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Synopsis
The most common pathological manifestation of fear is posttraumatic stress disorder (PTSD).
Developing PTSD is closely related with predisposing factors such as genes and early traumatic
experiences. In PTSD, enhanced fear learning and poor extinction are common. Fear is manifested
through autonomic responses and persistent memories of the traumatic event. These
manifestations are related to stress responses modulated by the hypothalamic-pituitary-adrenal
axis. The current review evaluates the role of fear and stress in the course of PTSD. Findings on
fear learning and extinction are presented in order to guide future treatments for patients with
PTSD.
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Exposure to stress can lead to different psychiatric manifestations depending on the
individual. One possible pathological manifestation after a stressor is posttraumatic stress
disorder (PTSD). Developing PTSD is closely related with predisposing factors such as
genes and early traumatic experiences [1]. The Diagnostic and Statistical Manual of Mental
Disorders, 51" ed. (DSM-V) has included a category of trauma and stressor-related disorders
that encompasses the variable clinical expressions of stress [2]. One of the most recognized
expressions after a stressful stimulus is fear. Whileear is a natural response that protects us
from threats, when this fear is excessive or expressed inappropriately, it can become
pathological. Fear elicits natural autonomic responses such as increased heart rate, elevated
skin conductance and activation of facial muscles that prepare the body to react to threat [3].
A possible pathological manifestation of excessive fear after a stressor is post-traumatic
stress disorder (PTSD).
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The diagnosis of PTSD describes the cluster of symptoms that emerge after exposure to
actual or threatened death, serious injury or sexual violence. The person then develops
intrusion symptoms associated with the trauma such as intrusive memories, distressing
dreams, flashbacks or distress or physiological reactions upon exposure to cues of the
trauma. There is also the avoidance of the reminders of the trauma, alterations in memories
or mood associated with the trauma and marked alterations in physiological arousal and
reactivity. Projected lifetime risk for PTSD according to DSM-V is 8.7% in the United
States with lower prevalence in other countries. PTSD is a serious problem in certain
samples such as war veterans, emergency medical personnel and survivors of rape [2].

Fear expression

In PTSD, a traumatic event causes a fear reaction that is excessively expressed. Based on
DSM-V criteria, excessive fear can be seen as the physiological reactions to trauma cues and
the alterations in physiological arousal and reactivity. Increased fear can be studied by
evaluating the autonomic responses elicited by fear such as increased heart rate or skin
conductance and activation of facial muscles, such as the startle response. Initial studies of
fear responses in trauma exposed patients showed increases in all of these autonomic
responses to non-trauma related stimuli [4, 5]. Increased startle has even been reported in
veterans with sub-threshold PTSD symptoms [6]. These heightened responses seemed to be
acquired as an effect of trauma exposure as shown by twin studies where the twin exposed
to combat developed the elevated physiological responses while the non-combat exposed
twin did not [7]. There is also evidence that pre-trauma elevated physiological reactivity is a
vulnerability factor in developing PTSD after exposure to trauma [8]. Findings from animal
studies as well as functional magnetic resonance imaging studies (fMRI) in humans describe
activation of the amygdala during fear expression [9, 10]. Neuroimaging studies support the
notion of increased fear in PTSD as amygdala hyperresponsivity has been a consistent
finding in such cases [11]..

Fear learning

Another characteristic that has been described in PTSD patients is an increased capacity for
conditioning fear responses. In other words, PTSD patients have an elevated facility to
associate fear responses with the trauma memory and trauma cues. Conditionability can be
related to the DSM-V symptoms of intrusive memories/flashbacks as well as the distortions
in the memories of the event.

Fear conditioning is the process by which a neutral or conditioned stimulus (CS) is paired
with an aversive, unconditioned stimulus (US) that will now produce a conditioned
response(CR) to the CS. The unconditioned response (UR) is the natural response that
would have been seen with the US alone, but when paired recurrently with the CS will then
result in the CR in the presence of the CS alone. In the laboratory, fear conditioning is
usually measured by the skin conductance response (SCR) or startle responses. SCR is the
changes in skin conductance that can be elicited when a US (usually an electrical shock to
the fingers) is paired to neutral or unconditioned stimuli (UR) (such as images). While many
studies of SCRs in PTSD patients have shown enhanced conditionability [12-14], other
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studies have failed to find this enhanced conditioning [15]. In fact, more recent studies have
even found that fear potentiated startle responses discriminated better than SCR between
healthy versus PTSD participants [16]. Fear potentiated startle response is another measure
of conditioning in which the conditioned fear is measured by an increase in the amplitude of
the acoustic startle reflex in the presence of a cue previously paired with a shock [17].

There are various experimental factors that can affect the degree of conditioning. For
example, when predictability is taken into account in PTSD patients, heightened fear is seen
during periods of unpredictable, but not predictable threat [18]. Fear conditioning will also
depend on the neutral stimulus that is chosen to be conditioned. Many laboratory fear
conditioning studies use non-trauma related CS, but more recent studies using trauma related
CS also have shown increased conditionability [12, 19]. Gender also plays a role in
conditioning. In those with PTSD, women show larger SCR than men [20]. In women,
hormonal levels also affect conditioning with studies showing that low estrogen levels are
associated with higher fear-potentiated startle responses in PTSD patients [21]. Another
important finding seen in PTSD patients during conditioning is that many cannot verbally
report the CS-US contingency [22] pointing to a deficit in their declarative memory of the
relationship between the trauma cues and the fear response.

Experimental studies of fear can also assess a safety signal (CS-). This can be done by
presenting another neutral stimulus similar to the CS but that will not be paired with the US
and thus creates an association between that stimulus and not receiving the US. For
example, in a fear conditioning protocol in which a blue light is paired with an electric shock
and a red light is not paired with an electric shock, the blue light will be the CS+ (threat
signal) and the red light will be the CS- (safety signal). In PTSD, some studies evaluating
SCR have described elevated reactions to the CS- which can be described as
overgeneralization of the threat signal in comparison to the safety signal [13, 14, 22].
Similar findings have been found with fear potentiated startle in that fear is potentiated to
the safety cue in PTSD veterans while not in healthy veterans [23]. Further exploring the
processing of safety cues in PTSD has led to studies evaluating fear inhibition during the
presence of safety cues, that is, the ability of the person to suppress fear with safety. The
severity of the PTSD has been associated with the ability to generalize fear inhibition. For
example, patients with more severe symptoms of PTSD will have more difficulty with fear
inhibition [24]. These studies have lead to the proposal that safety signal processing might
require awareness of the CS-US contingency and if this process is affected, as often happens
in PTSD patients, then safety signals will also be faulty [24]. Difficulties with fear inhibition
has also been described in patients with acute stress disorder [25].

The neural circuits involved in fear conditioning in humans have been described usingfMRI
and include activation of the amygdala, the dorsal anterior cingulate cortex and the
hippocampus [10]. These findings also relate to abnormal findings in fMRI of PTSD
patients during conditioning, which have found heightened amygdala activity [26, 27],
especially the left side of the amygdala [28], and diminished ventromedial prefrontal cortex
(vmPFC) activity [27]. Dysfunctions in the connectivity between amygdala and vmPFC may
mediate susceptibility to anxiety disorders [29].
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Fear regulation

Once unwanted or excessive fear is present, it is important to have mechanisms to regulate
this fear. Fear can be regulated by extinction, cognitive emotion regulation, active coping,
reversal or reconsolidation [30, 31]. All these mechanism of changes seem to be regulated
by a common neural mechanism but evaluating each process can have important treatment
implications [31]. Extinction is the process by which a new safety memory is created that
can compete with the original conditioned memory. In other words, when a neutral stimulus
produces a fear response because the person learned the contingency between CS and US,
that fear response can decrease if the person then creates a new memory where that CS is no
longer paired to the US;this process is called extinction. Studies with PSTD patients show
slower extinction [12, 14, 22]. PTSD patients also show an overestimation of the probability
of the US following CS+ during extinction [22].

The neural circuits involved in extinction have been clearly delineated [10] and include
interactions between the vmPFC, the amygdala and the hippocampus. The amygdala
activates in early extinction and this activation decreases across extinction training [29]. In
fMRI of PTSD patients, during fear extinction, there are reports of decreasing vmPFC
activity [28] pointing to a possible neurofunctional deficit in the capacity to extinguish.
Reduced extinction learning has also been related to risk of development of PTSD in
firefighters [32] and Dutch soldiers [33]. The available evidence seems to point to a deficit
in extinction that could be a risk factor for the development of PTSD.

In order for extinction to continue regulating fear, a person will need to be able to recall the
extinction memory when exposed to trauma cues. Studies with PTSD patients have shown
that even if the subjects did not show increased conditioning or extinction, they still present
difficulty using the extinction memory to control fear when exposed to the CS in the
extinction context [15, 34]. In fMRI studies, PTSD patients show reduced activity in vmPFC
and hippocampus but increased activity in dorsolateral (dl) PFC during extinction recall
[34]. Reduced vmPFC activity and increased dIPFC may mediate an inability to use
contextual cues to predict safety [29]. Further studies have found that these impaired recall
extinction findings are seen in participants with PTSD but not in their non-traumatized twins
which could mean this deficit is acquired and not a risk factor for PTSD [15].

Fear can also be modulated in humans by cognitively regulating fear in which thoughts are
used to diminish fear. In contrast with extinction, these techniques are thought to require
active participation of the person. The available studies on how fear can be modulated
cognitively could have important implications in the treatment for PTSD. For example,
telling subjects that they will be shocked will elicit a fear response and amygdala activation
even if the shock is not given [35]. Instructions to regulate conditioned fear leads to reduced
conditioned responses [36], increased activation of the dIPFC, decreased activation of
amygdala and activation of the vmPFC [37]. Similar patterns of activation in amygdala and
vmPFC are seen if fear is diminished by extinction or by cognitive regulation; only
cognitive regulation activates dIPFC. One study has also found that the effect of cognitive
reappraisal on fear is impaired by acute stress [38]. Data on cognitive regulation of fear in
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PTSD is limited, but given that PTSD patients show abnormalities in the same anatomical
areas used for cognitive regulation, future studies could be used to better control fear.

Another way to modulate fear is through the disruption of reconsolidation. Every time a
memory is retrieved the underlying memory trace is again labile and needs to reconsolidate;
this reconsolidation period allows disruption of memory [39]. Since beta-receptors regulate
long-term memory storage, propranolol has been shown to decrease fear expression after
activating a traumatic memory in PTSD patients [40]. High levels of glucocorticosteroids
can also interrupt the consolidation of the traumatic memory [41]. Reconsolidation
manipulations might actually change the original conditioned memory and thus might be
immune to return of fear [42].

Factors modulating fear

The process of extinction can be affected by several factors such as how much time occurs
between extinction trials, contextual cues, how related to the person's fear is the CS, the
presence of other excitatory CS during extinction or the introduction of inhibitory CS-
(safety signals) during extinction [43]. In terms of inhibitory CS- or safety signals, one study
showed that the use of a button press to avoid shock prevented extinction in healthy subjects
[44]. This is of relevance for PTSD patients as they tend to show avoidance of trauma cues
to prevent physiological arousal at the moment, but given the studies with inhibitory CS-,
this might worsen the fear responses in the long run.

There are several other factors that have been related to the return of fear even after
adequate extinction such as renewal, reinstatement, spontaneous recovery or reacquisition
[45]. Extinction is highly specific to the precise circumstances (context) in which the
extinction occurs [43]. Presenting the CS in the context where conditioning took place or in
a new context can lead to renewal of fear. Renewal is greater when the conditioning context
is encountered versuswhen exposed to a novel context [46]. Renewal is of particular
relevance for PTSD as they may learn to extinguish the conditioned fear responses to trauma
cues in a safe environment but might have a return of symptoms if they encounter the same
context but in this case, where the trauma occurred.

Extinguished fear can also re-appear if the US is presented again in the conditioning context,
a process called reinstatement [43]. Extinction is also specific to time [45] causing
spontaneous recovery to occur with the passage of time.

Interaction of stress and fear in the development of PTSD

The stress response of the hypothalamic-pituitary-adrenal (HPA) axis is closely related to
fear expression and regulation. The amygdala has glucocorticoid receptors, which modulate
fear memory consolidation [47]. One of the areas of convergence is the effect of early
trauma on the circuits involved in fear. Early life trauma has been shown to sensitize the
HPA axis producing an ineffective stress response system. For example, when exposed to
stressful situation as adults, women with early life trauma have a greater adrenal cortico-
tropin hormone release and increases in heart rates [48]. Stress in humans also may lead to
hippocampal damage [49-51] thus affecting the memory processing of fear. In fact,
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childhood abuse is associated with increased startle reactivity in adults that cannot be
accounted for by PTSD or depressive symptoms suggesting that an increased startle may be
a biomarker of stress responsiveness that is a persevering consequence of childhood trauma
exposure [1]. The number of traumas a person has experienced also has implications on fear
expression and PTSD symptoms. In a study of PTSD patients who had multiple traumas, it
was found that they did not present increased fear expression.Instead these patients had
lower skin conductance and startle responses than the patients who had only one traumatic
event. Multiple traumas also had an effect on PTSD symptomatology, as these patients also
presented higher levels of avoidance and numbing than the single trauma patients [52].

Treatment implications

The findings on fear processing in PTSD patients can lead to better screening methods and
treatments. In terms of using fear for screening, the genetic heritability of conditioning and
extinction is 35-45% [53]. There is some evidence that genetic variation in the serotonin
transporter gene affects conditionability, the catechol-O-methyltransferase gene affects fear
memory consolidation and the brain-derived neurotrophic factor (BDNF) val66met genotype
has been found to have various effects on conditioning and extinction processes [54]. Thus
the capacity for fear conditioning and/or extinction might be an inheritable risk factor for the
development of PTSD and might be used as a way to identify people at risk before being
exposed to trauma. In fact, the capacity to extinguish fear has been identified as a risk factor
for the development of PTSD before trauma exposure in high-risk samples [8, 32, 33].
Longitudinal studies that measure fear conditioning or extinction capacity before trauma are
needed in order to be able to classify these fear processes as biological risk factors
(endophenotypes) for PTSD symptoms. There is also a need to evaluate how the factors
affecting fear acquisition and extinction, such as consolidation and context, could also be
used to prevent PTSD emergence when a person encounters the traumatic experience. For
example, the production of the traumatic memory might be impaired if propranolol [55] or
systemic glucocorticoids [41] are given before the initial consolidation of the fear memory.

Research on fear has also provided insight into the mechanisms of exposure therapy.
Theoretically, exposure therapy is thought to improve anxiety through emotional processing
in which a fear network is activated and new incompatible information is added which
causes decreases in these fear responses within the therapy session (within-session
habituation) and between therapy sessions (between-session habituation) [56]. This theory
could be described with fear terminology by stating that fear is elicited and then
extinguished. Thus research on fear expression and extinction can lead to better
understanding of exposure therapy and improvements for those patients who do not respond
to therapy. In fact, laboratory measures of extinction retention have been shown to predict
degree of improvement with exposure therapy in social anxiety disorder but to our
knowledge no studies of this kind have been done in PTSD [57]. Clinical measures of fear
(self-report arousal symptoms) have also been related to cognitive behavior therapy (CBT)
outcomes in general. For example, higher ratings of anxiety at the start of the first exposure
were related to no improvement, while higher within session habituation was related to
improvement of anxiety symptoms [58]. Differential pre-treatment conditioned responses
were related to better responses of PTSD symptoms to the serotonin-norepinephrine
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reuptake inhibitor duloxetine [59]. Changes in symptom severity with trauma focused CBT
has also been associated with a decrease in physiological reactivity [60].

Studies on the factors that affect extinction learning can also improve exposure therapy.
Studies with fMRIs have found that areas related to fear learning and extinction, such as
greater activation of amygdala and ventral anterior cingulate region when viewing fearful
faces prior to CBT, can predict who will have a better response to the therapy [61]. Also,
one study has shown that theBDNF val66met polymorphism predicts response to exposure
therapy in PTSD [62].

Research on inhibitory CS during extinction has been done on the use of safety signals in
exposure therapy, which in fact has been shown to impair positive outcomes in therapy [43].
Relapse or return of fear can affect as many as 33-50% of successfully treated individuals
[63]. Return of fear has been seen when changing therapists or rooms in which exposure
takes place [64]. Contextual stimuli might include external stimuli (room, place, background
stimuli) or interoceptive stimuli (drug states, hormonal states, deprivation, expectation of
events, time) [45]. Drug states, as a contextual cue, are particularly relevant in the treatment
of PTSD as exposure therapy is frequently combined with pharmacotherapy. If the patient
learns to extinguish fear under the effect of a medication, and after some time this
medication is discontinued, that patient might be at higher risk of relapse because of a
renewal effect [65] possibly due to the the fact that the success was based on the neural
pathways being dependent on the presence of medication, an example of state dependent
memory . To prevent relapses, these studies have provided information that using multiple
context exposures or booster sessions (different contextual times) can improve outcomes of
exposure therapy. It has also been recommended that when using medications in
combination with CBT, the medications should allow for the full activation of the fear
structure with the least possible side effects to minimize this aforementioned state-dependent
learning [65].

Understanding the molecular mechanisms behind fear extinction can lead to novel
treatments that enhance extinction learning or recall. One of the areas that have received the
most attention is the N-Methyl-D-aspartic acid receptor (NMDAR), as NMDAR antagonists
block both fear and extinction learning with the opposite being true of NMDAR agonists.
This has led to the discovery that D-cycloserine, a partial agonist of NMDARs, facilitates
fear extinction and has been tried with contradictory results during exposure therapy to
enhance fear reduction [65]. Other areas of interest are the endocannabinoid system with
anandamide showing facilitation of fear extinction [66]. Although no adequate molecules
have been found, the BDNF-tyrosine kinase B pathway and the pituitary adenylate cyclase-
activating polypeptide are also areas of interest for the development of treatments as they
have been shown to be implicated in fear extinction and in PTSD development [67]. Several
other neurotransmitters, such as gamma-aminobutyric acid (GABA), dopamineg,
acetylcholine, norepinephrine and opioids have shown to be involved in the consolidation
and extinction of fear but the clinical implications of these findings are still unclear [68].
Direct stimulation of the circuits involved in fear learning and extinction with devices such
as deep brain stimulation, vagal nerve stimulators and transcranial magnetic stimulation are
also other avenues of treatment that need further study [69].
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The expression, conditioning and regulation of fear have been implicated in the development

of

all of the symptoms of PTSD (Figure 1). These fear processes have a direct relationship

with stress responses as the traumatic experience starts a cascade in which fear circuits and
the HPA axis are affected. Experimental and clinical measures of fear can be used to help in
the understanding of how a stressful situation can lead to pathology and also serve in the
development of better screening and treatment for PTSD patients.
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Key-points

Stress and fear, in response to actual or possible threat, enhances the possibility
of forming trauma-related memories leading to post-traumatic stress disorder
(PTSD).

Excessive fear responses in PTSD can be seen as physiological reactions to
trauma cues and alterations in arousal and reactivity increasing fear conditioning
capacity.

Predisposing factors such as suffering childhood abuse increases risk of fear
conditioning, renewal, and reconsolidation.

Studies on fear learning, extinction, and neuroimaging support the notion that
increased fear is related to amygdala hyperresponsivity and dysfunctions in
neural circuitry, specifically the areas of the ventromedial prefrontal cortex
(vmPFC) which regulate fear.

Severity of PTSD is associated with the inability to inhibit fear generalization,
poor cognitive emotion regulation, and hippocampal damage affecting the
memory processing of fear.

Findings on fear have lead to the identification of effective treatment modalities
to reduce fear alterations in PTSD such as effective pharmacotherapy
includingpropranolol and selective norepinephrine reuptake inhibitors (SNRI's),
cognitive behavior therapy, and exposure therapy.
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Figure 1. Predisposing factors related to increased experience of fear in PTSD and their

implications for treatment

Predisposing factors are a key to altering an individual's resiliency. Not only are genetic
variances accountable for psychopathology, but environmental experiences can either
awaken or alter genetic behavior leading to psychopathology. In the development of PTSD,

fear plays a crucial role.
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PTSD posttraumatic stress disorder

DSM-V Diagnostic and Statistical Manual of Mental Disorders, 51 ed.
fMRI functional magnetic resonance imaging studies

us unconditioned stimulus

UR unconditioned response

CSs safety signal

vmPFC ventromedial prefrontal cortex

HPA hypothalamic-pituitary-adrenal

CBT cognitive behavior therapy

GABA gamma-aminobutyric acid

vmPFC the ventromedial prefrontal cortex

DSM-IV-TR | Diagnostic and statistical manual of mental disorders, 41 ed. text revision
CS+ conditioned stimulus

CR conditioned response

SCR skin conductance response

CS+ threat signal

dl dorsolateral

BDNF brain-derived neurotrophic factor

NMDAR N-Methyl-D-aspartic acid receptor
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