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Background: The hypothalamic-pituitary-adrenal (HPA)
axis has been implicated in the pathophysiology of post-
traumatic stress disorder (PTSD). Additional information
on basal cortisol levels in children exposed to trauma and
experiencing PTSD symptoms may contribute to the un-
derstanding of the role of this axis in PTSD.

Methods: Fifty-one children (30 boys and 21 girls, mean
age 10.7 years) with a history of exposure to trauma and
PTSD symptoms were compared with 31 age- and gender-
matched healthy control subjects. Salivary cortisol was
obtained from participants during home measurements
and was collected four times a day (prebreakfast, pre-
lunch, predinner, and prebed) for up to 3 consecutive
days.

Results: The clinical group demonstrated significantly
elevated cortisol levels when compared with the control
group. In addition, exploratory analyses revealed that
girls with PTSD symptoms had significantly elevated
cortisol levels when compared with boys with PTSD
symptoms.

Conclusions: The physiologic response of children with
history of trauma and with PTSD symptoms may be
characterized by heightened adrenal activity. Biol Psy-
chiatry 2002;51:575–582 © 2002 Society of Biological
Psychiatry
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Introduction

The hypothalamic-pituitary-adrenal (HPA) axis has
been implicated in the pathophysiology of posttrau-

matic stress disorder (PTSD). To what extent this system
is involved in the etiology or maintenance of this disorder
still needs to be determined. Much of the research inves-

tigating the role of the HPA axis in PTSD has been
conducted using cross-sectional designs or single-day
assessments and employing adult samples. The purpose of
this investigation was to increase our knowledge of base-
line cortisol levels in children with symptoms of PTSD.

Decreased plasma basal cortisol levels have been ob-
served in combat veterans when compared with trauma-
tized veterans with no PTSD (Boscarino 1996). Low
urinary cortisol excretion has been found in adult holo-
caust survivors with PTSD when compared with survivors
without PTSD (Yehuda et al 1995a). In addition, glucocor-
ticoid receptors have been investigated in peripheral lym-
phocytes of adults with PTSD. These studies report an
elevation in the number of glucocorticoid receptors (Stein
et al 1997; Yehuda et al 1993; Yehuda et al 1991). Yehuda
and colleagues postulated that low basal cortisol levels and
an increased number of glucocorticoid receptors may
reflect enhanced suppression of cortisol via the negative
feedback loop of the HPA axis in this population. This
hypothesis has been supported by the observation of
enhanced dexamethasone (a cortisol analog) suppression
of plasma cortisol in adult women traumatized by child-
hood sexual abuse when compared with nontraumatized
adults and in combat veterans with PTSD when compared
with those veterans without PTSD (Stein et al 1997;
Yehuda et al 1995b). The finding of increased adrenocor-
ticotropin hormone (ACTH) release following metyrapone
(which prevents conversion of 11-deoxycortisol to corti-
sol) administration in combat veterans with PTSD when
compared with normal control subjects (Yehuda et al
1996) also supports a hypothesis of increased sensitization
of the negative feedback loop by ruling out the possibility
of pituitary hypoactivity. Other laboratories, however,
have reported increased levels of cortisol in adults with
PTSD. Specifically, three 24-hour urinary cortisol excre-
tion studies have reported elevated cortisol levels in
patients with PTSD (Lemieux and Coe 1995; Maes et al
1998; Pitman and Orr 1990). These findings underscore
the existing controversy regarding HPA regulation in adult
PTSD.

Data on the function of the HPA axis in children who
experience trauma and develop PTSD symptoms may shed
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light on the pathogenesis of PTSD; however, limited
information is available. Research has shown that individ-
uals who experience trauma early in life may have altered
HPA axis circadian rhythmicity. For example, maltreated
children diagnosed with PTSD demonstrated increased
urinary free cortisol levels after 24-hour urinary collection
compared with matched control subjects (De Bellis et al
1999). In addition, the availability of salivary cortisol has
facilitated cortisol collection in children while eliminating
the confounds of venipuncture stress and renal clearance.
Salivary cortisol is a valid and reliable reflection of the
respective unbound hormone in blood for adults (Harris et
al 1990; Kirschbaum and Hellhammer 1994) and children
(Woodside et al 1991). Using this methodology, Goenjian
and colleagues evaluated adolescents 5 years after their
experience of the Armenian earthquake. They found that
those adolescents close to the epicenter and who still had
PTSD symptoms had lower basal salivary cortisol levels;
a finding similar to those observed in some adult studies
but different from those of De Bellis and colleagues
(Goenjian et al 1996). Salivary cortisol has been investi-
gated in other samples of traumatized children who have
not been systematically evaluated for the diagnosis of
PTSD. For example, King and colleagues collected morn-
ing salivary cortisol samples in girls aged 5 to 7 years who
were scheduled for a physical exam. They found that girls
with history of sexual abuse within the last 2 months had
lower cortisol in comparison with control subjects (King et
al 2001). In addition, afternoon salivary cortisol levels
have been demonstrated to be elevated in depressed
maltreated children when compared with depressed non-
maltreated children (Hart et al 1996). As in adult studies,
the interpretation of these results is limited by the different
populations under study and the different methodologic
procedures. Taken together, however, these results suggest
a differential adrenal response in individuals exposed to
traumatic experiences.

To date there is no clear consensus regarding whether
cortisol levels are elevated or reduced in children with
PTSD. Thus, the investigation of cortisol levels in children
with PTSD and subthreshold PTSD symptoms warrants
further study to help clarify the role of the HPA axis in
pediatric PTSD pathophysiology. This article reports a
study on the salivary cortisol levels of children with
history of interpersonal trauma and PTSD symptoms. Our
goal was to extend previous research by employing a large
sample of children, assessing diurnal cortisol concentra-
tions in children with salivary cortisol, and increasing
reliability by collecting samples over 3 consecutive days
across predetermined times of day. To the best of our
knowledge, this is the first study reporting collection of
repeated ambulatory samples of salivary cortisol for 3
consecutive days in children with history of trauma and

PTSD symptoms. The objective of this study was to
identify baseline diurnal cortisol levels in children with
history of trauma who already have manifested symptoms
of PTSD and are thus at risk for chronic PTSD as adults.
Given the findings of De Bellis and colleagues (see De
Bellis et al 1999), we theorized that the eventual alter-
ations in the adrenal response of adults with PTSD result
from chronic hyperactivity of this axis during develop-
ment. Thus, we hypothesized that children with history of
interpersonal trauma and PTSD symptoms would demon-
strate higher basal cortisol levels when compared with
age- and gender-matched controls.

Methods and Materials

Participants
The sample was recruited from local social service departments
and mental health clinics. All of the children in this sample were
referred to the project because of exposure to traumatic events.
All referred children underwent screening with the PTSD Reac-
tion Index (Nader et al 1990) and were assessed further if they
scored 12 or above (12 � mild PTSD). Sixty children were
initially assessed; however, nine children did not fully complete
the cortisol protocol. Thus, the final sample consisted of 30 boys
and 21 girls for a total sample of 51 children exposed to trauma.
The mean age of the children was 10.7 years with a range of 7 to
14 years. All participants fulfilled the following criteria: 1)
experienced at least one episode of exposure to trauma, as
defined by DSM-IV criterion A1 (“the person experienced,
witnessed, or was confronted with an event or events that
involved actual or threatened death or serious injury, or a threat
to the physical integrity of self or others”; American Psychiatric
Association 1994); 2) the trauma episode or episodes for which
the individual was referred must have occurred at least 6 months
before referral; 3) current home environment with no ongoing
trauma and a caretaker willing to participate in the project.
Exclusion criteria included: 1) history of neurologic disorders;
and 2) history of alcohol or drug abuse/dependence.

Demographic characteristics of the PTSD and control sample
are presented in Table 1. A healthy control group (n � 31) was
obtained from an archived sample in our laboratory. This sample
was derived from the siblings of participants in a study of
children with fragile X and selected for comparability to the age
and gender composition of the PTSD group. Identical salivary
collection methods were used for 2 consecutive days in this
group. All control participants were clinically evaluated with the
Child Behavior Checklist (CBCL; Achenbach 1991) and, with
one exception, none scored in the clinical range (64 or more) for
either internalizing or externalizing symptoms. One subject
scored 66 on the internalizing subscale but was kept in the
control group because of lack of subjective or parent-observed
distress or dysfunction. These 31 healthy control subjects were
comparable to the experimental subjects with regard to age
(mean age 10.9 years; range 8–14 years), gender (18 boys 13
girls), and parent education level (see Table 1). The control
group did differ with regard to family income and ethnicity.
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Because research has indicated that socioeconomic status is
associated with cortisol levels in child samples (Lupien et al
2000), family income was examined as a potential covariate
before testing our main hypothesis. Supplemental analyses were
also used to examine the potential influence of ethnicity on the
findings.

Clinical Evaluation
Consent was obtained from the participating counties’ courts for
those subjects in foster placement. The principle investigator
(VC) presented all subjects and their caretakers, regardless of
prior court consent, with a written internal review board–
approved informed consent. All participants were given a copy of
the consent. Subject’s assent was required for participation. A
procedure was in place to report any suspected ongoing maltreat-
ment; however no cases were identified. Children who partici-
pated in the project were currently on stable home environments
and their guardians agreed to participate in the project. An
in-depth clinical evaluation was conducted on all referred chil-
dren with PTSD Reaction Index score equal to or greater than 12.
Evaluation instruments were as follows.

THE CAPS-CA. This is a structured clinical interview that
allows for assessment of traumatic experiences through a trauma
checklist and their completion of DSM-IV criteria. It is designed
to be a developmentally adjusted counterpart to the CAPS for
adults (Blake et al 1995; Nader et al 1996). The CAPS-CA
interview assesses the 17 symptoms for PTSD outlined in
DSM-IV and the overall severity of PTSD. The CAPS-CA has
internal consistency for the intensity ratings and concurrent
validity with the Child PTSD Checklist, a self-report measure of
PTSD (Nader et al 1996). A board-certified child psychiatrist
(VC) who was trained on the administration of this instrument
conducted the interview. Moreover, an intraclass coefficient of
.97 was established on a subsample of the interviews with one of
the designers of the instrument (Dr. Elana Newman) who rated
videotaped recordings of 10 interviews. All 51 experimental
subjects were interviewed with the CAPS-CA. Full PTSD
DSM-IV diagnosis was established in 12 children, and 39 had

subthreshold PTSD. In this article, we refer to the complete
experimental group as the PTSD group except where noted (e.g.,
when cortisol differences between full PTSD and subthreshold
PTSD are examined or discussed).

THE PTSD REACTION INDEX. This 20-item self-report
instrument was used to assess PTSD symptoms after exposure to
violence (Nader et al 1990; Pynoos et al 1987).

SCHEDULE FOR AFFECTIVE DISORDERS AND SCHIZO-

PHRENIA FOR SCHOOL-AGE CHILDREN-PRESENT AND

LIFETIME VERSION (K-SADS-PL). This semistructured clini-
cal interview is designed to identify Axis I DSM-IV disorders
(Kaufman et al 1997a). A certified child psychiatrist (VC)
conducted the K-SADS.

TANNER STAGES. Participants’ pubertal development was
determined by self-report. Participants selected from drawings
with written descriptions representing the five Tanner Stages
(Marshal and Tanner 1970) of pubic hair development and
genital development for boys and breast development for girls.
Previous research has demonstrated that self-report Tanner stag-
ing is a valid and reliable method that has been shown to
correlate with physician ratings (Duke et al 1980).

THE CHILD BEHAVIOR CHECKLIST (CBCL). This mea-
sure was used to clinically evaluate the control group (Achen-
bach 1991). The CBCL provides scores for both internalizing and
externalizing subscales.

WECHSLER ABBREVIATED SCALES OF INTELLIGENCE

(WASI). This test was used to determine intelligence (Psycho-
logical Corporation 1999). The WASI is a nationally standard-
ized test of intelligence that yields verbal, performance, and full
scale IQ scores that correlate with subscales of the Wechsler
Intelligence Scale for Children—Third Edition (WISC-III).

Neuroendocrine Evaluation

SALIVARY CORTISOL. Salivary cortisol was obtained from
the participant during home measurements. It was collected four
times a day (prebreakfast, prelunch, predinner, and prebed) over
the course of 3 days producing 12 samples. To maximize
appropriate collection, detailed instructions and an illustration
were provided to parents and children regarding the collection of
saliva samples. A handout with a checklist indicating all 12
required collection times was provided for collection monitoring.
Each of the samples was collected by having the participant place
a cotton swab in his or her mouth for 1 minute. The cotton was
then placed inside a sterile plastic tube and sealed. Salivary
cortisol was extracted from the cotton by centrifuging the plastic
tubes and cotton for 8 to 10 min. The cotton was then removed
and the tubes sealed. All samples were kept at �20°C and
shipped on dry ice to the laboratory for assay. Samples were
processed using the Magic Cortisol radioimmunoassay kit pro-
duced by Ciba-Corning (Giessen, Germany) as adapted for
salivary cortisol analysis (see Kirschbaum et al 1989) by the

Table 1. Demographic Characteristics for PTSD and Control
Subjects

Control PTSD

Mean age (SD) 10.9 (1.6) 10.7 (1.9)
Gender

% Female 40.6 41.2
Ethnicity %a

White 93.8 45.1
African American .0 37.3
Hispanic 3.1 9.8
Pacific Islander 3.1 .0
Other .0 3.9

Median family incomea 96,000 30,000
Parent education

% college or higher 55.2 41.5

PTSD, posttraumatic stress disorder.
aDenotes significant difference between PTSD and Control.
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University of Minnesota Endocrine Laboratory. Inter- and in-
traassay coefficients of variation are maintained at less than 12%.
Cortisol is reported in �g/dL. As recommended for increased
reliability (see Gunnar 2001) an aggregate score from the 3 days
(i.e., the mean score across the assessment days) was created for
each time period so that each participant had one prebreakfast,
prelunch, predinner, and prebed sample. Participants missing
three samples from the same time point were not included in this
study (n � 9). Individuals showed relative stability in their
cortisol levels across the 3 days. Specifically, the correlation
between day 1 and day 2 mean cortisol level was (r � .46, p �
.001) between day 1 and day 3 (r � .52, p � .001) and day 2 and
day 3 (r � .31, p � .001).

Statistical Methods
We used SPSS for all data analyses including descriptive
statistics. To test the main hypothesis, a mixed design analysis of
covariance (ANCOVA) was conducted with cortisol as the
dependent variable, condition (PTSD vs. control) as the between
subjects independent variable, time of day (prebreakfast, pre-
lunch, predinner, and prebed) as the within subjects independent
variable and family income as a covariate. Based on the sample
size of the experimental and control group, the power to detect a
significant difference (based on alpha � .05 with a medium
effect size) is approximately .97. Additional comparisons of
PTSD and control participants for each time of day were
conducted using a nonparametric alternative, the Mann–Whitney
U score if cortisol levels showed significant skew. The influence
of gender was examined by comparing boys and girls cortisol
levels using similar statistical procedures. Cohen’s SD was
calculated to estimate effect size on significant between group
mean differences.

Results

Most children (51%) experienced multiple traumatic
events. Traumatic events included separation and loss
(51%), physical abuse (39%), witnessing violence (37%),
sexual abuse (17%), physical neglect (11%), and emo-
tional abuse (7%). The top six individual comorbid
DSM-IV conditions were depressive disorder not other-
wise specified (NOS; 12%), major depressive disorder
(11%), attention-deficit/hyperactivity disorder (11%), spe-
cific phobia (9%), separation anxiety disorder (7%), and
social phobia (7%). In terms of family income, 54.8%
reported incomes between 0 and $31,000, 15.6% reported
incomes between $31,000 and $76,000, 17.8% of the
families reported incomes over $76,000, and 11.8% did
not report income data (because children were in foster
care, residential treatment, or other nontraditional rearing
environment). With respect to education, caregivers re-
ported partial high school education (3.9%), a high school
education (23.5%), partial college (19.6%), college
(13.7%), or graduate school education (19.6%). Educa-
tional background was not available for 19.6% of the

sample, again because the children being in foster care,
residential treatment, or other nontraditional rearing envi-
ronment. Ethnic composition was European American
(n � 23), African American (n � 19), Hispanic (n � 5),
Asian (n � 2), and Other (n � 2). Children’s median pubic
hair Tanner stage was 2; for girls, median breast Tanner
stage was 3; for boys, median genital Tanner stage was 2.
Full-scale IQs ranged from 62 to 142, average score 93, (5
subjects scored below 70; however, they were included in
the sample because they did not meet criteria for mental
retardation due to adaptive behavioral functioning within
the normal range).

Ranges, means, and standard deviations for the cortisol
level for each time of day are presented in Table 2. Exami-
nation of the cortisol level ranges and skew for each of the
measures indicated considerable skew but only in the pred-
inner and prebed measurements. As noted, because each of
the cortisol measurements did not show skew, we used
untransformed cortisol levels and employed nonparametric
tests to supplement findings in parametric analyses.

Cortisol levels were examined using a mixed design
repeated measures analysis of covariance (ANCOVA)
with group (PTSD vs. control) as the between-subjects
independent variable and time of day (prebreakfast, pre-
lunch, predinner, and prebed) as the within-subjects inde-
pendent variable controlling for family income level;
however, family income was not a significant covariate

Table 2. Aggregated Cortisol Levels (�g/dL) for Each Time
of Day: Mean, Median, Standard Deviations, and Score
Ranges

Control PTSD Z p d

Prebreakfast
Mean .42 .43 .03
Median .40 .44 .01a .99
SD .21 .16
Range .04–.87 .01–.86

Prelunch
Mean .16 .22 .35
Median .14 .20 1.85a .07
SD .09 .02
Range .01–.47 .03–.57

Predinner
Mean .14 .17 .28
Median .09 .15 2.27a .02
SD .13 .12
Range .02–.51 .01–.69

Prebed
Mean .06 .12 .57
Median .04 .07 2.15a .03
SD .06 .13
Range .00b–.30 .00–.68

d, Cohen’s d statistic computed on mean differences; PTSD, posttraumatic
stress disorder.

aZ score from Mann–Whitney U tests.
bActual level was less than .01, i.e., �.0025.
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[F(1,68) � .846, p � .1] in this model. Thus, ANOVA
was used and revealed a significant effect of time
[F(3,78) � 111.75, p � .0001] and condition [F(1,80) �
4.09, p � .05], Cohen’s SD � .46, but no time by
condition interaction [F(3,78) � .57, p � .1]. The effect of
condition (PTSD vs. control) was significant when con-
trolling for family income as well. Overall, the PTSD
group showed higher levels of cortisol than did the control
group, and there was a significant decrease in cortisol
levels over the course of the day (see Table 2 and Figure
1). Follow up Mann–Whitney U scores revealed a signif-
icant difference in predinner and prebed levels of salivary
cortisol between the PTSD group and the control group
(see Table 2).

Because the ethnic composition of the control group
was predominately Caucasian, we conducted a supplemen-
tal ANOVA to determine if the ethnic diversity in the
PTSD sample may have accounted for our main findings.
Specifically, an ANOVA was conducted excluding all
ethnic minorities from the analysis (i.e., comparing Cau-
casian PTSD children with Caucasian control children).
ANOVA again revealed a significant effect of time
[F(3,48) � 71.42, p � .001] and condition [F(1,50) �
6.12, p � .05], but no time by condition interaction
[F(3,48) � 1.21, p � .1].

We next examined whether children meeting full diag-
nostic criteria for PTSD according to DSM-IV CAPS-CA
assessment (a categorical rather than continuous score)
had significantly different cortisol levels than the rest of
the trauma-exposed group. A mixed design repeated mea-
sures analysis of variance was performed with diagnostic
group (full PTSD, n � 12) versus trauma group meeting
subthreshold diagnostic criteria (n � 39) as the between-
subjects variable and time of day as the within-subjects
variable. Analyses of variance revealed a significant effect
of time [F(3,44) � 34.77, p � .001], but no effect of

diagnostic group [F(1,46) � .52, p � .1] and no time by
condition interaction [F(3,44) � 1.25, p � .1].

Because of the comorbidity with depressive symptoms
in this sample and prior research demonstrating a relation-
ship between cortisol and depressive symptoms, we ex-
amined whether children with depression (i.e., the children
meeting criteria for depressive disorder NOS or major
depressive disorder) and PTSD symptoms had higher
cortisol levels than children with PTSD symptoms only.
No significant differences between these two groups were
found [F(1,46) � .01, p � .1].

Age and Gender Findings

Although we matched participants on age and gender, we
were interested in exploring the relation of age and gender
to cortisol levels. No significant associations between age
and cortisol level were found. Differences in the cortisol
levels of boys and girls were found. Overall, results
indicated that girls showed significantly higher cortisol
levels than boys but only in the PTSD group. A mixed
design repeated-measures ANOVA was performed, first
using only the children in the PTSD group, with gender as
the independent variable and time of day as the within-
subjects variable. We did not first conduct a 2 (gender) by
2 (PTSD vs. control) by time ANOVA in these exploratory
analyses because, given the size of the effect in our main
analyses, we felt the cell sizes would be too small to detect
a significant interaction effect. This analysis revealed a
significant effect of time [F(3,47) � 32.26, p � .001], and
of gender [F(1,46) � 6.30, p � .05], but no time by
condition interaction [F(3,44) � 1.25, p � .1]. Follow-up
Mann–Whitney U scores revealed that girls had signifi-
cantly higher levels of prebed salivary cortisol [z � 2.20,
p � .05]. No significant differences across gender were
found in the control group.

Discussion

Our hypothesis that children with a history of interper-
sonal trauma and PTSD symptoms would demonstrate
higher basal cortisol levels than age-and gender-matched
control subjects was supported by the findings of this
study. There was a large diurnal reduction in cortisol
levels across both groups. The control group, however,
attained lower levels especially in the latter parts of the
day when compared with children with full or subthresh-
old PTSD. Our results are consistent with those of De
Bellis and colleagues, in which elevated levels of cortisol
were observed from 24-hour urinary collection (De Bellis
et al 1999) in children with history of maltreatment when
compared with control subjects. They are in contrast,
however, to results obtained from some adult studies and

Figure 1. Cortisol levels as a function of group and time of
collection. PTSD, posttraumatic stress disorder.
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an investigation of children reported by Goenjian and
colleagues (Goenjian et al 1996). These investigators
studied adolescents 5 years after the 1988 Armenian
earthquake. They reported reduced levels of cortisol in
children who were most closely exposed to a sudden,
unexpected environmental disaster (earthquake) when
compared with a less traumatized sample (children who
lived farther away from the epicenter of the earthquake).
The acute nature of the traumatic incident, the character-
istics of the sample, and different methodology (e.g.,
collection times) may account for the discrepancy of these
findings with those presented in our study. Understanding
how these factors relate to cortisol regulation will be
critical to decipher the role that the HPA axis plays at
different stages of PTSD development.

The first question we can pose given our findings
concerns whether the axis is responding normally to
current stress or if there is an abnormality in the regulation
of cortisol at some level of the HPA axis. Although the
children in the experimental group were in nonabusing
environments with increased structure and family support
at the time of evaluation, one important limitation of this
study is the lack of a systematic evaluation of ongoing
stress. It will be important in future studies to assess the
degree of stress experienced by the experimental group in
comparison to the control group. Regarding the HPA
regulation, several investigators have studied the axis at
the hypothalamic–pituitary level in traumatized children.
Kaufman and colleagues found that a cohort of depressed
abused children had significantly greater peak, total, and
net ACTH secretion post-corticotropin releasing factor
(CRF) infusion, thus suggesting pituitary hyperactivity
(Kaufman et al 1997b). Of note, increased ACTH secre-
tion was observed only in depressed abused children
experiencing ongoing chronic adversity. In contrast to
these findings, De Bellis and colleagues found a blunted
ACTH response to CRF infusion in 13 sexually abused
girls when compared with control subjects. As in Kauf-
man’s study, this group also had increased depressive
symptoms. These investigators also found that these ex-
perimental subjects could still produce cortisol levels
similar to the control group (De Bellis et al 1994). The
authors suggest that these young girls may be correcting
for pituitary hyporesponsiveness (e.g., pituitary CRF re-
ceptor downregulation) through an intact glucocorticoid
feedback regulatory mechanism. Alternatively, however,
the induced level of pituitary hyporesponsivess may have
dampened an otherwise hyperresponsive adrenal gland. To
address this question, ACTH stimulation studies in PTSD
are needed. To date there have been no ACTH stimulation
studies in PTSD, adult or children (Heim et al 2001). Heim
and colleagues, however, evaluated pituitary–adrenal re-
sponses to CRF and ACTH administration in adult survi-

vors of child abuse with and without major depressive
disorder (Heim et al 2001). These authors found PTSD to
be more common in the group with history of trauma and
major depression. This group demonstrated a blunted
ACTH response to CRF administration and lower basal
cortisol levels upon ACTH administration. Of note, nei-
ther of the child studies systematically diagnosed PTSD in
their samples. In addition, Heim and colleagues found that
the adult group with comorbid Major Depressive Disorder
and PTSD reported more recent chronic mild stress than
comparison groups. Our results support the need for a
study evaluating adrenal response to ACTH administration
in children who have experienced early adversity and
develop subsequent PTSD symptomatology.

The next question to address would be if the finding of
high cortisol levels reflect sequelae of the experience of
trauma, the onset of PTSD symptoms, or a marker of
diagnosis. We found no differences between children with
PTSD and children with subthreshold symptoms in terms
of elevated levels of cortisol. This could indicate that high
cortisol is not a marker of PTSD but that it results from the
experience of trauma. Alternatively, it may suggest that
the PTSD diagnosis in children needs further development
to include those children who have subthreshold symp-
toms. In fact, we found similar findings while studying the
phenomenology of this condition in children. Specifically,
we found that there were no differences in terms of
distress and dysfunction between children that fulfill all
criteria for PTSD and children with subthreshold PTSD
symptoms (Carrion et al, in press). Based on these find-
ings, we feel behavioral descriptions may be limited in
helping to identify children whose function become im-
paired by the experience of trauma. Promising biological
markers, such as cortisol levels, may offer a more sensitive
method to identify children in need of treatment.

Girls with PTSD symptoms had higher levels of cortisol
than did boys in the clinical sample. This gender differ-
ence was not found in the healthy control group. It is
known that girls and women are at greater risk of devel-
oping PTSD than are their male counterparts (Cuffe et al
1998; Kessler et al 1995). Interestingly, increased PTSD
vulnerability for women has been related to early devel-
opmental trauma exposure (Breslau et al 1997). Our
results suggest that the HPA axis may be implicated in this
diathesis.

The interpretation of our preliminary results is limited
by a number of factors. Although this study employed a
relatively large sample size (n � 82), only 12 of 51
subjects on the experimental group fulfilled DSM-IV
PTSD criteria. In addition, the 31 control subjects were
obtained from an archival sample. Larger samples of
traumatized children comparing those with DSM-IV
PTSD versus no PTSD will be necessary to decipher the
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role of cortisol as a marker of PTSD. As discussed above,
the study could have benefited from a measure of current
life stress. Finally, the cross-sectional nature of the design
limits interpretations on cause and effect.

The sequelae of a high cortisol environment during
early development need to be elucidated. Clarifying the
mechanism by which an altered HPA axis can lead to
symptoms of anxiety and depression will have a direct
impact in the development of more focused and targeted
treatment interventions. PTSD, and especially pediatric
PTSD, presents a unique opportunity to clarify the contri-
butions of experiencing environmental stress, the genetics
of stress susceptibility, and how their interaction may
result in adult psychopathology.
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