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Alterations in physiological reactivity to stress are argued to be central mechanisms linking adverse child-
hood environmental experiences to internalizing and externalizing psychopathology. Childhood trauma
exposure may influence physiological reactivity to stress in distinct ways from other forms of childhood
adversity. This study applied a novel theoretical model to investigate the impact of childhood trauma
on cardiovascular stress reactivity - the biopsychosocial model of challenge and threat. This model sug-
gests that inefficient cardiovascular responses to stress — a threat as opposed to challenge profile - are
characterized by blunted cardiac output (CO) reactivity and increased vascular resistance. We exam-
ined whether childhood trauma exposure predicted an indicator of the threat profile of cardiovascular
reactivity and whether such a pattern was associated with adolescent psychopathology in a population-
representative sample of 488 adolescents (M = 16.17 years old, 49.2% boys) in the TRacking Adolescents’
Individual Lives Survey (TRAILS). Exposure to trauma was associated with both internalizing and exter-
nalizing symptoms and a pattern of cardiovascular reactivity consistent with the threat profile, including
blunted CO reactivity during a social stress task. Blunted CO reactivity, in turn, was positively associated
with externalizing, but not internalizing symptoms and mediated the link between trauma and exter-
nalizing psychopathology. None of these associations varied by gender. The biopsychosocial model of
challenge and threat provides a novel theoretical framework for understanding disruptions in physio-
logical reactivity to stress following childhood trauma exposure, revealing a potential pathway linking
such exposure with externalizing problems in adolescents.
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1. Introduction

Patterns of physiological reactivity to stress have frequently
been shown to be disrupted following exposure to adverse child-
hood environments (Ellis, Essex, & Boyce, 2005; Gunnar, Morison,
Chisholm, & Schuder, 2001; Gunnar, Sebanc, Tout, Donzella, & van
Dulmen, 2003). These disruptions in stress response system func-
tioning have been proposed as a predominant mechanism linking
experiences of childhood adversity to risk for psychopathology
(Ellis & Boyce, 2008; Tarullo & Gunnar, 2006). This work has led to
the development of several influential theories regarding the role
of adverse early environments in shaping the development of stress
response systems and, ultimately, risk for psychopathology (Boyce
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& Ellis, 2005; Del Giudice, Ellis, & Shirtcliff, 2011; Ellis & Boyce,
2008; Tarullo & Gunnar, 2006). However, a central limitation in
prior work on early adversity and stress reactivity has been a fail-
ure to distinguish between distinct forms of childhood adversity.
Although support for existing theoretical models has been found in
studies of children exposed to chronic stressors (e.g., family conflict,
low socio-economic status) (Ellis et al., 2005; Evans & Kim, 2007;
Gunnar, Frenn, Wewerka, & Van Ryzin, 2009), the predictions of
these models are not consistent with patterns of stress reactivity
observed in children exposed to traumatic events (e.g. child abuse,
domestic violence), which we define as the unexpected experi-
ence of actual or threatened death, injury, sexual violation, or other
harm to one’s physical integrity, consistent with the Diagnostic
and Statistical Manual of Mental Disorders (American Psychiatric
Association, 2013). In the current paper we examine an alterna-
tive model - the biopsychosocial model of challenge and threat —
for explaining patterns of physiological reactivity to stress among
adolescents exposed to a diverse range of traumatic events.
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The prevailing model of the development of individual differ-
ences in stress reactivity — the biological sensitivity to context
theory (Boyce & Ellis, 2005; Ellis et al., 2005) - posits that many
children exposed to either high levels of stress or to very protected
environments develop sensitivity to these environments character-
ized by heightened sympathetic nervous system (SNS) reactivity.
This heightened SNS response is argued to be developmentally
adaptive in that heightened reactivity may prepare children to be
hyper-vigilant in dangerous environments, as well as to be most
receptive to the benefits of adaptive environments (Ellis et al.,
2005). Evidence from samples of children exposed to chronic family
stressors (e.g., marital conflict, poverty, and parental mental ill-
ness) have generally supported this theory (Blair, Granger, & Razza,
2005; Ellis et al., 2005; Evans & Kim, 2007; Feldman et al., 2009;
Obradovic, Bush, Stamperdahl, Adler, & Boyce, 2010). However the
predictions of biological sensitivity to context theory are incon-
sistent with a growing body of evidence that children exposed to
traumatic stressors display a physiological stress response pattern
characterized by blunted, not heightened, sympathetic nervous
system reactivity (Cooley-Quille, Boyd, Frantz, & Walsh, 2001;
Gump, Reihman, Stewart, Lonky, & Darvill, 2005; McLaughlin,
Sheridan, Alves, & Mendes, 2014; Oosterman, De Schipper, Fisher,
Dozier, & Schuengel, 2010).

The biological sensitivity to context theory has recently been
extended to account for a more diverse range of physiological
responses to stress in children exposed to adversity. The adap-
tive calibration model predicts that distinct stress-response profiles
will emerge depending on the quality of early life experiences (Del
Giudice, Benjamin, Ellis, & EI-Sheikh, 2012; Del Giudice et al.,2011).
Of these, the profile most relevant to this study posits that chil-
dren reared in dangerous and unpredictable environments will
develop stress reactivity patterns and their behavioral correlates
that vary by gender, due to differences in stress response profiles
that have evolved to enhance reproductive selection in severe envi-
ronments. In particular, the adaptive calibration model argues that
males will exhibit a pattern of blunted physiological reactivity and
females will display heightened physiological reactivity following
childhood exposure to traumatic stress. This theory is supported
by several studies that have found that stress reactivity interacts
with gender to predict psychopathology among children exposed
to non-traumatic stressors such as marital conflict and harsh par-
enting (El-Sheikh, Keller, & Erath, 2007; Erath, El-Sheikh, & Mark
Cummings, 2009). However, previous studies of children exposed
to traumatic stress have not observed sex differences in patterns
of physiological reactivity (Cooley-Quille et al., 2001; Gump et al.,
2005; McLaughlin et al., 2014; Oosterman et al., 2010 Oosterman
etal.,, 2010).

Both the biological sensitivity to context and adaptive cali-
bration models predict cardiovascular reactivity profiles among
children exposed to adversity (e.g. heightened reactivity, or reactiv-
ity that differs by gender) that have not been supported by research
on youth exposed specifically to trauma. In the current study
we apply an alternative theoretical model to better characterize
physiological reactivity patterns in adolescents exposed to trau-
matic stress: the biopsychosocial model of challenge and threat.
This model differentiates between adaptive and maladaptive pat-
terns of response to acute stressors based on specific patterns
of cardiovascular reactivity (Mendes, Blascovich, Major, & Seery,
2001; Mendes, Major, McCoy, & Blascovich, 2008). According to
the theory (Blascovich, Mendes, Hunter, Lickel, & Kowai-Bell, 2001;
Blascovich & Tomaka, 1996), appraisals that one’s resources exceed
situational demands are accompanied by an adaptive “challenge”
response, in which increases in SNS activation are accompanied
by increases in cardiac output (CO) and arterial vasodilation that
facilitates the delivery of oxygen, glucose, and other nutrients to
the brain and peripheral tissues. In contrast, appraisals that the

demands of the situation exceed one’s own resources to cope are
paired with a maladaptive “threat” response consisting of SNS acti-
vation - although typically less SNS response than in challenge
states (Mendes et al., 2008) — accompanied by static or blunted
increases in CO and increased vascular resistance. This latter style of
physiological responding has been associated with poor cognitive,
affective, and behavioral responses to laboratory stressors, in both
males and females (Drach-Zahavy & Erez, 2002; Jamieson, Nock, &
Mendes, 2012; Tomaka, Blascovich, Kelsey, & Leitten, 1993).

We recently examined the utility of the biopsychosocial theory
in characterizing patterns of cardiovascular reactivity in a sample
of adolescents exposed to trauma related to physical and sex-
ual abuse. Exposure to child maltreatment was associated with a
pattern of cardiovascular reactivity consistent with threat; specif-
ically, both male and female maltreated adolescents experienced
similar, although slightly reduced, increases in SNS activation as
those with no maltreatment history to a social-evaluative stres-
sor but exhibited significantly blunted increases in CO and greater
increases in peripheral vascular resistance (McLaughlin et al.,
2014). This study provides preliminary evidence for the utility of
the biopsychosocial model as a tool for differentiating adaptive
and maladaptive patterns of physiological reactivity following trau-
matic stress; however, it represents the only existing test of the
theory in youths exposed to trauma and was focused on a sample
of youths exposed to physical and sexual abuse, a severe trau-
matic stressor. Given the high prevalence of exposure to trauma
in adolescents (McLaughlin et al., 2013), we examined whether the
biopsychosocial model explained patterns of cardiovascular reac-
tivity in adolescents exposed to a wider range of more commonly
occurring traumatic events. Specifically, we examined whether
trauma exposure was associated with an indicator of the pattern
of cardiovascular reactivity consistent with threat using data from
a large population-based sample of adolescents with exposure to
a wide range of traumatic events including natural disasters, acci-
dents, inter-parental violence, and other forms of victimization.

In addition, we examined whether an indicator of the threat
pattern of cardiovascular reactivity was associated with adoles-
cent internalizing and externalizing psychopathology. Consistent
evidence suggests that patterns of cardiovascular responding are
associated with internalizing and externalizing psychopathology
in youth (Beauchaine, Gatzke-Kopp, & Mead, 2007; Boyce, 2001;
Crowell et al., 2006; EI-Sheikh, 2005; Fowles, Kochanska, & Murray,
2000; Graziano & Derefinko, 2013; Shannon, Beauchaine, Brenner,
Neuhaus, & Gatzke-Kopp, 2007; Weems, Zakem, Costa, Cannon, &
Watts, 2005). Children and adolescents who report higher levels of
internalizing problems, including symptoms of anxiety and depres-
sion, exhibit a distinctive pattern of heightened SNS and blunted
parasympathetic nervous system (PNS) response to stress (Boyce,
2001; El-Sheikh, 2005; Fowles et al., 2000; Graziano & Derefinko,
2013; Obradovi¢, Bush, & Boyce, 2011; Shannon et al.,2007; Weems
et al.,, 2005). In contrast, a growing body of literature has identified
blunted SNS reactivity — indicated by smaller reduction in the pre-
ejection period (PEP) interval during a challenge task as compared
to baseline — as a neurobiological marker of child and adoles-
cent externalizing psychopathology including disruptive behavior
disorders, conduct disorder, and attention deficit hyperactivity dis-
order (Beauchaine et al., 2007; Boyce, 2001; Crowell et al., 2006;
Shannon et al., 2007). Interestingly, the same physiological pattern
of blunted SNS responding has been identified in children and ado-
lescents exposed to trauma (Cooley-Quille et al., 2001; Gump et al.,
2005; Oosterman et al., 2010), suggesting that blunted SNS might
be a mechanism linking trauma exposure with externalizing psy-
chopathology. Indeed, in the one previous study examining trauma
and CO reactivity in adolescents, blunted CO reactivity to a social
stressor was associated with elevated symptoms of externalizing
psychopathology (McLaughlin et al., 2014).
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The present study examined whether exposure to traumatic
stress in childhood is associated with blunted SNS and CO reactivity
to stress using data from a large, population-representative cohort
of adolescents from the Dutch TRacking Adolescents’ Individual
Lives Survey (TRAILS). We did not examine increased vascular resis-
tance as a second indicator of the “threat” profile because it was
not recorded during the task of interest in our study. Although the
threat and challenge profiles are defined using measures of both
cardiac output and vascular resistance, either measure can be con-
ceptualized as an indicator of cardiovascular efficiency and used to
distinguish the threat from the challenge profile (Blascovich, Seery,
Mugridge, Norris, & Weisbuch, 2004; Mendes et al., 2008). Given
growing evidence that slower cardiovascular recovery to baseline
is associated with social stressors perceived as uncontrollable and
may be an additional cardiac marker of a threat response (e.g.,
Dickerson & Kemeny, 2004), we also conducted an exploratory
analysis examining the associations of CO recovery following stress
with trauma exposure and with symptoms of psychopathology.
We examined three hypotheses: (a) greater exposure to traumatic
experiences would be associated with blunted SNS reactivity -
measured using PEP reactivity - to a social evaluative stressor;
(b) greater exposure to trauma would be associated with blunted
CO reactivity and slower recovery characteristic of the “threat”
response predicted by biopsychosocial theory; (c) that blunted
CO reactivity and recovery would be associated with elevated
symptoms of externalizing psychopathology among adolescents.
Given sex differences in physiological reactivity during adolescence
(Gunnar et al., 2009; Stroud et al., 2009) and the hypothesized
sex differences in physiological reactivity among youths with trau-
matic stress exposure predicted by the adaptive calibration model,
we tested whether these associations varied by gender. Finally, we
examined whether blunted CO reactivity mediated the association
between trauma and externalizing symptoms in a supplementary
analysis.

2. Methods
2.1. Participants

Data were collected in a focus sample of TRAILS, a large prospec-
tive population study of Dutch adolescents with bi-or triennial
measurements from age 11 years into adulthood. For a detailed
description of this sample and how it was recruited please see
Huisman et al. (2008). The first four assessment waves ran from
March 2001 to July 2002 (T1), September 2003 to December 2004
(T2), September 2005 to December 2007 (T3), and October 2008
to September 2010 (T4). During T1, 2230 children were enrolled in
the study (response rate 76.0%, de Winter et al., 2005), of whom
1816 (81.4% of the initial sample) participated in T3 and 1881
(84.3% of the initial sample) participated in T4. During T3, 744
adolescents were invited to perform a series of laboratory tasks
(hereafter referred to as the experimental session) on top of the
usual assessments, of whom 715 (96.1%) agreed to do so. The costly
and labor-intensive nature of the laboratory tasks precluded assess-
ing the whole sample.

Adolescents with an increased risk of mental health problems
had a greater chance of being selected for the experimental session.
Increased risk was defined based on temperament (high frustration
and fearfulness, low effortful control), parental psychopathology
(depression, anxiety, addiction, psychoses, or antisocial behav-
ior), and environmental risk (living in a single-parent family)
(Bouma, Riese, Ormel, Verhulst, & Oldehinkel, 2009). In total, 66.2%
of the focus sample were randomly selected from the high-risk
TRAILS participants and had at least one risk factor; the remaining
33.8% were randomly selected from the low-risk TRAILS partici-

pants. Exclusion criteria for selection included physical conditions
that prohibit participation in the laboratory session and distance
(>100km from the laboratory). Although adolescents at elevated
risk for psychopathology were oversampled, the sample included
the total range of mental health problems present in a community
population of adolescents, only in a different distribution. Almost
all participants selected (n=715,96.1%) agreed to participate in the
experimental session.

Participants who contributed valid electrocardiogram (ECG) and
impedance cardiography (ICG) data were included in this study.
Equipment malfunctions or poor quality data resulted in loss of
cardiac autonomic nervous system data from 227 participants.
As stress responses may be influenced by pubertal status (e.g.
Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer, 1999),
only females who had reached menarche prior to the experimen-
tal session were included. The final analytic sample included 488
participants (mean age 16.17, SD=0.61, 49.2% boys). The ethnic
composition of the study was largely of Dutch heritage (91.6%,
n=447), with the remaining 8.4% reporting ethnic minority sta-
tus (n=41). All procedures were approved by the Dutch Central
Committee on Research Involving Human subjects (CCMO). Exper-
iments were carried out with adequate understanding and written
consent of all participants and one of their parents.

2.2. Procedure experimental session

During the experimental session, participants’ electrocardio-
gram (ECG) and impedance cardiogram (ICG) data were acquired
continuously while at rest and to a variety of challenging con-
ditions, including orthostatic stress (from supine to standing), a
spatial orienting task, a gambling task, a startle reflex task, and a
social stress test. The test assistants, 16 in total, received extensive
training in order to optimize standardization of the experimen-
tal session. The experimental sessions took place on weekdays, in
soundproof rooms with blinded windows at selected locations in
the towns where participants resided. The sessions lasted about
3h and 15 min, and started between 08:00 and 09:30 a.m. (morn-
ing sessions, 49%), or between 01:00 and 02:30 p.m. (afternoon
sessions, 51%). No differences were observed in cardiovascular
reactivity based on the time of the session. Participants were asked
to refrain from smoking and from using coffee, milk, chocolate, and
other sugar containing foods in the 2 h before the session. At the
start of the session, the test assistant explained the procedure and
administered a short checklist on current medication use, quality
of sleep, and physical activity in the last 24 h. Participants also filled
out a number of questionnaires at the start and end of the session.

Participants were attached to the equipment for cardiovascu-
lar registrations, then asked to relax until 35 min after the start
of the session. After this period of acclimation and rest, baseline
physiological data were collected for five minutes during which
participants were asked to sit quietly before completing the lab-
oratory tasks in the aforementioned order. Although finger blood
pressure data were acquired during the baseline, blood pressure
was not recorded during the social stress task (described below)
so that the participants could move their hands freely to express
themselves during the task. Every task was followed by a short
break. This social stress task was the last challenge of the exper-
imental session. Thereafter, participants were debriefed about the
experiment and could relax for about 35 min, after which cardio-
vascular measures were recorded once more for 5 min.

2.3. The Groningen social stress task (GSST)
The GSST (Bouma et al., 2009; Oldehinkel, Hartman, Nederhof,

Riese, & Ormel, 2011) is inspired by the Trier Social Stress Task, a
widely-used stress induction procedure that has been used with
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children and adolescents (Buske-Kirschbaum et al., 1997; Stroud
et al., 2009). Cardiovascular measures were recorded during mul-
tiple blocks: a 7-min speech preparation task, a 6-min speech task,
a 3-min rest period, a 6-min arithmetic task and another final 3-
min rest period. Participants were given seven minutes to prepare
aspeech about themselves and their lives and deliver this speech in
front of a video camera. They were told that their videotaped per-
formance would be judged on content of speech as well as on use
of voice and posture, and rank-ordered by a panel of peers after the
experiment. Next, participants were asked to speak continuously
for the entire 6-min period. A research assistant watched the per-
formance critically, without showing empathy or encouragement.
After 6 min of speech, the participants were told that there was a
problem with the computer and they had to sit still and be quiet
for a 3-min period of rest. After the interlude, participants were
instructed to subtract 17 repeatedly, starting with 13,278. Stress
was further provoked by negative feedback by the research assis-
tant, including remarks such as, “No, wrong again, begin at 13,278,
“Stop wiggling your hands,” or “You are too slow, be as quick as
you can, we are running out of time.” The GSST ended with another
3-min rest period.

For our primary reactivity analyses, we used cardiovascular data
from the first minute of the rest condition and from the first minute
of each portion of the task (preparation, speech, math), which is
standard practice when examining speech and math tasks as reac-
tivity is greatest during the first minute and habituates quickly
(Blascovich, Vanman, Mendes, & Dickerson, 2011; Jamieson et al.,
2012; Mendes et al., 2008). In exploratory recovery analyses, we
used cardiovascular data from the first minute of the speech and
math portions of the task and the third minute of their subsequent
rest periods respectively.

2.4. Measures

2.4.1. Exposure to traumatic events

At T4, information on trauma exposure that had occurred prior
to the experimental session was collected using two self-report
instruments. A 10-item self-report questionnaire assessed sexual
abuse as well as a number of other traumatic experiences before
the age of 16 years (described before in Van der Knaap et al., 2014).
Questions about sexual abuse assessed whether an adult family
member, friend of the family or stranger had forced the respon-
dent to look at or touch his/her genitals or masturbated in front
of them attempted to have intercourse, or forced the respondent
to have intercourse with them. Other traumatic events included in
the assessment were life-threatening accidents, natural disaster,
witnessing severe injury or death of another person, and being the
victim of physical violence or assault, threatened with a weapon,
held captive or abducted. These items were originally scored on
a 3-point Likert scale ranging from 1 (no/never) to 3 (yes, several
times). Family violence and physical abuse of the participant by par-
ents/caregivers were assessed using a modified 15-item self-report
version of the Conflict Tactics Scales (CTS; Straus, 1979). These
items were originally scored on a 5-point Likert scale ranging from
1 (no/never) to 5 (very often). Each scale was summed, yielding
total scores for each. As is typical of trauma assessment in commu-
nity samples, the total score of each scale was positively skewed
and kurtotic. The composite of each scale was logarithmically
transformed to ensure normal distribution, then standardized. The
standardized composites of the sexual abuse and other traumatic
events scale and the modified CTS scale were summed together to
create a Total Trauma Index.

2.4.2. Psychopathology
Internalizing and externalizing psychopathology were assessed
at T3 using the Youth Self Report (YSR) form and the parent-

report Child Behavior Checklist (CBCL, Achenbach, 1991). The YSR
and CBCL scales are among the most widely used measures of
youth emotional and behavioral problems and use extensive nor-
mative data to generate age-standardized estimates of severity of
internalizing and externalizing psychopathology. The broadband
internalizing scale is comprised of withdrawn/depressed (e.g., “I
would rather be alone than with others), somatic complaints (e.g.,
“I feel overtired without good reason”) and anxious/depressed (e.g.,
“l am nervous or tense”) subscales. The broadband externalizing
scale is comprised of rule-breaking behavior (e.g., “I don’t feel
guilty after doing something I shouldn’t”) and aggressive behavior
(e.g., “I destroy things belonging to other”) subscales. The inter-
nalizing and externalizing scales have demonstrated validity in
discriminating between youths with and without psychiatric disor-
ders (Achenbach, 1991; Chen, Faraone, Biederman, & Tsuang, 1994;
Seligman, Ollendick, Langley, & Baldacci, 2004).

2.4.3. Physiological measures

A three-lead ECG and a four-lead ICG were registered using
3 M/RedDot - Ag/AgCl electrodes (type 2255, 3 M Health Care, D-
41453 Neuss, Germany). With a BIOPAC Amplifier-System (MP100),
the signals were amplified and filtered before digitization at 250 Hz.
Dedicated software (PreCARSPAN, previously used in, e.g., Dietrich
et al., 2006) was used to check the ECG signal, correct for artifacts,
detect R-peaks, and to calculate the interbeat interval (IBI) between
heartbeats in ms. IBI is inversely related to HR by the equation
HR =60000/IBI. HR was defined as the number of beats per minute
(bpm).

Thoracic impedance was assessed with a BIOPAC NICO100C
Noninvasive Cardiac Output Module. Test assistants were
instructed to check all signals prior to starting the recording,
including checking whether the upstroke of the dZ/dt signal was
clearly visible and whether the Z0 value was approximately 10 ohm
for the VU-AMS spot electrode configuration used (www.vu-ams.
nl). VU-AMS interactive software was used to graphically display
the large-scale ensemble ICG averages over each measurement
block (Riese et al., 2003). PEP (inms) reflects the time interval
between the onset of the electromechanical systole (Q-wave onset)
in the ECG and the opening of the aortic valves co-occurring with
the B-point in the ICG. The LVET (inms) is defined by the interval
between the B-point and the X-point, which signals the closure
of the aortic valves. The dZ/dt(min) (in 2/s) is the difference in
amplitude of the dZ/dt waveform at its peak compared to the
B-point. The upstroke (or B-point), dZ/dt(min) and the incisura (or
X-point) were automatically detected and subsequently inspected
by an extensively trained rater. The ICG scoring principles given
in the VU-AMS manual (2013) were followed. This resulted in PEP
data for 488 participants in each portion of the GSST.

Together, these signals were used to create measures of stroke
volume (SV), and cardiac output (CO). Stroke volume (SV) esti-
mated from the dZ/dt signal using the Kubicek formula (Kubicek,
Patterson, & Witsoe, 1970) provides an estimate of the amount of
blood ejected from the heart on each cardiac cycle (in mL/min). We
calculated SV using the following equation:

SV = rho(L/Z0)2 * LVET # dZ/dt(min)

ICG was measured with spot electrodes and the distance between
the electrodes was measured and used in the formula for each
individual participant (L). Z0, LVET, dZ/dt(min) values are standard
output variables in our ICG scoring program. Rho is a(n assumed)
constant value referring to resistivity of blood. CO for each minute
was calculated as SVxHR/1000, and is expressed in L/min.
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2.4.5. ECG data cleaning

ECG blocks were considered invalid if they contained artifacts
with a duration of more than 5s, if the total artifact duration was
more than 10% of the registration, or if the block length was less
than 100s.

2.4.6. ICG data cleaning

The VU-AMS software assembles data into 1-min averages,
which were visually inspected and scored by a rater independent
of participant characteristics. When there was doubt about a scor-
ing point, the scoring was discussed with a second rater. Outliers
were checked and quality of the ratings was subjectively scored on
a0-10 scale. When one of the 1-min epochs was distorted, all indi-
vidual raw ICG complexes used for the 1-min average were visually
inspected and when considered invalid the whole 1-min average
was rejected. Data were considered invalid if the quality of the sig-
nal was low (i.e. score < 6), the signal contained too many artifacts
(including participants marked with arrhythmias or extrasystoles
during the ECG data cleaning procedure), or if values of zO were out-
side the range of acceptable values for this equipment (McGrath,
O’Brien, Hassinger, & Shah, 2005).

Sherwood et al. (1990) noted that Z0 values, used in the Kubicek
formula to calculate SV and subsequently CO, are typically lower
when derived from spot rather than band electrodes due to the
smaller distance between the two inner (receiving) electrodes in
the spot electrode configuration. This results in values of SV and CO
that are higher and also often outside the range of what is typically
observed when using band electrodes. For this reason, and because
it is widely accepted that absolute raw CO values derived from ICG
instruments cannot be reliably interpreted (Sherwood et al., 1990),
we standardized the values for CO prior to examining reactivity and
recovery in all analyses. This procedure is consistent with the con-
clusion reached by Sherwood et al. (1990) in their Methodological
Guidelines paper on CO; namely, that CO values are only meaning-
ful when examined as within-person change rather than raw values
derived from ICG instruments. Our analysis thus focuses only on
within-person change and not raw values of CO.

2.5. Statistical analysis

We approached missing data (0.01%-21.16% of our primary
variables of interest), by using full-information maximum likeli-
hood (FIML) estimation for all analyses in Mplus software (Muthén
& Muthén, 1998). FIML estimation is generally considered to be
superior to other approaches for handling missing data, such as
list-wise deletion and imputation because they can generate biased
estimates in comparison to FIML. This is particularly noteworthy
in large samples, when FIML is typically robust to missing data
(Schafer & Graham, 2002). However, to ensure that this method
did not influence the results, we re-ran all analyses using list-wise
deletion to handle missing data, and found an identical pattern of
results in terms of both effect sizes and statistical significance.

Before testing our hypotheses, we calculated descriptive
statistics of demographic and baseline variables used in this
study, as well as Pearson correlations between predictor and
outcome variables of interest and used linear regression to con-
firm that experimental start time (morning or afternoon) did
not influence our parameters of cardiovascular reactivity. Next,
we examined changes in PEP across all participants to deter-
mine if participants experienced SNS activation (a requirement
for examining the threat/challenge distinction; Mendes et al.,
2008).

Our hypotheses were tested with a series of linear regression
analyses. First, we used linear regression to examine the associa-
tions of trauma exposure with each parameter of cardiovascular
reactivity (PEP and CO). We additionally added a quadratic term to

these regression models to determine the functional form of the
associations between trauma exposure and cardiovascular reactiv-
ity and examined the difference in model fit between the linear
and quadratic model. The linear model was a better fit for these
models. Second, we evaluated whether cardiovascular reactivity
was associated with internalizing and externalizing psychopathol-
ogy using linear regression and determined whether associations
between cardiovascular reactivity and internalizing and external-
izing psychopathology remained significant after controlling for
exposure to trauma exposure. Finally, we conducted a mediation
analysis in SPSS software, using a standard bootstrapping approach
that provides confidence intervals for indirect effects in statistical
mediation estimated from 1000 resamples of the data (Preacher &
Hayes, 2008), to determine whether cardiovascular reactivity asso-
ciated with the threat profile mediated the association of trauma
exposure with internalizing and externalizing psychopathology.

We additionally conducted several supplementary analyses.
First, we evaluated whether the associations of trauma with car-
diovascular reactivity varied by gender by creating interaction
terms between gender and trauma history, and whether the
associations of cardiovascular reactivity with psychopathology
varied by gender by creating interaction terms between gen-
der and cardiovascular reactivity. We used linear regression to
test whether the interaction terms predicted outcome measures
(i.e., cardiovascular reactivity and psychopathology respectively)
using standard methods (Hayes & Matthes, 2009). Second, we
examined whether trauma exposure and psychopathology were
associated with slower post-task CO recovery to baseline levels,
another potential indicator of a threat response, using linear regres-
sion.

In all models, cardiovascular reactivity was analyzed by enter-
ing the first minute of each parameter of cardiovascular reactivity
during each task (preparation, speech, math) as outcome vari-
ables, which is standard practice when examining speech and
math tasks as reactivity is greatest during the first minute and
habituates quickly (Blascovich et al., 2011; Jamieson et al., 2012;
Mendes et al., 2008), and then entering the first minute of each
parameter of cardiovascular reactivity during rest (taken after
35 min of rest and adjustment to lab, prior to GSST) as a covari-
ate in order to analyze cardiovascular change while controlling
for individual differences at baseline. Similarly, we entered each
cardiovascular parameter during rest as a covariate before enter-
ing the corresponding parameter during the first minute of each
task as the independent variable in models where we examined
cardiovascular reactivity as the predictor. In recovery analyses,
we followed the same procedure, but entered cardiovascular data
from the first minute of the speech and math portions of the task
as covariates and examined the third minute of their subsequent
rest periods as the primary outcome or predictor variables respec-
tively.

Due to continuing controversy surrounding the validity of
reporting absolute CO values (Sherwood et al., 1990), we only
report CO difference scores so that these values, reported for
reactivity scores as change in standard deviation units calcu-
lated by subtracting the baseline rest standardized CO value
from the standardized CO value during the first minute of
each task and for recovery scores as change in standard devi-
ation units calculated by subtracting the standardized CO value
during the first minute of the speech and math tasks from
the standardized CO value during the third minute of their
subsequent rest periods, can be interpreted. Age, gender, and
maternal education, an indication of socio-economic status, were
included as covariates in all analyses. Significance was evaluated
at p<0.05 using 2-tailed tests. We report all measures ana-
lyzed.
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3. Results
3.1. Descriptive statistics

Table 1 provides the means and standard deviations of all
measures separately for males and females. Table 2 provides the
zero-order correlations among all measures of trauma exposure,
pre-ejection period, cardiac output, and internalizing and exter-
nalizing symptoms. For raw CO difference scores for the whole
sample and for trauma-exposed and non-trauma exposed adoles-
cents separately, please see Appendix Table A1 in Supplementary
data.

3.2. Trauma and psychopathology

Trauma history was associated strongly with both inter-
nalizing and externalizing psychopathology (Table 3). Trauma-
psychopathology associations accounting for reactivity are shown
in Appendix Table A2 in Supplementary data.

3.3. Trauma and cardiovascular reactivity

Our primary hypothesis was that greater exposure to trauma
would be associated with an indicator of the threat profile of
cardiovascular reactivity. We first examined changes in PEP to
determine if participants experienced SNS activation (because the
challenge/threat distinction can only be evaluated in the context of
acute stressors that result in SNS activation). Significant increases
in SNS activation (i.e., lower PEP than baseline based on paired-
samples t-tests) were observed in the entire sample during the
preparation (t=12.96, p<0.001), speech (t=26.18, p<0.001), and
math (t=13.63, p<0.001), periods.

We next examined the association between trauma history
and PEP reactivity. Greater exposure to trauma was significantly
associated with blunted decreases in PEP reactivity during the
speech period (3 =0.09, p = 0.002), but not the preparation ([3 = 0.06,
p=0.097) and math (3 =0.05, p=0.12) periods.

Next, we examined CO reactivity, one of the variables that
consistently differentiates challenge and threat. Trauma history
was associated with smaller increases in CO reactivity during
all three periods of the GSST: preparation (3=-0.10, p=0.001),
speech (3 =-0.09,p=0.009)and math (3 = —0.08, p=0.004) periods
(Table 4).

3.4. Cardiovascular reactivity and psychopathology

We examined whether CO reactivity was related to psy-
chopathology (Table 5). CO reactivity was consistently associated
with adolescent-reported externalizing, but not internalizing,
symptoms. These patterns were observed for CO reactivity during
the preparation and math periods of the GSST, but not the speech.
The associations of CO reactivity and parent report of psychopathol-
ogy produced a similar pattern of results, with CO reactivity during
the math period of the GSST negatively associated with the exter-
nalizing scale. After adjusting for trauma exposure in our analyses,
the associations of CO reactivity with youth- and parent- reported
externalizing psychopathology remained significant, though at
trend-level for parent-reported symptoms (Appendix Table A3 in
Supplementary data).

We also examined whether PEP reactivity was related to psy-
chopathology (Table 6). Lower PEP reactivity (as indicated by
greater reactivity scores) during the speech and math periods
of the GSST was associated with parent-reported externalizing
symptoms. All analyses examining the associations between PEP
reactivity and psychopathology remained significant after control-

ling for trauma exposure (Appendix Table A4 in Supplementary
data).

3.5. Mediation model

We investigated whether blunted CO reactivity associated with
trauma exposure may be responsible for elevated rates of external-
izing symptoms using a bootstrapping test of statistical mediation
that derives confidence intervals from indirect effects estimated
across 1000 resamples of data (Preacher & Hayes, 2008). Blunted
CO reactivity during the preparation portion of the GSST signif-
icantly mediated the association between trauma exposure and
youth-reported externalizing symptoms, 95% CI: (0.0008-0.0079),
and blunted CO reactivity during the math portion of the GSST sig-
nificantly mediated the association between trauma exposure and
parent-reported externalizing symptoms 95% CI: (0.0001-0.0012).
Because our data was not longitudinal, caution is warranted in
interpretation of these mediation results (Maxwell & Cole, 2007).

3.6. Variation by gender

Interactions between sex and trauma were added to regression
models examining the associations between trauma and cardio-
vascular reactivity. None of these interactions were significant
(Table 4). Interactions between sex and cardiovascular reactiv-
ity were added to each of the models examining cardiovascular
reactivity and psychopathology to determine whether associations
varied by gender. In no cases were these interactions were signifi-
cant (Appendix Tables A5 and A6 in Supplementary data).

3.7. Cardiovascular recovery

Finally, we examined whether trauma exposure was associ-
ated with slower post-speech and math recovery and whether
slower recovery periods were associated with psychopathology.
CO recovery from the first minute of the math task to the third
minute of the subsequent rest period was negatively correlated
with parent-reported externalizing symptoms (3 =0.23, p=0.034).
Additionally, CO recovery from the first minute of the speech task to
the third minute of the subsequent rest period was negatively asso-
ciated with parent-reported internalizing symptoms ([3=-0.25,
p=0.006). Although psychopathology was associated with recov-
ery, we found no associations with trauma exposure.

4. Discussion

Exposure to a wide range of adverse early environments, includ-
ing traumatic events and chronic stressors that are not traumatic,
has been consistently linked to atypical patterns of stress reactivity
(Cooley-Quille et al., 2001; De Bellis, MD et al., 1994; Elzinga et al.,
2008; McLaughlinetal.,2014; Ornitz & Pynoos, 1989). Existing con-
ceptual models are supported by evidence from samples of children
exposed to a range of chronic stressors, including poverty, family
psychopathology, and marital conflict (Blair et al., 2005; Ellis et al.,
2005; Evans & Kim, 2007; Feldman et al., 2009; Obradovic et al.,
2010); however, these models do not sufficiently describe patterns
of physiological reactivity among children who have experienced
traumatic stressors that involve harm or threat of harm. The cur-
rent study applied an alternative conceptual model for explaining
patterns of stress reactivity in youths exposed to traumatic stress-
ors using a large population-based sample of adolescents. We found
that exposure to trauma was associated with a pattern of cardiovas-
cular reactivity consistent with a threat profile, including blunted
CO during a social stress task. Blunted CO, in turn, was positively
associated with externalizing symptoms, which were elevated in
adolescents with a history of trauma exposure. Taken together,
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Table 1
Means and Standard Deviations of trauma exposure, pre-ejection period, standardized cardiac output difference scores, and internalizing and externalizing symptoms by
gender.

Measure Males Females Gender Difference

Mean (SD) Mean (SD) t

1. Trauma -0.09 (1.29) -0.11 (1.35) 0.14

2. PEP bl 123.07 (20.44) 127.02 (17.66) 2.19

3. PEP prep 115.20 (22.20) 115.88 (19.84) 0.34

4. PEP speech 103.92 (19.67) 102.22 (18.54) 0.94

5. PEP math 114.30 (21.47) 115.69 (18.50) 0.73

6.zCO dprep -0.10 (0.47) 0.03 (0.52) 2.87"

7.zCO dspeech -0.12 (0.73) 0.12 (0.76) 3.46

8.zCO dmath —-0.08 (0.78) 0.07 (0.65) 227

9.YSRint 0.23 (0.20) 0.38 (0.26) 6.33

10. YSR ext 0.34 (0.24) 0.30 (0.21) 1.75

11. CBCL int 0.17 (0.16) 0.22 (0.23) 2.35

12. CBCL ext 0.19 (0.21) 0.16 (0.18) 1.57

Note: Trauma = Total Trauma Index, calculated by summing the standardized composites of the sexual abuse and other traumatic events scale and the modified CTS scale; PEP
bl, prep, speech, math = pre-ejection period at baseline rest and at the first minutes of speech preparation, speech, and math during GSST; zCO dprep, dspeech, dmath = change
in cardiac output standard deviation units from baseline rest to the first minutes of speech preparation, speech, and math during GSST; YSR int = Youth Self Report internalizing
scale; YSR ext =Youth Self Report externalizing scale; CBCL int = Child Behavior Checklist internalizing scale; CBCL ext = Child Behavior Checklist externalizing scale.

" p<0.05
“ p<0.01.
Table 2
Correlations of trauma exposure, pre-ejection period, standardized cardiac output, and internalizing and externalizing symptoms.
1 2 3 4 5 6 7 8 9 10 11 12 13
1. Trauma -
2. PEP bl —-0.02 -
3. PEP prep 0.06 0.64" -
4. PEP speech 0.10° 051" 0.78" -
5. PEP math 0.05 0.63 0.87 0.82° -
6.zCO dprep -14" —-0.04 -0.24" -0.19" -0.18" -
7.zCO dspeech -0.12" —-0.04 -0.21" -0.30° -0.21" 069 -
8.zCO dmath -0.12° —-0.08 -0.24" -0.23" -031" 0.72" 0.79" -
9. YSRint 0.27" 0.08 0.02 <-0.01 0.05 —-0.06 0.04 —0.01 -
10. YSR ext 0.26 0.02 0.05 0.08 0.06 -0.15" —-0.07 —0.09 035" -
11. CBCL int 0.16" 0.03 <-0.01 <-0.01 0.03 -0.07 —-0.01 —0.05 045" 0.13" -
12. CBCL ext 0.22" <0.01 0.04 0.11° 0.10° 0.05 —-0.04 0.09 0.16 037" 0.62" -

Note: Trauma = Total Trauma Index, calculated by summing the standardized composites of the sexual abuse and other traumatic events scale and the modified CTS scale; PEP
bl, prep, speech, math = pre-ejection period at baseline rest and at the first minutes of speech preparation, speech, and math during GSST; zCO dprep, dspeech, dmath = change
in cardiac output standard deviation units from baseline rest to the first minutes of speech preparation, speech, and math during GSST; YSR int = Youth Self Report internalizing
scale; YSR ext=Youth Self Report externalizing scale; CBCL int = Child Behavior Checklist internalizing scale; CBCL ext=Child Behavior Checklist externalizing scale.

* p<0.05.
” p<0.01.

Table 3
Trauma and psychopathology.*”

Youth Self Report

Internalizing

Externalizing

B b t df p-value B b t df p-value
Trauma 0.27" 0.05 5.33 419 <0.001 0.29” 0.05 537 425 <0.001

Child Behavior Checklist

Internalizing Externalizing

B b t df p-value B b t df p-value
Trauma 0.16” 0.03 3.10 412 0.002 0.20" 0.03 3.60 413 <0.001

‘p<0.05. "p<0.01.
2 Linear regressions controlling for age, gender, maternal education.

b t-values are calculated using the Mplus Est/S.E. output for the linear regression models reported (Prescott, 2004).

these findings suggest that the biopsychosocial model of challenge
and threat may be a useful framework for conceptualizing patterns
of stress reactivity following trauma exposure and understanding
their role in the onset of adolescent externalizing psychopathology.

Established models of the development of individual differ-
ences in stress reactivity posit that adversity predisposes children
to become acutely responsive to environmental stressors, and to

develop a variety of biological and behavioral stress responses con-
sistent with heightened arousal (Boyce & Ellis, 2005; Del Giudice
etal,, 2011). However, multiple studies have observed that children
exposed to specific kinds of trauma such as abuse, terrorist attacks,
and community violence, display patterns of blunted SNS reactiv-
ity (Cooley-Quille et al., 2001; Gump et al., 2005; Oosterman et al.,
2010). This pattern of physiological reactivity is not well explained
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Table 4
Trauma history and standardized cardiovascular reactivity.*"<
Trauma Trauma x Sex
B b t df p-value B b t df p-value
Pre-ejection period (ms)
Preparation 0.06 0.92 1.66 433 0.097 0.01 0.25 0.23 433 0.818
Speech 0.09" 1.32 2.33 433 0.020 —-0.02 -0.52 0.47 433 0.642
Math 0.05 0.83 1.57 433 0.117 0.01 0.17 0.16 433 0.871
Cardiac Output (z-score L/min)
Preparation -0.10" -0.05 3.27 386 0.001 0.04 0.03 0.92 386 0.357
Speech —0.09” —-0.06 2.60 391 0.009 0.05 0.05 1.06 391 0.290
Math —0.08" —0.06 2.92 392 0.004 0.01 0.01 0.16 392 0.876

'p<0.05. p<0.01.

@ Linear regressions controlling for age, gender, maternal education.
b Values represent reactivity scores calculated by entering the first minute of each task as the dependent variable and entering the first minute of the baseline period as a
covariate. All CO values have been z-scored.
¢ t-values are calculated using the Mplus Est/S.E. output for the linear regression models reported (Prescott, 2004).

Table 5

Cardiovascular reactivity and psychopathology.*><

Youth Self Report

Internalizing

Externalizing

B b t df p-value B b t df p-value
CO Reactivity (z-score L/min)
Preparation -0.12 —0.04 1.73 427 0.083 -0.22" —0.08 3.12 427 0.002
Speech 0.03 0.01 0.46 433 0.645 -0.07 —0.02 0.96 433 0.336
Math -0.04 —0.01 0.47 432 0.642 -0.18 -0.05 2.33 432 0.020

Child Behavior Checklist

Internalizing Externalizing

B b t df p-value B b t df p-value
CO Reactivity (z-score L/min)
Preparation -0.12 —0.04 1.54 427 0.083 —0.11 —0.03 1.49 427 0.136
Speech —0.03 0.01 0.38 433 0.703 —0.05 -0.01 0.71 433 0.475
Math -0.07 —-0.02 0.83 432 0.407 -0.21 -0.05 2.51 432 0.012

Bold values are the statistically significant results.

" p<0.05.
" p<0.01.

2 Linear regressions controlling for age, gender, maternal education.
b Values represent reactivity scores calculated by entering the first minute of each task as the dependent variable and entering the first minute of the baseline period as a
covariate. All CO values have been z-scored.
¢ t-values are calculated using the Mplus Est/S.E. output for the linear regression models reported (Prescott, 2004).

Table 6

PEP reactivity and psychopathology.*<

Youth Self Report

Internalizing

Externalizing

B b t df p-value B b t df p-value
PEP Reactivity (ms)
Preparation —0.05 <0.01 0.83 461 0.407 0.03 <0.01 0.48 468 0.630
Speech <-0.01 <0.01 0.19 461 0.853 0.07 <0.01 1.25 468 0.213
Math <-0.01 <0.01 0.07 461 0.943 <0.01 <0.01 1.08 468 0.281
Child Behavior Checklist
Internalizing Externalizing
B b t df p-value B b t df p-value
PEP Reactivity (ms)
Preparation -0.01 <0.01 0.58 446 0.890 0.06 <0.01 1.08 447 0.282
Speech 0.01 <0.01 0.17 446 0.863 0.15" <0.01 2.95 447 0.003
Math 0.04 <0.01 0.58 446 0.564 0.16~ <0.01 2.78 447 0.006
Bold values are the statistically significant results.
"p<0.05.
" p<0.01.

2 Linear regressions controlling for age, gender, maternal education.
b Values represent reactivity scores calculated by entering the first minute of each task as the dependent variable and entering the first minute of the baseline period as a

covariate.

¢ t-values are calculated using the Mplus Est/S.E. output for the linear regression models reported (Prescott, 2004).
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by the preeminent models of how environmental stressors influ-
ence the development of stress response systems. In the current
study, adolescents exposed to higher levels of trauma displayed
blunted SNS reactivity to a social stressor. We also extend previous
findings on cardiovascular reactivity by documenting a pattern of
blunted CO reactivity among adolescents with greater exposure to
trauma, consistent with a recent study we conducted examining a
small sample of severely maltreated adolescents (McLaughlin et al.,
2014). These findings suggest that traumatic events may be unique
in the way they influence the development of stress response sys-
tems and ultimately influence reactivity to the environment.

Traumatic events may be associated with a distinctive pattern
of stress reactivity because, unlike other types of environmental
stressors, these events involve significant threats to survival. The
traumatic events assessed in this study - exposure to physical
assault, sexual assault, domestic violence, death, life-threatening
accidents and natural disasters — are both unpredictable and uncon-
trollable. As a result, children exposed to traumatic stress may
develop a pattern of cardiovascular responses adapted for survival
in an environment of inescapable threat. Conserving metabolic
resources to facilitate survival by freezing is an adaptive response
when anindividual is unable to reduce the immediate environmen-
tal threat level by fleeing or fighting (Keay & Bandler, 2001; Mendes,
Gray, Mendoza-Denton, Major, & Epel, 2007; Porges, 2007); indeed,
while we did not include direct vagal measures of freezing in this
study, blunted CO reactivity in response to acute stressors has
been conceptualized as a freezing response to threat in prior stud-
ies (Blascovich & Mendes, 2000; Blascovich & Tomaka, 1996). In
contrast, stressors such as poverty, parental mental illness and
institutionalization are chronic stressors that, although equally
uncontrollable, may be more predictable. Children reared in these
environments may develop heightened cardiovascular reactivity
(Blair et al., 2005; El-Sheikh, 2005; Ellis et al., 2005; Evans & Kim,
2007; Feldman et al., 2009; Obradovic et al., 2010; Oosterman et al.,
2010) because sensitivity to cues of danger within these environ-
ments is adaptive and is therefore reinforced over time. Indeed,
this latter pattern of stress exposure and heightened cardiovascu-
lar reactivity is supported by the biological sensitivity to context
and adaptive calibration theories (Boyce & Ellis, 2005; Del Giudice
etal,2011).

The biopsychosocial model of challenge and threat may provide
a more useful framework for characterizing cardiovascular reac-
tivity specifically among trauma-exposed youth. In a prior study,
we applied this model to the study of stress reactivity in a sam-
ple exposed to child maltreatment, a severe form of child trauma.
We found that adolescents exposed to physical or sexual abuse
exhibited a pattern of blunted CO reactivity and heightened periph-
eral resistance, consistent with a threat profile (McLaughlin et al.,
2014). This pattern of results mirrors the results in our current
study, with two minor exceptions. First, in the earlier study, the
associations between trauma exposure and blunted PEP reactiv-
ity during all stress tasks were stronger, and reached significance
during the math task rather than the speech task. The relatively
stronger association between trauma and blunted PEP reactivity is
likely attributable to the greater severity and chronicity of trauma
exposure in the sample of the previous study, consistent with
prior research indicating that children exposed to severe trauma
are more likely to demonstrate blunted sympathetic responses to
stress (Cooley-Quille et al., 2001; Gump et al., 2005; Oosterman
et al., 2010). Second, the previous study found that the association
between maltreatment and blunted CO reactivity was marginally
significant on the speech portion of the Trier task, in addition to the
significant associations between trauma and blunted CO reactivity
in other portions of the task. This variation in findings across the
two studies may stem from minor differences in how the stress
tasks were administered. Participants in our earlier study were

instructed to deliver their speech in front of two peers who had
been trained to appear neutral or slightly negative without pro-
viding any positive feedback. In the current study, participants
delivered their speeches to a video camera with only one test
assistant in the room who was trained to watch the performance
without empathy or encouragement, and were told that the video-
tape of their speech would be judged at a later time. It is possible
that performing a speech for a video camera that will be rank-
ordered by peers later in time more closely resembles the social
media context in which adolescents are evaluated by peers, height-
ening the in-vivo social-evaluative nature of the task in our study
and producing the stronger association with diminished cardiovas-
cular reactivity during the speech task. Finally, in the current study
we included an exploratory analysis of CO recovery following social
stress, though did not find an association with trauma, suggesting
recovery may be less sensitive to environmental experience than
initial stress reactivity. Despite these minor variations in findings,
results from the current study extend our previous work by demon-
strating that adolescents drawn from a population-representative
sample and exposed to a much wider range of commonly occurring
traumatic events display the same blunted profile of CO reactiv-
ity characteristic of threat responses in the biopsychosocial model.
Taken together, these studies indicate that a specific pattern of
cardiovascular reactivity may emerge following childhood trauma
exposure.,

If childhood traumatic stress does indeed shape stress reactiv-
ity, the specific pattern predicted by the biopsychosocial model is a
plausible pathway linking child trauma with the onset of mental ill-
ness. Indeed, our results indicate that blunted SNS and CO reactivity
during social stress as well as blunted CO recovery following stress
is a pattern of cardiovascular responding associated with external-
izing symptoms in adolescents. These findings are consistent with a
growing body of literature that has identified blunted SNS arousal in
response to environmental stress as a biological marker of external-
izing, not internalizing, psychopathology (Beauchaine et al., 2007;
Boyce, 2001; Crowell et al., 2006; Shannon et al., 2007; Sijtsema,
Van Roon, Groot, & Riese, 2015). They also replicate findings from
our earlier study, in which reduced CO was associated with exter-
nalizing and not internalizing problems in a sample of maltreated
children (McLaughlin et al., 2014). These findings, together with
our mediation results, suggest that blunted CO reactivity during
stress might represent a physiological marker of threat percep-
tion sensitivity and a mechanism linking trauma exposure and
aggression in children, a pattern supported by our mediation anal-
ysis. Although mounting a cardiovascular response that supports
early identification of uncontrollable and inescapable threat may
be adaptive for surviving a traumatic event, mounting the same
cardiovascular response to social evaluation, a stressor commonly
and frequently encountered throughout adolescence, may promote
aggressive behavior that is inappropriate in most social situations.
Indeed, prior evidence indicates that the tendency to interpret neu-
tral interactions as hostile (Dodge, Bates, & Pettit, 1990), and to
have a bias towards angry faces (Pollak & Kistler, 2002; Pollak,
Klorman, Thatcher, & Cicchetti, 2001) constitute behavioral links
between violence exposure and perpetration. Our findings suggest
that a threat profile marked by both blunted SNS and CO reactiv-
ity is a potential neurobiological marker of sensitivity to threat
that increases risk specifically for aggressive behavior and other
externalizing problems among adolescents.

At first glance, the lack of association between the blunted CO
and internalizing symptoms may be surprising, as prior litera-
ture has identified disruptions in SNS responses to stress among
children with internalizing symptoms (e.g. Boyce, 2001). How-
ever, evidence suggests that children with internalizing symptoms
exhibit elevated SNS reactivity (Hastings, Zahn-Waxler, & Usher,
2007; Vasey & Lonigan, 2000; Zahn-Waxler, Klimes-Dougan, &
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Slattery, 2000), a pattern that contrasts with the threat profile
examined here, which is characterized by a blunted pattern of
SNS responding and blunted vascular reactivity (McLaughlin et al.,
2014; Mendes et al., 2008 Mendes et al., 2008). It is possible that
adolescents with internalizing symptoms are more likely to mount
a classic fight or flight response to threatening stimuli character-
ized by elevated reactivity in the sympathetic nervous system,
whereas adolescents with externalizing symptoms are likely to
exhibit a freezing response, which may be indicated by blunted SNS
reactivity. Our finding that children with internalizing problems
demonstrated a slower cardiovascular recovery from social stress
suggests that while these adolescents may be quick to engage with a
stressor, they experience difficulty disengaging from stressful con-
tent. These results are consistent with prior work that has identified
a pattern of greater emotional reactivity yet slower physiological
recovery among adolescents with internalizing problems (Shapero,
Abramson, & Alloy, 2015) and may be explained by their persever-
ative thinking style that rehashes rather than distances stressful
events (Michl, McLaughlin, Shepherd, & Nolen-Hoeksema, 2013;
Rood, Roelofs, Bogels, Nolen-Hoeksema, & Schouten, 2009).

Study findings should be interpreted with caution given the fol-
lowing limitations. First, cardiovascular and psychopathology data
for this study were collected at a single timepoint, precluding us
from examining whether stress reactivity predicts changes in inter-
nalizing and externalizing symptoms over time. For this reason, we
interpret results of our mediation model with caution (Maxwell
& Cole, 2007). Replication of these findings in future longitudi-
nal studies is an important goal for future research. Second, we
did not assess adolescent appraisals of their perceptions of threat
vs. challenge using the measures typically used to assess these
types of appraisals in studies of the BPS model, or (finger) blood
pressure during the laboratory stress task. As a result, we were
unable to examine appraisals of threat perception or to calculate
total peripheral resistance, other variables indicating threat or chal-
lenge profiles according to the biopsychosocial model (Blascovich
& Mendes, 2000). We also did not assess quality of performance
during the GSST, precluding us from ascertaining other processes
that may have influenced our pattern of results, such as learned
helplessness or disengagement from the task. Third, adolescents
were assessed for trauma history prior to T3 at the T4 assessment,
precluding us from establishing with certainty that the trauma
exposure occurred before adolescents completed our physiological
assessments and measurements of psychopathology and limiting
our any causal interpretation of our mediation results. Finally, we
relied upon parent and youth-reported measures of symptomatol-
ogy rather than administering structured diagnostic interviews of
psychopathology. Although administration of a structured inter-
view to establish diagnoses would represent a methodological
improvement, the validity of the parent and youth report measures
used in this study are well-established (Achenbach & Edelbrock,
1981; Achenbach, 1991) and the inclusion of both parent and youth
reports is advantageous (Hope et al., 1999).

We extend the developmental psychopathology literature by
demonstrating the utility of the biopsychosocial model of threat
and challenge as a conceptual framework for understanding pattern
of stress reactivity in adolescents exposed to trauma. Adolescents
exposed to a variety of traumatic experiences exhibited blunted
CO reactivity to a social stressor, an indicator of the cardiovascular
threat profile proposed by the biopsychosocial model. Blunted SNS
and blunted CO response to social stress were, in turn, associated
with externalizing problems in adolescence. These findings provide
novel evidence for one potential neurodevelopmental mechanism
linking trauma exposure to externalizing problems. Future research
is needed to determine whether interventions targeting ampli-
fied threat perception in trauma-exposed children ameliorate these

atypical patterns of stress reactivity and their behavioral conse-
quences.
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