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Abstract
Background—Preclinical research findings suggest that exposure to stress and concomitant
hypothalamus-pituitary-adrenal (HPA) axis activation during early development can have permanent
and potentially deleterious effects. A history of early-life abuse or neglect appears to increase risk
for mood and anxiety disorders. Abnormal HPA response to stress challenge has been reported in
adult patients with Major Depressive Disorder and Post-Traumatic Stress Disorder.

Methods—Plasma adrenocorticotropin (ACTH) and cortisol reactivity to the Trier Social Stress
Test were examined in healthy adults (N=50) without current psychopathology. Subjects with a self-
reported history of moderate to severe childhood maltreatment (MAL; n=23) as measured by the
Childhood Trauma Questionnaire were compared with subjects without such a history (CTL; n=27).

Results—Compared with CTLs, MAL subjects exhibited significantly lower cortisol and ACTH
baseline-to-peak deltas. A significant group effect was seen in the (repeated measures) cortisol
response to the stress challenge, reflecting lower concentrations among MAL subjects. A significant
group × time effect characterized the relatively blunted ACTH response of the MAL group.
Emotional Neglect (=−.34, p=.02) and Sexual Abuse (=+.31, p=.03) strongly predicted maximal
cortisol release.

Conclusions—In adults without diagnosable psychopathology, childhood maltreatment is
associated with diminished HPA axis response to a psychosocial stressor. Possible explanations for
the finding are discussed.
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Introduction
In the past decade, both animal and human data have underscored the permanent and potentially
deleterious neuroendocrine effects of exposure to stress during early infant or childhood
development (1–4). In rodent and primate models, experimental conditions that induce stress
in young subjects through disruption of usual mother-infant interactions can produce
exaggerated or dampened stress system reactivity in the animal that persists to maturity. The
direction of the experimentally-induced abnormality in pituitary-adrenal response appears to
be determined in part by the age of the subject when exposed to the experimental stress
paradigm (5,6) as well by as the nature and chronicity of the stressful condition (7).

Cortisol dysregulation and deficient glucocorticoid feedback regulation have been identified
as biological correlates of adult depression and anxiety disorders (8–10), and early life adversity
is consistently associated with these disorders in epidemiological studies (11). A large body
of clinical literature has characterized major depressive disorder (MDD) as a condition
associated with excessive basal cortisol secretion and inadequate inhibitory feedback
regulation of the hypothalamus-pituitary-adrenal (HPA) axis constituents (12). Conversely,
relatively low basal cortisol concentrations (13–16), low awakening cortisol response (15–
17), and enhanced cortisol suppression following low-dose dexamethasone administration
(18) have been suggested as correlates of Post-Traumatic Stress Disorder (PTSD) (13–15,
19). Not all investigations have confirmed the apparent opposite pattern of hypo- and
hypercortisolism (relative to healthy control cases) for PTSD (20) and MDD (21–23),
respectively. The discrepancies may be due to diagnostic (24) or genetic (25) heterogeneity in
study samples, comorbidity of the two disorders (26,27), or other variables that significantly
impact development and maintenance of HPA function (28–31).

Further elucidation of the determinants of the direction of HPA axis abnormalities may allow
identification of abnormal patterns of adrenocorticotropic hormone (ACTH) and cortisol
responses that can be used as biological markers, or endophenotypes, signaling elevated risk
for these disorders (32). Detection of a biological risk marker before the onset of significant
symptoms would provide an opportunity for interventions to prevent or otherwise alter the
ensuing course of illness.

High trait anxiety, an established risk factor for depression (33), was found to be associated
with suppressed ACTH and cortisol responses to a standardized laboratory stressor (i.e., the
Trier Social Stress Test; 34) in a sample of healthy adult subjects (35), though a significant
positive relationship between cortisol response and inhibited temperament has also been seen
in healthy adults (36). Childhood maltreatment, another risk factor for depression, has recently
been examined in nonclinical samples. Women with a history of sexual or physical abuse
demonstrated increased ACTH but normal cortisol responses to the TSST when compared with
female control subjects without abuse histories (37). However, the presence in some subjects
of comorbid PTSD (38), which has independently been associated with HPA function
abnormalities (15,26,39), may have confounded results.

We describe the ACTH and cortisol responses to a standardized laboratory stress test in healthy
adults without MDD or PTSD. A group reporting a history of moderate to severe childhood
maltreatment in the form of neglect or abuse was compared with a group reporting none. Based
on our pilot work examining cortisol response to the dexamethasone/corticotropin releasing
hormone (Dex/CRH) test as a function of perceived early life stress, we hypothesized that
exaggerated cortisol response would be detected among healthy individuals reporting a history
of childhood trauma.
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Methods and Materials
Subjects

Fifty adults, ages 20 to 59, were selected for participation. Advertisements for “healthy adults
with a history of early life stress” were posted in the community. We included only those who
scored “moderate” to “severe” on at least one of the five subscales of the Childhood Trauma
Questionnaire (CTQ; 40–42) and did not meet current DSM-IV criteria for MDD or PTSD
(n=23). A second cohort of healthy volunteers (n=27) was recruited via advertisements for
“healthy research subjects.” We selected only those who generated a categorical score of
“none” on all five CTQ subscales and were similarly free of current MDD and PTSD. All
subjects were free of pregnancy, significant medical illness and recreational drug use as
evidenced by complete physical and neurological examination, standard laboratory tests, and
electrocardiogram. Exclusion criteria included use of any psychotropic medication or other
drug thought to influence HPA axis function, current or lifetime diagnosis of a primary
psychotic disorder or bipolar disorder, current substance dependence or abuse, current major
mood or anxiety disorder, and prominent personality pathology. Structured Clinical Interview
for DSM-IV (SCID) for Axis I Disorders (43) was used for psychiatric diagnostic assessments.
Written, informed consent was provided by all subjects on forms approved by the Institutional
Review Board of Butler Hospital. Subjects were remunerated for their time and travel expenses.

Interview and Self-Report Assessment of Relevant History, Current Symptoms, and
Personality

In addition to diagnostic interviews, subjects completed a battery of self-report assessments
during their initial visit to the Mood Disorders Research Program at Butler Hospital. These
included the Tridimensional Personality Questionnaire (TPQ; 44), the Inventory for Depressive
Symptoms – Self-Rated (IDS-SR; 45), the State-Trait Anxiety Inventory (STAI; 46), the
Perceived Stress Scale (PSS; 47), and the Childhood Trauma Questionnaire (CTQ).

The CTQ version 3 (41,42,48) is a 28-item, self-report instrument comprising 5 subscales
(Emotional Abuse, Physical Abuse, Sexual Abuse, Emotional Neglect, Physical Neglect).
Published guidelines for classification of CTQ subscale total scores were applied to determine
threshold severity or absence of maltreatment on each subscale. Subjects generating scores for
“low/minimal” levels of maltreatment were not included in this study.

The Psychosocial Stress Protocol
The TSST is a standardized laboratory psychosocial stress protocol that involves public
speaking role-play and mental arithmetic tasks in front of a panel of confederate
“judges” (34). The protocol consists of an anticipation period followed by a 10-minute test
period during which the subject must deliver a monologue speech about his qualifications for
a chosen vocation and perform mental calculation and recitation of serial subtraction by 13s.
Blood samples and heart rate measurements are obtained before, during, and after the role-
play/arithmetic stressor. An intravenous catheter was established at 11 a.m. to allow time for
subjects to accommodate to the biological testing suite environment. Plasma samples were
collected via intravenous access at time points 0 (1:45 p.m.; immediately before briefly meeting
the judges and being told about the public-speech role play), 15 (2:00 pm; the end of the
anticipation period during which the subject prepared his or her speech), 30 (2:15 pm; several
minutes after completing the speaking/arithmetic test), 45, 60, 75, and 90 minutes. Subjects
were debriefed after time 30 behavioral ratings were completed and remained awake in bed
for the remainder of the protocol. The Profile of Mood States (POMS; 49) and standard Visual
Analog Scales (scaled 0 to 100) for mood and somatic states were used for self-report of
response to the TSST at times 0, 30, and 75.
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Hormone Assays
Plasma ACTH was assayed in duplicate in 200 μl plasma samples using immunoradiometric
assay (50) (Scantibodies Laboratory, Santee, CA). The minimum detectable ACTH
concentration was 2 pg/ml, and intra- and inter-assay coefficients of variation were 4.6% and
5.3%, respectively. Plasma cortisol concentrations were assayed in duplicate using the
GammaCoat cortisol I-125 coated-tube radioimmunoassay (RIA) kit (INCSTAR Corp.,
Stillwater, Minn.). Intra-assay and inter-assay CVs observed for quality assessment samples
(3 and 20 μg/dl) were less than 5% and 10%, respectively.

Statistical Analyses
Analyses were conducted using SPSS 11.5.0. All analyses were two-tailed with alpha set to
0.05. Chi-square and t-tests were used to test for baseline group differences. For female subjects
not taking daily hormone replacement or oral contraceptive pills, days from onset of menstrual
period were used to approximate phase of menstrual cycle.

Pearson correlation coefficients (first bivariate and subsequently partial correlations
controlling for age) were used to examine relatedness of baseline variables and hormone
concentrations. Significant correlations were not observed between age and cortisol or ACTH
values in this dataset, but in light of published reports of increasing HPA hormone
concentrations with age (51) and a significant difference in mean age between our two groups,
age was entered as a covariate in all hormone analyses. Analyses of covariance (ANCOVA)
controlling for age were used to compare subject groups at baseline and on baseline-to-peak
delta for cortisol and ACTH. Effects of gender, oral contraceptive use, and smoking were
explored in post-hoc analyses.

Repeated-measures general linear models (GLM) with group as a fixed factor and age as a
covariate were used to examine effects of time, group, and the interaction of group by time.
Estimated marginal means were generated for the graphs in Figures 1 and 2. Post-hoc group
comparisons at individual time points were made with GLM univariate analyses of covariance
when significant main effects were detected. Mauchley’s Test of Sphericity was used and,
when appropriate, the Huynh-Feldt adjustment was made.

To explore the hypothesis that adults with histories of early life abuse would experience more
negative affect induction by the TSST than controls, we used repeated measures (time points
0, 30, and 75) GLMs for eight POMS subscales (Tension/Anxiety, Elation, Anger/Hostility,
Fatigue, Depression, Confusion, Vigor, Arousal, Overall Mood) and 12 VAS scales (Angry,
Anxious, Calm, Depressed, Drowsy, Energetic, Fearful, Happy, Irritable, Mellow, Nervous,
Sad) assessing mood states.

Since subjects in the childhood maltreatment (MAL) group achieved threshold scores on any
one or more of the five CTQ subscales, post-hoc testing was performed to determine if certain
types of maltreatment were more likely than others to be related to stress-induced hormone
responses. A partial correlation matrix was used to examine associations between each CTQ
subscale score and Time 30 cortisol and ACTH concentrations. Since CTQ subscale scores
were intercorrelated, multiple linear regression was conducted to determine whether they were
unique predictors of Time 30 cortisol after controlling for effects of the other independent
variables. A backward elimination model (removal based on preset criterion of F .100) was
selected to identify the best set of unique predictors.

Due to malfunction of the cardiac monitor, heart rate data were only available for 15 subjects,
so associations between heart rate and temperament factors were not tested due to the small
N.
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Results
Demographic and Clinical Characteristics

Clinical characteristics of the groups are displayed in Table 1. Subjects reporting moderate or
severe childhood maltreatment (MAL; n=23) were on average older than the controls, but sex
distribution was equivalent. The distribution of female subjects across three categories used to
approximate relevant hormone status on the day of the TSST (i.e., [1] cycle days 1 to 14; [2]
cycle days 15 – 28; [3] taking daily hormone therapy) did not differ statistically between groups,
with 5 MAL and 4 CTL women undertaking the TSST during approximated luteal phases (days
15 – 28) of their cycles. Eleven subjects were taking oral contraceptives during the course of
the study (MAL n=2; CTL n=9). Six sreported cigarette smoking (MAL n=2; CTL n=9). The
MAL group scored significantly higher than CTLs on self-ratings of depressive
symptomatology, state anxiety, trait anxiety, harm-avoidant personality characteristics, and
current (past month) levels of perceived stress (Table 1). While no subject met diagnostic
criteria for current PTSD or major depressive episode, past histories elicited during SCID
interviews generated “probable” lifetime diagnoses of dysthymia in 2 (9%) subjects from the
MAL group, lifetime PTSD in one MAL subject (9%), lifetime generalized anxiety disorder
or panic disorder in 3 (11%) CTL and 4 (17%) MAL subjects, and lifetime MDD in 4 CTL
(15%) and 3 MAL (13%) subjects. Lifetime diagnoses were also established for remote drug
abuse/dependence in 2 subjects from each group and past alcohol abuse/dependence in one
CTL and 6 MAL subjects, with the latter difference reaching statistical significance (4% vs,
26%, X2 =5.2, p=.03). All subjects meeting criteria for lifetime drug or alcohol dependence
reported at least one year of sobriety or abstinence prior to participation.

Subjective Response to TSST
Significant main effects of time seen on POMS scales of Tension/Anxiety (F=5.7[2], p=.006)
and Arousal (F=3.7[2], p=.03) during the TSST confirmed that the protocol was successful in
activating subjective stress response in study participants. Similarly, induction of stress by the
TSST was evidenced by significant main effects of time on VAS ratings of “Anxious” (F=5.2
[2], p=.01), “Fearful” (F=4.8[2], p=.01), and “Nervous” (F=5.0[2], p=.01). The absence of
significant group effects on these same scales supports the notion that CTL and MAL subjects
experienced equivalent levels of anxiety induction from the TSST. The only significant group
effect observed in self-report data highlighted persistently higher self-rated levels of Confusion
(F=9.7[1], p=.003), and somewhat lower levels of Elation (F=5.3[1], p=.03) and Vigor (F=4.6
[1], p=.04) throughout the procedure in MAL compared to CTL subjects.

Relationships Between Hormones and Baseline Clinical Characteristics
Among CTL subjects, positive correlations between age and delta hormone responses were
seen (r=.56, p=.002 for cortisol; r=.82, p<.001 for ACTH), but these relationships did not
approach significance for the MAL group (p=.23 and p=.48, respectively). A partial correlation
matrix controlling for age did not identify any significant relationships of Time 0 or Time 30
hormones with any of the following baseline variables: depressive symptoms (IDS-SR),
perceived stress (PSS), state anxiety (STAI State Scale), trait anxiety (STAI Trait Scale), or
inhibited personality style (TPQ Harm Avoidance and Novelty Seeking Scales).

Cortisol - Group Comparisons
Baseline (Time 0) plasma cortisol concentrations did not differ statistically between groups.
Baseline-to-peak delta values were lower among MAL subjects than CTL subjects (F=5.1[1],
p=.03) after controlling for significant age effects. Repeated measures analysis of cortisol
response to the TSST revealed a significant within-subjects age × time interaction (F=3.3[2.3],
p=.03), a nonsignificant within-subjects interaction of group × time (F=1.6[2.3], p=.19) and a
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significant overall effect of group (F=5.9[1], p=.02; Figure 1). The between-subjects effect of
age was not significant (F=0.24[1], p=.63). Comparison of MAL and CTL groups at individual
time points showed maximum mean separation (F=8.4[1], p=.006) at the 30-minute time point
obtained after the role-play speech and mental arithmetic tasks. MAL subjects continued with
a relatively suppressed cortisol response at the 45-minute time point (F=8.0[1], p=.007) and
gradually returned to trend-level difference from CTL subjects at the end of the 90-minute
recovery period (F=3.8[1], p=.06). Analyses were repeated with gender added as a covariate.
No significant effects of gender were detected and p-values for the above findings remained
significant.

ACTH – Group Comparisons
Baseline (Time 0) plasma ACTH concentrations trended toward higher values among MAL
subjects (F=3.5[1], p=.07; Figure 2) relative to CTLs. Mean baseline-to-peak delta was lower
for MAL than CTL subjects (F=6.2[1], p=.02). Repeated measures analysis of ACTH response
to the TSST showed a significant within-subjects interaction of age × time (F=9.1[1.6], p=.
001) and a significant within-subjects interaction of group × time (F=4.3[1.6] p=.023; Figure
2). Age-adjusted mean ACTH concentrations did not differ between MAL and CTL subjects
at individual time points. The analyses were repeated with gender added as covariate and unlike
the cortisol data, gender did emerge as a significant group effect for ACTH (F=7.9[1], p=.007).
The ACTH analyses were subsequently conducted separately in male and female subgroups.
Among men, a significant group × time effect (F=7.0[1.9}, p=.004) reflected a flattened
response curve for the MAL group. For women the interaction effect was not significant, but
a significant group effect (F=4.4[1], p=.044) emerged, reflecting decreased ACTH
concentrations in the MAL group throughout the TSST.

Peak Hormone Concentrations and Type of Maltreatment
Partial correlations of Time 30 cortisol and CTQ subscale scores highlighted significant
associations between cortisol and several types of maltreatment, with significant
intercorrelation between subscales. A statistically significant linear regression model
predicting Time 30 cortisol with forced entry of age and 5 CTQ subscales was generated (F=3.1
[6,43], p=.01), accounting for 30% of the variance. Following automated backward elimination
of two variables, a final model was produced (F=5.8[3,46], p=.002) which explained 27% of
the variance and retained three predictors of cortisol: Emotional Neglect (=−.34, p=.02), Sexual
Abuse (=+.31, p=.03), and Physical Abuse (=−.27, p=.08). Of note is the opposite direction of
standardized beta coefficient for Emotional Neglect and Sexual Abuse. None of the CTQ
subscales was significantly correlated with time 30 ACTH concentrations.

Individual Cortisol and ACTH Correlations
Within-subject correlations between cortisol and ACTH delta responses to the stress test were
highly correlated for both the CTL (r=.79, p<.001) and MAL (r=.71, p<.001) groups.

Pot-hoc Analyses to Address Potential Confounds
The principal findings reported here remained consistent after repeating the main analyses
without cigarette smokers and again after removing female subjects who were taking oral
contraceptives during the course of the study. Despite the substantial loss of power, similar
trends in the results were found when analyses were repeated without 24 individuals with a
history of probable lifetime psychiatric disorders.
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Discussion
The main finding of this study was suppression of cortisol response to a standardized laboratory
psychosocial stressor among healthy adults reporting significant childhood maltreatment,
relative to healthy controls reporting none. Corresponding with this dampened cortisol
reactivity, our subjects with early life abuse or neglect had a blunted ACTH response curve
when compared with the non-traumatized counterparts. Subjective ratings of emotional
responses suggested both groups experienced the same level of anxiety induction, but
maltreated subjects had more confusion and somewhat less vigor and elation throughout the
stress test. Since none of the subjects participating in this investigation met criteria for current
MDD or PTSD, the patterns of altered neuroendocrine response we observed cannot be
considered biological correlates of those disorders per se. One interpretation, consistent with
some findings from related animal and human research, implicates childhood maltreatment as
a developmental determinant of enduring abnormality of HPA system function independent of
the manifestation of diagnostic threshold-level symptomatology.

Assuming that self-report assessments of adverse childhood experiences retrospectively
provided by a nonclinical sample of healthy adult volunteers can be regarded as a fairly accurate
index of exposure to stress during early brain development, our data suggest that
hyporeactive pituitary-adrenal response to an acute stressor represents a biological
consequence of childhood maltreatment, especially in the form of emotional neglect. This
finding is not in line with our original hypothesis and also is not in keeping with the majority
of findings described for PTSD patients in cognitive challenge studies (52), where exaggerated
cortisol response is typically seen. In a recent study utilizing both the TSST and the cold pressor
test, relative to controls PTSD patients demonstrated adrenocortical hyporeactivity on the
physical stressor but not on the psychosocial stressor (53). Our results do not, therefore, support
the notion of a neuroendocrinopathy consistent with PTSD among individuals reporting
moderate to severe childhood maltreatment but not meeting DSM-IV criteria for the disorder.
The findings are complementary to the literature describing acute stress hyporeactivity in
primates (54,55) and rodents (56) exposed to chronic social stress, which may have some
relevance for childhood maltreatment, especially emotional neglect/abuse. These animal
models highlight the chronicity of past stress exposure as a key variable determining HPA
hyporesponsiveness to an acute psychogenic stressor (57,58). We lack sufficient data about
our subjects to conclude that chronic rather than acute stress exposure accounts for the patterns
we observed.

Our study was designed to examine acute, dynamic function of the HPA system in the context
of a laboratory psychosocial stressor, rather than basal levels of stress hormones. The few
published studies of adult subjects reporting early life maltreatment have confirmed significant
relationships between self-reported early life stress exposure and “abnormal” pituitary-adrenal
reactivity, as measured in adults without diagnosable psychiatric illness (37,59), but the
direction of findings is not fully consistent with the hypoactive stress response pattern we
observed. The presence of diagnostic comorbidity, diverse methodology, and exposure to
traumas or stressors of different types and durations at different points in development may all
contribute to the lack of a clear signal when these investigations are considered in aggregate.
As suggested by our finding of significant but opposite direction correlational relationships
between stress-induced cortisol response and emotional neglect versus sexual abuse, the type
of maltreatment reported by the subject may reflect various critical qualities of the environment
which have differential long-term effects (60,61).

The mechanism underlying diminished cortisol response to acute stress among healthy adults
reporting childhood adversity is not known, but some researchers have hypothesized a
trajectory of initial hyper-activation of the HPA system progressing to a state of chronic adrenal
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stress hyporeactivity (7,62) as a type of counterregulative adaption following acute hyper-
exposure to ACTH during stressful early development. Early deprivation led to impaired
coping with aversive stimuli or events but not to frank anhedonia-like behavior in Fischer rats,
a strain characterized by phenotypic high stress “sensitivity.” That animal model may be the
best fit with the findings we have generated and also raises the question of how human genomic
variation may affect TSST response (63) and perhaps provide resilience and protection from
neuroendocrine and psychopathological consequences of interpersonally impoverished early
environment.

One may challenge the assumption that retrospective self-ratings of childhood adversity
necessarily reflect historically accurate events as would be recorded by an objective observer.
Self-ratings of perceived and recalled past maltreatment by a healthy adult may be determined
by the individual’s degree of sensitivity to environment, personality factors, or some other
predisposition to exaggerate or inaccurately remember and/or report remote experiences. The
diminished pituitary-adrenal response we observed to the TSST may be a function of some
other primary determinant/s rather than reflect the biological sequelae of early childhood
maltreatment per se. To address this possibility, we examined our data closely for the possible
contributing roles of trait anxiety, inhibited personality, perceived stress, and other indices of
subthreshold anxiety and depressive symptomatology, but none accounted for the statistically
significant neuroendocrine patterns that were associated with CTQ childhood maltreatment
scores. Published literature indicates that self-reports of early-life abuse (11), high levels of
subjective stress-sensitivity (64), and ruminative coping cognitive styles (65) have each been
associated with mood and anxiety psychopathology and are considered independent risk factors
even though they may share a common etiology. Emerging data such as that demonstrating
interactions between specific genetic polymorphisms, self-reported accounts of environmental
stress, and presence of major depression (66), and between genetic polymorphisms and
personality characteristics (67,68), highlight how inter-related and overlapping these
constructs are likely to be. Whether or not the data we collected from our subjects reflects
actual or perceived childhood maltreatment does not invalidate the present findings, but a
greater understanding of the determinants of reporting a history of childhood maltreatment and
how these factors may influence HPA reactivity will certainly be an important step in this line
of research.

While basal or awakening hypocortisolism has been associated with inflammatory conditions
such as rheumatoid arthritis and fibromyalgia (69,70), the physical and emotional health
implications of hypocortisol acute stress responsivity have not been well elucidated. Attenuated
HPA responses to a laboratory psychological stressor predicted early smoking relapse (71) in
adults and were associated with atopic dermatitis in healthy children (72). Lower cortisol and
ACTH responses to a Dex/CRH test retrospectively predicted recent suicide attempts among
depressed inpatients (73). The complex modulation of memory by adrenal glucocorticoids
during acute stress has been well documented (74), and there is some evidence that greater
endogenous cortisol release during, as well as exogenous administration of cortisol prior to,
acute stress exposure can buffer negative emotional responses (75,76).

Results from relevant studies by Roelofs and colleagues (77,78) demonstrated that healthy
young adults with hypocortisol salivary response to the TSST had vigilant reactions to social
threat cues while at rest, but markedly avoidant responses to social threat during an acute stress
condition, relative to subjects with more robust cortisol response to the TSST. Additionally,
low cortisol responders had relatively longer reaction times in executing affect-congruent
behaviors during stress (79). Taken together, these investigations suggest that hypocortisol
response to acute stress may compromise optimal cognitive performance and approach-
avoidance behavior in situations where it may be important to function maximally, but whether
and how such a consequence leads to psychopathology remains to be elucidated.

Carpenter et al. Page 8

Biol Psychiatry. Author manuscript; available in PMC 2007 December 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



An alternative conceptualization of our findings involves the notion of dampened HPA stress
responsivity reflecting resilience rather than risk for psychopathology. Follow-up studies
which evaluate the extent to which individuals with low cortisol stress response develop future
psychopathology and/or medical morbidity will be important to realize the potential of this
proposed endophenotype.
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Figure 1.
Plasma cortisol response to Trier Social Stress Test in Healthy Adults with (n=23) and without
(n=27) a history of childhood maltreatment. A significant main effect of group is present F=5.9
[1], p=.02. P-values reported on the graph represent group differences at individual time points.
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Figure 2.
Plasma ACTH response to Trier Social Stress Test. Repeated measures analysis showed a
significant within-subjects interaction of Abuse × Time (F=4.3[1.6], p=.02). Analysis of
individual time points revealed none with significant group difference.

Carpenter et al. Page 15

Biol Psychiatry. Author manuscript; available in PMC 2007 December 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Carpenter et al. Page 16

Table 1
Clinical and Demographic Characteristics for Control (CLT) and Maltreated (MAL) Subject Groups

CTL (n=27) MAL (n=23) p-value
Age (mean±SD years) 24.1±6.6 35.0±12.9 .001
Sex (n [%] Women) 16 (59%) 17 (74%) n.s.
Race ([n]%) n.s.
 Caucasian 20 (74%) 18 (78%)
 Black 1 (4%) 2 (9%)
 Asian 3 (11%) 1 (4%)
 Other 3 (11%) 2 (9%)
CTQ Abuse Type (moderate to severe rating on subscale; a subject may meet criteria for more than one)
 Physical Abuse 0 9 (39%) --
 Sexual Abuse 0 8 (35%) --
 Emotional Abuse 0 13 (57%) --
 Emotional Neglect 0 12 (52%) --
 Physical Neglect 0 10 (43%) --
IDS-SR Total Symptom Score (mean±SD) 5.8±5.1 11.9±6.1 <.001
STAI State Anxiety (mean±SD) 26.3±4.7 32.0±8.0 .005
STAI Trait Anxiety (mean±SD) 28.5±5.3 38.4±8.4 <.001
Perceived Stress Scale Total (mean±SD) 17.0±4.2 21.9±5.4 .001
SCID “Probable” Lifetime Axis I Diagnoses:
Major Depressive Episode (n[%]) 4 (15%) 3 (13%) n.s.
Dysthymic Disorder (n[%]) 0 (0%) 2 (9%) n.s.
Alcohol Abuse/Dependence (n[%]) 1 (4%) 6 (26%) .03
Drug Abuse/Dependence (n[%]) 2 (7%) 2 (9%) n.s.
Post-Traumatic Stress Disorder (n[%]) 0 (0%) 1 (4%) n.s.
Generalized Anxiety or Panic Disorder (n%]) 3 (11%) 4 (17%) n.s.
TPQ Novelty Seeking Scale 19.1±4.5 18.5±5.5 n.s.
TPQ Harm Avoidance Scale 9.3±4.2 13.8±6.3 .004
CTL = control subjects; MAL= subjects reporting childhood maltreatment; CTQ = Childhood Trauma Questionnaire; IDS-SR = Inventory of Depressive
Symptomatology, Self-Rated; STAI = State-Trait Anxiety Inventory; SCID = Structured Clinical Interview for DSM-IV; TPQ = Tridimensional Personality
Inventory
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Table 2
Mean (SD) age-adjusted ACTH (pmol/L) and cortisol (nmol/L) values for CTL and MAL subjects in response
to the TSST.

CTL ACTH MAL ACTH CTL Cortisol MAL Cortisol
Baseline 3.9 (0.5) 5.2 (0.5) 412.1 (38.9) 329.5 (42.6)
Time 15 5.7 (0.6) 5.7 (0.7) 436.3 (37.4) 324.0 (40.9)
Time 30 9.2 (1.1) 6.8 (1.2) 583.8 (37.4) 412.8 (40.9)
Time 45 6.0 (0.7) 5.4 (0.7) 550.2 (37.5) 383.9 (41.0)
Time 60 4.9 (0.5) 4.8 (0.6) 475.6 (37.3) 334.0 (40.8)
Time 75 3.9 (0.4) 4.5 (0.5) 407.4 (34.1) 296.0 (37.3)
Time 90 3.7 (0.4) 4.2 (0.5) 371.2 (31.4) 274.0 (34.4)
Delta 4.5 (5.8) 3.1 (3.4) 188.8 (167.3) 143.3 (123.8)
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