic group
were investigated with a repeated-measures MANOVA,
a statistically significant interaction was found (F,114=3.49;

P=.03). The repeated-measures MANOVA was recom-
puted to compare 2 groups at a time to determine the
sources of the interaction. There was a significant inter-
action between the no-disorder and the depressed group
(F1,=4.09; P=.05), but no significant differences were
found between the depressed or the no-disorder groups
in comparison with the psychiatric group in these analy-
ses. Groups did not significantly differ in their percent
change in cortisol between cortisol sample 2 and 3. When
only percent change cortisol 1 to 2 was entered into an
analysis of variance, a significant difference was found
between the 3 diagnostic groups (F,11,=4.46; P=.02). Post
hoc Bonferroni-corrected comparisons demonstrated sig-
nificant differences between the depressed and no-
disorder groups (P<<.05) and the depressed and psychi-
atric comparison groups (P<<.05), with the depressed
group showing greater elevations in cortisol in response
to stress than the other 2 groups. There was no differ-
ence between the psychiatric and no-disorder groups
(Figure 2).

There were no significant differences in the distri-
bution of morning vs afternoon time assessments be-
tween diagnostic groups. The pattern of alterations in cor-
tisol among the diagnostic groups was not different in
the morning vs the afternoon; however, as would be ex-
pected based on known diurnal variations, there was a
greater decline in cortisol levels between time 1 and time
2 in the morning compared with the afternoon across
groups. When time of assessment (morning vs after-
noon) was considered as a covariate, the MANOVA re-
mained significant for percent change cortisol 1 to 2
(F12116=3.77; P<.05). The depressed group had greater
elevations than the no-disorder (P<<.05) and the psychi-
atric (P<<.05) comparison groups.

HEDONIC VS ANHEDONIC DEPRESSED
PRESCHOOLERS

When the depressed group was further divided into he-
donic and anhedonic subgroups and a repeated-
measures MANOVA was completed, there was a trend
for a diagnostic group by cortisol percent change inter-
action (F5;13=2.33; P<.08). To test the hypothesis that
group differences would be a result of alterations in an-
hedonic depressed children primarily, post hoc Bonfer-
roni-corrected comparisons were made. For cortisol per-
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Figure 1. Median cortisol value by study group.

cent change 1 to 2, the no-disorder group differed from
the anhedonic group (P<<.05) but not the hedonic group
(Figure 3). In addition, there was a trend for a statis-
tical difference between the anhedonic group and the psy-
chiatric comparison group (P<<.07), but there were no
significant differences between the hedonically de-
pressed subgroup and the psychiatric controls. There were
no group differences in cortisol percent change 2 to 3.

BEE  COMMENT

These data are the first, to our knowledge, demonstrat-
ing that clinically depressed preschool children display
a unique pattern of stress cortisol reactivity. While the
study hypothesis that depressed preschoolers would dis-
play elevations in cortisol reactivity was not supported
by the data, the findings do provide the first evidence for
a unique and altered pattern of stress cortisol reactivity
in the youngest population of clinically depressed hu-
mans investigated to date. Based on the methods of vali-
dation proposed by Robins and Guze* and used in the
development of the DSM-IV system, associations with bio-
logical markers provide an important component in es-
tablishing the content validity of a clinical syndrome. Be-

1 No Disorder Controls
507 | M Depressed Group
401 | I Psychiatric Group

Cortisol Percent Change
o

Cortisol Percent Change 1 to 2 Cortisol Percent Change 2 to 3

Figure 2. Cortisol percent change 1to 2 and 2 to 3.

cause these depressed preschoolers met DSM-IV MDD
criteria (except the duration criterion), the findings pro-
vide further validation for DSM-IV MDD criteria for use
in these very young children. Other associated markers
of a valid psychiatric disorder, such as increased family
history of related disorders, a specific and stable symp-
toms constellation, and impairment, have been estab-
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I No Disorder Group

] Psychiatric Group
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I Depressed Anhedonic Group

-104
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Cortisol Percent Change 1 to 2
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Figure 3. Cortisol percent change 1 to 2 for all groups including hedonic and
anhedonic subgroups.

lished for preschool MDD.* Investigations of the longi-
tudinal course of this syndrome, now underway in our
laboratory, will provide needed data on predictive valid-
ity and will inform the accurate diagnostic definition of
this early-onset clinical syndrome. Valid diagnostic cri-
teria for MDD in preschool children are needed to facili-
tate the earliest possible identification of MDD for fu-
ture treatment trials.

The finding that the experimental psychosocial
stressors used in this study served effectively as a physi-
ological stressor to the preschool study subjects has been
previously established (A. H. Heffelfinger, PhD, unpub-
lished data, 2003). However, based on the relatively high
level of the first cortisol sample (collected at baseline on
entry into the laboratory), it would appear that the cir-
cumstances of coming into the lab itself may also have
served as a significant stressor for these very young chil-
dren (suggestive of anticipatory anxiety). While there were
no statistical differences between diagnostic groups in this
first cortisol value alone, nor in the second cortisol value
alone after the separation stressor, differences were found
in the percent change between these 2 values, suggest-
ing that the pattern of reactivity to the combination of
these stressors differed between groups (as demon-
strated by Figure 1). Further, post hoc analyses of the
repeated-measures MANOVA revealed that the first cor-
tisol change score was the source of the significant find-
ings rather than the second change score.

These data demonstrated that in contrast to both no-
disorder and psychiatric comparison groups, depressed
preschoolers displayed increasing rather than decreas-
ing cortisol in response to the stress of arrival at the labo-
ratory and subsequent separation from the caregiver. All
3 groups displayed increasing cortisol levels in response
to the frustrating stressful events occurring in the sec-
ond half of the assessment. These findings suggest that
depressed preschoolers failed to recover from the stress
of laboratory entry and that in this context are further
stressed by a separation from the caregiver, an event that
did not appear stressful to the 2 age-matched compari-
son groups. While these findings do not replicate those
known in depressed adults, they are consistent with adult
findings in that a pattern of sustained elevations in cor-
tisol level in response to stressful events is evident. These

findings suggest continuity of HPA axis alterations in
MDD across the lifespan. As such, findings provide
support for the hypothesis that HPA axis alterations
could play a role in the developmental neurobiology of
MDD.

Discrepancies between the findings presented in de-
pressed preschoolers and those reported in older de-
pressed children and adolescents might be understood
by considering the methodological differences in these
studies. In particular, physiological stress paradigms (eg,
DST) or measures of diurnal cortisol variation were used
in studies of older depressed children, in contrast to the
experimental psychosocial stress paradigm used in the
study presented. Despite these methodological differ-
ences, the general findings that altered HPA axis reac-
tivity was most evident in children rather than adoles-
cents and inpatients rather than outpatients might be seen
as consistent with the data presented here. Alterations
of the HPA axis in child and adolescent populations were
more robust with younger age, and by virtue of being in-
patient, in those children who had experienced the stress
of an extended separation from a parent. These features
approximate the conditions under which elevated cor-
tisol reactivity in the study sample were found as sub-
jects were very young and had experienced the stress of
separation from a primary caregiver. This brief separa-
tion from the caregiver for a 3- to 5-year-old represents
a significant stress that might be developmentally com-
parable to the extended separation that an inpatient hos-
pital stay would represent for an older child.

The fact that some children were assessed in the
morning and some were assessed in the afternoon was a
limitation to the study design owing to the known diur-
nal variation in cortisol. However, the use of change scores
may have served to minimize this discrepancy, as no ef-
fects based on time of day were found in the analyses.
Future studies should consider using a standard morn-
ing or afternoon assessment time if feasible. In addition,
the collection of awakening morning and daytime cor-
tisol values at home at the same time of day that the as-
sessment values were obtained would allow a better ap-
proximation of baseline cortisol values and diurnal
variation patterns. This would be important as signifi-
cant differences in diurnal variation among children ex-
periencing early and chronic deprivation have recently
been reported.”

Future studies that use psychosocial, in lieu of the
previously used physiological (eg, DST), stress para-
digms in populations of older clinically depressed chil-
dren and adolescents are now indicated. The use of age-
appropriate stressors would be critical to the successful
design of these studies, and paradigms have been devel-
oped for school-aged children.?® These investigations
would provide useful data on whether similar stress-
induced HPA alterations are evident in older depressed
children and adolescents. Along these lines, longitudi-
nal follow-up of these depressed preschool children to
investigate the relationship between course and severity
and their relationship to the stability or change in HPA
axis alterations is now needed. These findings could fur-
ther address the question of continuity and change in HPA
axis alterations in MDD across childhood.
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