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Studies on first responders who are repeatedly exposed to traumatic events report
low levels of PTSD symptoms and diagnosis. However, neuroimaging and behavioral
studies show that traumatic exposure is associated with brain and cognitive dysfunctions.
Taking together it may suggest that traumatic exposure have a price, which is not
sufficiently defined by the standard PTSD measures. In a recent study we revealed
that similar to individuals with PTSD, non-PTSD highly exposed firefighters display a
selective impairment in hippocampal related functions. In the current study we aimed
to test whether different first responders display a similar impairment. We concentrated
on unique populations of active duty firefighters and criminal scene-investigators (CSI)
police, who are frequently exposed to similar levels and types of traumatic events, and
compared them to civilian matched-controls with no history of trauma-exposure. We
used a hippocampal dependent cue-context reversal paradigm, which separately evaluates
reversal of negative and positive outcomes of cue and context related information. We
predicted and found that all participants were equally able to acquire and retain stimulus-
outcome associations. However, there were significant differences in reversal learning
between the groups. Performance among firefighters replicated our prior findings; they
struggled to learn that a previously negative context is later associated with a positive
outcome. CSI police on the other hand showed a selective impairment in reversing the
outcome of a negative cue. Hence after learning that a specific cue is associated with a
negative outcome, they could not learn that later it is associated with a positive outcome.
Performance in both groups did not correlate with levels of PTSD, anxiety, depression or
behavioral inhibition symptoms. The results provide further evidence of the hidden price
of traumatic exposure, suggesting that this price may differ as a function of occupation.

Keywords: reversal-learning, context, cue, repeated traumatic exposure, hippocampus, first-responders,

firefighters, CSI police

INTRODUCTION
A conventional view of the possible effects of traumatic stress clas-
sifies trauma- exposed individuals into two major groups: those
who suffer from post-traumatic stress disorder (PTSD) and those
who remain resilient. Interestingly, studies on first responders
who are repeatedly exposed to traumatic events as part of their
daily routine, report low levels of PTSD symptoms in this group
(e.g., Pole et al., 2009; Soo et al., 2011; Fushimi, 2012; Meyer et al.,
2012; Orr et al., 2012; Admon et al., 2013). These findings may
lead to the conclusion that highly exposed individuals are espe-
cially resilient to the possible aversive effects of repeated traumatic
exposure. However, this conclusion does not take into account
that repeated traumatic exposure might have a hidden price.
Specifically, it may affect different behavioral, cognitive and brain
related functions and structures that are not sufficiently defined
by the standard measures of PTSD symptoms and diagnosis. The

aim of the present study is to provide further evidence for the hid-
den price of traumatic exposure by testing highly trauma exposed
non-PTSD first responders from different occupations.

The probable price of traumatic exposure is reflected in
both animal and human studies, which show a significant
decrease in brain related structure and function after exposure
to potential traumatic events (e.g., Woodward et al., 2009, 2013;
Clinchy et al., 2011; Papagni et al., 2011; Chen et al., 2012;
Goswami et al., 2012; Yuen et al., 2012; Sekiguchi et al., 2013;
for review see Lupien et al., 2009; Fa et al., 2014). While these
brain related deficits do not necessarily correlate with levels
of PTSD symptoms, recent studies have shown associations
between it and the amount of traumatic exposure. Specifically,
it was found that greater traumatic exposure is associated with
vaster levels of structural and functional changes in the brain
(Papagni et al., 2011; Aupperle et al., 2013; Nooner et al., 2013).
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These results may suggest a significant effect of traumatic expo-
sure, which is not sufficiently defined by the standard measures
of PTSD symptoms.

Many of the studies on non-PTSD trauma exposed individ-
uals revealed deficits in hippocampal function and structure. It
was shown that not only individuals with PTSD but also trauma-
exposed individuals without PTSD have a reduced hippocampal
volume compared to trauma-unexposed controls (e.g., Winter
and Irle, 2004; for meta-analysis see Karl et al., 2006; Woon et al.,
2010). Attempts to explain the mechanisms behind the deficits in
hippocampal structure and function in trauma exposed individ-
uals relay mostly on evidence from animal models (Rudy, 2009;
Goosens, 2011; Moustafa et al., 2013 for review see Acheson et al.,
2012; Maren et al., 2013). According to these models hippocam-
pal deficits may lead to impaired learning and use of associa-
tions between contextual information and aversive events. These
deficits may explain, for example, why a person who was exposed
to a terror attack (e.g., explosion) in a coffee shop may associate
all coffee shops and every load sound with a negative outcome.

In order to further test possible relationship between trauma
exposure and hippocampal related deficits we developed a novel
cue-context reversal paradigm (Levy-Gigi et al., 2014). In a com-
mon reversal paradigm, participants acquire a stimulus-outcome
association (S→Positive) and later need to reverse the outcome
of the same stimulus (S→Negative). However, this paradigm
does not take into account that every stimulus occurs in a spe-
cific context (Mayes et al., 1992). In our paradigm, participants
learn cue + context-outcome associations (A hat on an orange
background→Positive) and later view new associations, which
require reversing the outcome of either the cue (A phone on
an orange background→Negative) or the context (A hat on a
gray background→Negative) of the acquired stimuli. This unique
innovative manipulation enables us to detect selective impair-
ments in reversing positive and negative outcomes of cue and
context related information.

In previous studies we showed that performance on our
paradigm significantly correlates with hippocampal functions
(Levy-Gigi et al., 2011) and volume reduction (Levy-Gigi et al.,
2014). Applying this paradigm in trauma exposed individuals we
showed that similar to fully diagnosed PTSD individuals, non-
PTSD trauma-exposed firefighters displayed a selective deficit in
reversing the outcome of negative context. After they learned
that a specific context is associated with a negative outcome,
they struggled to learn that the same context predicts a positive
outcome when presented later with a new cue (Levy-Gigi and
Richter-Levin, 2014; Levy-Gigi et al., 2014). Interestingly, how-
ever, we found no significant associations between performance
and levels of PTSD symptoms. These results further support a
possible hidden price of repeated traumatic exposure in non-
PTSD individuals, which may reflect deficits in hippocampal
related structure and function.

This possible hidden price of traumatic exposure was demon-
strated so far only among firefighters. It can be claimed that
since firefighters are trained to focus and react to aversive envi-
ronmental conditions, they are more aware of the context and
ignore other elements. Therefore, they display impaired reversal
in negative context, but not cue, conditions. The aim of the

present study is to test whether the impaired reversal of negative
context is unique to firefighters, or does it also characterize other
populations of first responders. To that end, we concentrated
on two unique populations of active-duty firefighters and crim-
inal scene investigators (CSI) police. Interestingly, although these
two groups play different roles, they are frequently exposed to
similar traumatic events. For example- both firefighters and CSI
police can be called in cases of fires and car accidents, firefighters
would have to extinguish fire and rescue trapped people, while
CSI police would need to look for evidence in order to identify
the responsible for the fire/accident. To provide a baseline per-
formance we compared these two groups to trauma-unexposed
controls, matched for gender, age and education. Participants
were tested on our novel cue-context reversal paradigm (Levy-
Gigi and Richter-Levin, 2014; Levy-Gigi et al., 2014). Based on
previous findings we postulate that both groups would equally
learn and retain positive and negative stimulus-outcome asso-
ciations. However, similar to our prior results, we expect that
both firefighters and CSI police would show a selective impair-
ment in reversing the outcome of negative context compared to
trauma-unexposed controls.

METHODS AND MATERIALS
PARTICIPANTS
35 trauma-exposed firefighters, 32 trauma-exposed CSI police
and 23 unexposed matched healthy controls matched for gender,
age and years of education volunteered to participate in the study
(see Table 1 for a detailed description of the sample).

Firefighters and CSI police were randomly recruited from dif-
ferent fire stations and police units, which are all located in
a similar setting within a radius of 40 miles. All firefighters
and CSI police reported multiple exposure to potential trau-
matic events as defined in DSM-V Criterion A. Participants in
the unexposed control group were civilians who work in an
industrial factory. They were recruited by a clinical psychologist
who interviewed them to ensure no past exposure to DSM-V
criteria A events. Participants in all groups showed high rates
of consent (∼95%). All participants were interviewed using
the Structured Clinical Interview for Diagnostic and Statistical
Manual for Mental Disorders-Forth Edition (DSM–IV) Axis I
Disorders (SCID-CV) (First et al., 1996). Exclusion criteria
included any current DSM-IV psychopathology including PTSD,
and any history of psychiatric or neurological disorders, alcohol

Table 1 | Demographic characteristics of trauma exposed firefighters,

CSI police and trauma-unexposed matched controls.

Firefighters CSI-Police Controls

(N = 35) (N = 32) (N = 23)

Age (years) 36.94 (8.63) 39.89 (7.4) 37.26 (6.25)

Male/female 32/3 28/4 19/4

Education (years) 12.4 (.85) 13.06 (1.52) 12.57 (1.12)

Single/married/divorced 7/18/10 4/23/5 3/19/1

Medications* 2/35 1/32 1/23

*Supplementary medications such as benzodiazepines.
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abuse or dependence. Three firefighters and one CSI police were
excluded from the sample due to a clear diagnosis of PTSD. The
Non-PTSD firefighters and CSI police were also interviewed using
the Clinician Administrated PTSD Scale (CAPS) (Blake et al.,
1995) to assess the levels of PTSD symptoms. All interviews were
conducted by a well-trained and regularly supervised clinical psy-
chologist. Finally, based on the Deployment Risk and Resilience
Inventory (Vogt et al., 2013) we used a modified list of 8 potential
traumatic events (e.g., fires, car accidents, exposure to dead bod-
ies and bodies parts) to assess type and frequency of traumatic
exposure. Firefighters and CSI police had to rank their level of
exposure on a 1–6 Likert scale (1-never; 6-every day or almost
every day).

As can be seen in Table 2 there were no differences between
the two groups in average number of years in service, levels of
traumatic exposure and levels of PTSD symptoms. The study
was carried out in accordance with the Declaration of Helsinki
and was approved by the local ethics board. All participants
provided a written informed consent at the beginning of the
experiment.

TOOLS
Cue and context reversal paradigm
A detailed description of the paradigm can be found elsewhere
(Levy-Gigi et al., 2014). In this paradigm participants view a
series of boxes on a computer screen (Figure 1). On each box
there is a picture of a target cue (one of various objects, e.g.,
a hat) presented against a background context (different colors,
e.g., orange). When opened, each box is associated with a positive
or negative outcome (Figure 2). The paradigm has two phases
(See Table 3 for a schematic summary of the paradigm). In the
acquisition phase, participants learn by trial and error to predict
the outcome of four different boxes (i.e., open the two positive
boxes and skip the two negative boxes). Each box has a unique
cue and context (i.e., a box with a hat on an orange background
has gold inside while a box with a car on a yellow background
has bomb inside). In order to complete the acquisition phase and
move on to the next retention and reversal phase, participants
need to learn the box-outcome associations to a criterion of 6
consecutive correct responses. Correct responses refer to condi-
tions in which participants open positive boxes or leave negative
boxes closed. Similarly, incorrect responses refer to conditions in
which participants open negative boxes or leave positive boxes
closed. A subsequent retention and reversal phase starts imme-
diately after the acquisition phase without any signaled switch
or delay. In this phase participants receive retention trials with
the original boxes that keep the same learned outcome (e.g., a

Table 2 | Trauma exposure and PTSD symptoms (mean and standard

deviation) of firefighters and CSI police.

Firefighters CSI-Police

(N = 35) (N = 32)

Number of years in service 10.23 (9.92) 8.84 (6.17)

Traumatic exposure (Range 8–48) 39.46 (0.61) 39.38 (0.78)

CAPS score (Range 0–136) 18.71 (19.75) 13.44 (12.66)

hat on an orange background has gold inside) in addition to
two new types of boxes that share either the cue (e.g., a hat on
a gray background) or the context (e.g., a phone on an orange
background) with an original box (Figure 1). The new boxes
are associated with the opposite outcome relative to the origi-
nal boxes (i.e., if the box with the hat on the orange background
has gold inside, then the boxes with the hat on a gray back-
ground and a phone on the orange background will have bomb
inside and vice versa). Therefore, in order to successfully learn
these new associations, participants need to reverse the associa-
tion rule of either the original cue or the original context. Boxes
in this phase are presented in 10 blocks of 12 boxes each (two
boxes from each of the following conditions: positive/negative
retention, positive/negative cue reversal, positive/negative context
reversal). This sums up to a total of 120 trials; 20 trials per con-
dition. At the end of the task participants see their total earned
points.

Self-report questionnaires and cognitive assessment
All participants completed the following self-report question-
naires in order to control for possible confounds: the revised
version of the Beck Depression Inventory (BDI–II; Beck et al.,
1996) was used to assess depressive symptoms over the previ-
ous 2 weeks. The STAI (State–Trait Anxiety Inventory; Spielberger
et al., 1983) was used to assess current and general anxiety. The
Hope questionnaire (Snyder et al., 1991), the Adult/Retrospective
Measure of Behavioral Inhibition (AMBI/RMBI; Gladstone and
Parker, 2005) and the Toronto Alyxethemia Scale (TAS-20; Bagby
et al., 1994) were used in order to test whether hope, avoidance
and alexithymia correlate with either PTSD symptoms or reversal
learning. In addition, we used the scaled scores of the Wechsler
Adult Intelligence Scale III (WAIS-III) Blocks Design subtest to
estimate IQ levels (Wechsler, 1997). Previous studies showed that
scores from this subtest are the best predictor of full IQ scale
scores (Spreen, 1998).

DATA ANALYSIS
We used SPSS (version 19) software (SPSS Inc., Chicago, IL) to
analyze the data. All data were checked for normality of distri-
bution using Kolmogorov–Smirnov tests. Since participants are
instructed to open boxes when they first see it, in our analy-
ses we did not include the first response to each new box in the
acquisition and reversal trials (note that retention trials include
only old boxes, and therefore all trials are analyzed). This was
done in order to avoid artificial errors (i.e., when participants
open a negative box for the first time) and possible effects of task
compliancy.

RESULTS
ACQUISITION AND RETENTION OF STIMULUS–OUTCOME
ASSOCIATIONS
We conducted a group (firefighters, CSI police and unex-
posed controls) by Acquisition (positive vs. negative stimuli) by
Retention (positive vs. negative stimuli) mixed model ANOVA
on the percentage of correct responses. In this model, Group was
the between-subjects factor, while Acquisition and Retention were
the within-subjects factors. The results are depicted in Figure 3.
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FIGURE 1 | Example of the stimuli in the two phases of the paradigm.

As predicted the ANOVA revealed no significant interactions of
Acquisition by Group [F(2, 87) = 2.76, p > 0.05] Retention by
Group [F(2, 87) = 0.2, p > 0.05], nor Acquisition by Retention By
Group [F(2, 87) = 0.05, p > 0.05]. These results indicate that all
groups were equally able to learn and retain positive and negative
stimulus-outcome associations.

CUE AND CONTEXT REVERSAL
We conducted a Group (firefighters, CSI police and unex-
posed controls) by Outcome (positive vs. negative feedback)
by Reversal Type (cue vs. context) mixed model ANOVA on
the percentage of correct responses. In this model Group was
the between-subjects factor while Outcome and Reversal Type
were the within-subjects factor. The ANOVA revealed a signif-
icant triple interaction between Group, Outcome and Reversal
Type [F(2, 87) = 3.25, p < 0.05, η2

p = 0.07]. Follow-up ANOVAs

revealed that in positive to negative reversal conditions the inter-
action between Group and Reversal Type was not significant
[F(2, 87) = 0.14, p = 0.87]. These results indicate that partici-
pants from all groups were equally able to learn that cue/context
with positive outcome are associated with negative outcome when
presented later as part of a new combination (Figure 4). However,
in the negative to positive reversal conditions there was a signif-
icant interaction between Group and Reversal Type [F(2, 87) =
4.77, p < 0.05, η2

p = 0.10] (Figure 5). Pairwise comparisons with
Bonferroni correction (α = 0.01) showed that CSI police dis-
play a selective impairment in negative to positive cue reversal
[F(1, 31) = 4.65, p < 0.05, η2

p = 0.13]; while firefighters display
a selective impairment in negative to positive context reversal
[F(1, 34) =5.5, p < 0.05, η2

p = 0.14]. Unexposed matched con-
trols preform equally well in both conditions [F(1, 22) = 0.2,
p = 0.89].
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FIGURE 2 | Example of experimental trials in which participants chose to (A) open a positive-outcome box and (B) open a negative-outcome box.

Table 3 | A schematic summary of the paradigm.

Acquisition Retention and reversal

A(1) → Positive A(1) → Positive

A(5) → Negative

E(1) → Negative

B(2) → Positive B(2) → Positive

B(6) → Negative

F (2) → Negative

C(3) → Negative C(3) → Negative

C(7 ) → Positive

G(3) → Positive

D(4) → Negative D(4) → Negative

D(8) → Positive

H(4) → Positive

A–H represent 8 different objects, which served as cue stimuli (hat, phone, car,

ball, television, chair, bird and pot); 1–8 represent 8 different distinct background

colors, which served as context stimuli (orange, gray, yellow, purple, green, pink,

blue and red).

SELF-REPORT QUESTIONNAIRES AND COGNITIVE ASSESSMENT
Table 4 depicts the comparison between firefighters, CSI police
and unexposed matched controls on the self- report question-
naires and cognitive assessment. We conducted One-Way ANOVA
followed by Scheffe post-hoc comparisons to test differences

FIGURE 3 | Percentage of correct responses to the four original boxes

as a function of Phase (acquisition vs. retention), Outcome (positive

vs. negative) and Experimental Group (trauma exposed firefighters vs.

trauma exposed CSI police vs. trauma-unexposed controls).

between the groups. There were no significant differences
between firefighters and CSI police on all measures, indicating
that in many ways these two populations of first responders are
very similar. As can be seen there were no differences between
the three groups in estimated levels of IQ. In addition, all three
groups displayed similar levels of state and trait anxiety symptoms
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FIGURE 4 | Percentage of correct responses in the reversal phase as a

function of Reversal Type (cue vs. context), and experimental group

(trauma exposed firefighters, trauma exposed CSI police and

trauma-unexposed controls) in positive to negative trials.

FIGURE 5 | Percentage of correct responses in the reversal phase as a

function of Reversal Type (cue vs. context), and Experimental Group

(trauma exposed firefighters, trauma exposed CSI police and

trauma-unexposed controls) in negative to positive reversal trials.

(see also Myers et al., 2013). Moreover, both firefighters and CSI
police displayed lower levels of depression compared to unex-
posed controls. These results, together with their tendency toward
external thinking and stronger difficulty to describe their feelings,
may suggest that active duty first responders are more focused
on their duties and missions, and less involved in introspective
thinking. In addition, it is possible that their professional role
adds to a positive self- perception that protects them and helps
them keep low levels of anxiety and depression (Langan-Fox and
Cooper, 2011). However, it should be noted that both groups of
first responders had lower levels of hope, suggesting that they are
less determined in achieving their goals and the ways in which
they can achieve them (Snyder et al., 1991). Finally, similar to
other studies (e.g., Myers et al., 2013) we found no differences

Table 4 | Self-report questionnaires and cognitive assessment (Means

and Standard Deviation) of trauma-exposed firefighters, CSI police

and trauma unexposed matched controls.

Firefighters CSI Police Controls

Depression 3.6 (4.29) 2.31 (3) 7.87 (7.08)*

State anxiety 27.66 (8.02) 27.72 (9.2) 27 (6.5)

Trait anxiety 26.94 (8.15) 28.44 (6.44) 25.74 (5.33)

Hope 28.37 (2.72) 27.91 (2.97) 30.3 (1.61)*

AMBI 11.37 (4.68) 12.16 (4.06) 7.78 (2.8)*

RMBI 8.09 (3.5) 9.82 (2.82) 8.26 (2.52)

TAS-difficulty
to describe
feelings

15.57 (5.35) 13.34 (4.23) 8.65 (3.74)*

TAS-difficulty
to identify
feelings

7.94 (2.9) 7.52 (2.2) 6.43 (3.51)

TAS-external
thinking

17.57 (3.43) 17.35 (3.92) 12.35 (3.56)*

Estimated IQ 11.43 (2.02) 10.97 (2.38) 11.91 (3.03)

*Indicates significant differences between means at the p < 0.05 based on

Scheffe’s post-hoc paired comparisons.

between the groups in retroactive measure of behavioral inhibi-
tion, while both firefighters and CSI police demonstrated higher
levels of adulthood behavioral inhibition compared to matched-
controls. These results suggest that repeated traumatic exposure
may increase the tendency of active duty first responders to avoid
unfamiliar places and people, upsurge their feeling of isolation
and keep them more alert and cautious. Most importantly, akin
with our previous findings (Levy-Gigi and Richter-Levin, 2014)
none of the self-report measures correlated with performance on
any of the cue-context reversal paradigm conditions.

DISCUSSION
The aim of the present study was to test the hidden price of
repeated traumatic exposure among first responders from dif-
ferent occupations. To that end, we compared the performance
of non-PTSD trauma- exposed firefighters and CSI police, and
trauma- unexposed matched controls on a novel hippocampal-
dependent cue-context reversal paradigm. As predicted, we found
that all groups were equally able to learn and retain positive and
negative stimulus-outcome associations. In addition, we repli-
cated our previous findings (Levy-Gigi and Richter-Levin, 2014),
showing that firefighters have a selective deficit in reversing the
outcome of negative context. Specifically, after they learned that a
specific context is associated with a negative outcome (e.g., a car
on a yellow background is negative) they could not learn that it
predicts positive outcome when presented later with a new cue
(e.g., a football on a yellow background is positive). However,
contrary to our predictions, CSI police showed an opposite pat-
tern. Their ability to reverse the outcome of previously negative
context was intact; hence, their performance was equal to the per-
formance of unexposed control participants. Nevertheless, they
showed a selective impairment in reversing the outcome of a neg-
ative cue. Specifically, they struggled to learn that a cue, which

Frontiers in Behavioral Neuroscience www.frontiersin.org August 2014 | Volume 8 | Article 281 | 6

http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Levy-Gigi et al. Hidden price of repeated traumatic exposure

was first associated with a negative outcome (e.g., a car on a yel-
low background is negative), is associated with a positive outcome
when presented later in a different context (e.g., a car on a purple
background is positive).

The results of the present study provide further support
for the associations between repeated traumatic exposure and
impaired reversal learning in non-PTSD individuals (Levy-Gigi
and Richter-Levin, 2014). The results suggest that similar to
individuals with PTSD (Levy-Gigi and Kéri, 2012; Levy-Gigi
et al., 2012, 2014; Brown et al., 2013) individuals with repeated
traumatic exposure fail to appropriately encode traumatic asso-
ciations in its adequate context. The fact that this impairment
was independent of PTSD symptoms and diagnosis adds to the
existing evidence regarding a possible hidden price of repeated
traumatic exposure, which is not reflected in the standard mea-
sures of PTSD. Moreover, since we used neutral and not trauma
related stimuli, it suggests that the price of repeated traumatic
exposure is not limited to trauma related conditions. Instead, it
reflects a more general impairment, which may affect the way
first responders interpret and react to various aspects in their
environment.

Contrary to our prediction, the results show that the specific
type of impairment varies as a function of occupation. Although
these differences between firefighters and CSI police are aligned
with animal models that show heterogeneity in response to stress-
ful events (Duvarci et al., 2009; Galatzer-Levy et al., 2013), it is still
questionable whether it reflects different aspect of the same brain
mechanism or distinctive brain mechanisms. It can be claimed
that since the performance in the two trauma-exposed groups
reflect impaired learning and use of associations between con-
textual information and aversive events, it is related to deficit
in hippocampal function and structure. Hence, impairments in
reversing the outcome of a negative context may explain for exam-
ple, why a person who was exposed to a terror attack in a coffee
shop, may associate all coffee shops with a negative outcome. On
the other hand, impairments in reversing the outcome of a neg-
ative cue may explain for example why a person who fought in a
battle field when there was a loud noise (e.g., explosion) may asso-
ciate every loud noise (e.g., fireworks) with a negative outcome
even if it takes place in a different, safe environment.

Alternatively, it can be claimed that these impairments relate to
distinct brain mechanisms. Hence, while impaired context rever-
sal learning may reflect a reduction in hippocampal function and
structure (for meta analyses see Kitayama et al., 2005; Smith,
2005; Karl et al., 2006; Woon et al., 2010), impaired cue rever-
sal learning may reflect dysfunction of the amygdala (Saddoris
et al., 2005; Schoenbaum and Roesch, 2005). This explanation is
in line with findings in animals, showing that lesions to the amyg-
dala result in impaired cue conditioning (Phillips and LeDoux,
1992; LaBar and LeDoux, 1996; Ito et al., 2006). Finally, it is
possible that these impairments reflect deficits in Hippocampus-
Amygdala connectivity, which differs as a function of occupation.
Future fMRI study in non-PTSD trauma exposed firefighters
and CSI police is needed in order to determine between these
alternative explanations.

The discrepancies between firefighters and police may also
result from the unique nature of these two occupations. Although

firefighters and CSI police are exposed to similar traumatic events
and participants from both groups reported similar levels of trau-
matic exposure, there are several important disparities in their
job requirements. First, they usually arrive to the scenes at differ-
ent times. While firefighters attend to the emergency short time
after it happened, CSI police often attend it later, usually after
the danger has passed. Second, these two groups play different
roles and need to complete distinct tasks. The tasks of the fire-
fighters mainly involve rescuing people, animals, or property. CSI
police, on the other hand, need to collect and provide evidence
that may lead to conviction. Finally, the impact of their work
as well as the likelihood of rewarding is different. Firefighters’
actions have a salient meaning and receive immediate feedback
as it usually determines whether the event would be defined as
successful or not. CSI actions have little or no effect neither on
the event or its outcome. Furthermore, it may take much longer
before their actions would be rewarded. Studies have shown that
these distinctions may affect not only the way first responders
perceive themselves and their occupation but also their tendency
to develop assorted psychopathologies including PTSD (Brough,
2004; Basiñska and Wiciak, 2013; for review see Langan-Fox and
Cooper, 2011).

These differences may also affect the way firefighters and
CSI police perceive and scan the environment during emergency
events. While firefighters, who need to quickly respond and neu-
tralize possible dangers, may have a more global perception and
look at the general context (e.g., locate trapped people or scan
for possible hazards such as gas balloons), CSI police are more
focused on the small details, looking for evidence that may help
solving the crime (e.g., traces of people who set up the fire or a
hair of a murderer). Interestingly, these differentiations may sug-
gest that people who are trained to do specific tasks may become
more vulnerable in that very same aspect. A more global per-
ception may improve context awareness, and contribute to the
successful function of firefighters, but it may also result in an
impaired ability to reverse negative contextual associations. In
a similar way, focusing on details and detecting possible cues
in the scene are essential skills for CSI police, but it may also
lead to impairments in reversing the outcome of negative cues.
Alternatively, it is possible that the different impairments are not
due to different practice but a result of job selection. Hence, indi-
viduals who are more aware and capable to respond to stimuli
in the general environment may have greater chances to become
firefighters. While people with exceptional attention to detail, are
more likely to become CSI police.

These possible explanations can be tested in several ways: first,
a longitudinal study of new recruits can test cue and context
reversal learning before traumatic exposure and compare it to
performance at different stages of active service. Second, a study
of active duty first responders may test interactions between cue
and context reversal learning and tendency toward global or ana-
lytic perception. Finally, a third study may aim to test the effect
of global and analytic practice on cue and context reversal learn-
ing in trauma exposed and unexposed students. These studies
may help to distinguish between the effects of repeated traumatic
exposure, job requirement and training and job selection and
shed light on the possible interactions between these factors.
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One may claim that the differences in the performance
between the two groups relate solely to job selection and differ-
ent training. Hence, since firefighters and CSI police are prone
or trained to attend to specific stimuli in the environment, they
experience difficulties in these domains, similar to a taller per-
son who might be a great basketball player, but finds it difficult
to enter narrow and short places. However, if this were the case,
we would expect to find impairments not only in conditions of
negative to positive reversal learning but also in conditions of
positive to negative reversal learning. The fact that the observed
impairment was selective to negative conditions, together with
our previous findings showing deficits in the same direction
in PTSD individuals (Levy-Gigi et al., 2014) suggest that these
impairments are specific to trauma-exposed individuals.

Another way to revoke this potential claim is by comparing
firefighters and CSI police to unexposed matched controls with
similar training. For example, compare CSI police to civilians who
work on a production line in an industrial factory and trained to
pay close attention to detail. Similarly, compare firefighters who
work in fire and rescue stations across the country to firefighters
who work in airports and have similar training but only low (if
any) level of traumatic exposure. These comparisons would allow
controlling for possible effects other than traumatic exposure. It
should be noted that our unexposed sample consisted of civilians
who work at different tasks in an industrial factory, some require
attention to context while others require attention to details, and
yet there were no differences in their performance as a function of
the specific job they fulfill.

Finally, it can be claimed that the definition of cue and context
in our paradigm is only a semantic distinction and participants
actually perceive the presented object and its background color
as two different types of cue. In order to understand this claim
it should be noted that the distinction between cue and context
can be established through bottom-up or top-down processing.
By bottom-up processing, we mean that the relationship is estab-
lished trough gestalt rules according to the nature of the stimuli
(Rock, 1975; Smith et al., 1978; Peterson, 1994). In top-down
processing the stimuli are equivalent (e.g., pairs of faces, words
or objects), and the cue-context relationship is usually estab-
lished through explicit instructions on how to process them (e.g.,
Baddeley and Woodhead, 1982; Reder et al., 2002). Background
color is a common example of context manipulation through
bottom-up processing. Importantly, this manipulation produces
similar effects as environmental manipulations (e.g., Macken,
2002; Rutherford, 2004; Isarida and Isarin, 2007; Hockley, 2008;
Lang et al., 2009; van Ast et al., 2013). Therefore, it is very likely
that the background color serves as context while the object serves
as cue in our paradigm. However, in order to provide further vali-
dation for this cue-context relationship, future studies may aim to
replicate our results while using top-down processing in a counter
manner. Hence, explicitly instructing participants to focus on the
background color instead of the object. If it indeed serves as con-
text in the present study, such counter-instructions will result in
impaired color- reversal in CSI police and impaired object reversal
in firefighters.

Similar to our previous findings we showed no significant
associations between performance on the cue-context reversal

paradigm and PTSD levels, or any of the self-report measures.
These results emphasize the hidden nature that may characterize
the price of repeated traumatic exposure, suggesting that possi-
ble effects of traumatic exposure are not sufficiently defined by
the standard measures of PTSD symptoms and diagnosis. Future
cross-sectional studies may aim to test a larger sample of highly
exposed individuals from various occupations in order to test the
relationship between different symptoms and cue-context rever-
sal learning as well as to further understand the impact of this
hidden price on different aspects of life.

In conclusion, the present study provides further evidence for
a possible hidden price of traumatic exposure, which is indepen-
dent of PTSD symptoms and diagnosis as defined by the standard
existing measures. In addition, it reveals that first responders
from different occupations display diverse deficits and hence may
pay different price. Future studies may aim to further examine
the neural and behavioral nature of this hidden price and its
impact on other aspects of daily life in various populations of first
responders.

AUTHOR CONTRIBUTIONS
Einat Levy-Gigi- design of the paradigm, design of the study,
responsible for recruiting and testing participants, analyzing data,
writing and finalizing the manuscript; Gal Richter-Levin- design
of the study, writing and finalizing the manuscript; Szabolcs Kéri-
design of the paradigm, analyzing data; writing and finalizing the
manuscript.

ACKNOWLEDGMENTS
We wish to thank Opher Chlouche for his help in recruiting the
participants. The study was supported by the US-Israel Binational
Science Foundation (BSF) grant to Einat Levy-Gigi.

REFERENCES
Acheson, D. T., Gresack, J. E., and Risbrough, V. B. (2012). Hippocampal dys-

function effects on context memory: possible etiology for post-traumatic stress
disorder. Neuropharmacology 62, 674–685. doi: 10.1016/j.neuropharm.2011.
04.029

Admon, R., Leykin, D., Lubin, G., Engert, V., Andrews, J., Pruessner, J., et al. (2013).
Stress-induced reduction in hippocampal volume and connectivity with the
ventromedial prefrontal cortex are related to maladaptive responses to stressful
military service. Hum. Brain Mapp. 34, 2808–2816. doi: 10.1002/hbm.22100

Aupperle, R. L., Connolly, C. G., Stillman, A. N., May, A. C., and Paulus, M. P.
(2013). Deployment and post-deployment experiences in OEF/OIF veterans:
relationship to gray matter volume. PLoS ONE 8:e75880. doi: 10.1371/jour-
nal.pone.0075880

Baddeley, A. D., and Woodhead, M. (1982). Depth of processing, context, and face
recognition. Can. J. Psychol. 36, 148–164. doi: 10.1037/h0080635

Bagby, R. M., Parker, J. D., and Taylor, G. J. (1994). The twenty-item Toronto
Alexithymia Scale I. Item selection and cross-validation of the factor structure.
J. Psychosom. Res. 38, 23–32. doi: 10.1016/0022-3999(94)90005-1

Basiñska, B. A., and Wiciak, I. (2013). Impact of work on the well-being of police
officers and firefighters. Intern. Secur. 5, 247–258.

Beck, A. T., Steer, R. A., Ball, R., and Ranieri, W. (1996). Comparison of the Beck
depression inventories-IA and -II in psychiatric outpatients. J. Pers. Assess. 67,
588–797. doi: 10.1207/s15327752jpa6703_13

Blake, D. D., Weathers, F. W., Nagy, L. M., Kaloupek, D. G., Gusman, F. D., Charney,
D. S., et al. (1995). The development of a clinician-administered PTSD scale.
J. Trauma. Stress 8, 75–90. doi: 10.1002/jts.2490080106

Brough, P. (2004). Comparing the influence of traumatic and organizational stres-
sors on the psychological health of police, fire, and ambulance officers. Int. J.
Stress Manage.11, 227–244. doi: 10.1037/1072-5245.11.3.227

Frontiers in Behavioral Neuroscience www.frontiersin.org August 2014 | Volume 8 | Article 281 | 8

http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Levy-Gigi et al. Hidden price of repeated traumatic exposure

Brown, A. D., Root, J. C, Romano, T. A., Chang, L. J., Bryant, R. A., and Hirst, W.
(2013). Overgeneralized autobiographical memory and future thinking in com-
bat veterans with post-traumatic stress disorder. J. Behav. Ther. Exp. Psychiatry
44, 129–134. doi: 10.1016/j.jbtep.2011.11.004

Chen, Y., Fu, K., Feng, C., Tang, L., Zhang, J., Huan, Y., et al. (2012). Different
regional gray matter loss in recent onset PTSD and non-PTSD after a sin-
gle prolonged trauma exposure. PLoS ONE 7:e48298. doi: 10.1371/journal.
pone.0048298

Clinchy, M., Schulkin, J., Zanette, L. Y., Sheriff, M. J., McGowan, P. O., and
Boonstra, R. (2011). The neurological ecology of fear: insights neuroscien-
tists and ecologists have to offer one another. Front. Behav. Neurosci. 4:21. doi:
10.3389/fnbeh.2011.00021

Duvarci, S., Bauer, E. P., and Paré, D. (2009). The bed nucleus of the stria ter-
minalismediates inter-individual variations in anxiety and fear. J. Neurosci. 29,
10357–10361. doi: 10.1523/JNEUROSCI.2119-09.2009

Fa, M., Xia, L., Anunu, R., Kehat, O., Kriebel, M., Volkmer, H., et al. (2014). Stress
modulation of hippocampal activity–Spotlight on the dentate gyrus. Neurobiol.
Learn. Mem. 112, 53–60. doi: 10.1016/j.nlm.2014.04.008

First, M. B., Gibbon, M., Spitzer, R. L., and Williams, J. B. W. (1996). Structured
Clinical Interview for DSM-IV Axis I Disorders, Clinician Version (SCID-CV).
Washington, DC: American Psychiatric Press Inc; New York, NY: Biometrics
Research Department, New York State Psychiatric.

Fushimi, M. (2012). Posttraumatic stress in professional firefighters in japan: res-
cue efforts after the Great East Japan Earthquake (higashi nihon dai-shinsai).
Prehosp. Disaster. Med. 27, 416–418. doi: 10.1017/S1049023X12001070

Galatzer-Levy, I. R., Bonanno, G. A., Bush, D. E., and Ledoux, J. E. (2013).
Heterogeneity in threat extinction learning: substantive and methodological
considerations for identifying individual difference in response to stress. Front.
Behav. Neurosci. 7:55. doi: 10.3389/fnbeh.2013.00055

Gladstone, G., and Parker, G. (2005). Measuring a behaviorally inhibited temper-
ament style: development and initial validation of new self-report measures.
Psychiatry Res. 135, 133–143. doi: 10.1016/j.psychres.2005.03.005

Goosens, K. A. (2011). Hippocampal regulation of aversive memories. Curr. Opin.
Neurobiol. 21, 460–466. doi: 10.1016/j.conb.2011.04.003

Goswami, S., Samuel, S., Sierra, O. R., Cascardi, M., and Paré, D. (2012). A rat
model of post-traumatic stress disorder reproduces the hippocampal deficits
seen in the human syndrome. Front. Behav. Neurosci. 6:26. doi: 10.3389/fnbeh.
2012.00026

Hockley, W. E. (2008). The effects of environmental context on recognition
memory and claims of remembering. J. Exp. Psychol. Learn Mem. Cogn. 34,
1412–1429. doi: 10.1037/a0013016

Isarida, T., and Isarin, T. K. (2007). Environmental context effects of background
color in free recall. Mem. Cogn. 35, 1620–1629. doi: 10.3758/BF03193496

Ito, R., Robbins, T. W., McNaughton, B. L., and Everitt, B. J. (2006). Selective exci-
totoxic lesions of the hippocampus and basolateral amygdala have dissociable
effects on appetitive cue and place conditioning based on path integration in a
novel Y−maze procedure. Eur. J. Neurosci. 23, 3071–3080. doi: 10.1111/j.1460-
9568.2006.04883.x

Karl, A., Schaefer, M., Malta, L. S., Dorfel, D., Rohleder, N., and Werner, A. (2006).
A meta analysis of structural brain abnormalities in PTSD. Neurosci. Biobehav.
Rev. 30, 1004–1031. doi: 10.1016/j.neubiorev.2006.03.004

Kitayama, N., Vaccarino, V., Kutner, M., Weiss, P., and Bremner, J. D. (2005).
Magnetic resonance imaging (MRI) measurement of hippocampal volume in
posttraumatic stress disorder: a meta-analysis. J. Affect. Disord. 88, 79–86. doi:
10.1016/j.jad.2005.05.014

LaBar, K. S., and LeDoux, J. E. (1996). Partial disruption of fear conditioning in
rats with unilateral amygdala damage: correspondence with unilateral tempo-
ral lobectomy in humans. Behav. Neurosci. 110, 991–997. doi: 10.1037/0735-
7044.110.5.991

Lang, S., Kroll, A., Lipinski, S. J., Wessa, M., Ridder, S., Christmann, C., et al. (2009).
Context conditioning and extinction in humans: differential contribution of the
hippocampus, amygdala and prefrontal cortex. Eur. J. Neurosci. 29, 823–832.
doi: 10.1111/j.1460-9568.2009.06624.x

Langan-Fox, J., and Cooper, C. L. (2011). Handbook of Stress in the Occupations.
Massachussets, MA: Edward Elgar Publishing.

Levy-Gigi, E., Kelemen, O., Gluck, M. A., and Kéri, S. (2011). Impaired
context reversal learning, but not cue reversal learning, in patients with
amnestic mild cognitive impairment. Neuropsychologia 49, 3320–3326. doi:
10.1016/j.neuropsychologia.2011.08.005

Levy-Gigi, E., and Kéri, S. (2012). Falling out of time: enhanced memory
for scenes presented at behaviorally irrelevant points in time in posttrau-
matic stress disorder (PTSD). PLoS ONE. 7:e42502. doi: 10.1371/journal.pone.
0042502

Levy-Gigi, E., Kéri, S., Myers, C. E., Lencovsky, Z., Sharvit-Benbaji, H., Orr, S. P.,
et al. (2012). Individuals with post-traumatic stress disorder show a selective
deficit in generalization of associative learning. Neuropsychology 26, 758–767.
doi: 10.1037/a0029361

Levy-Gigi, E., and Richter-Levin, G. (2014). The hidden price of repeated traumatic
exposure. Stress 17, 343–351. doi: 10.3109/10253890.2014.923397

Levy-Gigi, E., Szabo, C., Richter-Levin, G., and Kéri, S. (2014). Reduced hip-
pocampal volume is associated with overgeneralization of negative context
in individuals with PTSD. Neuropsychology. doi: 10.1037/neu0000131. [Epub
ahead of print].

Lupien, S. J., McEwen, B. S., Gunnar, M. R., and Heim, C. (2009). Effects of
stress throughout the lifespan on the brain, behaviour and cognition. Nat. Rev.
Neurosci. 10, 434–445. doi: 10.1038/nrn2639

Macken, W. J. (2002). Environmental context and recognition: the role of recol-
lection and familiarity. J. Exp. Psychol. Learn Mem. Cogn. 28, 153–161. doi:
10.1037/0278-7393.28.1.153

Maren, S., Phan, K. L., and Liberzon, I. (2013). The contextual brain: implications
for fear conditioning, extinction and psychopathology. Nat. Rev. Neurosci. 14,
417–428. doi: 10.1038/nrn3492

Mayes, A. R., MacDonald, C., Donlan, L., Pears, J., and Meudell, P. R.
(1992). Amnesics have a disproportionately severe memory deficit for inter-
active context. Q. J. Exp. Psychol. A 45, 265–297. doi: 10.1080/1464074920
8401327

Meyer, E. C., Zimering, R., Daly, E., Knight, J., Kamholz, B. W., and Gulliver,
S. B. (2012). Predictors of posttraumatic stress disorder and other psycho-
logical symptoms in trauma-exposed firefighters. Psychol. Serv. 9, 1–15. doi:
10.1037/a0026414

Moustafa, A. A., Gilbertson, M. W., Orr, S. P., Herzallah, M. M., Servatius, R. J.,
and Myers, C. E. (2013). A model of amygdala-hippocampal-prefrontal interac-
tion in fear conditioning and extinction in animals. Brain Cogn. 81, 29–43. doi:
10.1016/j.bandc.2012.10.005

Myers, C. E., Moustafa, A. A., Sheynin, J., VanMeenen, K. M., Gilbertson, M.
W., Orr, S. P., et al. (2013). Learning to obtain reward, but not avoid punish-
ment, is affected by presence of PTSD symptoms in male veterans: empirical
data and computational model. PLoS ONE 8:e72508. doi: 10.1371/journal.pone.
0072508

Nooner, K. B., Mennes, M., Brown, S., Castellanos, F. X., Leventhal, B., Milham,
M. P., et al. (2013). Relationship of trauma symptoms to Amygdala−Based
functional brain changes in adolescents. J. Trauma. Stress 26, 784–787. doi:
10.1002/jts.21873

Orr, S. P., Lasko, N. B., Macklin, M. L., Pineles, S. L., Chang, Y., and Pitman,
R. K. (2012). Predicting post-trauma stress symptoms from pre-trauma psy-
chophysiologic reactivity, personality traits and measures of psychopathology.
Biol. Mood. Anxiety Disord. 2, 1–12. doi: 10.1186/2045-5380-2-8

Papagni, S. A., Benetti, S., Arulanantham, S., McCrory, E., McGuire, P., and
Mechelli, A. (2011). Effects of stressful life events on human brain struc-
ture: a longitudinal voxel-based morphometry study. Stress 14, 227–232. doi:
10.3109/10253890.2010.522279

Peterson, M. A. (1994). Object recognition processes can and do operate
before figure-ground organization. Curr. Dir. Psychol. Sci. 3, 105–111. doi:
10.1111/1467-8721.ep10770552

Phillips, R. G., and LeDoux, J. E. (1992). Differential contribution of amygdala and
hippocampus to cued and contextual fear conditioning. Behav. Neurosci. 106,
274–285. doi: 10.1037/0735-7044.106.2.274

Pole, N., Neylan, T. C., Otte, C., Henn-Hasse, C., Metzler, T. J., and Marmar, C. R.
(2009). Prospective prediction of posttraumatic stress disorder symptoms using
fear potentiated auditory startle responses. Biol. Psychiatry 65, 235–240. doi:
10.1016/j.biopsych.2008.07.015

Reder, L. M., Donavos, D. K., and Erickson, M. A. (2002). Perceptual match effects
in direct tests of memory: the role of contextual fan. Mem Cogn. 30, 312–323.
doi: 10.3758/BF03195292

Rock, I. (1975). An Introduction to Perception. New York, NY: Macmillan.
Rudy, J. W. (2009). Context representations, context functions, and the

parahippocampal- hippocampal system. Learn. Mem. 16, 573–585. doi:
10.1101/lm.1494409

Frontiers in Behavioral Neuroscience www.frontiersin.org August 2014 | Volume 8 | Article 281 | 9

http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Levy-Gigi et al. Hidden price of repeated traumatic exposure

Rutherford, A. (2004). Environmental context−dependent recognition memory
effects: a examination of ICE model and cue−overload hypotheses. Q. J. Exp.
Psychol. 57, 107–127. doi: 10.1080/02724980343000152

Saddoris, M. P., Gallagher, M., and Schoenbaum, G. (2005). Rapid associative
encoding inbasolateral amygdala depends on connections with orbitofrontal
cortex. Neuron 46, 321–331. doi: 10.1016/j.neuron.2005.02.018

Schoenbaum, G., and Roesch, M. (2005). Orbitofrontal cortex, associative learning,
and expectancies. Neuron 47, 633–636. doi: 10.1016/j.neuron.2005.07.018

Sekiguchi, A., Sugiura, M., Taki, Y., Kotozaki, Y., Nouchi, R., Takeuchi, H., et al.
(2013). Brain structural changes as vulnerability factors and acquired signs of
post-earthquake stress. Mol. Psychiatry 18, 618–623. doi: 10.1038/mp.2012.51

Smith, M. E. (2005). Bilateral hippocampal volume reduction in adults with
posttraumatic stress disorder: a meta-analysis of structural MRI studies.
Hippocampus 15, 798–807. doi: 10.1002/hipo.20102

Smith, S. M., Glenberg, A., and Bjork, R. A. (1978). Environmental context and
human memory. Mem. Cogn. 6, 342–353. doi: 10.3758/BF03197465

Snyder, C. R., Harris, C., Anderson, J. R., Holleran, S. A., Irving, L. M., Sigmon,
S. T., et al. (1991). The will and the ways: development and validation of an
individual-differences measure of hope. J. Pers. Soc. Psychol. 60, 570–585. doi:
10.1037/0022-3514.60.4.570

Soo, J., Webber, M. P., Gustave, J., Lee, R., Hall, C. B., Cohen, H. W., et al.
(2011). Trends in probable PTSD in firefighters exposed to the world trade
center disaster, 2001–2010. Disaster Med. Public Health 2, 197–203. doi:
10.1001/dmp.2011.48

Spielberger, C. D., Gorsuch, R. L., Lushene, R., Vagg, P. R., and Jacobs, G. A.
(1983). Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: Consulting
Psychologists Press.

Spreen, O. (1998). A Compendium of Neuropsychological Tests: Administration,
Norms, and Commentary. New York, NY: Oxford University Press.

van Ast, V. A., Cornelisse, S., Meeter, M., Joëls, M., and Kindt, M. (2013). Time-
dependent effects of cortisol on the contextualization of emotional memories.
Biol. Psychiatry 74, 809–816. doi: 10.1016/j.biopsych.2013.06.022

Vogt, D. S., Smith, B. N., King, L. A., King, D. W., Knight, J. A., and Vasterling,
J. J. (2013). Deployment Risk and Resilience Inventory-2 (DRRI-2): an
updated tool for assessing psychosocial risk and resilience factors among ser-
vice members and veterans. J. Trauma. Stress 26, 710–717. doi: 10.1002/jts.
21868

Wechsler, D. (1997). Wechsler Adult Intelligence Scale–(WAIS–IV), 3rd Edn. San
Antonio, TX: NCS Pearson.

Winter, H., and Irle, E. (2004). Hippocampal volume in adult burn patients with
and without posttraumatic stress disorder. Am. J. Psychiatry 161, 2194–2200.
doi: 10.1176/appi.ajp.161.12.2194

Woodward, S. H., Kuo, J. R., Schaer, M., Kaloupek, D. G., and Eliez, S. (2013).
Early adversity and combat exposure interact to influence anterior cingu-
late cortex volume in combat veterans. Neuroimage. Clin. 2, 670–674. doi:
10.1016/j.nicl.2013.04.016

Woodward, S. H., Schaer, M., Kaloupek, D. G., Cediel, L., and Eliez, S. (2009).
Smaller global and regional cortical volume in combat-related posttraumatic
stress disorder. Arch. Gen. Psychiatry 66, 1373–1382. doi: 10.1001/archgenpsy-
chiatry.2009.160

Woon, F. L., Sood, S., and Hedges, D. W. (2010). Hippocampal volume deficits
associated with exposure to psychological trauma and post- traumatic stress
disorder in adults: a meta-analysis. Prog. Neuropsychopharmacol. Biol. Psychiatry
34, 1181–1188. doi: 10.1016/j.pnpbp.2010.06.016

Yuen, E. Y., Wei, J., Liu, W., Zhong, P., Li, X., and Yan, Z. (2012). Repeated
stress causes cognitive impairment by suppressing glutamate receptor
expression and function in prefrontal cortex. Neuron 73, 962–977. doi:
10.1016/j.neuron.2011.12.033

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 03 June 2014; accepted: 31 July 2014; published online: 20 August 2014.
Citation: Levy-Gigi E, Richter-Levin G and Kéri S (2014) The hidden price of repeated
traumatic exposure: different cognitive deficits in different first-responders. Front.
Behav. Neurosci. 8:281. doi: 10.3389/fnbeh.2014.00281
This article was submitted to the journal Frontiers in Behavioral Neuroscience.
Copyright © 2014 Levy-Gigi, Richter-Levin and Kéri. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience www.frontiersin.org August 2014 | Volume 8 | Article 281 | 10

http://dx.doi.org/10.3389/fnbeh.2014.00281
http://dx.doi.org/10.3389/fnbeh.2014.00281
http://dx.doi.org/10.3389/fnbeh.2014.00281
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Behavioral_Neuroscience/archive

	The hidden price of repeated traumatic exposure: different cognitive deficits in different first-responders
	Introduction
	Methods and Materials
	Participants
	Tools
	Cue and context reversal paradigm
	Self-report questionnaires and cognitive assessment

	Data Analysis

	Results
	Acquisition and Retention of Stimulus-Outcome Associations
	Cue and Context Reversal
	Self-Report Questionnaires and Cognitive Assessment

	Discussion
	Author Contributions
	Acknowledgments
	References


