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The great Sichuan earthquake in China on May 12, 2008 was a traumatic event to many who live near the earth-
quake area. However, at present, there are few studies that explore the long-term impact of the adolescent trau-
ma exposure on adults' brain function. In the present study, we used functional magnetic resonance imaging
(fMRI) to investigate the brain activation evoked by masked trauma-related stimuli (earthquake versus neutral
images) in 14 adults who lived near the epicenter of the great Sichuan earthquake when they were adolescents
(trauma-exposed group) and 14 adults who lived farther from the epicenter of the earthquake when they were
adolescents (control group). Comparedwith the control group, the trauma-exposed group showed significant el-
evation of activation in the right anterior cingulate cortex (ACC) and the medial prefrontal cortex (MPFC) in re-
sponse to masked earthquake-related images. In the trauma-exposed group, the right ACC activation was
negatively correlated with the frequency of symptoms of post-traumatic stress disorder (PTSD). These findings
differmarkedly from the long-term effects of trauma exposure in adults. This suggests that trauma exposure dur-
ing adolescence may have a unique long-term impact on ACC/MPFC function, top-down modulation of trauma-
related information, and subsequent symptoms of PTSD.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Earthquakes can cause widespread devastation, including loss of
property, personal injury, and homelessness (Ursano and McCaughey,
1995). After the great Sichuan earthquake in China on May 12, 2008,
more than 69,000 people were dead and more than 37,000 were in-
jured. To date, at least 17,000 people still remain missing. In total,
more than 46 million people were affected in the 30,000 km2 area
that was impacted by this disaster.

Events such as this one can have a profound impact onmental health
(Bremner et al., 1993; Copeland et al., 2007; Wang et al., 2011) and
there is an intensive international effort to understand the role of the
brain in the association between psychological trauma and ensuing
morbidity (Patel et al., 2012). Previous research has focused on samples
of adults and children with posttraumatic stress disorder (PTSD)
(Andersen et al., 2008; De Bellis et al., 1999). However, the majority of
the trauma-exposed individuals without clinical diagnosis of PTSD
(which we will refer as trauma-exposed sample) received little atten-
tion. Although there is an emerging effort to understand the neural

impact of adulthood exposure to psychological trauma in nonclinical in-
dividuals (Ganzel et al., 2007; Gianaros et al., 2007; Liston et al., 2009),
less attention has been paid to the long-term effects of adolescence
trauma exposure in nonclinical sample. This is of particular interest, as
adolescence is a critical period in brain development. This study aims
to help to fill this gap.

1.1. Background

Trauma exposure is relatively common in the general population, so
that the study of trauma sequelae in nonclinical samples is an important
public health issue. For example, epidemiological studies in the United
States report that more than half of adults and children experience at
least one psychological trauma in their lifetime (Cohen et al., 2006;
Copeland et al., 2007; Kessler et al., 1995). Only a small percentage of
trauma-exposed people (7%–12%) develop PTSD and rates are lower
for children (Copeland et al., 2007). However, after exposure to severe
earthquakes, many of these children and adolescents are at risk for
sub-clinical posttraumatic stress and depressive reactions (Goenjian
et al., 1995; Roussos et al., 2005). If left untreated, these conditions
can become chronic in young survivors who at first appear resilient
(Bremner et al., 1993; Goenjian et al., 2005). Regrettably, less is
known about the long-term consequences of severe life events for
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youth who do not initially develop clinical-level psychiatric symptoms
(Copeland et al., 2007).

1.2. Neuroimaging

A growing body of research on the neural and behavioral sequelae of
the great Sichuan earthquake suggests that this event had a long-term
impact on brain function in both clinical and nonclinical adults. Approx-
imately twomonths after the earthquake, one of our authors (J.Q.) con-
ducted studies examining event-related potential (ERP) response to the
classic and modified Stroop task in a nonclinical sample of adults who
were near the epicenter of the earthquake and who had close personal
experience of this disaster, relative to a comparison group that was
much farther from the epicenter (Qiu et al., 2009, 2010; Wei et al.,
2011). The earthquake exposed group demonstrated decreased cogni-
tive monitor and control (Qiu et al., 2009). In addition, the trauma-
exposed nonclinical adults showed absence of the typical N400-600
Stroop interference effect, indicating the abnormal functions of the
right prefrontal cortex (Brodmann area [BA] 10) (Qiu et al., 2010). Atyp-
ical PFC function was also observed in a functional magnetic resonance
imaging (fMRI) study of nonclinical adults that was conducted within
25 days of the earthquake. This study found higher resting-state activity
in frontolimbic and striatal brain regions, reduced neural connectivity
between the two regions, as well as increased anxiety and depression
symptoms in nonclinical adults who were close to the earthquake epi-
center relative to a comparison group that was farther away (Lui et al.,
2009).

Researches of fMRI in nonclinical trauma-exposed individuals re-
ported aberrant neural function in frontolimbic regions (Ganzel et al.,
2007; New et al., 2009; Phan et al., 2006). A longitudinal fMRI study of
the effects of combat exposure on military paramedics found increased
activation in the amygdala, hippocampus, and ventromedial PFC in re-
sponse to masked trauma-related stimuli (Admon et al., 2009). New
et al. (2009) found that the female rape survivors with PTSD and with-
out PTSD both showed impaired ability to diminish response to the
emotional imagery, accompanied by attenuated signal in PFC compared
to controls during down-regulation of emotional response to overtly
presented rape-related imagery. It is argued that trauma exposure im-
pairs MPFC control on the amygdala, which can lead to PTSD symptoms
(Williams et al., 2006). Thus, the PFC structure and functions for cogni-
tive and emotional controls are particularly vulnerable to trauma expo-
sure in both clinical and nonclinical adults.

1.3. Developmental trauma exposure

In children and youth, the neural and behavioral sequelae of trauma
differ from that observed in adults (De Bellis et al., 1999, 2002). The de-
velopment of a brain and behavior creates periods of sensitivity to expe-
rience that vary in their neural and behavioral impact, depending on the
developmental timing of each experience (Ganzel andMorris, 2011). So
if psychological trauma occurs during a period of rapid development in
a given brain region, that trauma ismore likely to affect neural function,
structure, and/or connectivity in that region, with parallel specific ef-
fects on behavior. Unfortunately, very little is known about the long-
term effects of trauma on the nonclinical adolescent brain. One existing
study suggests that a sample of nonclinical young adolescents (10 to 15
years of age) who experienced a greater number of traumas in lifetime
had decreased structure (regional gray matter volume) in PFC and
amygdala, relative to adolescents with fewer traumas in lifetime
(Ganzel et al., 2013).

To date, no studies examining the neural functions after trauma
exposure in adolescence, a critical period in neurodevelopment,
exist. Therefore, we used the great Sichuan earthquake in China on
May 12, 2008, as a unique window into this question. Subjects
were all nonclinical adults who were high school students (17 to
19 years of age) at the time of the earthquake. This study design

gave us good control over a number of key factors in this investiga-
tion, including the type of trauma, the intensity of trauma exposure,
the age of the study subjects at the time of trauma exposure, and the
time elapsed between trauma exposure and neuroimaging data col-
lection. All earthquake-related stimuli were subliminally presented
to avoid overt traumatic reminders and possible traumatization in
subjects. Additionally, it is now widely accepted that cognitive pro-
cesses and states can be non-conscious (occurring below aware-
ness). Previous studies have shown that stimuli presented below
awareness can elicit an effective reaction that is itself consciously
felt (Winkielman and Berridge, 2004).

In summary, we speculated that the ACC/MPFC might play an im-
portant role in the regulation and processing of earthquake-related
images, even when these stimuli were subliminally presented. We
hypothesized that the nonclinical earthquake-exposed individuals
would show significantly decreased activity in ACC and MPFC rela-
tive to the comparison group, along with heightened activity in the
amygdala and associated limbic regions in response to masked
trauma-related images.

2. Materials and methods

2.1. Subjects

Thirty volunteers from Southwest University participated in the
study. The earthquake survivors were all enrolled in high school on
May 12, 2008, the date of the great Sichuan earthquake, andwere living
in the most serious disaster areas (e.g., Mianyang city, 140 km away
from the epicenter of the earthquake, and Deyang city, 101 km away
from the epicenter). The control group consisted of volunteers who
were also enrolled in high school on May 12, 2008, but were living far
from the epicenter of the earthquake and did not have family or close
friends harmed in the disaster (e.g., in Beijing city, 1933 km away
from the epicenter of the earthquake, and Jinan city, 1593 km away
from the epicenter). Data were collected in November, 2010, thirty
months after the earthquake on May 12, 2008.

According to this scale, subjects whose total score over 60 are con-
sidered to have serious PTSD symptoms. Considering the purpose of
our study so the exclusion criteria: (1) had clinical-level PTSD symp-
toms (PTSD-SS total score over 60); (2) history of past or present psy-
chiatric care, or the presence of acute or chronic medical illness after
the Sichuan earthquake; or (3) had undergone any psychotic illness as
recorded in the documents of themental health education department;
and (4) undergone any form of psychotherapy or taken psychotropic
medications after the Sichuan earthquake were excluded. In total, two
subjects were excluded from the current study: one has a PTSD-SS
score over 60, and the other one has excessive headmotion in the scan-
ner. Informed consent was obtained from all subjects. They were all
right-handed and had normal or corrected-to-normal vision. This
study was approved by the Southwest University Brain Imaging Center
Institutional Review Board and complies with the Helsinki Declaration.
Therefore, there were 14 survivors of the Sichuan earthquake (trauma-
exposed group, age mean= 20.64 ± .74 years, 6 males, 8 females) and
14 control subjects (control group, age mean = 20.57 ± 0.85 years, 7
males, 7 females).

2.2. Behavioral assessments

The post-traumatic stress disorder self-rating scale (PTSD-SS) was
based on the definition and diagnostic criteria of PTSD described in
the Diagnostic and Statistical Manual of Mental Disorders: Fourth Edi-
tion (DSM-IV: American Psychiatric Association, 1994) and the Chinese
Classification ofMental Disorders, Second Edition, Revised (CCMD-II-R).
In China, it has been widely applied to evaluate the degree of PTSD
symptoms of earthquake survivors (Fan et al., 2009; Liu et al., 2010).
There are three factors of the PTSD-SS (re-experiencing/avoidance
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