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Abstract

Individual differences in a child’s sensitivity to stress may influence whether youth exposed to
trauma develop symptoms of psychopathology. We examined the interaction between HPA-axis
reactivity to an acute stressor and exposure to different types of childhood trauma as predictors
of mental health symptoms in a sample of youth. Youth (n= 121, ages 9-16; 47% female)
completed a standardized stress task, including 5 post-stress salivary cortisol samples. Parents
also completed the Child Behavior Checklist as a measure of child internalizing and externalizing
symptoms in the past month, and completed the Early Trauma Inventory (ETI) as a measure of
their child’s trauma exposure. More emotional abuse and non-intentional trauma were associated
with greater internalizing symptoms. Youth exposed to physical abuse who demonstrated slower
HPA-axis reactivity had elevated internalizing and externalizing symptoms. Youth exposed to
emotional abuse or non-intentional traumatic events who demonstrated faster HPA-axis reactivity
had elevated internalizing and externalizing symptoms. Profiles of exaggerated or attenuated
HPA-axis reactivity to acute stress may be risk factors for psychopathology in children facing
different stressful social environments.

Keywords

Physical abuse; Emotional abuse; Childhood trauma; HPA-axis; Stress; Internalizing;
Externalizing

Trauma exposure during childhood is associated with increased risk for psychopathology
across the lifespan (Chapman et al. 2007; MacMillan et al. 2001), higher comorbidity and
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recurrence of psychopathology, and poor treatment outcomes (Nanni et al. 2012). Yet, how
different types of childhood adversity relate to psychopathology remains poorly understood.
There is growing evidence that different types of childhood trauma and adversity may

lead to psychopathology via structural and functional changes to the brain (McLaughlin

et al. 2014; Teicher et al. 2016). Furthermore, there is significant variability in who will
develop psychopathology following childhood trauma, and predictors of such variability are
not well understood. Individual differences in reactivity of the body’s physiological stress
response system may provide an explanation for which youth show evidence of pathology in
environments characterized by stress (Del Giudice et al. 2011; Ellis and Boyce 2008). For
example, the hypothalamic-pituitary-adrenal axis (HPA-axis), can moderate the relationship
between cumulative adversity during childhood and symptoms of psychopathology (Hagan
et al. 2014, Steeger et al. 2016). In this study, we examined whether variability in the
HPA-axis response to stress moderates the association between different types of childhood
trauma and behavior problems in youth.

Both internalizing and externalizing problems during childhood have shown persistence
and predictive validity for psychiatric disorders later in life (Hofstra et al. 2000; Sterba

et al. 2007). Maltreatment and traumatic events during childhood are associated with
increased risk for both internalizing and externalizing problems (Hussey et al. 2006;
Lansford et al. 2002) that persist into adulthood (Bernet and Stein 1999; Chapman et al.
2007). Studies have begun to characterize how different types of adverse experiences in
childhood predict diverging patterns of risk across disorders. For example, exposure to
violence at home was related to depression, separation anxiety, posttraumatic stress, and
conduct problems among preschool-aged youth, while non-interpersonal traumatic events
were related to phobic anxiety (Briggs-Gowan et al. 2010). Among adolescents, exposure
to physical abuse specifically contributes to elevated aggression, symptoms of depression,
anxiety, and social problems (Lansford et al. 2002). Therefore, different types of trauma
may predispose youth to different types of psychopathology. This is consistent with an
emerging literature positing that different types of childhood trauma and adversity have
differential effects on brain development and subsequent behavior (McLaughlin et al. 2014;
Teicher et al. 2016). For example, McLaughlin et al. (2014) posit that the predominant
approach to measuring adversity in childhood as cumulative has limited our understanding
of the distinct consequences of adversity characterized by threat as opposed to deprivation.
Adverse childhood experiences characterized by threat (e.g., physical abuse) are associated
with alterations to fear learning and reduced activity in brain regions supporting emotional
processing and control, whereas experiences characterized by deprivation (e.g., neglect)
predict impairments in cognitive performance such as long-term memory, language ability,
and overall academic achievement (McLaughlin et al. 2014). Exploring pathways from
specific types of adversity to psychopathology warrants further investigation.

Some individuals are more biologically sensitive to deleterious environments than others
and therefore more susceptible to psychopathology in stressful social contexts (Ellis and
Boyce 2008). More sensitive children living under conditions of stress or maltreatment
would be more at risk for psychopathology via repeated physiological activation of the
stress system and subsequent allostatic wear-and-tear on the brain and body. This has also
been demonstrated in experimental studies where neuroendocrine stress reactivity in infant
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macaques moderated the association between nurturing parenting and behavioral outcomes
(Suomi 1997). That variability in stress sensitivity (either hyper- or hypo-sensitivity) can

be risk-augmenting or risk-protective is the central hypothesis of biological sensitivity

to context (BSC) theory (Ellis and Boyce 2008). In the context of childhood trauma
exposure, BSC hypothesizes that the association between childhood trauma and behavioral
symptoms would be greatest among youth demonstrating greater sensitivity of the stress
response system. For example, childhood maltreatment was associated with internalizing
symptoms among young adults with greater HPA-axis reactivity to conflict (Hagan et al.
2014). Likewise, more frequent family life events are associated with more internalizing and
externalizing behaviors among adolescents with larger salivary cortisol responses to conflict
(Steeger et al. 2016). However, the BSC also predicts that high reactivity may be protective
in contexts of low stress and high parental care. Likewise, attenuated biological responses
to stress can be a risk factor for some forms of stress-related psychopathology (e.g.,

PTSD; Yehuda et al. 1998, 2000). For example, medical trauma such as a motor vehicle
accident is predictive of the development of PTSD among those with atypically low cortisol
immediately after the event (Yehuda et al. 1998) Thus, variability in stress sensitivity can
moderate the impact of stress on psychopathology but it is unclear whether the direction

of this effect is determined by the type of trauma exposure and other contextual factors
(e.g., parenting). The Adaptive Calibration Model (ACM), an extension of BSC, posits

that experiences during development that are characterized by unpredictability, physical
threat/danger, and supportive parental care all individually contribute to the calibration

of activation thresholds within the stress response system (Del Giudice et al. 2011). Yet,

no study to date has tested the association of these three distinct developmental contexts
(unpredictable events, physical threat, parental support/care) in behavioral outcomes at
varying degrees of stress sensitivity.

The purpose of the present study was to extend our understanding of biomarkers of
vulnerability to psychopathology by testing the interaction between trauma exposure and
HPA-axis response to an acute stress task as a predictor of internalizing and externalizing
symptoms. The present study examines the role of individual differences in biological
sensitivity, measured by the speed of HPA-axis activation to stress, in the associations
between different types of childhood trauma and mental health symptoms in youth. We
examined these hypotheses within three common but distinct subtypes of trauma exposure in
childhood that correspond with environmental domains within the ACM: physical abuse,
emotional abuse, and non-intentional trauma/unpredictable traumatic events. Research
examining the HPA-axis as a moderator of the association between different types of
trauma and behavioral symptoms is still rare and hypotheses for specific trauma subtypes
are still somewhat exploratory. However, based on the BSC theory and the ACM, we
hypothesized that trauma exposure would be associated with greater behavioral symptoms
among individuals with greater HPA-axis sensitivity, but that the strength of this association
would be different in the context of low parental support/care (e.g., emotional abuse),
physical threat/danger, and unpredictable life events.
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Participants were 121 youth (47% female), ages 9-16 (Mage=12.77; SDyge=2.26) from

a study aimed to characterize the mechanisms underlying adolescent anxiety and
depression (Lopez-Duran et al. 2015), and therefore were oversampled for internalizing
psychopathology. As determined via semi-structured clinical interview, 20% of participants
met criteria for depression, 11% met criteria for an anxiety disorder, and 20% met criteria
for an externalizing disorder according to the DSM-IV-TR. The sample was 70% Caucasian,
10% biracial, 6% African American, 3% Latino, 2% Asian, 6% other, and 3% did not
respond. Youth in this sample predominantly lived with both biological parents (65%) and
in educated families (75% of participants’ mothers earned a bachelor’s degree or higher).
Participants were excluded from the larger study if they had a pervasive developmental
disorder, were currently taking asthma medications, had psychotic symptoms, a current
diagnosis of PTSD, or currently had a significant medical condition (e.g., cancer).

Participants were recruited from the community via flyers, local advertisements, and
referrals from clinicians and pediatricians. All eligible participants and their parents
provided signed assent and consent to participate and youth were compensated for their
time. All participant visits occurred in the afternoon. The stress task consisted of a 30-min
baseline phase, 5-min stress task, and 60-min recovery period. After the baseline phase,

a research assistant (RA) led the youth into the experiment room to complete the stress
task. Immediately following the stress task, the participant watched a 60-min National
Geographic documentary.

Stress Reactivity—The stress task used in this study was the Socially-Evaluated Cold
Pressor Task designed for eliciting HPA-axis activation by combining thermal stress and
social evaluation (Schwabe et al. 2008). The participant placed their hand in ice water
(33-39 ° F) for up to 3 min while an RA recorded their facial expressions with a video
camera. HPA-axis reactivity was estimated from cortisol extracted from six saliva samples
obtained during the 90-min laboratory session. To obtain cortisol samples, the child provided
passive drool directly into a salivette tube. No agents (e.g., chewing gum) were used to
facilitate saliva production. Saliva samples were taken just before the stress task, and 25,
35, 45, 55, and 65 min after stress task initiation. All salivettes were stored in a freezer

at —20° Celsius until assayed. Samples were assayed in duplicate at the university’s core
assay facility within six months of collection using a commercial enzyme immunoassay
kit (Salimetrics, Inc.). The sensitivity of the assay was 0.01 Ig/dl. To decrease interassay
variability, all samples from the same child were assayed in the same batch.

Childhood Trauma Exposure—Parents (81% mothers) completed the Early Trauma
Inventory about their child (Bremner et al. 2000). In this 50-item paper and pencil
questionnaire, the parent marked yesor noto a series of potentially traumatic events
including physical abuse (being hit to the point of bruising or injury), sexual abuse (being

J Abnorm Child Psychol. Author manuscript; available in PMC 2023 October 20.
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forced to engage in sexual acts), emotional abuse (persistently being ridiculed or insulted by
a caregiver), or non-intentional traumatic events (witnessing an accident, natural disaster).
The non-intentional trauma subscale was designed to capture exposure to potentially
traumatic events that were secondary to chance. This inventory produces a score for each
subtype that reflects the total number of events to which each child was exposed.

Behavioral Symptoms—Child internalizing and externalizing symptoms were reported
on the Achenbach Child Behavior Checklist (CBCL) by the participant’s parent (Achenbach
1991). The CBCL is a 114-item caregiver-reported measure of internalizing (e.g., sadness,
withdrawal, worry) and externalizing (e.g., aggression, hyperactivity) behaviors. Parents
were asked to report on a scale of 0-2, whether the given behavior is not true, sometimes
true, often or very true of their child. Some examples of internalizing items are “Would
rather be alone than with others” (social withdrawal), and “Cries a lot” (depression).

Some examples of externalizing items are “Argues a lot”, and “Disobedient at home”
(Aggressive behavior). Internalizing and externalizing symptoms were then converted to
gender-normed T-scores which were used as the dependent variables in all analyses. The
CBCL internalizing scale displays high internal consistency within this sample, Cronbach’s
a = .82, as did the CBCL externalizing scale, Cronbach’s a = .85.

Data Analysis

All data analyses were conducted in SPSS 23.0. Raw salivary cortisol values were
transformed using the Box-Cox transformation to address skewness and kurtosis (Miller
and Plessow 2013). All other continuous predictor variables were log transformed to reduce
skew and kurtosis, and centered at the mean. To compute total cortisol output to the stress
task, we computed the Area Under the Curve Increase (AUCI) using trapezoidal aggregation
from 6 samples including 0, 25, 35, 45, 55, 65 min post-stress (Pruessner et al. 2003). To
identify the speed of HPA-axis activation to the task, we identified each individual’s peak
response to the task using the peak identification procedures described in Lopez-Duran et al.
(2014). We computed a slope by dividing the difference between each participant’s baseline
cortisol concentration and peak cortisol value by the number of minutes between their
baseline and peak. Gender normed T-scores for internalizing and externalizing symptoms
were used as the dependent variables in all models. Given the high correlation between
externalizing and internalizing, = .76, p < 0.001, we covaried for clinically significant
symptoms (T > 65) in each of these domains, Internalizing with Clinical Externalizing r=
.23, p=10.010 and Externalizing with Clinical Internalizing, r= .45, p< 0.001, so as to not
overfit the variance in our models.

We conducted multiple hierarchical linear regressions predicting internalizing and
externalizing symptoms with all continuous predictors centered at the mean. We first tested
the main effects of speed of HPA-axis activation and trauma exposure, adjusting for child’s
age, sex, baseline cortisol, total cortisol response to the task (AUCI), and whether the

child also demonstrated clinically meaningful symptoms in the alternate symptom domain
(internalizing vs externalizing). Total cortisol output (AUCI) was included in all models to
isolate the interaction of speed of HPA-axis activation and trauma exposure from HPA-axis
recovery. We then added the interaction between trauma exposure and speed of HPA-axis

J Abnorm Child Psychol. Author manuscript; available in PMC 2023 October 20.
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activation for each trauma subtype separately. Trauma subtypes included physical abuse,
emotional abuse, and non-intentional trauma. Sexual abuse was not included as a predictor
due to low endorsement of sexual abuse exposure.

Youth in this study experienced a wide range of trauma exposures during childhood;

84.7% of youth were exposed to at least one traumatic event, including physical abuse
(47%), emotional abuse (30%), and non-intentional trauma (71%), and 41.3% of youth were
exposed to more than one trauma subtype. The average youth demonstrated a 66% increase
in cortisol from baseline to their peak response to the stressor. Youth in this study also
demonstrated a range of behavioral symptoms, per parent report, such that 15% and 6%

of the sample exceeded the clinical threshold (T > 65) for internalizing or externalizing
behaviors, respectively. See Table 1 for descriptive statistics and bivariate correlations
between all study variables.

Childhood Trauma Exposure, Stress Reactivity, and Internalizing Behaviors

We conducted an adjusted hierarchical regression model predicting internalizing T-scores
from childhood exposure to physical abuse, emotional abuse, and non-intentional trauma, as
well as HPA-axis reactivity, while controlling for the child’s age, sex, clinically significant
externalizing behaviors, baseline cortisol, and total cortisol output in response to the task.!
In the adjusted main effects model, /2 = .14, F(9, 92) = 1.67, p=.108, there were

no significant main effects of either trauma subtype or HPA-axis response to the task on
internalizing symptoms, p> .22. We then added the interactions between each subtype of
abuse and slope of cortisol increase to this model, AR? = .10, p=.012 (See Table 2).

In this model, with average HPA-axis reactivity, physical abuse was not associated with
internalizing symptoms, more emotional abuse was associated with greater internalizing
symptoms, p=0.027, and more non-intentional trauma was associated with greater
internalizing symptoms, p=0.021. With increasing speed of HPA-axis reactivity, physical
abuse was associated with fewer internalizing symptoms, p = 0.007, emotional abuse was
associated with greater internalizing symptoms, p = 0.001, and non-intentional trauma was
associated with greater internalizing symptoms, p= 0.017. See Fig. 1a—c for the effect of
each subtype of childhood trauma on internalizing symptoms by HPA-axis reactivity.

Child Trauma Exposure, Stress Reactivity, and Externalizing Behaviors

We then conducted an adjusted hierarchical regression model predicting externalizing T-
scores from childhood exposure to physical abuse, emotional abuse, and non-intentional
trauma, as well as HPA-axis reactivity. In the main effects model, /2 = .31, F(9, 92) =
4.47, p<0.001, there were no significant main effects of either trauma subtype or HPA-axis
response to the task on externalizing symptoms, p>.178. We then added the interactions
between each subtype of abuse and slope of cortisol increase to this model, AR? = 0.06,
p=0.043. In this model, when HPA-axis reactivity was average, none of the trauma

Lprevious investigations using this sample found exposure to any trauma during infancy was related to patterns of within-subject
change in HPA-axis reactivity, however the pattern of results in the adjusted models remain unchanged when accounting for exposure
to any trauma during infancy (Kuhlman et al. 2015b).

J Abnorm Child Psychol. Author manuscript; available in PMC 2023 October 20.
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subtypes were associated with externalizing symptoms. As HPA-axis reactivity increased,
more physical abuse was associated with fewer externalizing symptoms, p= 0.013, more
emotional abuse was associated with greater externalizing symptoms, p = 0.005, and more
non-intentional trauma was associated with greater externalizing symptoms, p = 0.027. See
Fig. 1d-f for the effect of each subtype of childhood trauma on externalizing symptoms by
HPA-axis reactivity.

Discussion

The purpose of this study was to examine whether individual differences in HPA-axis
responses to acute stress moderated the relationship between exposure to different types of
trauma and behavior problems in youth. Consistent with our hypotheses and the BSC theory,
exposure to emotional abuse and non-intentional traumatic events were associated with
elevated internalizing and externalizing symptoms when youth demonstrated exaggerated
HPA-axis reactivity. In contrast with BSC, physical abuse was associated with elevated
internalizing and externalizing symptoms among youth demonstrating attenuated HPA-axis
reactivity. These findings highlight that both biological sensitivity and insensitivity can be
risk factors for psychopathology in youth and underscore the importance of continuing

to examine how physiology interacts with different types of childhood adversity to either
promote or impair health.

To our knowledge, two studies to date have examined HPA-axis reactivity to acute stress
as a moderator of life stress exposure and mental health symptoms (Hagan et al. 2014;
Steeger et al. 2016). In particular, greater stress reactivity strengthened the relationship
between stressful family events and both internalizing and externalizing symptoms in a
healthy sample of adolescents (Steeger et al. 2016). Our study extends this finding by
examining the moderating role between family life stress and mental health in a sample

of adolescents with a high rate of current psychopathology. Hagan et al. (2014) found

that the association between childhood maltreatment and internalizing symptoms was
strongest among youth with exaggerated HPA-axis reactivity to acute stress. In contrast,
the association between childhood maltreatment and externalizing symptoms was strongest
among youth with attenuated HPA-axis reactivity to acute stress. We also extend this finding
by demonstrating that mixed results on the association between stressful experiences and
HPA-axis reactivity may be clarified by examining stressful childhood experiences by
subtypes, specifically differentiating between physical and emotional abuse. For youth with
an attenuated HPA-axis activation slope, exposure to physical abuse was related to more
symptoms of psychopathology, reliably exceeding the clinical significance threshold for
internalizing symptoms (See Fig. 1). In a previous study with this sample, physical abuse
exposure was related to steeper within-subject slopes of HPA-axis activation (Kuhlman et
al. 2015a). This suggested that youth in this sample exposed to higher amounts of physical
abuse were more likely to have a fast activating HPA-axis and potentially that sensitization
of the HPA-axis stress response may be an adaptive response to living in a physically
abusive environment. Taken together with the present analyses, a fast-activating HPA-axis
may facilitate behavioral responses such as avoiding physically abusive caregivers, seeking
social support, or other behaviors that may buffer the long term negative consequences of
the abuse, including psychopathology. However, a recent study of adolescents showed that

J Abnorm Child Psychol. Author manuscript; available in PMC 2023 October 20.
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among youth living in high conflict families, those with an attenuated HPA-axis response

to a conflict task exhibited fewer symptoms of psychopathology (Saxbe et al. 2012). The
inconsistencies between our results may be explained by their use of total cortisol output

as their measure of HPA-axis reactivity, while we controlled for total cortisol production in
order to examine the unique contribution of the slope or speed of HPA-axis activation. Our
findings support the need for a nuanced treatment of HPA-axis function that does not assume
that greater stress reactivity reflects vulnerability.

In particular, faster HPA-axis activation in response to stress was linked to lower
internalizing and externalizing symptoms, whereas an attenuated slope of cortisol increase
was related to more symptoms. Of note, this association was independent of total cortisol
response to the stressor (AUCI), suggesting that the timing of HPA-axis activation is
important to our understanding of the link between stress and psychopathology above

and beyond total cortisol production. Robust activation of the HPA-axis to acute stress

is adaptive and signals a flexible, intact system whereas maladaptive behaviors may

be characterized by a less steep or delayed HPA-axis activation following acute stress.
There are several reasons that a delayed activation of the HPA-axis may be related to
psychopathology. For example, upon exposure to stress, the central nervous system activates
processes that redistribute energy through the body allowing for escape and self-defense,
enhance learning and memory for threat-related information, and circulate pro-inflammatory
cytokines, all of which serve to promote survival from similar threats in the future (See
Herman and Cullinan 1997; Silverman and Sternberg 2012). The HPA-axis is involved in
the regulation of each of these processes and delayed activation may result in less efficient
redistribution of energy, failure to attend to or retain information relevant to the context of
the threat, and poor regulation of inflammation. Given that our approach to the temporal
dynamics of HPA-axis activation is novel, these pathways have yet to be experimentally
probed in humans.

In contrast with physical abuse, increasing speed of HPA-axis reactivity strengthened the
association between both emotional abuse and non-intentional trauma and mental health
symptoms. It is important to note, however, that these effects were not reliably associated
with symptoms that exceed the clinical threshold (see Fig. 1). Exposure to a neglectful

or emotionally abusive caregiver has been linked to atypical diurnal functioning of the
HPA-axis (Gunnar and Quevedo 2007). These alterations to the functioning of the HPA-axis
are most often observed to be transient and improve with improvements in the caregiving
environment (McLaughlin et al. 2015; Slopen et al. 2014), yet even transient upregulation in
circulating glucocorticoids can have long-standing implications for the development of the
central nervous system. Emotional abuse is associated with attenuated cortisol responses to
stress in adulthood, which increases with advancing age (Carpenter et al. 2009). Taken
together with our findings, it is possible that down-regulation of the threat response

system in an environment with more non-intentional stressors and/or deficits in protective
caregiving may be protective against the damaging effects of elevated glucocorticoids on
the brain, and less likely to promote behavioral symptoms. Yet, studies differentiating
between physical abuse, emotional abuse, and other types of childhood life stress remain
rare, thus limiting the ability to disentangle resilience and vulnerability to psychopathology
in different childhood environments.

J Abnorm Child Psychol. Author manuscript; available in PMC 2023 October 20.
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For youth with average HPA-axis reactivity to acute stress, exposure to more emotional
abuse and non-intentional trauma were related to greater internalizing symptoms. This
suggests that while subtypes of adversity during childhood tend to cooccur (Copeland et

al. 2007), unpredictable traumatic events and exposure to emotional abuse convey unique
risk for the development of internalizing behaviors despite intact physiological reactivity.
Such stressors as emotional abuse and non-intentional traumatic events have been repeatedly
linked to psychopathology, most commonly depression (Hammen 2015), however these
associations have been explained by different mechanisms. For example, emotional abuse
may be particularly detrimental to psychosocial development and subsequent depression
given that the presence of emotional abuse likely also indicates less exposure to nurturing
caregiving. Low exposure to parental warmth predicts the development of internalizing
symptoms (Kuhlman et al. 2014), and the presence of a nurturing caregiver can be protective
against psychopathology in the face of other adversities (Hagan et al. 2010). In comparison,
non-intentional trauma, such as natural disasters (Goenjian et al. 1996) have been linked

to the development of internalizing symptoms. Specifically, anxiety disorders may occur

via down-regulation of basal cortisol and sensitization to future stressors (Yehuda 1997).
The independent main effects of emotional abuse and non-intentional trauma exposure on
internalizing symptoms suggest that each of these subtypes of childhood trauma exposure
contribute to mental health, specifically internalizing symptoms, and further investigation is
needed to determine whether this occurs via different pathways.

The contribution of these findings should be considered in the context of several limitations.
These data are cross-sectional, and do not allow causal inferences. A more rigorous test of
biological sensitivity to context would have included assessment of HPA-axis reactivity
before and after exposure to different types of trauma and maltreatment, and would

have also examined positive environmental factors in addition to trauma. This study was
designed to characterize psychobiological processes underlying depression and anxiety in
youth, and therefore oversampled for youth with internalizing disorders. As such, results
pertaining to externalizing symptoms were less common than internalizing symptoms; only
6% of the sample exceeded the clinical threshold. Further, elevated externalizing behaviors
are likely to be comorbid with internalizing symptoms within individuals in this sample
rather than reflective of externalizing behavior disorders. Childhood trauma exposure was
reported by the parents of our participants, and thus vulnerable to all of the limitations

of retrospective reporting of events. While parent reports of youth life events are valid
(Johnston et al. 2003), we have limited these analyses to whether an event occurred which
is considered to be a measure of exposure that is less vulnerable to reporting error (Brewin
et al. 1993; Hardt and Rutter 2004). Rates of maltreatment exposure in this sample are
higher than what would be expected based on confirmed maltreatment cases through Child
Protective Services (Finkelhor et al. 2014), however that is to be expected given that this
study oversampled for youth with psychopathology. Pubertal status has been identified as
important to the association between HPA-axis functioning and psychopathology (Colich et
al. 2015). Information on pubertal status was not collected on all participants in this sample
and therefore could not be examined here. This limitation is mitigated by our inclusion of
sex and age in all of our models, however future investigations are necessary to understand
the role of pubertal development in the observations made in this study. Finally, individual
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differences in slope to peak may have been in response to a particular element (e.g., cold
sensitivity) of this stressor and only relevant to how the child would respond to a similar
stressor in the environment. Different stress paradigms elicit different profiles of HPA-axis
response (Kuhlman et al. 2014), therefore replication of these findings using HPA-axis
responses to different laboratory stressors and in larger and diverse samples are needed.

Conclusions and Future Directions

In this study, we demonstrated that individual differences in the speed of HPA-axis
activation moderate the association between childhood trauma exposure and mental health

in adolescents. Among youth with a quickly activating HPA-axis, exposure to emotional
abuse and non-intentional trauma was associated with more internalizing and externalizing
symptoms. However, the inverse association was found for youth exposed to physical abuse.
Given that abuse subtypes tend to co-occur, one important contribution of these findings is to
demonstrate that different types of trauma represent distinct social contexts where variability
in functioning of physiological systems can be both a risk and protective factor for the
development of psychopathology. For example, rapid HPA-axis activation may be protective
for youth exposed to physical abuse and a risk factor for youth exposed to emotional

abuse or non-intentional trauma. HPA-axis reactivity to pharmacological and psychological
challenge is modifiable in adults using existing cognitive strategies and interventions
(Abelson et al. 2010; Hammerfald et al. 2006). Thus, more careful characterization of the
distinct role developing physiology plays among youth exposed to different types of stress

is necessary to our understanding of developmental psychopathology and mitigating the
lifelong mental health sequelae of child adversity.
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Fig. 1.

Ur?standardized effect of physical abuse, emotional abuse, and non-intentional trauma

on internalizing and externalizing T-scores by HPA-axis reactivity (STP=Slope to peak)
following acute stress exposure. Note: Solid black lines represent unstandardized parameter
estimates, while dotted black lines represent 95% confidence intervals. T-scores > 70 are
considered clinically significant
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