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MEDIA EXPOSURE AND SYMPATHETIC NERVOUS
SYSTEM REACTIVITY PREDICT PTSD SYMPTOMS

AFTER THE BOSTON MARATHON BOMBINGS

Daniel S. Busso, MSc.,1 Katie A. McLaughlin, Ph.D.,2 and Margaret A. Sheridan, Ph.D.3,4∗

Background: Terrorist attacks have been shown to precipitate posttraumatic
stress disorder (PTSD) symptomatology in children and adolescents, particularly
among youths with high exposure to media coverage surrounding such events.
Media exposure may be particularly likely to trigger PTSD symptoms in youths
with high physiological reactivity to stress or with prior psychopathology or expo-
sure to violence. We examined the interplay between media exposure, preattack
psychopathology, autonomic nervous system (ANS) reactivity, and prior violence
exposure in predicting PTSD symptom onset following the terrorist attack at
the 2013 Boston Marathon. Methods: A community sample of 78 adolescents
(mean age = 16.7 years, 65% female) completed a survey about the bombings,
including media exposure to the event and PTSD symptoms. All respondents
participated in a study assessing psychopathology prior to the attack, and sympa-
thetic and parasympathetic reactivity to a laboratory-based stressor was assessed
in a subset (N = 44) of this sample. We examined the associations of media
exposure, ANS reactivity, preattack psychopathology, and prior violence exposure
with onset of PTSD symptoms related to the bombings. Results: Media expo-
sure, preattack psychopathology, and prior violence exposure were associated with
PTSD symptoms. Moreover, media exposure interacted with sympathetic reac-
tivity to predict PTSD symptom onset, such that adolescents with lower levels of
sympathetic reactivity developed PTSD symptoms only following high exposure
to media coverage of the attack. Conclusions: We provide novel evidence that
physiological reactivity prior to exposure to an unpredictable traumatic stressor
predicts PTSD symptom onset. These findings have implications for identifying
youths most vulnerable to PTSD following wide-scale trauma. Depression and
Anxiety 31:551–558, 2014. C© 2014 Wiley Periodicals, Inc.
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INTRODUCTION
The terrorist attack at the 2013 Boston marathon
resulted in the death of three spectators and injured
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hundreds of other bystanders. Four days later, residents
of Boston and surrounding communities were confined
to their homes during an unprecedented shelter-in-place
request as police searched for the perpetrators. Schools
and most workplaces were closed, and many residents
watched the manhunt in real time on television. Con-
siderable research demonstrates that exposure to ter-
rorist attacks can exert a significant toll on the mental
health of adults and children, including onset of post-
traumatic stress disorder (PTSD) symptoms. Over 20%
of New York City residents living in close proximity
to the World Trade Center during the 9/11 attacks
met criteria for PTSD two months later.[1] Similar epi-
demiological studies of the Oklahoma City bombings[2]

and Israelis exposed to suicide bombings and terror-
ist attacks[3] indicate that PTSD symptoms develop in
a substantial minority of individuals following terrorist
attacks. However, the premorbid conditions that make
some youths more susceptible to symptom onset follow-
ing such events have yet to be fully identified.

The emergence of PTSD symptoms—including
intrusive memories, avoidance, and physiological
hyperarousal—has been linked to exposure to media cov-
erage of terrorist attacks, particularly among children
and adolescents.[4–8] Surveys conducted following 9/11
indicated that children watched an average of 3 hrs of
media coverage on the day of the attacks, with 23 percent
watching for 5 hrs or more.[9] Indirect exposure to these
events likely elevates perceptions of personal risk and
disrupts daily routines and activities,[8, 10] which might
increase risk for PTSD symptomatology. High levels of
media exposure to terrorist attacks may be particularly
detrimental for individuals who are already at risk for
developing PTSD.

Although a variety of risk factors have been iden-
tified for child and adolescent PTSD, we focus here
on three sets of factors consistently linked to PTSD
vulnerability.[11, 12] First, recent evidence from both
prospective and cross-sectional population-based studies
suggests that the vast majority of individuals who develop
PTSD have a history of prior psychopathology, partic-
ularly anxiety, and mood disorders.[12, 13] These findings
suggest that a history of internalizing psychopathology
is an important vulnerability marker for PTSD. Second,
increasing evidence suggests that prior exposure to trau-
matic events or environmental adversities can increase
risk for PTSD along with other mood and anxiety disor-
ders following subsequent exposure to stressors, a mech-
anism commonly known as “stress sensitization.”[14–17]

Indeed, several prospective studies have demonstrated
that pretrauma adversity exposure increases the odds of
PTSD onset.[18, 19] Finally, recent studies point to the
role of autonomic nervous system (ANS) function as a
risk factor for PTSD.[20–22] The ANS is a physiolog-
ical index of stress sensitivity and reactivity,[23, 24] and
evidence suggests that physiologically reactive individ-
uals are more susceptible to environmental stressors.[25]

Studies with adults have reported differences in phys-
iological reactivity between individuals with and with-

out PTSD, including increased startle response.[26, 27]

However, these studies have predominately used cross-
sectional designs, making it difficult to establish whether
these differences represent antecedents or sequelae of
PTSD.

The only prospective evidence for pretrauma, phys-
iological risk factors for PTSD come from two studies
of police and firefighter trainees.[28, 29] Both studies re-
ported positive associations between pretrauma physi-
ological reactivity and severity of PTSD symptoms fol-
lowing duty-related traumas. However, to date, no study
of children or adolescents has assessed exposure to trau-
matic events and physiological reactivity prior to a trau-
matic stressor.

In the current study, there was a unique opportunity
to explore whether individual differences in stress phys-
iology, internalizing symptoms, and trauma exposure,
measured prior to a traumatic event, confer vulnerabil-
ity to PTSD symptomatology in adolescents exposed to
a terrorist attack. We hypothesized that adolescents with
high levels of preattack internalizing symptoms and ei-
ther high sympathetic or low parasympathetic reactivity
would be particularly likely to develop PTSD symptoms
following the attack. Consistent with the stress sensi-
tization model, we hypothesized that previous violence
exposure would predict PTSD symptom onset. We ad-
ditionally examined whether associations between pre-
trauma risk factors and PTSD symptoms varied as a
function of exposure to media coverage of the event.
Several features of the terrorist attack in Boston (i.e.
real-time media coverage, uncertainty about the iden-
tity or whereabouts of the perpetrators, shelter-in-place
request, firefights, and car chases in residential neigh-
borhoods), combined with previous research, led us to
expect high levels of media exposure to these events and
a positive association between such exposure and PTSD
symptoms.

METHODS
PARTICIPANTS

A community-based sample of 78 adolescents aged 14–19 (65% fe-
male) living in the Boston metropolitan area at the time of the terrorist
attacks was recruited for participation in this study. All participants had
previously completed studies in our lab, including a subset (N = 44;
64% female) who had also completed a study assessing ANS reactivity
to stress. Participants were recruited for two separate studies with dif-
ferent goals, leading to differences in sample composition. Accordingly,
participants with ANS data had significantly lower preattack anxiety,
depression, and violence exposure than those without (Ps < .01), but
did not differ on age or gender. A total of 215 individuals (69 adoles-
cents 18 years and older and 146 adolescents younger than 18 years) or
their parents (i.e. for minors) were contacted and invited to participate
in an online survey during a two-week period beginning one month
following the terrorist attack. Of the total sample, 20 adolescents 18–
19 years old (29%) and 58 adolescents 14–17 years old (40%) agreed to
participate. Nonresponse was almost exclusively related to inability to
reach the adolescent or parent/guardian by email/telephone during the
two-week time period of data collection. Each participant who com-
pleted the survey was given a $5.00 gift card. Participants ranged from
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14 to 19 years of age at the time of the survey (M = 16.7 years; 65%
female). The sample was diverse with respect to race/ethnicity: 45.5%
White, 18.2% Asian, 11.7% Black, 5.2% Latino, 18.2% multi-racial,
and 1.3% from other racial/ethnic groups.

PROCEDURE
A subset of 44 participants completed the Trier Social Stress Test

(TSST) approximately one year prior to the Boston marathon. The
TSST is a standardized experimental protocol that has been shown
to elicit a physiological response in clinical and nonclinical child and
adolescent populations.[30,31] The TSST has several phases, each of
which lasts 5 min: speech preparation, speech, and math. Through-
out all phases of the TSST, continuous cardiac measures were mea-
sured noninvasively (see below). Upon arrival to the laboratory, base-
line measures of ANS activity were measured while participants sat
quietly in a chair (Baseline). Participants were then told they would
be delivering a speech about “what makes a good friend” to two ex-
perimenters. It was emphasized that performance was important, that
the experimenters were trained evaluators of public speaking, and that
the speech would be video-taped and reviewed by other experts later.
Adolescents were given 5 min to prepare their speech (Speech Prepara-
tion). Participants then delivered a 5 min speech to the experimenters
(Speech). During this period, the experimenters provided only neu-
tral or mildly negative feedback (e.g. appearing bored). No positive
feedback was provided. Next, participants were asked to count back-
wards out loud from 758 in steps of 7 (Math). After the experiment
was complete, adolescents were debriefed about the experimental pro-
tocol. Consistent with other literature using the TSST, reactivity was
greatest to the Speech, which is the part of the task we examine here. A
complete description of stress reactivity procedures in this prior study
is available elsewhere.[32,33]

PHYSIOLOGICAL MEASURES
Electrocardiogram (ECG) recordings were acquired using a Biopac

ECG amplifier (Goleta, CA), using a modified Lead II configura-
tion (right clavicle, left lower torso, and right leg ground). Cardiac
impedance recordings were obtained using a Bio-Impedance Tech-
nology model HIC-2500 impedance cardiograph (Chapel Hill, NC).
One pair of Mylar electrodes was placed on the neck and another pair
was placed on the torso. Biopac MP150 hardware and Acknowledge
software were used to acquire the ECG and impedance cardiography
data, both sampled at 1.0 kHz. ECG and impedance cardiography data
were inspected by trained research assistants who were blind to par-
ticipant identity, and scored using Mindware Heart Rate Variability
(HRV) Software (Mindware Technologies, Gahanna, OH).

Respiratory sinus arrhythmia (RSA) was calculated from the inter-
beat interval time series using spectral analysis implemented in Mind-
ware HRV Software. RSA was calculated for the frequency band 0.12–
0.40 Hz. To ensure that RSA represents a measure of pure parasym-
pathetic cardiac control,[34] respiration rate was derived from basal
cardiac impedance signal and included in all analyses as a covariate.
Preejection period (PEP) was calculated from impedance cardiogra-
phy scoring. PEP represents the time interval beginning with ventric-
ular depolarization and ending when blood is ejected from the left
ventricle (electrical systole). Shorter intervals represent greater sym-
pathetic activation.[35] As scoring of impedance cardiography data re-
quires manual placement of the B point (the opening of the aortic
valve),[36] these data were independently scored by two raters and dif-
ferences of more than 5% were reviewed and adjudicated by the second
author (McLaughlin).

PSYCHOPATHOLOGY
PTSD symptoms were assessed using the Impact of Events Scale-6

(IES-6), a six-item report of PTSD symptoms following exposure to a
traumatic event.[37] The IES-6 is an abbreviated form of the Impact of
Events Scale—Revised,[38] which is a widely used and well-validated
screener for PTSD symptoms. Respondents rated the frequency of hy-
perarousal (e.g. “I had trouble concentrating”), intrusive thoughts (e.g.
“I thought about it when I didn’t want to”) and avoidance (e.g. “I tried
not to think about it”) experienced since the week of the bombings, on
a 5-point Likert scale ranging from 0 (“almost never”) to 4 (“almost
always”). Previous studies have shown that the IES-6 explains most
of the variance of the IES-R,[37] and the measure demonstrated good
internal consistency in our sample (α = .89).

Premarathon depressive symptoms were assessed using the Childhood
Depression Inventory (CDI).[39] The CDI is a 27-item self-report mea-
sure of depressive symptoms in children and adolescents aged between
8 and 17 years. For each item, the child selects one of three items
that best describe them over the past two weeks (e.g. “I feel like cry-
ing everyday,” “I feel like crying many days,” “I feel like crying once
in a while”). Each item was scored by assigning a number according
to symptom severity (0 = mild; 1 = moderate; 2 = severe), and then
summing across all items to generate a total score. The CDI’s relia-
bility and validity have been documented in several studies,[39,40] and
demonstrated excellent internal consistency in our sample (α = .96).

Premarathon anxiety symptoms were assessed using the Multidimen-
sional Anxiety Scale for Children (MASC).[41] The MASC is a 38-item
self-report measure that assesses the presence of anxiety symptoms in
youth. Subscales include physical symptoms (“I feel restless and on
edge”), social anxiety (“I get nervous if I have problems in public”),
harm avoidance (“I stay away from things that upset me”), and separa-
tion anxiety (“I avoid going places without my family”), on a 4-point
Likert scale from 1 (“never true”) to 4 (“very true”). The MASC has
been validated in a number of previous studies,[41,42] and demonstrated
excellent internal consistency in our sample (α = .96).

EXPOSURE MEASURES
Prior violence exposure was assessed using the Screen for Adolescent

Violence Exposure (SAVE).[43] The SAVE is a 32-item measure of
adolescents’ exposure to direct and indirect violence in school, home,
and neighborhood contexts. Items are rated on a 5-point Likert scale
to indicate the frequency of indirect (e.g. “I hear gun shots”) or direct
(e.g. “someone has pulled a knife on me”) exposures, on a scale from
1 (“never”) to 4 (“almost always”). The SAVE has demonstrated good
reliability and validity in samples of inner-city youth.[43] The SAVE
demonstrated good reliability in our sample (α = .88).

Media exposure to the marathon was measured by participants’ re-
sponse to two questions asking “approximately how much of the day
on the day on Monday 15th/Friday 19th did you spend watching news
coverage of the event on a TV, computer, iPad, or other electronic de-
vice?” These questions were on a Likert scale ranging from 1 (“None”)
to 5 (“All Day”) and were summed to create an overall media exposure
composite, with higher scores reflecting greater exposure.

DATA ANALYSIS
First, we examined the main effects of media exposure, pretrauma

psychopathology, PEP, and RSA reactivity, and prior violence expo-
sure on PTSD symptoms. Consistent with previous studies using the
TSST,[44,45] we calculated sympathetic and parasympathetic reactiv-
ity to the TSST by subtracting RSA/PEP measured when participants
first began the task (first minute of Baseline) from RSA/PEP measured
during the speech portion of the test (first minute of Speech), as this was
the period associated with the greatest physiological response. Next,
in order to test our hypothesis that media exposure would moderate
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TABLE 1. Descriptive statistics for RSA and PEP
(baseline and speech; N = 44), violence exposure,
psychopathology, and demographic variables (N = 78)

Mean SD Range

Age 16.72 1.33 14–19
CDI 11.53 6.61 0–25
MASC 49.22 18.43 9–85
SAVE 46.95 9.90 32–85
RSA–Baseline 6.84 1.39 1.89–9.71
RSA–Speech 6.00 1.41 1.09–8.56
RSA–Math 6.20 1.51 .54–8.22
PEP–Baseline 102.78 12.83 62–189
PEP–Speech 84.27 19.16 50–123
PEP–Math 90.00 18.41 50–127
Media exposure 6.33 2.13 2–10
IES-6 5.75 5.31 0–22

CDI, childhood depression inventory; MASC, multidimensional anx-
iety scale for children; SAVE, screen for adolescent violence exposure;
IES-6, impact of events scale–6 item.

the association between pretrauma risk factors and PTSD symptoms,
we generated two-way interaction terms between the two physiologi-
cal reactivity variables (parasympathetic and sympathetic), pretrauma
anxiety and depression, and media exposure. For all significant inter-
actions, simple slopes were evaluated using procedures described by
Aiken and West.[46] Age and gender were included as covariates in all
regression models, and respiration rate for all models involving RSA.
All statistical analyses were conducted using Stata for Mac (StataCorp,
College Station, TX).

RESULTS
DESCRIPTIVE STATISTICS AND BIVARIATE
ASSOCIATIONS

Table 1 provides information on demographic vari-
ables, RSA and PEP at baseline and the speech portion
of the TSST, violence exposure, and pretrauma psy-
chopathology. Zero-order correlations between control
variables (age and gender), predictors (prior anxiety and
depression, prior violence exposure, and PEP/RSA re-

Figure 1. Exposure to media coverage on the day of the Boston
Marathon bombing (April 15th) and the day of the manhunt and
shelter in place request (April 19th).

activity), and the outcome (PTSD symptoms) are pre-
sented in Table 2. The full distribution of responses for
the survey question assessing media exposure on both
May 15th and May 19th is displayed in Fig. 1. Notably,
PTSD symptoms after the attack were correlated with
premorbid anxiety and depression symptoms and prior
violence exposure, but not with PEP or RSA reactivity.

MAIN EFFECTS OF MEDIA EXPOSURE,
PRETRAUMA PSYCHOPATHOLOGY, ANS
REACTIVITY, AND PRIOR VIOLENCE EXPOSURE

Media exposure, prior violence exposure, pretrauma
depression, and pretrauma anxiety were significantly as-
sociated with PTSD symptoms. No significant main ef-
fects were found for PEP or RSA reactivity. Coefficients,
standard errors, and P-values for these models are pre-
sented in Table 3.

TWO-WAY INTERACTIONS WITH MEDIA
EXPOSURE

Next, we examined whether media exposure moder-
ated the association between pretrauma risk factors and

TABLE 2. Correlations between RSA and PEP reactivity, violence exposure, psychopathology, and demographic
variables

1 2 3 4 5 6 7 8 9

1. Age –
2. Female −.03 –
3. CDI (depression symptoms) .10 .19 –
4. MASC (anxiety symptoms) −.04 .26* .68** –
5. SAVE (violence exposure) .12 .26* .40** .38** –
6. RSA reactivity .15 −.07 .11 .03 −.06 –
7. PEP reactivity .05 −.28 −.06 −.29 −.00 .43** –
8. Media exposure .23 .09 .28* .14 .20 .16 .05 –
9. IES-6 (PTSD symptoms) .03 .18 .41** .29* .35** −.01 −.12 .26* –

Note: ∗P < .05 ∗∗; P < .01.
CDI, childhood depression inventory; MASC, multidimensional anxiety scale for children; SAVE, screen for adolescent violence exposure;
IES-6, impact of events scale 6.

Depression and Anxiety



Research Article: Vulnerability to PTSD Symptoms Following a Terrorist Attack 555

TABLE 3. Results for regression models predicting
PTSD symptoms

β (SE) P-value

Main effects
Media exposure .64 .31 .042
Violence exposure .22 .06 .005
Prior anxiety .08 .03 .027
Prior depression .32 .09 .001
RSA reactivity .16 .29 .729
PEP reactivity −.03 .06 .567

Interaction effects
RSA reactivity × media −.11 .22 .612
PEP reactivity × media .08 .03 .021

Note: All models control for age and gender, and models with RSA
control for respiration rate.

PTSD symptoms. PEP reactivity interacted significantly
with media exposure (β = .08, P = .021). In order to
further assess this finding, we plotted the association be-
tween media exposure and PTSD symptoms at +1 and
–1 standard deviations of PEP reactivity (see Fig. 2). The
relationship between media exposure and PTSD symp-
toms was significant for adolescents with low PEP re-
activity (β = 1.82, P = .002), but not for adolescents
with high PEP reactivity (β = –.63, P = .40). Further
post-hoc analyses revealed that at low media exposure
(–1 SD), adolescents with high PEP reactivity experi-
enced significantly greater PTSD symptoms than ado-
lescents with low PEP reactivity, F(1,34) = 5.78, P =
.02. At high levels of media exposure (+1 SD), this dif-
ference was nonsignificant, F(1,34) = 1.85, P = .18. No
significant interactions were found between media expo-
sure and parasympathetic reactivity, nor with premorbid
anxiety and depression.

As prior anxiety was marginally correlated with PEP,
we ran a final model where we examined whether the
interaction between PEP and media exposure predicted
PTSD symptoms, controlling for prior anxiety. In this
model, the interaction remained marginally significant
(β = .07, P = .061).

DISCUSSION
Identifying predictors of child and adolescent mental

health in the wake of mass trauma—including terrorist
attacks—is critical for improving screening and detec-
tion efforts and the delivery of preventive interventions
to youths most vulnerable to the negative sequelae of
these events. Maladaptive patterns of ANS reactivity are
putative risk factors underlying the development of psy-
chopathology, including PTSD.[47–49] Sympathetic reac-
tivity measured shortly after a trauma has been associated
with an increased likelihood of developing PTSD symp-
toms, in both children[50, 51] and adults.[27] However, we
are unaware of a single prospective study of children or
adolescents that has investigated physiological reactiv-
ity measured prior to a traumatic event as a risk fac-
tor for PTSD. In this study, we provide novel evidence
that heightened sympathetic reactivity measured prior
to a terrorist attack interacts with degree of media expo-
sure to the attack to predict the onset of PTSD symp-
toms in adolescents. In contrast, we found no effect of
parasympathetic reactivity on PTSD symptoms, nor an
interaction between parasympathetic reactivity or pre-
trauma psychopathology with media exposure. Preattack
violence exposure and anxiety and depressive symptoms
also predicted PTSD, but did not vary according to me-
dia exposure. These findings support the hypothesis that
sympathetic nervous system reactivity and pretrauma in-
ternalizing psychopathology are involved in the patho-
physiology of PTSD.[20]

Our analyses show that adolescents with high sym-
pathetic reactivity to a laboratory stressor exhibited
elevated risk for PTSD symptoms as compared to
adolescents with low sympathetic reactivity, in the con-
text of low levels of exposure to media coverage of
the attacks. These findings are consistent with a num-
ber of previous studies that have demonstrated associa-
tions between high sympathetic reactivity and internal-
izing problems in children.[25, 52, 53] We extend previous
findings by demonstrating that sympathetic reactivity
measured prior to a traumatic event predicts onset of
PTSD symptoms. In contrast, we found no effect of

Figure 2. Interaction of media exposure and pretrauma sympathetic reactivity on PTSD symptoms. Fitted lines indicate predicted values
for adolescents with high sympathetic reactivity (–1SD PEP) and low reactivity (+1SD PEP). Models control for age and gender.
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parasympathetic reactivity on PTSD symptoms or sig-
nificant interactions between parasympathetic reactivity
and media exposure.

Our finding that media exposure was associated with
greater onset of PTSD symptoms is consistent with prior
studies.[6, 8, 54] In the context of high levels of media ex-
posure, youth with high and low sympathetic reactivity
exhibited equally high levels of PTSD symptoms. For
those not directly exposed to these kinds of events, news
reports are the primary vehicle through which individu-
als learn about and experience terrorist acts. Media expo-
sure has previously been found to predict a wide range
of functional outcomes in children following terrorist
attacks, including not only PTSD symptoms but also
sleep problems and behavioral withdrawal.[6, 9, 55] Parents
are likely to have an important role to play in moderat-
ing their children’s exposure to potentially distressing
news coverage. However, as Comer et al.[56] acknowl-
edge, parents and other caregivers may increase their
children’s media literacy (e.g. educating them about the
dramatized coverage of events present in most news re-
ports). Taken together, these findings suggest that par-
ents should make efforts to limit youth’s exposure to
media coverage following terrorist attacks or other po-
tentially traumatic events. Moreover, in spite of concerns
about recent expansions in the definition of trauma,[57]

our findings suggest that even lower intensity stressors
may precipitate symptoms of distress and impairment.
However, we have no evidence that these symptoms of
distress would emerge as PTSD in the future as we only
measure symptoms of PTSD dimensionally.

Finally, we observed an association between prior vi-
olence exposure and adolescent symptoms of PTSD
following the terrorist attack. This is consistent with
prior studies that have reported elevated risk for inter-
nalizing psychopathology in the wake of trauma expo-
sure among individuals with a history of prior exposure
to environmental adversity (i.e. stress sensitization ef-
fects), including for PTSD.[14–17] Prior experiences of
trauma and environmental adversity may create a diathe-
sis for internalizing psychopathology that is exacerbated
by exposure to additional stressors. Previously, it has
been hypothesized that a potential mechanism under-
lying this stress sensitization effect involves the impact
of early experiences of adversity on the development of
the ANS and patterns of ANS reactivity.[22] Although
sympathetic reactivity was associated with postmarathon
PTSD symptoms, prior violence exposure was not re-
lated to reactivity. The lack of association between vi-
olence exposure and sympathetic reactivity in our sam-
ple should be interpreted with caution given our small
sample size. Prior violence exposure was associated with
the onset of PTSD symptoms regardless of levels media
exposure, capturing the central importance of early ad-
versity in predicting response to future traumatic events.

Our findings should be viewed in light of several limi-
tations. First, the response rate to our online survey was
low, limiting the sample size, and making it likely that
we identified a nonrandom sample of adolescents in the

Boston area. The low response rate was likely a result of
the short window of data collection following the bomb-
ings (i.e. 2 weeks), and the difficulty in reaching parents
via email to provide consent. Second, we used a self-
report questionnaire rather than a structured clinical in-
terview to measure PTSD symptoms. Future research is
needed to examine whether patterns of physiological re-
activity, exposure to media coverage, and prior violence
are related to onset of PTSD. Third, the study design
precludes us from making a strong inference about the
direction of causality between adolescents’ media expo-
sure and their degree of PTSD symptoms. For example,
although it is plausible that exposure to media resulted
in increased symptoms, it is also possible that the most
distressed adolescents sought out more news coverage
of the event. Fourth, most adolescents in our sample
were exposed to the attacks primarily through the media.
Based on the DSM-5 definition of traumatic events,[58]

such exposures do not qualify as traumatic. We never-
theless observed PTSD symptoms related to the attacks
in many youths in our sample. Finally, the present study
only assessed PTSD symptoms one month after the at-
tacks. As such, our assessment might have missed youths
with delayed reactions to the attacks. This is unlikely, as a
prior study found that PTSD symptoms after 9/11 were
largely resolved within 6 months.[59] Nevertheless, fur-
ther research is needed to chart the trajectory of symp-
toms over time following these types of mass trauma.

CONCLUSION
This represents one of the first studies to identify

physiological risk factors for PTSD symptom onset in
youths following a terrorist attack. Our findings demon-
strate that sympathetic reactivity is a risk factor for the
onset of PTSD symptoms. Moreover, we show that ado-
lescents who were exposed to high levels of violence prior
to the Boston Marathon bombings had increased PTSD
symptoms following the attack, indicating that a history
of exposure to childhood adversity places adolescents at
risk for PTSD symptoms following future stressors. Fu-
ture prospective research is needed to characterize the
interplay of neurobiological and environmental factors
in shaping vulnerability to PTSD in children and ado-
lescents.
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25. Obradović J, Bush NR, Boyce WT. The interactive effect of mar-
ital conflict and stress reactivity on externalizing and internaliz-
ing symptoms: the role of laboratory stressors. Dev Psychopathol
2011;23:101–114.

26. Morgan CA, Grillon C, Southwick SM, et al. Exaggerated acous-
tic startle reflex in Gulf War veterans with posttraumatic stress
disorder. Am J Psychiatry 1996;153:64–68.

27. Shalev AY, Peri T, Brandes D, et al. Auditory startle response in
trauma survivors with posttraumatic stress disorder: a prospective
study. Am J Psychiatry 2000;157:255–261.

28. Guthrie RM, Bryant RA. Auditory startle response in firefighters
before and after trauma exposure. Am J Psychiatry 2005;162:283–
290.

29. Pole N, Neylan TC, Otte C, et al. Prospective prediction of PTSD
symptoms using fear potentiated auditory startle responses. Biol
Psychiatry 2009;65:235–240.

30. Dorn LD, Campo JC, Thato S, et al. Psychological comorbidity
and stress reactivity in children and adolescents with recurrent
abdominal pain and anxiety disorders. J Am Acad Child Adolesc
Psychiatry 2003;42:66–75.

31. Harkness KL, Stewart JG, Wynne-Edwards KE. Cortisol reactiv-
ity to social stress in adolescents: role of depression severity and
child maltreatment. Psychoneuroendocrinology 2011;36:173–
181.

32. McLaughlin KA, Alves S, Sheridan MA. Vagal regulation and in-
ternalizing psychopathology among adolescents exposed to child-
hood adversity. Dev Psychobiol.

33. McLaughlin KA, Rith-Najarian L, Dirks MA, Sheridan MA. Low
vagal tone magnifies the association between psychosocial stress
exposure and internalizing psychopathology in adolescents. J Clin
Child Adolesc Psychol.

34. Grossman P, Taylor EW. Toward understanding respiratory sinus
arrhythmia: relations to cardiac vagal tone, evolution and biobe-
havioral functions. Biol Psychol 2007;74:263–285.

35. Sherwood A, Allen MT, Fahrenberg J, et al. Methodologi-
cal guidelines for impedance cardiography. Psychophysiology
1990;27:1–23.

36. Blascovich J, Vanman E, Mendes WB, Dickerson S. Social Psy-
chophysiology for Social and Personality Psychology. Los Ange-
les, CA: Sage; 2011.

37. Thoresen S, Tambs K, Hussain A, et al. Brief measure of post-
traumatic stress reactions: impact of event scale-6. Social Psychiatr
Psychiatr Epidemiol 2010;45:405–412.

38. Weiss DS. The impact of event scale-revised. In: Wilson JP,
Keane TM, editors. Assessing Psychological Trauma and PTSD:
A Practitioner’s Handbook. 2nd ed. New York: Guilford Press;
2004:168–189.

39. Kovacs M. The Children’s Depression Inventory (CDI) manual.
Toronto, Canada: Multi Health Systems; 1992.

40. Logan DE, Claar RL, Guite JW, et al. Factor structure of the
children’s depression inventory in a multisite sample of children
and adolescents with chronic pain. J Pain 2013;14:689–698.

Depression and Anxiety



558 Busso et al.

41. March JS, Parker JDA, Sullivan K, et al. The multidimensional
anxiety scale for children (MASC): factor structure, reliability, and
validity. J Am Acad Child Adolesc Psychiatry 1997;36:554–565.

42. March JS, Sullivan K, Parker J. Test-retest reliability of the
multidimensional anxiety scale for children. J Anxiety Disorders
1999;13:349–358.

43. Hastings TL, Kelley ML. Development and validation of the
screen for adolescent violence exposure (SAVE). J Abnorm Child
Psychol 1997;25:511–520.

44. Jamieson JP, Mendes WB, Blackstock E, Schmader T. Turn-
ing the knots in your stomach into bows: reappraising arousal
improves performance on the GRE. J Exp Social Psychol
2010;46:208–212.

45. Jamieson JP, Nock MK, Mendes WB. Changing the conceptual-
ization of stress in social anxiety disorder affective and physiolog-
ical consequences. Clin Psychol Sci 2013;1:363–374.

46. Aiken LS, West SG. Multiple Regression: Testing and Interpret-
ing Interactions. Newbury Park, London: Sage; 1991.

47. Calkins SD, Graziano PA, Keane SP. Cardiac vagal regulation
differentiates among children at risk for behavior problems. Biol
Psychol 2007;74:144–153.

48. Delahanty DL, Nugent NR. Predicting PTSD prospectively
based on prior trauma history and immediate biological responses.
Annal NY Acad Sci 2006;1071:27–40.

49. El-Sheikh M, Erath SA. Family conflict, autonomic nervous
system functioning, and child adaptation: state of the sci-
ence and future directions. Dev Psychopathol 2011;23:703–
721.

50. Nugent NR, Christopher NC, Delahanty DL. Emergency med-
ical service and in-hospital vital signs as predictors of subsequent

PTSD symptom severity in pediatric injury patients. J Child Psy-
chol Psychiatry 2006;47:919–926.

51. Kassam-Adams N, Garcia-España JF, Fein JA, Winston FK. Heart
rate and posttraumatic stress in injured children. Arch Gen Psy-
chiatry 2005;62:335–340.

52. El-Sheikh M. The role of emotional responses and physiological
reactivity in the marital conflict—child functioning link. J Child
Psychol Psychiatry 2005;46:1191–1199.

53. Weems CF, Zakem AH, Costa NM, et al. Physiological response
and childhood anxiety: association with symptoms of anxiety disor-
ders and cognitive bias. J Clin Child Adolesc Psychol 2005;34:712–
723.

54. Fremont WP, Pataki C, Beresin EV. The impact of terrorism on
children and adolescents: terror in the skies, terror on television.
Child Adolesc Psychiatric Clin North Am 2005;14:429–451.

55. Phillips D, Prince S, Schiebelhut L. Elementary school children’s
responses 3 months after the September 11 terrorist attacks: a
study in Washington, DC. Am J Orthopsychiatr 2004;74:509–
528.

56. Comer JS, Furr JM, Beidas RS, et al. Children and terrorism-
related news: training parents in coping and media literacy. J Con-
sult Clin Psychol 2008;76:568–578.

57. McNally RJ. Can we fix PTSD in DSM-V? Depress Anxiety
2009;26:597–600.

58. Association AP. Diagnostic and Statistical Manual of Mental Dis-
orders. 5th ed. Arlington, VA: American Psychiatric Publishing;
2013.

59. Galea S, Vlahov D, Resnick H, et al. Trends of probable post-
traumatic stress disorder in New York City after the September
11 terrorist attacks. Am J Epidemiol 2003;158:514–524.

Depression and Anxiety


