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Abstract

Background—The dexamethasone/corticotropin releasing hormone (Dex/CRH) test has been
proposed as a potential tool for identifying endophenotypes relevant to mood disorders. Several
studies have shown abnormal cortisol reactivity in phenotypically healthy adults without psychiatric
disorders as a function of exposure to adverse early environments.

Methods—~Following a battery of self-report and interview assessments, 230 adults without major
Axis | Disorders completed the Dex/CRH test. Childhood maltreatment was evaluated with the
Childhood Trauma Questionnaire (CTQ). Effect of childhood emotional abuse (EA) on cortisol
responses to the Dex/CRH test was examined with repeated measures general linear models including
age, sex and other types of maltreatment. Post-hoc models examined the significant interaction
between EA and age, and tested the stability of the main findings with selected covariates.

Results—A history of self-reported childhood EA independently and significantly diminished
cortisol response. This effect was amplified with advancing subject age, and was independent of the
effects of other types of childhood maltreatment, lifetime diagnoses, and symptom scores.

Conclusions—Dampened cortisol reactivity may be a consequence of childhood emotional abuse
that is cumulative over time. Prospective longitudinal investigation is needed to evaluate the potential
of this proposed endophenotype.
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Introduction

Reactivity of the hypothalamus-pituitary-adrenal (HPA) axis represents a potential marker of
vulnerability for a variety of stress-related diseases and neuropsychiatric disorders. Both
excessive and dampened cortisol responses to acute psychosocial stress or neuroendocrine
challenge have been associated with disease states in humans. For example, recurrent
depression (1) and type 2 diabetes mellitus (2) are associated with cortisol hyperresponsivity,
while atypical depression (3;4), chronic fatigue syndrome (5), chronic stress/burnout (6;7),
fibromyalgia (8), and brain lesions in multiple sclerosis (9) are associated with cortisol
hyporesponsivity. Many of the HPA neuroendocrinopathies associated with these disorders
are identified in acutely ill patient groups, but persist after the clinical syndrome is remitted
(10), raising the possibility that the endophenotype reflects a “scar” or consequence of the
disease state rather than a risk marker. Studies of HPA axis responsivity in healthy subjects
who have not yet manifested the illness may prove useful in detecting viable endophenotypes
for the prediction of vulnerability to develop the disorder.

In the present study, we used the combined dexamethasone/corticotropin releasing hormone
(Dex/CRH) laboratory test, which is considered to be a highly sensitive probe of HPA axis
activity (11). This test allows examination of an individual's physiological HPA response to
neuroendocrine provocation (i.e., intravenous CRH bolus) in a psychologically neutral setting,
largely bypassing limbic and higher cortical inputs engaged by a physically or emotionally
threatening stressor. This test can be easily administered in a standard laboratory setting. As
such, the test may prove to be a useful assessment tool for identification of endophenotypes
relevant to risk for neuropsychiatric disorders (12).

Quality of the relationship between infants and caregivers during stages of early brain
development appears to be a critical determinant of life-long biobehavioral regulation,
including HPA axis reactivity, in the offspring. An abundant preclinical literature describes
enduring effects on HPA system regulation as a consequence of frequent exposure to stress
during early life (reviewed in 13). In studies of rodents and non-human primates, adverse
rearing environments and chronic stress exposure have been linked to extreme patterns of
corticosterone reactivity, both exaggerated and blunted relative to those observed in non-
stressed controls (14).

Clinical studies of adults with a history of adverse parenting experiences or other forms of
adversity also show alterations of HPA axis reactivity. Recent reports by Heim and colleagues
(15) have described lower basal and stimulated plasma cortisol concentrations in response to
intravenous CRH and adrenocorticotropic hormone (ACTH) challenge tests in twenty
nondepressed women reporting childhood physical or sexual abuse, relative to twenty adults
without a psychiatric history of childhood abuse. However, in a recent study of adult men,
fourteen of whom did not have current depression and reported a history of childhood sexual
or physical abuse, and fourteen with no abuse or psychiatric history, these investigators found
increased plasma ACTH and cortisol responses to the Dex/CRH test in the group with abuse
(16). Our group recently studied healthy adults (n=50) without posttraumatic stress disorder
(PTSD) or major depressive disorder (MDD) and found that moderate-to-severe self-reported
early life maltreatment (of any type, n=23) was associated with significantly diminished total
plasma cortisol and ACTH responsivity in a standardized psychosocial stress test (17). Yet
when subtypes of abuse were examined separately, we discovered that childhood sexual abuse
and was a significant predictor of higher cortisol curves, while emotional neglect and physical
abuse were associated with lower/flatter curves. These findings raised the possibility that
different types of childhood abuse may portend differential consequences with regard to HPA
axis responsivity in adulthood.
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A meta-analysis exploring the variability in seemingly contradictory findings in the field of
chronic stress and HPA function revealed that net activity of the system is shaped by the nature
of the threat, emotions elicited by the stress, controllability of the stress, and individual response
to the situation (18). Emotional, physical, and sexual types of childhood abuse and neglect
often occur together, but may generate different emotional responses in the young victims,
perhaps translating into unique biological perturbations. In addition, variability in previous
findings may be due to the modest size of these studies as well as differences in sample
characteristics including sex, history of psychiatric disorder, and type of neuroendocrine
challenge paradigm studied.

In the present study, we investigated the impact of self-reported childhood adversity on total
plasma cortisol responsivity in a large sample of healthy adults without current
psychopathology, testing for independent effects of each of five subtypes of systematically-
assessed maltreatment (physical abuse, sexual abuse, emotional abuse, emotional neglect, and
physical neglect). Based on our past results with the psychosocial stress test in a similar sample,
we hypothesized that early life adversity, and in particular childhood emotional neglect, would
predict blunted cortisol responsivity on the Dex/CRH test.

Methods and Materials

Two hundred thirty adults (100 Men and 130 women, ages 18-61) participated in this
Providence, Rhode Island based study between 2002 and 2008. Subjects were recruited from
the community via flyers as well as through Internet and newspaper advertisements for “healthy
adults” and “healthy adults with a history of early-life stress.” Phone screens and diagnostic
interviews at the first visit were used to exclude participants meeting diagnostic criteria for
current major depressive disorder, bipolar disorder, posttraumatic stress disorder, generalized
anxiety disorder, obsessive-compulsive disorder, social anxiety disorder, panic disorder,
substance use disorders, and all disorders characterized by psychosis. Subjects underwent
physical and neurological examinations. Electrocardiograms and laboratory studies for
complete blood count, serum electrolytes, thyroid stimulating hormone, urine toxicology, and
urinalysis were conducted. Subjects were excluded from the present study if they worked night
shifts, or if they had one or more of the following conditions: acute or unstable medical illness,
a history of brain injury, seizure disorder, endocrine disease, or recreational use of illicit
substances. Also excluded were individuals undergoing treatment with drugs which might
influence HPA axis function, including psychotropic medications, beta blockers, angiotensin-
converting enzyme inhibitors, ketoconazole, metyrapone, and corticosteroids. Subjects were
free of these medications for at least two weeks (or five half-lives, if appropriate) prior to
participation. Oral contraceptives and estrogen replacement therapies were allowed, and 46 of
the 130 women were currently taking such medication. There were ten subjects who smoked
cigarettes included in the sample. The following item was used as a measure of socioeconomic
adversity during childhood “My family was generally financially stable when | was growing
up, and all of my basic needs (food, shelter, and clothing) were met during my childhood.”
Twenty-four subjects did not endorse this in the affirmative and were thus considered to have
had socioeconomic adversity. All subjects gave voluntary written informed consent to
participate in this study, which was approved by the Butler Hospital Institutional Review
Board.

Subjects seeking treatment for psychiatric symptoms or disorders were excluded from this
study. The presence of current or lifetime history of Axis | psychiatric diagnoses was assessed
using the Structured Clinical Interview for DSM-1V (SCID;(19)). The 28-item version of the
Childhood Trauma Questionnaire (CTQ; (20)) was used to assess childhood maltreatment. The
CTQ (28-item version) is a self-report measure that encompasses experiences during the age
period 0-17 and generates a total score and subscale scores for five types of maltreatment
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(emotional abuse, EA; physical abuse, PA; sexual abuse, SA; emotional neglect, EN; and
physical neglect, PN). Cronbach's alpha for these subscales in this sample was .88, .92, .71, .
93, and .77, respectively. CTQ subscale scores reaching the threshold for the “moderate to
severe” range were considered positive for maltreatment. Subjects scoring “none or minimal”
for each subscale were considered controls with regard to that particular type of maltreatment.
The following additional self-report measures were included to further characterize subjects:
(1) Inventory of Depressive Symptomatology-Self Report (IDS-SR; (21)), (2) State-Trait
Anxiety Questionnaire (STAI; (22)), (3) Perceived Stress Scale (PSS (23)).

On a subsequent visit subjects completed the Dex/CRH test as follows. The night before the
test, a single oral dose of dexamethasone 1.5 mg was self-administered at 11:00 p.m. The
following day, participants arrived at 12:00 p.m., were given lunch, and were queried about
whether they had experienced any somatic symptoms, stressors or changes in usual habits over
the preceding week. Participants who reported any significant aberrations had the visit
rescheduled. Participants completed the IDS-SR and PSS measures again at this visit, and the
scores from this visit were used in subsequent analyses. Participants who were not able to
complete the Dex/CRH test within 60 days of the assessment visit completed updated
assessments which were used in the analyses. Topical anesthetic cream containing lidocaine
2.5% and prilocaine 2.5% was applied to the subject's forearm between 12:30 and 12:45 p.m.
At 1:00 p.m., an indwelling intravenous (V) catheter was inserted in the forearm by a research
nurse with extensive experience with IV catheter placement. Subjects then remained in a semi-
recumbent position throughout the procedure except to use the bathroom. They were permitted
to read or watch pre-selected movies that did not contain emotionally-charged material. Vital
signs were monitored throughout the test. At 3 p.m., CRH (corticorelin ovine triflutate,
Acthrel®, Ferring Pharmaceuticals, Inc.) 100 pg reconstituted in 2 ml 0.9% sodium chloride
was infused intravenously over 30 seconds. Blood samples were drawn at 2:59 p.m. (baseline)
and every 15 minutes thereafter until 5:00 p.m. Samples were immediately stored on ice,
centrifuged within 45 minutes, and then stored at -80° C. Cortisol assays were performed on
plasma samples from 2:59 p.m., 3:30 p.m., 3:45 p.m., 4:00 p.m., 4:15 p.m., and 5:00 p.m. The
GammacCaoat cortisol 1-125 coated-tube radioimmunoassay (RIA) kit (INCSTAR Corp.,
Stillwater, Minn.) was used to measure total cortisol (free and bound) at each time point. The
intra-assay and inter-assay CVs observed for quality assessment samples (5 and 20 pg/dl) were
less than 5% and 10%, respectively. The term cortisol is used to refer to total cortisol
concentrations throughout the remainder of the manuscript.

Statistical analyses were conducted using SPSS 16.0 for Windows. All analyses were two-
tailed with alpha set to p <.05. Cortisol values were positively skewed and were therefore log-
transformed to meet normal distribution requirements for statistical tests; raw data are
displayed in graphs. Repeated measures general linear models (GLMs) were used to determine
(1) whether potential covariates were associated with cortisol responses to the Dex/CRH test,
and (2) the effects of different types of maltreatment on cortisol responsivity in a model that
included all five CTQ subscales, age and sex. Additional models tested for interactions of EA
with sex and with age. A series of models examined a significant interaction between EA and
subject age. Age was used as a continuous variable in the statistical models. The cohort was
also dichotomized with respect to age in order to form two sub-cohorts (younger and older)
for illustration of the EA x age effect. In order to ensure that subjects with EA would be
represented in both groups, the age cohorts were formed using the median age for the EA group
and the sample was split at 35 and younger versus 36 and older. Huynh-Feldt adjustment was
made for violations of sphericity assumptions. Independent t-tests and chi-square tests were
performed to compare baseline subject characteristics of groups with (n=41) and without
(n=189) EA in the total population and within the two age cohorts. Additional post-hoc analyses
were conducted to examine whether lifetime diagnoses could account for effects of childhood
maltreatment with respect to cortisol responses to the Dex/CRH test.
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Results

Cortisol Response to the Dex/CRH Test

All models revealed significant changes in plasma cortisol concentrations over time during the
Dex/CRH test, as reflected in multivariate tests. Given space limitations, detailed statistical
results for significant GLM effects are limited to within-subjects and between-groups analyses
below.

Analysis of Potential Covariates

There was a significant within-subjects effect of age (F[2.1, 43.8]=3.4, p=.03). There was also
a significant between-groups effect of sex (F[1, 228] =8.8, p=.003), reflecting higher cortisol
concentrations in women than men. There were no significant effects of cigarette smoking,
education level, socioeconomic adversity in childhood, depressive symptoms (IDS-SR) or
anxiety symptoms (STAI). Estrogen or combination estrogen/progesterone use, present for 46
of 130 women, produced a highly significant within-subjects effect (F[2, 257] =12.0, p<.001),
which reflected significantly higher cortisol values among hormone users at the first (pre-CRH
infusion) timepoint in the curve compared to women not taking exogenous hormones.
Remaining analyses therefore controlled for the significant effects of age and sex, and results
of an analysis of the influence of hormone use on the effects of childhood maltreatment in
women are presented below.

Effect of Childhood Maltreatment Subtypes

In this sample, 41 participants were positive for a history of emotional abuse, 13 were positive
for sexual abuse, 18 for physical abuse, 27 for emotional neglect, and 18 were positive for
physical neglect. Of the five CTQ maltreatment subtypes, only emotional abuse (EA) produced
significant effects on Dex/CRH test cortisol response curves when all five subtypes were
considered together in the same model (n=230) with age and sex (see below). Items on the
CTQ used for assessment of childhood EA included “people in my family called me things
like ‘stupid,” ‘lazy,” or ‘ugly’,” “people in my family said hurtful or insulting things to me,”
“the punishments | received seemed cruel,” “I believe | was emotionally abused,” and “I
thought that my parent wished I had never been born.”

Effect of Emotional Abuse and Age

The model (n=230) revealed significant within-subjects (F[2.1, 468]=3.7, p=.02) and between-
groups (F[1, 221]=4.8, p=.03) effects of EA, reflecting a flatter slope in cortisol rise following
CRH bolus and lower cortisol concentrations throughout the Dex/CRH test in those who
reported having been emotionally abused in childhood (Figure 1, panel A). A significant
between-groups effect of sex (F[1, 221]=8.8, p=.003) was also present, however an additional
model showed that there was no significant interaction of EA by sex in the prediction of cortisol
response. There was also a significant within-subjects effect of age (F[2.1, 468]=3.4, p=.03),
and a model constructed for further exploration of this effect revealed a highly significant
interaction between EA and age (F[2.1, 472]=6.2, p=.002), such that the impact of EA on
cortisol responsivity appeared to be greatest in older subjects. When the interaction term (EA
x age) was present in the model, the independent effect of age on cortisol was reduced to trend
level. To better illustrate this interaction effect, the analysis was run separately in the
“younger” (n=174) and “older” (n=56) cohorts. There were no significant cortisol curve effects
of EA within subjects or between groups in the younger cohort of subjects (Figure 1, panel B).
However, the within-groups effect of EA was highly significant in the older cohort (F[2.3, 106]
=6.9, p=.001), as reflected by a flattened rise in cortisol among those subjects aged 36+ years
with EA (Figure 1, panel C). The between-groups effects of EA remained significant in the
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older subject cohort (F[1, 47]=4.8, p=.03), reflecting lower overall output of cortisol throughout
the test among those with EA.

Effect of Exogenous Hormone Use

Because exogenous hormone use in women was associated with greater cortisol responses to
the Dex/CRH test, we repeated the final model which examined all subtypes of maltreatment
in just women without hormone use (n=83), and the results described above remained
significant.

Comparison of Subject Groups Defined by EA

Table 1 compares the clinical features of subject groups defined by the presence of EA (n=41
with EA, n=189 without EA). Those with EA were significantly older and had more sub-
threshold lifetime Axis | disorders. EA subjects were also significantly more likely to report
having experienced all other subtypes of childhood maltreatment on CTQ subscales (Table 1).
The EA and control groups were somewhat more closely matched within the younger/older
age cohorts. Variables showing significant group differences were entered in post-hoc GLM
models.

Post-hoc Testing for Extraneous Effects

Additional post-hoc tests were conducted to ensure that lifetime psychiatric disorders, which
are associated with maltreatment, were not responsible for the association between EA and
cortisol response. A positive history of lifetime Axis | diagnoses on SCID interview did not
produce any significant effects on cortisol response, and did not diminish the significance of
EA effects. Further, the main findings remained unchanged when subcategories of lifetime
diagnosis were examined independently as covariates (i.e., major depressive disorder, any
mood disorder, any anxiety disorder, posttraumatic stress disorder, substance use disorders)
and when the analyses were re-run, excluding the subjects who endorsed SCID criteria for
lifetime major depressive episode (n=32) or lifetime posttraumatic stress disorder (n=6).

Discussion

The main finding of this investigation was a significant dampening of cortisol reactivity in
adulthood associated with self-reported emotional abuse in childhood. This effect was
consistently observed in both men and women, regardless of current level of subthreshold
depressive/anxiety symptoms, and regardless of reported history of past symptoms meeting
diagnostic criteria for major depression or other Axis I psychiatric disorder. Of particular note,
the effect appeared to increase with advancing age. Subjects in the older cohort (i.e., 36 — 61
years, mean age= 46) reporting childhood EA showed a markedly decreased cortisol response
to the Dex/CRH test, while the effect was not present at a statistically significant level in a
younger cohort (age 18-35 years, mean age= 26). Several research groups (24-27) have
demonstrated an increase in cortisol responsivity as a function of increasing age, rather than
the decrease we observed in our older subjects reporting EA. The significant interaction of
exposure to childhood EA and increasing age on HPA axis response to a standardized challenge
may reflect cumulative or progressive effects of early environment across the life span. Such
an interpretation would be consistent with the concept of allostatic load (28) or long-term wear
and tear on physiological systems as a result of chronic stress or demand on stress-adaptive
biological mechanisms.

Other investigators have hypothesized a trajectory of initial hyper-activation of the HPA system
progressing to a state of chronic adrenal stress hyporeactivity (13;29) as a type of counter-
regulatory adaptation following acute or sustained exposure to excessive ACTH during
stressful early development (18). This proposed mechanism is consistent with available
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longitudinal data on cortisol levels and the development of posttraumatic stress disorder (30;
31), and mirrors findings from preclinical laboratories of blunted adrenal stress responsiveness
in primates (32) and rodents (33;34) exposed to chronic social stress models. Over time,
experimentally stressed animals persistently show lower levels of hippocampal
mineralocorticoid receptor expression, suggesting long-term and perhaps epigenetic alterations
in gene expression regulation. In addition to receptor down-regulation, other mechanisms of
counter-regulatory adaptation to excessive stimulation of the HPA system could include
increased negative feedback sensitivity, and reduced biosynthesis or depletion of hormones at
various levels of the axis (35;36). Particularly relevant to risk for psychiatric disorders in mid-
life, McEwen and colleagues have noted that the aging brain appears more vulnerable to
hippocampal damage from prolonged psychosocial stress (37). Our results in humans may lend
additional support to the hypothesis that stress exposure, in the form of perceived EA, during
a crucial developmental time period results in lasting effects on physiological and behavioral
parameters throughout life, which may in turn contribute to an enhanced vulnerability to stress-
induced diseases. We can speculate that EA represents a chronic stressor over a decade or more
of a child's life, or that emotionally abused children develop difficulties with attachment and
interpersonal interaction that perpetuate a pattern of chronic stress in subsequent relationships
across the life span.

However, since we did not measure duration or chronicity of stress exposure, we cannot
conclude that our findings are specifically related to adverse social or interpersonal conditions
that were repeated or sustained for any particular period of time during childhood development
or into adulthood. Moreover, we did not assess other possible contributing factors such as
genetic effects or the influence of parental factors such as mental illness on the quality of
parental care.

As reviewed above, published findings describing the direction of observed abnormalities in
basal cortisol levels or dynamic cortisol responsivity among subjects with childhood adversity
relative to controls have not been consistent. Discrepancies in the literature are likely
attributable to multiple effects impacting HPA axis function. The nature and timing of the abuse
or trauma during development, the degree and chronicity of contemporary stressors in
adulthood, concurrent psychiatric and medical disorders, and age or other individual qualities
of the subjects being studied may all contribute significantly (38-40), particularly if the
trajectory from HPA axis hyper-responsivity to hypo-responsivity occurs over several decades
of stress exposure. Despite using different neuroendocrine probes, the results we report here
with the Dex/CRH test in healthy adults are similar to findings of blunted cortisol response to
a standardized laboratory stress test in adults reporting childhood maltreatment reported by our
group (17) and by others (41). Recently, investigators of cortisol responsivity have utilized
designs intended to diminish potential confounds and better isolate specific effects, as we have
in this study. We did not detect effects of other types of self-reported maltreatment, perhaps
owing to the relatively small proportions of subjects endorsing criteria for physical abuse
(10%), sexual abuse (11%), and physical neglect (13%) in our sample.

Emotional neglect (20%) and emotional abuse (EA; 18%) were the two subtypes of childhood
maltreatment most commonly reported by our subjects, perhaps reflecting some selection bias
introduced by exclusion of individuals with more significant mental health histories. The CTQ
is a self-report measure that relies on retrospective recall and self-ratings of early environment,
and it is important to acknowledge the inherent subjectivity of this data as well as the potential
for recall bias. The perception of life events and the experience of stress or trauma are shaped
by a variety of influences, including perceptual factors, personality traits, coping skills, and
social supports. In addition to altering the appraisal of a potentially stressful event, these factors
may themselves influence neuroendocrine activity. The EA subscale may detect a subset of
participants that are more sensitive to interpersonal rejection or have higher levels of
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attachment anxiety. If that were the case, one could speculate that EA subjects may be more
likely to experience inadequate social supports and fear of negative social evaluation as a
stressor persisting into adulthood (3;42;43). It is possible that subjective individual differences
such as sensitivity to interpersonal stressors account for our finding of dampened cortisol
response to Dex/CRH, but some evidence against this comes from our measure of perceived
stress level in the past month before the Dex/CRH test. EA and non-EA groups did not differ
with regard to the degree they reported feeling challenged by stressors in the weeks leading up
to their participation in our research protocol on the Perceived Stress Scale. Genetic factors,
such as polymorphisms in the serotonin reuptake transporter gene, have been found to modify
cortisol responses to psychosocial stressors in young girls (44), reflecting a possible
intermediate mechanism by which some individuals are more vulnerable to negative
interpersonal environments. Future work exploring genotypes, childhood maltreatment, and
cortisol reactivity may further our understanding of how differential responses to stress
challenge are related to an individual's tendency to interpret an interpersonal experience as
emotionally abusive, and how these factors confer risk for psychopathology.

Significantly more of our subjects reporting childhood EA endorsed criteria for past Axis |
psychiatric disorders. The EA group also had consistently higher levels of sub-threshold mood
and anxiety symptoms at the time of testing. While these factors did not statistically account
for the association between EA and dampened cortisol responsivity, they support the notion
that this particular pattern of response may signal a subtype of subthreshold mood/anxiety
spectrum disorders akin to that observed in patients with secondary adrenal insufficiency
(45).

In summary, we found that of the five childhood maltreatment subtypes evaluated, emotional
abuse emerged as the only significant predictor of cortisol response to the Dex/CRH test in
healthy adults. Emotional abuse was associated with a blunted cortisol response, and this effect
appeared more robust with increasing age. The association of emaotional abuse with cortisol
response was independent of several demographic factors, the other maltreatment subtypes,
lifetime diagnoses, and current depressive or anxious symptomatology. Longitudinal studies
will be needed to determine if the low cortisol reactivity endophenotype we identified is a
meaningful premorbid marker signaling risk for development of medical or mental health
disorders.
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Cortisol response to the Dex/CRH test in healthy medication-free adults without current
psychopathology, grouped according to presence or absence of childhood emotional abuse
(EA; moderate or severe on CTQ subscale). Values are adjusted for age, sex, and for effects
of four other maltreatment subtypes included in the model. The left panel (A) depicts the entire
sample (n=230) where we found significant within-subjects effects of time (p<.001), time x
EA (p<.05), and time x age (p<.05), as well as significant between-groups effects of EA (p<.
05), and sex (p<.01). Panels (B) and (C) show the same sample split into two age cohorts for
better illustration of the significant EA x age interaction effect (p<.01). In the younger cohort
(B, middle), only a within-subjects effect of time (p<.001) is significant. In the older cohort
(C, right), the within-subjects effect of sex (p<.05) and EA (p=.001) are significant, along with
between-groups effects of sex (p<.05) and EA (p<.05).
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