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Differential associations between childhood trauma subtypes
and adolescent HPA-axis functioning

Kate R. Kuhlman2”, Elisa G. GeissP, Ivan VargasP, and Nestor L. Lopez-Duran®
aUniversity of California, Los Angles, Department of Psychology, Los Angeles, CA, United States

bUniversity of Michigan, Department of Psychology, Ann Arbor, MI, United States

Summary

Studies examining the association between childhood trauma exposure and neuroendocrine
functioning have returned inconsistent findings. To date, few studies have accounted for the role
exposure to different types of childhood trauma may have on different neuroendocrine
adaptations, and no study has examined this association using multiple indices of hypothalamic—
pituitary—adrenal axis (HPA-axis) functioning. The purpose of this study was to characterize the
unique associations between exposure to physical abuse, emotional abuse, and non-intentional
trauma, and multiple indices of HPA-axis functioning.

Methods—A community sample of 138 youth (aged 9—16) completed the Socially Evaluated
Cold Pressor Task (SE-CPT) while their parents completed the Early Trauma Inventory (ETI). All
youth then collected 4 diurnal salivary cortisol samples at home across 2 consecutive weekdays.

Results—High reported exposure to non-intentional trauma was associated with intact diurnal
regulation but elevated cortisol at bedtime, physical abuse was associated with faster reactivity to
acute stress, and emotional abuse was associated with delayed recovery of cortisol following acute
stress. Taken together, there was a heterogeneous relationship among different indices of HPA-
axis functioning and trauma subtype.

Discussion—Different types of childhood trauma exposure are related to distinct anomalies in
HPA-axis functioning. This study underscores the importance of research incorporating multiple
indices of HPA-axis functioning to inform our understanding of the underlying neuroendocrine
dysregulation that may later lead to stress-related psychopathology.

Keywords
Childhood trauma; Adolescent; HPA-axis; Cortisol

1. Introduction

Approximately 10% of children in the United States are maltreated (Finkelhor et al., 2009)
and 66% report a major traumatic event before adulthood (Read et al., 2011). Exposure to
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trauma during childhood increases the risk for lifelong physical and mental health problems
(Chapman et al., 2007; Dube et al., 2003). The hypothalamic—pituitary—adrenal-axis
(HPA-axis) modulates multiple biological, affective, behavioral and cognitive responses to
stress (Lupien et al., 2009), thus dysregulation of the HPA-axis may be one mechanism
through which stress impacts health. Animals (Pryce et al., 2002) and humans (Gunnar and
Quevedo, 2007) exposed to early life stress exhibit anomalies in HPA-axis functioning,
although this research in youth has been equivocal. For example, trauma exposure has been
linked to both diurnal HPA-axis hyper- and hypo-activity (Lupien et al., 2009; McEwen,
1998), as well as hyper- and hypo- reactivity to stress (MacMillan et al., 2009; Peckins et al.,
2012; Saltzman et al., 2005; Trickett et al., 2014). The inconsistencies may be accounted for
by different subtypes of childhood trauma contributing to different HPA-axis anomalies.

Traumatic events rarely occur in isolation (Finkelhor et al., 2007), yet the majority of
published studies have either isolated one subtype of trauma exposure, such as parental loss
(Kaplow et al., 2013) and marital violence (Saltzman et al., 2005), or collapsed subtypes of
childhood trauma into a single category (e.g., adversity; Gustafsson et al., 2010). Both
approaches limit our understanding of how different types of stress influence the HPA-axis.
Neglect, physical abuse, and natural disaster may demand different physiological responses
to promote learning and survival (Miller et al., 2007). Repeated exposure to any one of these
categories could result in divergent processes (e.g., inhibiting emotional responses vs.
responding quickly to a physical threat), reflecting different patterns of HPA-axis activation
over time, and whose output may influence the long-term regulation of the system.
Therefore, previous inconsistencies linking childhood trauma to the HPA-axis may reflect
the heterogeneity of effects by different types of trauma.

The HPA-axis indices most commonly examined among youth include cortisol awakening
response (CAR), diurnal regulation, and stress reactivity. These indices represent underlying
neuroendocrine processes that may have different biopsychosocial meaning (Tsigos and
Chrousos, 2002), but our understanding of how different types of trauma impact these
indices is limited. CAR refers to a surge in cortisol following awakening and is used
increasingly as a stress biomarker as it may reflect chronic, daily stress and affected
physiological systems (Fries et al., 2009). In adults, greater CAR is most consistently
associated with recent stress (Chida and Steptoe, 2009). Yet, surprisingly few studies have
examined the relationship between childhood trauma and CAR. One study found that 1—2
adverse childhood events predicted greater CAR compared with none (Gustafsson et al.,
2010), suggesting that any exposure may sensitize CAR. However, associations between
number of adversities and CAR are not consistently observed (Michels et al., 2012), while
singular experiences such as death of a caregiver have been linked to decreased CAR
(Meinlschmidt and Heim, 2005). Thus, the previous inconsistencies may be explained by the
type of childhood adversity examined which may be more critical to our understanding of
the impact of stress on CAR than number of adversities.

More studies have examined the association between childhood trauma and diurnal
regulation, but results have also been mixed. Cortisol follows a circadian pattern, with
highest concentrations in the morning and lowest at night. Decline in cortisol throughout the
day is a marker of the physiological capacity to maintain homeostasis (Tsigos and Chrousos,
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2002), and deviation from this pattern is a predictor of risk for poor health (e.g., Sephton et
al., 2000; Sjogren et al., 2006). Childhood maltreatment, inclusive of physical, sexual, and
emotional abuse has been linked to high cortisol during the day (Cicchetti and Rogosch,
2001), specifically in the afternoon (Bevans et al., 2008; Hart et al., 1996). Similarly,
children in foster care do not exhibit a decline in cortisol across the day (Linares et al.,
2008), while some groups of maltreated youth do not exhibit anomalies in diurnal cortisol
regulation at all (MacMillan et al., 2009; Ouellet-Morin et al., 2011). These conflicting
findings may suggest that comparing maltreated and non-maltreated youth, or using a
variable that collapses across multiple types of abuse and neglect does not inform our
understanding of HPA-axis function or development. Thus, the simultaneous examination of
trauma subtypes within the same sample may help us clarify how different types of
maltreatment are associated with diurnal cortisol regulation.

Similar inconsistencies emerge among investigations of acute HPA-axis responses to stress.
For example, greater cortisol reactivity to laboratory stress has been shown in school-aged
youth exposed to any traumatic events (Ivanov et al., 2011), marital violence (Saltzman et
al., 2005), and victims or witnesses of violence in the past year (Peckins et al., 2012). This is
not surprising given the abundance of animal research suggesting sensitization of the axis in
response to aversive events (Pryce et al., 2002) and that the presence of physical threat is a
robust activator of the HPA-axis (Miller et al., 2007). Compared with emotional abuse and
accidental trauma, physical abuse may be more likely to sensitize the axis to stressors.
However, youth exposed to maltreatment, such as chronic abuse and neglect, demonstrate
blunted reactivity to laboratory stress (MacMillan et al., 2009; Trickett et al., 2014).
Therefore frequent exposure to adversity during childhood may accumulate to dampen the
axis, although which types of stress drive this phenomenon are currently unknown. Here, we
aimed to identify the contribution of physical abuse, emotional abuse, and non-intentional
trauma to multiple indices of neuroendocrine functioning (CAR, diurnal regulation, acute
reactivity) hypothesizing that each trauma subtype would be associated with distinct
anomalies in neuroendocrine functioning such that physical abuse exposure may sensitize
the HPA-axis to acute stress, while emotional abuse and neglect may be associated with
impaired diurnal regulation of glucocorticoids.

2. Methods

2.1. Participants

Participants were 121 youth (51% male), ages 9—16 (Mage = 12.8; SDyge = 2.3) from a
study aimed to characterize the mechanisms that underlie adolescent anxiety and depression.
Participants were recruited from communities in and around Southeast Michigan via flyers,
referrals from clinicians and primary care providers, and advertisements on websites
targeting parents of adolescents who have concerns about their child's mental health.
Participants in this study were 70% Caucasian, 10% biracial, 6% African American, 3%
Latino, 2% Asian, 6% other, and 3% did not to respond. Participants were from educated
families, where maternal education for 76% of the participants was a Bachelor's degree or
higher, and 71% of youth lived in families with both biological parents. Families who were
interested in participating first completed a phone screen during which their eligibility for
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the study was determined. Participants were excluded from the larger study if parents
indicated that the child had a history of a pervasive developmental disorder, were currently
taking medications for asthma, were experiencing psychotic symptoms, or currently had any
significant medical conditions. All eligible participants and their parents provided signed
consent to participate in the study and all participants were compensated for their time.

2.2. Measures

2.2.1. Trauma exposure—Each child's parent completed the Early Trauma Inventory
(ETI) about their child as a paper and pencil questionnaire (Bremner et al., 2007). In this
inventory, the parent indicated whether their child had been exposed to 50 potentially
traumatic events, when these exposures occurred, and their durations. These potentially
traumatic events included four subtypes: non-intentional traumatic events such as witnessing
an accident or exposure to a natural disaster; physical abuse such as being hit to the point of
bruising or injury; sexual abuse such as being forced to engage in sexual acts; or emotional
abuse such as persistently being ridiculed or insulted by a caregiver. This inventory
produced a total score for each subtype of abuse that reflects the total number of abuse
events multiplied by the frequency or duration (in years) of each of those events. Each
subtype total score can be then summed to create a proxy for total trauma exposure that
represents not only quantity, but chronicity and duration of trauma exposure.

2.2.2. Clinical interview—TFollowing the completion of informed consent, each parent
and child separately completed a semi-structured diagnostic interview (ISCA-D; Sherrill and
Kovacs, 2000). These interviews were conducted by trained, advanced doctoral students
who were directly supervised by a licensed clinical psychologist. These interviews were then
scored by the clinician, reviewed by the licensed clinical supervisor, and discussed with a
team of clinicians according to best estimate practices (Leckman et al., 1982).

2.3. Procedures

2.3.1. Cortisol awakening response (CAR) and diurnal cortisol regulation—
During the week after completing the laboratory visit, each participant provided two
consecutive weekdays of home saliva samples to assess for diurnal HPA-axis functioning.
Samples were collected via passive drool using salivette tubes immediately after waking,
45min after waking, just before dinner, and immediately before bed. Participants were asked
to refrain from eating or drinking for 1 h before each saliva sample, store saliva samples in a
freezer until returning to the laboratory, and keep a log on the days of their home saliva
sampling including the time each sample was taken, sleep and wake times, and whether the
day included any significant stressors.

2.3.2. Acute stress reactivity—All visits began between 1:00pm and 4:00pm and
consisted of a 30-min baseline phase, a 5-min stress task, and a 60-min regulation/recovery
period for a total of 95min. Eight saliva samples were collected. Baseline phase. A 30-min
baseline phase was used to allow for the regulation of the stress response to any stressors
that occurred prior to arrival, including any stress associated with visiting a university
laboratory. Participants were encouraged to read or play with puzzles and blocks during this
phase and were discouraged from using their mobile phones. Stress task. The stress task
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used in this study was the Socially-Evaluated Cold Pressor Task, which was specifically
designed and validated for the activation of the HPA-axis in laboratory settings by
combining thermal stress and social evaluation (Schwabe et al., 2008). In this task,
participants immersed their non-dominant hand into a large bucket of ice water (33—39 °F)
for up to 3 min, and were instructed to look directly into a video-camera approximately 12-
in. from their face so that their “facial expressions could be recorded.” A research assistant
stared stoically and redirected participants' attention towards the camera if needed. If the
participant removed their hand before 10s passed, the research assistant (RA) asked the
participants to repeat the task until 30 s of immersion were reached. Regulation phase.
Immediately following the stress task, participants watched one of four 60-min National
Geographic documentaries, “Appalachian Trail”, “Ocean Drifters”, “The Ballad of the Irish
Horse”, or “Rainforest.” These videos were selected for their lack of significant emotionally
arousing content. Stress reactivity. Seven samples were collected via passive drool at 30 min
before the task (—30), immediately before the task (0) and at 25, 35, 45, 55, and 65 min after
the start of the task. Sixty seven percent of our participants exhibited at least a 10% increase
in cortisol from baseline to peak. These times were selected because they maximize our
ability to capture the cortisol peak in saliva, which are observed between 25 and 45 min
post-stress initiation (Dickerson and Kemeny, 2004; Lopez-Duran et al., 2014). Samples
were stored at —20 °C until assayed using an enzyme immunoassay kit (Salimetrics™). The
inter-assay and intra-assay coefficients of variability were 5% and 9%, respectively. The
sensitivity of the assay was .01 Ig/dl. All samples from the same child were assayed in the
same batch. Duplicates varying more than 15% were re-assayed. A total of 49 samples (.
02% of all study samples) had duplicate values varying more than 15%. These samples were
re-assayed in duplicate, and the mean cortisol value from the 2nd assay was used. For all but
3 of the 49 samples, the second assay resulted in less than 15% variation. For those 3
samples where variation between duplicate values was >15%, the mean cortisol value results
of the 2nd assay were used.

2.4. Data analysis

All data analyses were conducted in SPSS 20.0. Raw salivary cortisol values were
transformed using the Box—Cox transformation to optimally address issues of skewness
and kurtosis (Miller and Plessow, 2013). In each model, we first tested the association
between sex and age on each index of HPA-axis functioning: cortisol awakening response
(CAR), diurnal regulation, and acute stress reactivity. If age or sex were predictors of
patterns of cortisol change even at trend levels (p < .10), the impact of age or sex on that
pattern of cortisol regulation or reactivity was included as a covari-ate in all further models.
We also examined whether there were significant associations between race/ethnicity, parent
marital status, maternal education, and presence of an externalizing disorder (such as ADHD
or ODD) and our indices of HPA-axis functioning. None of these were significantly
associated with differences in CAR (p > .63), AUCi (p > .25), or diurnal cortisol (p > .21).

To determine the unique association between subtypes of childhood trauma and adolescent
HPA-axis functioning, we conducted separate analyses for CAR, diurnal cortisol regulation,
and acute stress reactivity. For the CAR analyses, we measured CAR magnitude across both
days of collection using the regressor method (Vickers and Altman, 2001). Thus, we
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conducted adjusted and unadjusted mixed linear regression models predicting the 45 min
post awakening sample from the awakening samples and other factors (e.g., trauma
subtypes). In the diurnal cortisol regulation analyses, we conducted unadjusted and adjusted
growth curve models using linear mixed modeling predicting waking cortisol (intercept) and
slope of diurnal cortisol regulation to dinner and bedtime from each trauma subtype. For all
models, each subtype of trauma exposure was log transformed and centered at the mean. All
models included random intercept and slopes.

To determine the association between childhood trauma subtypes and acute stress reactivity,
we used a modified version of Growth Curve Analysis using landmark registration (Lopez-
Duran et al., 2014), where we modeled slope of cortisol activation to the stress task, peak
cortisol (intercept), and the slope of recovery from the stress task simultaneously. Landmark
registration is a process of identifying each individual's peak in the stress reactivity curve
and anchoring each individual's reactivity curve to this peak (Ramsay and Li, 1998), thus
controlling for individual differences in peak time in response to the stress task. The mode
(35%) peak cortisol was reached 45 min after the onset of our stress task. Within these stress
reactivity analyses, we modeled each trauma subtype individually, and then all three trauma
subtypes simultaneously. For each mixed model, we used an unstructured covariance matrix
to allow for variation in the correlation between cortisol at different samples, accounted for
the impact of baseline cortisol on stress reactivity, and the random effects for every model
were the intercept and the linear slope of that specific model.

3.1. Childhood trauma exposure and adolescent HPA-axis functioning

Per parent report, 85% of youth in our sample were exposed to at least one traumatic event
where 71% reported at least one non-intentional trauma, 48% reported at least one incident
of physical abuse, 31% reported at least one emotional abuse experience, and 6% of our
sample reported at least one sexual abuse experience. Among the participants exposed to
non-intentional trauma, the most frequently endorsed non-intentional traumatic events were:
serious personal injury or illness (25%), family mental illness (24%), separation or divorce
of parents (20%), death of a friend (18%), and witnessing violence (14%). See Table 1 for
descriptive information correlations between study variables. There were no sex differences
in exposure to physical abuse, F(1, 110) = 1.81, p = 18, emotional abuse, F(1,112) = .15, p =
69, or non-intentional trauma, F(1, 100) = .35, p = 35.

3.2. Trauma exposure and cortisol awakening response

We examined whether frequency or duration of trauma subtypes were associated with CAR
using unadjusted and adjusted models where abuse subtypes were included as predictors of
cortisol 45 min after awakening while controlling for awakening levels. Age and sex were
not significant predictors of awakening response (p > .10). Therefore age and sex were not
included in any of the subsequent models predicting CAR. In unadjusted models, physical
and emotional abuse were not associated with the CAR, p = .23 and p = .09, while non-
intentional trauma was associated with a greater CAR, b = .20, t(91) = 2.24, p =.02.
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However, in an adjusted model accounting for all three types of trauma simultaneously, the
effect of non-intentional trauma exposure was not significant, b = .16, t(90) = 1.57, p = .12.

3.2.1. Trauma exposure and diurnal cortisol regulation—We first examined
unconditional linear and quadratic growth models of diurnal cortisol using waking cortisol
as the intercept. The quadratic model was the best fit to the data (linear model AIC = 310.8
vs. quadratic model AIC = 309.7). There was a linear decrease in cortisol over time, Time b
=-.068, t(122.1) = -5.57, p < .001, but this decrease decelerated later in the day, Time2 b
=.001, t(102.5) = 1.77, p = .08, suggesting that the decline in cortisol throughout the day
became less pronounced between dinner and bedtime. Sex did not impact cortisol at
wakening or the linear decline of diurnal cortisol. However, males showed less deceleration
of the diurnal decline later in the day (between dinner and bedtime) than females, Sex x
Time2 b = -.003, t(97.5) = —2.09, p = .04. Age was not associated with waking cortisol
(intercept) or cortisol trajectory throughout the day. Therefore, in all further diurnal cortisol
models, we included the effects of sex on the intercept and slopes of diurnal cortisol as
covariates.

Table 2 presents the results of the unadjusted models of trauma subtypes predicting diurnal
cortisol. Physical and emotional abuse did not impact cortisol upon waking (intercept) or the
diurnal trajectory. In contrast, non-intentional trauma exposure was associated with a steeper
linear decline during the day, Non-Intentional x Time b = -.037, t (103.3) = -2.36, p = 02,
and a greater deceleration between dinner and bedtime, Non-Intentional x Time2 b = .002,
t(88.0) = 2.16, p = 03, leading to greater cortisol at bedtime among those exposed to non-
intentional trauma (See Fig. 1).

In fully adjusted models, we found no associations between physical or emotional abuse on
waking cortisol or cortisol trajectories over time, while non-intentional trauma exposure
continued to impact the linear decline, Non-Intentional x Time b = -.044, 1(102.3) = -2.49,
p = .015, and later deceleration over time, Non-Intentional x Time2 b = .002, t(87.2) = 2.19,
p=.03.

3.3. Trauma exposure and acute stress reactivity

We first examined cortisol trajectories without predictors from the start of the task towards
and away from the peak (intercept). A model with quadratic slopes of activation and
recovery was the best fit to the data (linear model AIC = -343.9 vs. quadratic model AIC =
—399.4). Cortisol values increased linearly toward the peak, Time b = .007, t(405.1) = 5.97,
p <.001, and this increase accelerated over time, Time2 b = .0002, t(411.2) = 6.82, p < .001.
Cortisol values decreased linearly away from the peak, Time b = -.013, t(480.5) = -9.63, p
<.001, and this decrease decelerated overtime, Time2 b = .0002, t(463.8) =5.27, p <.
001.We then conducted conditional unadjusted models for age and sex. Age and sex were
not associated with peak cortisol or slopes of activation and recovery, and thus were not
included in subsequent models.

In unadjusted models, more physical abuse was related to greater acceleration as individuals
approached their peaks, PA x Time2 b = .0001, t(439.5) = 2.41, p = .02, but physical abuse
was not related to peak cortisol, PA b =.024, t(123.3) = .66, p = .51. Physical abuse
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exposure was also not associated with differences in the linear or quadratic decline of
cortisol away from peak, PA x Time b = .002, t(462.5) = 1.36, p = .18 and PA x Time? b = .
0001, t(469.9) = -1.49, p = .14. This suggests that PA was associated with a more intense
activation but it did not impact peak levels or recovery slopes. Emotional abuse was not
related to differences in the peak response to the task, EA b = -.006, t(121.8) = -.21,p =.
84, or changes in cortisol approaching those peaks, EA x Time b = -.001, t(355.9) = -.40, p
= .69 and EA x Time? b = -.00001, t(443.6) = —.30, p = .77. However, emotional abuse was
related to less deceleration of cortisol over time during the post-peak recovery, EA x Time?2
b =-.0001, t(470.7) = —-2.18, p = .03. This suggests that EA was associated with a longer
time to recovery. Non-intentional trauma was not related to linear, Non-Intentional x Time b
=-.001, t(337.4) = -.50, p = .62, or quadratic slope of cortisol increase to peak, Non-
Intentional x Time2 b = .00001, t(407.7) = .33, p = .74, peak values, Non-Intentional b = -.
032, t(110.8) = -.94, p = .35, or differences in the decline in cortisol from peak, Non-
Intentional x Time b =.001, t(412.6) = .57, p = .57 or Non-Intentional x Time? b = -.00001,
t(414.9) = -.14, p = .89, respectively.

Table 3 presents the results of the adjusted model of the HPA-axis response to acute
stressors. Consistent with the unadjusted models, higher reported physical abuse continued
to be associated with steeper acceleration of cortisol toward peak after accounting for
exposure to emotional abuse and non-intentional trauma. Likewise, more emotional abuse
exposure continued to be associated with less deceleration of cortisol during the recovery
phase, again suggesting that youth exposed to more emotional abuse in this sample exhibited
elevated cortisol longer than their peers (See Fig. 2).

4. Discussion

In this study, we characterized the association between different types of childhood trauma
exposure and HPA-axis functioning. More non-intentional trauma exposure was associated
with greater CAR, however not when controlling for exposure to physical and emotional
abuse. Youth with reported exposure to more non-intentional trauma throughout their
childhood demonstrated a steeper decline in cortisol from morning to evening, and higher
cortisol at bedtime compared to youth with less exposure to non-intentional trauma.
Furthermore, more physical abuse was associated with a more accelerated HPA-axis
activation to our stress task. Additionally, more emotional abuse was associated with a less
intense post-peak recovery leading to higher cortisol during the recovery period. Overall,
our findings suggest that different subtypes of childhood trauma exposure are associated
with distinct anomalies in HPA-axis functioning, which are not better accounted for by age,
sex, or depression. These findings may explain previous inconsistencies in findings linking
trauma and HPA-axis in childhood and can provide insight into the mechanisms by which
trauma may modulate long term changes in HPA-axis functioning.

Exposure to physical and emotional abuse were not associated with CAR in this sample,
while non-intentional traumatic events were associated with higher CAR, although only
when not accounting for other forms of childhood trauma. This suggests that high reported
exposure to stress during childhood may not be associated with factors that underlie CAR
variability among adolescents. In the past, high reported exposure to physical abuse and
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neglect has been related to blunted CAR among 12—13 year old post-institutionalized
youth, but only for those who were in the pre- or early stages of puberty compared with
youth in the mid- to late stages (Quevedo et al., 2012). Additionally, parentally bereaved
children (aged 7—12) exhibited blunted CAR if they were also experiencing symptoms of
depression or anxiety (Kaplow et al., 2013). The lack of association between childhood
trauma subtypes and CAR may have been due to the older age of our sample compared with
previous studies, or the lower incidence of psychopathology, however we observed no
associations in this sample between age or psychopathology and CAR. Given that our
sample endorsed mostly very distal events (mean age = 4.22 years, SD = 3.4), it is also
possible that elevated CAR is more closely related to recent or ongoing stress as is the case
among adults samples (Chida and Steptoe, 2009), rather than distal stress.

We found that reported exposure to more non-intentional traumatic events was associated
with anomalies in diurnal regulation of cortisol, while physical and emotional abuse were
not. Specifically, youth with high reported exposure to non-intentional traumatic events
demonstrated a steeper decline in cortisol from morning to evening but elevated cortisol at
bedtime. The presence of elevated cortisol at night may indicate chronic anticipatory anxiety
that accompanies living in an unpredictable environment, similar to those with community
violence or insufficient caregiving. This is in contrast to unsafe environments that are
predictable, such as those marked with repeated physical abuse potentially resulting in
different physiological responses. In the absence of other indicators of diurnal dysregulation,
cortisol elevation at bedtime among youth exposed to more non-intentional traumatic events
may indicate increased stress associated with separation from parents, fear of the dark at
bedtime, or difficulties falling or staying asleep, which may be a consequence of chronic
sleep problems (e.g., insomnia; VVgontzas et al., 2001), secondary to living under conditions
of unpredictable stress. Exposure to unpredictable non-intentional traumatic stress during
childhood may also result in physiological alterations to the circadian regulation of the
HPA-axis that lead to impaired down-regulation of cortisol at the end of the day (see
Buckley and Schatzberg, 2005 for a review).

In the reactivity task, more exposure to physical abuse was associated with a steeper
activation slope, which is consistent with previous studies showing that childhood exposure
to violence is associated with hyperreactivity to acute stress (Ivanov et al., 2011; Peckins et
al., 2012; Saltzman et al., 2005), and extends these findings to adolescents. Furthermore,
physical abuse was not associated with peak cortisol, suggesting that physical abuse does
not impact regulatory processes associated with the deactivation of the response and the
recovery after peak. Specifically, the rapid activation of the HPA-axis likely also resulted in
a more rapid activation of regulatory systems (as expected in an intact system; see Lopez-
Duran et al., 2014), preventing youth exposed to physical abuse from reaching greater peaks
than their peers. Thus the impact of physical abuse appears to be specific to excitatory
processes. Although our data do not speak to the mechanisms, at least two potential
processes merit further study. Exposure to repeated physical abuse may facilitate enhanced
cognitive processing of threat in the environment (Gaab et al., 2005), thus enabling the
HPA-axis to respond more rapidly in the presence of stress. Alternatively, repeated
activation of the HPA-axis during physical abuse may lead to sensitization or priming of the
axis (e.g., greater pituitary sensitivity to CRH, or adrenal sensitivity to ACTH), resulting in
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faster secretion of cortisol early in the stress response. For example, in an animal model of
stress sensitivity, exposure to a single inescapable stressor sensitized the glucocorticoid
response to stress for up to 10 days (Johnson et al., 2002).

We also found that emotional abuse was associated with a slower decline in cortisol
following peak responses to acute stress. That is, emotional abuse was uniquely associated
with less efficient recovery of the HPA-axis after stress. Given that emotional abuse is
unlikely to occur in the absence of other forms of trauma, very few studies have focused on
the association between emotional abuse and HPA-axis functioning while controlling for
other types of abuse. Adults reporting exposure to emotional abuse during childhood
demonstrate a blunted response to the DST/CRH test (Carpenter et al., 2009), which is
inconsistent with our present findings. However, Carpenter etal. (2009) suggested that this
finding may become apparent with older age as the interpersonal difficulties perpetuated by
being emotionally abused contribute to more subsequent interpersonal stress across the
lifespan. However, impaired down-regulation of the HPA-axis response to acute stress has
been previously shown in children exposed to low maternal warmth (Kuhlman et al., 2014).
Maternal care behaviors in rodents are related to increased density of glucocorticoid
receptors (GRs) in the brain which facilitate down-regulation of the stress response, while
maternal separation leads to lower GR density (Meaney, 2001). Similarly, maternal
depression during pregnancy is associated with variability in the methylation of GR genes
and hypersecretion of cortisol during infancy (Oberlander et al., 2008). This may lead to
impaired HPA-axis regulatory processes. Taken together, emotional abuse, compared with
physical abuse and non-intentional trauma, may represent HPA-axis functioning in the
absence of maternal warmth. It is possible that emotional abuse has an impact on GR-
mediated regulatory processes resulting in a less efficient regulatory system, which can
prolong the exposure to higher levels of cortisol during recovery.

Finally, previous studies linking childhood trauma and HPA-axis have varied significantly
in critical methodological factors that may contribute to past inconsistencies, ranging from
the assessment of adversity, to the inclusion/exclusion of participants with psychiatric
diagnoses. For example, among the studies examining childhood trauma and CAR, two of
the three studies used measures of childhood life stress that were limited to socioeconomic
adversity or exposure to unpredictable, non-intentional trauma (Gustafsson et al., 2010;
Michels et al., 2012), while the other only examined loss of a caregiver (Meinlschmidt and
Heim, 2005). Furthermore, the study by Michels et al. (2012) only included events occurring
within the past year. Therefore, no study of CAR to date accounted for domains of
maltreatment, such as abuse, likely obscuring clarity in their findings. Similarly, among
studies aimed at clarifying the role of maltreatment in HPA-axis development,
inconsistencies in the literature may be accounted for by the recruitment procedure. Early
investigations of diurnal cortisol in maltreated youth have relied upon dichotomous
categorization of maltreated and non-maltreated youth conducted with post-institutionalized
youth (Kertes etal., 2008), foster children (Linares et al., 2008), and children participating in
day camps for disadvantaged youth (Cicchetti and Rogosch, 2001), who may all
systematically differ in type and distribution of trauma exposure in childhood. Finally, the
presence of psychopathology has likely been a source of considerable variability. For
example, several studies have shown that psychopathology moderates the association
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between trauma exposure and HPA-axis dysregulation (Harkness et al., 2011; Hart et al.,
1996), while many studies to date have excluded youth from studies for the presence of
psychopathology (e.g., Ivanov et al., 2011) or did not account for symptoms in their models
of HPA-axis functioning (e.g., Saltzman et al., 2005). Therefore, the present study addresses
these past limitations by assessing child trauma exposure in multiple domains, used trauma
exposure as a continuous predictor, and recruited a community sample with a wide range in
age, while accounting for the presence of psychopathology.

4.1. Limitations

The contribution of these findings should be considered within the context of several
strengths and limitations. First, this study is cross-sectional and no causality can be inferred.
Our theoretical model implies that exposure to childhood trauma influences later HPA-axis
functioning, however it is also possible that individual differences in physiological stress
reactivity may play a role in the generation of stressful experiences from the environment.
We did not collect data on pubertal status which has been identified as a critical contributor
to HPA-axis functioning (Gunnar et al., 2009; Hankin et al., 2010), specifically post-
pubertal female gonadal hormones are thought to regulate the HPA-axis (Kirschbaum et al.,
1999), and puberty may be a devel-opmentally critical period for the reprogramming of the
HPA-axis following early care experiences (Quevedo et al., 2012). For example, studies
conducted specifically to disentangle differences in diurnal cortisol regulation and pubertal
status have found divergence between males and females that increased after puberty (e.g.,
Netherton et al., 2004). We attempted to account for some of this variability by accounting
for age and sex in all of our models, however future efforts at replication of these findings
would benefit from directly assessing pubertal status among youth. Furthermore, we did not
examine the role that age of trauma onset may play in the association between childhood
trauma and HPA-axis functioning and acknowledge that there may be key developmental
factors involved that warrant further investigation. Childhood trauma exposure was provided
retrospectively by the parents of our participants. More than 80% of child abuse and neglect
is perpetrated by primary caregivers (Sedlak et al., 2010), therefore rates of abuse and
neglect may be under-reported here. However, reports of abuse and trauma exposure in our
sample did not differ from nationally representative studies (Flaherty et al., 2009). No
objective methods were used to assess the integrity of the timing of diurnal cortisol samples
beyond self-report. Therefore, it is possible that HPA-axis indices such as the CAR which
are highly sensitive to timing in relation to waking are not accurate reflections of the CAR.
Replication of these diurnal findings should be conducted using objective measures of
insuring the validity of these data. The SE-CPT was selected for this study to confine the
psychosocial stressor to fewer than 5min. This confers advantages for interpreting the timing
of HPA-axis activation based on slopes to and from peak cortisol. However, this is the first
study to our knowledge to use the SE-CPT in a youth sample, where most existing studies
have used the TSST-C (Buske-Kirschbaum et al., 1997), and it will be important to replicate
these findings using other tasks. Our response rate to this task (67%) was comparable to that
of the original validation of the task in adults (70%; Schwabe et al., 2008) and similar to
those obtained in adults and children with the TSST-C (60—70%; Foley and Kirschbaum,
2010; Gunnar etal., 2009), therefore our studies suggests that the SE-CPT may be a viable,
short, and cost effective option for acute HPA-axis research in adolescents in the future.
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Finally, this study was composed of mostly Caucasian participants, with in-tact families and
educated parents which was consistent with the composition of the local community.
Therefore, future investigations should be conducted to test these associations in other
geographic locations with more diversity.

4.2. Conclusions

To date, this is the first study to characterize the profiles of neuroendocrine functioning
associated with the duration and frequency of different types of childhood trauma exposure.
Specifically, repeated exposure to physical abuse may influence the sensitivity of HPA-axis
activation to stress in the environment, chronic emotional abuse may impair the recovery of
that acute stress response, and cumulative unpredictable stress may disrupt regulatory ability
around specific, daily stressors such as bedtime or may impact mechanisms responsible for
circadian regulation. Previous investigations of the HPA-axis dysregulation associated with
childhood trauma exposure have been limited by two methodological factors: examination
of only one index of HPA-axis functioning and not examining childhood stress by subtype.
Our findings have several important implications. First, we found consistent associations
between subtypes of abuse and HPA-axis functioning in our unadjusted models as well as
when accounting for exposure to other forms of trauma. This is further evidence that
different subtypes of trauma have unique associations with HPA-axis functioning and that
stress during childhood is a heterogeneous construct. Methodologically, the findings of this
study emphasize the importance of assessing multiple indices of HPA-axis functioning
according to the recommendations described in Clements (2012). Additionally, many
previous studies examining the relationship between childhood trauma and HPA-axis
dysregulation have collapsed across several forms of childhood stress (e.g., maltreatment).
Our findings emphasize the importance of assessing multiple forms of childhood trauma in
future studies in order to differentiate which childhood trauma experiences play a role in
specific profiles of HPA-axis functioning that may have implications for health. As more
clarity on the HPA-axis dysregulation that develops as a function of childhood trauma
exposure emerges, more nuanced considerations can be made regarding other potential
moderators, such as age of onset and psychopathology. For example, age of trauma exposure
has been associated with structural and functional differences in the central nervous system
(Andersen and Teicher, 2008), suggesting that age of onset will be an important
consideration to make in future studies on the association between childhood trauma
exposure and HPA-axis functioning.
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Diurnal cortisol regulation comparing youth with high and low exposure to non-intentional

trauma during childhood.
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Adjusted growth curve model for HPA-axis activation to and recovery from to peak cortisol

by childhood abuse exposure.
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Estimates of fixed effects for adjusted growth curve models of acute HPA-axis reactivity predicted by

Table 3

childhood trauma exposure by subtypes.

Acute stress reactivity adjusted model (AIC = -549.7)

B t
Intercept -41 -7.60""
Baseline .78 28.42™*
Minutes to peak .007 535"
Minutes to peak? .0001 6.18""
Minutes from peak -.013 -9.08™*
Minutes from peak? .0002 558"
Physical abuse minutes to Peak .005 231"
Physical abuse x minutes to peak? .0001 3.08™
Physical abuse .044 1.01
Physical abuse minutes from Peak .0004 .18
Physical abuse x minutes from peak? .00002 -.29
Emotional abuse x minutes to peak -.0004 -.23
Emotional abuse x minutes to peak? .00001 -.53
Emotional abuse .016 42
Emotional abuse x minutes from peak .002 1.24
Emotional abuse x minutes from peak? -.0001 —2.24%
Non-intentional trauma x minutes to peak -.002 -1.24
Non-intentional trauma x minutes to peak? -.00003 -.90
Non-intentional Trauma -.051 -1.30
Non-intentional trauma minutes from peak .0001 .05
Non-intentional trauma x minutes from peak? .00005 .94

*
p <.05.

F%k

p<.01.
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