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Although many individuals who experience a trauma go on to develop post-traumatic 
stress disorder (PTSD), the rate of PTSD following trauma is only about 15–24%. There 
must be some pre-existing conditions that impart increased vulnerability to some individuals 
and not others. Diathesis models of PTSD theorize that pre-existing vulnerabilities interact 
with traumatic experiences to produce psychopathology. Recent work has indicated that 
personality factors such as behavioral inhibition (BI), harm avoidance (HA), and distressed 
(Type D) personality are vulnerability factors for the development of PTSD and anxiety 
disorders. These personality temperaments produce enhanced acquisition or maintenance 
of associations, especially avoidance, which is a criterion symptom of PTSD. In this review, 
we highlight the evidence for a relationship between these personality types and enhanced 
avoidance and associative learning, which may increase risk for the development of PTSD. 
First, we provide the evidence confirming a relationship among BI, HA, distressed (Type D) 
personality, and PTSD. Second, we present recent findings that BI is associated with 
enhanced avoidance learning in both humans and animal models. Third, we will review 
evidence that BI is also associated with enhanced eyeblink conditioning in both humans 
and animal models. Overall, data from both humans and animals suggest that these 
personality traits promote enhanced avoidance and associative learning, as well as slowing 
of extinction in some training protocols, which all support the learning diathesis model. 
These findings of enhanced learning in vulnerable individuals can be used to develop 
objective behavioral measures to pre-identify individuals who are more at risk for development 
of PTSD following traumatic events, allowing for early (possibly preventative) intervention, 
as well as suggesting possible therapies for PTSD targeted on remediating avoidance or 
associative learning. Future work should explore the neural substrates of enhanced 
avoidance and associative learning for behaviorally inhibited individuals in both the animal 
model and human participants.
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Post-traumatic stress disorder (PTSD) is a devastating mental 
illness that can develop following exposure to a traumatic 
event. However, it is unclear why only a percentage (15–24%) 
of individuals who experience trauma go on to develop PTSD 
(Breslau et  al., 1998). For example, a study of New  York City 
residents living close to the site of the 9/11 World Trade Center 
terrorist attacks reported that only about 12.6% had probable 
PTSD, based on self-reported symptoms (DiGrande et al., 2008). 
Another recent study of US military personnel deployed to 
operations in Iraq or Afghanistan reported a PTSD rate of 
about 6% (Jacobson et al., 2015). Thus, individuals who experience 
highly traumatic events differ in how they process and recover 
from that event.

In addition, even among individuals who develop PTSD, 
there is wide variability in symptom presentation. In the fifth 
edition of the Diagnostic and Statistical Manual (DSM-5; 
American Psychiatric Association, 2013), PTSD is now categorized 
as a trauma- and stressor-related disorder rather than an anxiety 
disorder. In the DSM-5, PTSD symptoms are grouped into 
five criteria, which include exposure to a stressor, intrusion 
symptoms such as re-experiencing, avoidance of trauma-related 
stimuli, negative alterations in cognitions and mood, and 
alterations in arousal and reactivity. However, individuals vary 
in the degree to which they meet these criteria. In fact, it 
has been calculated that over 636,000 possible presentations 
could satisfy DSM-5 definitional criteria for PTSD (Galatzer-
Levy and Bryant, 2013). The individual differences in symptom 
severity following comparable traumatic events (Pitman et  al., 
1987; Orr et al., 1993; Shalev et al., 1993) suggest that pre-existing 
vulnerabilities may modulate the degree to which an individual 
develops PTSD or is resilient in the face of trauma. It is 
currently unclear which factors determine how an individual 
reacts to a traumatic event to either develop PTSD or 
display resilience.

DIATHESIS MODELS

Diathesis models of mental illness explain psychiatric disorders 
such as PTSD as coming about through dynamic interactions 
of pre-existing vulnerabilities including genes, epigenetics, and 
personality with exposure to trauma. While it is accepted that 
PTSD results from an exposure to a traumatic stressor (e.g., 
North and Smith, 1990; Davidson, 2000; Seng et  al., 2009), 
there is still much debate and controversy surrounding the 
exact nature of the exposure to a traumatic event as details of 
Criterion A were altered in the most recent revision of the DSM 
(for a review, see Pai et  al., 2017). Regardless of the definition, 
trauma has a necessary but insufficient role in the development 
of PTSD in which several other vulnerability factors have been 
identified, including genes (Binder et al., 2008; Amstadter et al., 
2009), neural abnormalities (Pitman et  al., 2006; Liberzon and 
Sripada, 2008), and personality traits (Engelhard et  al., 2006; 
Gil and Caspi, 2006; Qouta et al., 2007). Recent work in rodents 
and humans has focused on personality traits that produce 
behavioral and learning tendencies, which lead to the development 
of PTSD.

One behavioral tendency, which has received much attention, 
is avoidance. Although disorders such as generalized anxiety 
disorder (GAD), obsessive-compulsive disorder (OCD), panic 
disorder, social anxiety disorder (SAD), social phobia, and 
PTSD have distinguishing symptoms, excessive or maladaptive 
avoidance is a common symptom in all these disorders. To 
satisfy DSM-5 Criterion C for PTSD, an individual must 
persistently avoid either external reminders of trauma (i.e., 
behavioral avoidance) or trauma-related thoughts or feelings 
(i.e., cognitive avoidance), or both. Avoidance of traumatic or 
stressful situations is usually adaptive in that it protects from 
possible harm. However, avoidance can become maladaptive, 
limit social and non-social interactions, and disrupt normal 
life functioning as in the case of PTSD. Moreover, avoidance 
contributes to the chronicity of disorder as it prevents the 
individual from learning that certain situations or stimuli are 
not or no longer dangerous.

Avoidant tendencies may be  particularly important in 
differentiating individuals likely to develop PTSD following exposure 
to a traumatic event from those who display resilience in the 
face of trauma. Avoidance or escape behaviors have been identified 
as a significant predictor of PTSD (Charlton and Thompson, 
1996; Marmar, 1996; Chang et  al., 2003; Gil and Caspi, 2006) 
as well as distinguishing between those at risk and not at risk 
for development of PTSD or anxiety disorders (North et  al., 
1999; Barlow, 2002; Karamustafalioglu et al., 2006; Marshall et al., 
2006; O’Donnell et  al., 2007). Specifically, avoidance only occurs 
in less than half of trauma-exposed individuals (Maes et  al., 
1998; Breslau et  al., 1999), but individuals who report avoidance 
symptoms following a trauma have an increased likelihood of 
developing PTSD (North et al., 1999). In addition, the consistency 
and intensity of avoidance symptoms (Solomon et al., 2009) may 
be related to the persistence (Maes et al., 1998) and full expression 
of PTSD (North et  al., 2004; Karamustafalioglu et  al., 2006; 
Kashdan et al., 2006; O’Donnell et al., 2007). Thus, the acquisition, 
expression, and retention of avoidance may represent an 
endophenotype (Gould and Gottesman, 2006) for PTSD and 
be  the final common pathway to PTSD. The integral role of 
avoidance in PTSD has also led to renewed interest in avoidance 
learning as a valuable experimental paradigm in animal and 
human models of PTSD for the study of neural and behavioral 
abnormalities in PTSD (e.g., Lovibond, 2006; Servatius, 2016; 
LeDoux et  al., 2017; Pittig et  al., 2018).

Besides avoidance, diagnostic symptom criteria for PTSD 
involve increased arousal and reactivity to stimuli and events 
associated with the traumatic event (Criterion E in the DSM-5). 
One expression of this altered arousal and reactivity is 
hypervigilance. Hypervigilance can be expressed in several ways. 
An individual may express general hypervigilance by over-attending 
to possible aversive stimuli by searching for possible threats 
(Mathews, 1994; McNally, 1996). Hypervigilance may ultimately 
result in avoidance if an individual over-attends to an aversive 
stimulus and then subsequently avoids that same stimuli (Bögels 
and Mansell, 2004). In addition, hypervigilance may also produce 
enhanced associative learning with aversive stimuli. Thus, 
hypervigilance may underlie the development of PTSD through 
avoidance learning as well as associative learning.
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In the current review, we  will present recent findings 
supporting a learning diathesis model in which avoidance-
related personality factors related to PTSD produce enhanced 
avoidance and associative learning. These convergent findings 
come from rodents and humans including non-clinical and 
clinical samples. First, we  will review several personality 
temperaments that have been suggested to be  risk factors for 
the development of PTSD through avoidance and hypervigilance. 
Second, we will present findings of enhanced avoidance learning 
in humans and an animal model of PTSD vulnerability. Third, 
we  will detail findings of enhanced acquisition and slowed 
extinction of associative learning in behaviorally inhibited as 
well as PTSD individuals. The neural substrates of avoidance 
and associative learning tasks will be  discussed in the context 
of understanding how these learning mechanisms may produce 
and maintain PTSD.

PTSD VULNERABILITY FACTORS

Recent work has identified several avoidant or inhibited 
personality temperaments that increase risk for the development 
of PTSD. In addition, these inhibited temperaments have been 
linked to enhanced learning, which supports a learning diathesis 
model of PTSD.

One personality trait linked to PTSD is trait anxiety, which 
is defined as a relatively stable bias to perceive events as threatening. 
Trait anxiety can be measured by the State Trait Anxiety Inventory 
(STAI; Spielberger, 1983). Individuals diagnosed with PTSD 
exhibit higher levels of trait anxiety than non-PTSD individuals 
(e.g., Orsillo et  al., 1996; Casada and Roache, 2005; Casada and 
Roache, 2006). Highly trait anxious individuals display 
hypervigilance (Eysenck and Calvo, 1992), which we have discussed 
above as a mechanism for PTSD development. In addition, 
higher rates of PTSD symptoms were reported 2–5 years following 
surgery for those individuals with high levels of trait anxiety 
at the time of the operation (Ristvedt and Trinkaus, 2009). This 
finding suggests that trait anxiety may be a pre-existing vulnerability 
factor, rather than a trait that emerges solely following trauma 
exposure and/or development of PTSD. In fact, some researchers 
have suggested that prospective trait anxiety is a better predictor 
of PTSD symptoms than the nature of the traumatic event 
(Lonigan et  al., 1994; Phipps et  al., 2009).

Another personality temperament that has been linked to 
PTSD is behavioral inhibition (BI), which is defined as a 
temperamental tendency to avoid novel individuals and situations 
(Kagan et  al., 1987; Morgan, 2006). BI can be  measured with 
the Adult and Retrospective Measures of Behavioral Inhibition 
(AMBI/RMBI; Gladstone et  al., 2005; Gladstone and Parker, 
2005). BI as measured by the AMBI is positively related to 
trait but not state anxiety (Caulfield et  al., 2013). BI expressed 
during childhood increases the risk for an individual to develop 
PTSD (North et  al., 1999; Fincham et  al., 2008; Kashdan et  al., 
2009) as well as anxiety disorders (Hirshfeld et al., 1992; Biederman 
et al., 1993; Svihra and Katzman, 2004; Pérez-Edgar et al., 2010) 
in adulthood. Several aspects of BI are related to PTSD symptoms. 
For example, BI involves increased sensitivity to novel, threatening, 

and uncertain situations and stimuli (Hirshfeld et  al., 1992; 
Schwartz et al., 2003a,b; Smoller et al., 2005) as well as increased 
physiological reactivity to stressful stimuli (Keltikangas-Jarvinen 
et al., 1999; Kalin et al., 2000; Kalin and Shelton, 2003; Schwartz 
et  al., 2003a,b; Smoller et  al., 2005; Tyrka et  al., 2006, 2008; 
Perez-Edgar et  al., 2007).

Recent work has demonstrated a relationship between BI 
and PTSD in a variety of samples. AMBI, but not RMBI, 
scores were associated with scores on the PTSD checklist 
(PCL-M) administered to Veterans (Myers et al., 2012a,b). This 
relationship was the strongest for avoidance symptoms (i.e., 
PTSD symptom cluster C as defined in the DSM-IV). BI was 
also related to PTSD symptom severity in a sample of active 
duty Coast Guard personnel (Servatius et  al., 2017). In this 
study, PTSD was measured with the PTSD checklist for both 
military and non-military experiences. Similarly, in a sample 
of active duty Coast Guard personnel, individuals meeting 
symptom criteria for PTSD had higher rates of BI than individuals 
not meeting symptom criteria (76 versus 30%, respectively). 
Therefore, there is a high concordance between PTSD and BI 
in military samples (Handy et  al., 2017).

Other personality factors found to be  strongly related to 
BI are harm avoidance or HA (Allen et al., 2017) and distressed 
(Type D) personality (Allen et  al., 2018). HA is defined as a 
tendency to avoid punishing, novel, and non-rewarding situations 
(Nixon and Parsons, 1989) and can be measured with a subscale 
of the Tridimensional Personality Questionnaire (TPQ; Cloninger 
et  al., 1991, 1993). High levels of HA are a risk factor for 
PTSD (Gil, 2005), while low levels are associated with resilience 
(Simeon et  al., 2007).

Type D personality is measured with the Type D scale (DS-14, 
Denollet, 2005) and involves high levels of both social inhibition 
(SI) and negative affectivity (NA). High NA results in negative 
emotions, sadness, and a gloomy outlook on life, while high 
SI would result in a tendency to not share these negative 
emotions with others for fear of their reactions. Type D (including 
both the SI and NA subscales) was significantly positively 
correlated with current BI in a non-clinical sample (Allen et al., 
2018) and is also related to PTSD in a variety of populations 
including survivors of heart attack (Pedersen et  al., 2004), first 
responders (Ogińska-Bulik and Langer, 2007), and active duty 
military personnel (Mommersteeg et al., 2011; Rademaker et al., 
2011). Recently, Servatius et  al. (2017) reported that BI was a 
significant predictor of PTSD, while Type D was a significant 
predictor of major depression in active duty Coast Guard 
personnel. The correlation observed between BI and PTSD in 
active duty military personnel was consistent with correlations 
previously observed in Veterans (Myers et  al., 2012a).

Taken together, these findings have supported the relationship 
between PTSD and a variety of constructs describing anxious 
and inhibited personality temperaments; however, the degree 
to which trait anxiety, BI, HA, and Type D are distinct constructs 
has not been adequately addressed. Recent work has revealed 
that these temperaments have some degree of relationship 
varying from weak to moderate. Future work needs to examine 
how much overlap exists between these various measures of 
inhibited temperament.
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In addition to personality temperaments like BI, HA, and 
Type D, females express greater lifetime prevalence for PTSD 
than males (Kessler et  al., 1995). Partly, this may be  due to 
females having higher likelihood of experiencing certain types 
of trauma, such as sexual abuse and assault, and/or having 
higher rates of reporting and seeking treatment (Jacobson et al., 
2015). However, at least some studies suggest that the increased 
risk of PTSD among women is still evident even when exposure 
to prior traumatic events or history of other pre-existing 
conditions such as depression or anxiety is controlled for 
(Breslau et  al., 1999). One factor that may help account for 
the gender differences in PTSD rates may be  an interaction 
with personality temperaments such as BI. Women outscore 
men on the AMBI in some studies (Gladstone and Parker, 
2005; Radell et  al., 2016), but not all (Myers et  al., 2012a; 
Allen et  al., 2017). The failure to find a clear sex difference 
could be due to variability in expression of a personality factor 
(or other vulnerability). For example, Mosing et  al. (2012) 
reported BI temperament to be  sex linked in that BI may 
be more heritable in females than males, which fits with findings 
of sex-linked genes for HA (Keller et  al., 2005). Nonetheless, 
the additive effect of female gender and BI as well as HA 
should be  recognized to aid in the identification of women 
who are more likely to develop PTSD.

Overall, several personality temperaments related to avoidance 
including trait anxiety, behavioral inhibition, harm avoidance, 
and distressed (Type D) personality have been identified, along 
with female gender, as vulnerability factors for the development 
of PTSD. Inhibitory temperaments and a tendency to avoid 
can possibly identify which trauma-exposed individuals are 
more at risk to develop PTSD or display resilience, allowing 
optimal targeting of therapeutic resources.

AN ANIMAL MODEL OF INHIBITED 
TEMPERAMENT

Besides the strong clinical evidence for a relationship between 
inhibited temperaments and PTSD, inhibited temperament has 
been investigated in an animal model, the inbred Wistar Kyoto 
(WKY) rat strain. WKY rats express many of the behavioral 
tendencies associated with BI and PTSD in humans. For a 
detailed review of the WKY rat as an animal model in which 
pathological avoidance is an endophenotype for PTSD, see 
Jiao et  al. (2011a). Studies have typically compared WKY rats 
with controls consisting of outbred Sprague Dawley (SD) rats, 
which do not express inhibited temperaments. WKY rats’ 
inhibited temperament is evident in several behavioral tendencies 
including hypervigilance, behavioral withdrawal, avoidance, and 
hyper-responsivity to stress (Paré, 1989, 1992, 1993; Solberg 
et  al., 2001; Drolet et  al., 2002; McAuley et  al., 2009; Lemos 
et  al., 2011). WKY rats also express exaggerated hormonal 
activity (corticosterone and adrenocorticotropic hormone) in 
the hypothalamic-pituitary axis (HPA) suggesting that WKY 
rats are inherently hyper-responsive to stressful stimuli, which 
are similar to findings with behaviorally inhibited children 
(Smoller et  al., 2003, 2005).

WKY rats also exhibit inhibited temperament in a variety 
of behavioral tasks. One such task is the open field test that 
measures locomotion and exploration of a novel environment 
and has been used to test anxiety-like behaviors in rats and 
mice. Anxiety-related behaviors are thought to come about due 
to social separation from cage mates and the stress of the novel 
open field apparatus (File, 1980; Prut and Belzung, 2003). There 
is evidence that anxiety-like behaviors in the open field test are 
reduced by GABAergic and serotonergic anxiolytics [see review 
by Prut and Belzung (2003)]. WKY rats express anxiety-like 
behaviors in which they are less active and slower to flee the 
center of the field to the wall at the start of the trial in an 
open field test (Paré, 1994; Ferguson and Cada, 2004; McAuley 
et  al., 2009) in which a rat is placed in the center of a brightly 
lit field. The deficit in open field activity has been attributed 
to anxiety rather than a deficit in  locomotion given that WKY 
rats exhibit normal locomotion in a variety of motor tasks (Paré, 
1992; Ferguson and Cada, 2003; Ferguson et  al., 2003). The 
inhibited behavior of WKY rats in the open field test is similar 
to how behaviorally inhibited individuals express inhibited 
behaviors in novel social and non-social situations.

Another behavioral tendency of WKY rats is hypervigilance, 
which fits with the DSM-5 Criterion E (i.e., alterations in 
arousal and reactivity) for PTSD. A common measure of 
hypervigilance is the acoustic startle response (ASR), which 
tests arousal and vigilance to an unexpected sound. ASR is 
typically measured by full body movement in rats as compared 
to an eyeblink response in humans. WKY rats exhibit an 
enhanced ASR compared to outbred SD rats (Glowa and 
Hansen, 1994; Servatius et  al., 1998; McAuley et  al., 2009). 
There is some evidence of similar enhanced ASR in humans 
with PTSD (Butler et  al., 1990; Morgan et  al., 1996). Another 
test for anxiety is pre-pulse inhibition (PPI) in which a weak 
stimulus inhibits a subsequent response to a stronger stimulus 
(usually measured with ASR). Ludewig et  al. (2002) reported 
decreased PPI in humans with panic disorder, while Pineles 
et  al. (2016) found PPI impairments in women with PTSD. 
However, WKYs exhibited greater pre-pulse inhibition (Conti 
et  al., 2002; McAuley et  al., 2009). One possible explanation 
is that WKY rats may direct attention to the novel, unexpected 
stimuli by way of hypervigilance, thus resulting in enhanced 
PPI. In fact, prior studies have shown enhanced PPI when 
attention is directed to the pre-pulse stimulus (Filion et  al., 
1993; Ashare et al., 2007). Consistent with this idea, the greater 
PPI in WKY rats was reduced by the administration of 
corticotropin releasing factor (CRF), which stimulates the 
release of adrenocorticotropic hormone (ACTH) as part of 
the stress response (Conti et  al., 2002). Given the relationship 
between BI and PTSD in humans, the WKY rat may therefore 
be  a model of PTSD vulnerability and anxiety vulnerability.

ENHANCED AVOIDANCE LEARNING  
IN WKY RATS

Given the behavioral tendency to avoid that is associated 
with BI in humans, we  hypothesized that WKY and SD rats 
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would differ in avoidance learning. In animal models, avoidance 
takes the form of either passive avoidance (withholding an 
innate or reflexive response to avoid an aversive stimulus) 
or active avoidance (performing an arbitrary response to 
prevent an aversive stimulus). Passive avoidance involves 
inhibiting innate or species-specific defense responses (SSDRs) 
such as a preference for a dark area. WKY rats acquire 
passive avoidance faster than SD rats (Paré, 1993, 1996), 
which would be  expected given that behavioral immobility 
(i.e., freezing) is a typical coping strategy for the WKY rats. 
This finding highlights a problem with passive avoidance 
tasks in which they involve species-specific defense responses 
or reflexes. Therefore, it is difficult to differentiate passive 
avoidance learning from modification of naturally occurring 
fear responses or species-specific defense responses (Bolles, 
1970). Based on this issue with passive avoidance, more 
recent work with avoidance has shifted to active avoidance 
learning tasks that use an arbitrary response that is learned 
slowly and incrementally.

Active avoidance in rodents occurs when a voluntary behavior 
is made in response to a warning signal such as a light or tone 
in order to avoid an impending aversive event such as an electric 
foot shock. A variety of behaviors have been tested in recent 
active avoidance studies in rats including shuttlebox activity (Choi 
et  al., 2010) and stepping onto a platform (Bravo-Rivera et  al., 
2014), but the behavior that has the longest history of study in 
avoidance learning is a lever- or bar-press response in which 
the rat learns to terminate an aversive foot shock by making a 
lever press, which is termed an escape response. As rats learn 
the association between the warning signal and the shock, they 

learn to make a lever press during the warning signal prior to 
the onset of the shock, which prevents the shock for that trial. 
This predictive response is termed an avoidance response.

WKY rats are faster to acquire the lever-press avoidance 
response and exhibit higher levels of avoidance than SD rats 
(Servatius et  al., 2008; Beck et  al., 2010; Jiao et  al., 2011b) as 
shown in Figure 1. In addition, WKY rats exhibit avoidance 
with non-optimal training situations in which SD rats fail to 
acquire avoidance (Servatius et al., 2015). For example, although 
both WKY and SD rats can acquire a lever-press avoidance 
response when the warning signal is 60  s in duration, WKY 
rats, but not SD controls, exhibited avoidance with a shorter 
(10  s) warning signal (Servatius et  al., 2015). WKY rats are 
also more motivated to escape and avoid foot shock than SD 
rats, even though pain sensitivity to the shock is similar (Fragale 
et  al., 2017; Spiegler et  al., 2018). In addition, female WKY 
rats exhibit enhanced avoidance acquisition and performance 
as compared to WKY males (Beck et al., 2010, 2011). Therefore, 
WKY rats exhibit an enhancement of avoidance due to behavioral 
inhibition, which interacts with female gender and may account 
for gender differences in expression of PTSD symptoms.

WKY rats exhibit almost perfect avoidance, eventually making 
an avoidance response on almost every trial. A well-trained 
WKY rat will then begin each subsequent session with an 
avoidance response on the first trial and continuing to avoid 
on all or most trials thereafter. However, SD rats display a 
different pattern. Even after extensive training, SD rats will 
typically begin each session with a trial on which they fail to 
make the avoidance response, experience the shock, and perform 
an escape response – even though avoidance responses were 

FIGURE 1 | Acquisition and extinction of avoidance responses in response to tone that precedes a foot shock in WKY and SD rats. Behaviorally inhibited WKY rats 
acquired lever-press avoidance responses faster and to a higher degree than non-inhibited SD controls. When switched to extinction training, WKY rats continue to 
respond to the tone when the shock is no longer presented early in extinction training, while the SD control rats reduce responding more rapidly. Figure adapted 
from Jiao et al. (2011a) with permission of the authors.
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expressed at high levels at the end of the previous session. 
This effect is termed warm up (Hineline, 1978a,b) and has 
been interpreted as SD rats “testing the water” at the start of 
each session, to see if the old rules still apply (Ricart et  al., 
2012). Unlike SD rats, WKYs tend to not exhibit warm up. 
This lack of a warm up effect has been observed in WKY 
rats, but not SD rats, in eyeblink conditioning (Beck et  al., 
2011), which suggests that the warm-up effect involves Pavlovian 
classical conditioning as well as instrumental learning. The 
tendency of WKY rats to exhibit avoidance responses early 
in each conditioning session has been linked to worry (Mineka, 
2004); the lack of a warm-up effect in WKY rats may indicate 
that they are performing in the expectation of the impending 
shock, while the SD rats are performing based on the actual 
experience of the shock. As a reflection of their hypervigilant 
temperament, WKY rats predominantly attend to the warning 
signal compared to the safety signal (Spiegler et  al., 2018). By 
contrast, SD rats focus preferentially on the safety signal rather 
than the warning signal. Thus, hypervigilance to the warning 
signal may account for the failure of WKYs to demonstrate 
the warm-up effect exhibited by SD rats.

The near perfect avoidance behavior of well-trained WKY 
rats also insulates them from experiencing alterations in 
shock contingency. For example, when a rat consistently 
avoids the shock, it cannot become aware of a shift from 
acquisition trials in which the warning signal is followed 
by the shock, to extinction training, where warning signal 
remains but the shock has been removed. Accordingly, WKY 
rats continue to perform avoidance responses during extinction 
training, even though the shock is no longer delivered 
(Servatius et  al., 2008; Beck et  al., 2011; Jiao et  al., 2011b; 
Perrotti et  al., 2013) as shown in Figure 1. However, Beck 
et al. (2011) reported evidence that WKY rats have a resistance 
to extinction that goes beyond a lack of experiencing a 
change in contingency. WKY rats reduced responding by 
the end of extinction sessions, only to make an avoidance 
response on the first trial of the next extinction session. 
Furthermore, Smith et  al. (2016) were able to facilitate 
extinction in WKY rats by housing them in pairs to reduce 
anxiety. However, while WKYs exhibited facilitated extinction 
within a session, they continued to make avoidance responses 
on the first trial of each session. Therefore, WKYs do exhibit 
a resistance to extinction even after previously reducing 
avoidance responses to extinction training.

Importantly, these findings of resistance to avoidance extinction 
fit with the current reports of impaired inhibition of conditioned 
fear responses in PTSD patients (e.g., Briscione et  al., 2014). 
One of the most successful therapies for PTSD, exposure therapy, 
is also based on extinction theory. Resistance to extinction has 
been implicated in the neuropathology of anxiety (Davis and 
Myers, 2002; Barad, 2005). Overall, WKY rats exhibit several 
features of avoidance learning, which are consistent with PTSD 
patients. Specifically, WKY rats exhibit enhanced passive and 
active avoidance, a worry-like feature, and a resistance to 
extinction training. These excessive avoidance behaviors may 
come about due to hypervigilance and over-responding to cues 

that signal an aversive event which seems similar to the  
PTSD symptoms of hyperarousal.

HUMAN AVOIDANCE LEARNING

Avoidance in humans has not been as widely investigated as 
in animal models. Some recent human avoidance studies have 
utilized various aversive events including mild electric shocks 
(e.g., Lovibond et  al., 2008, 2009, 2013; Delgado et  al., 2009) 
and an unpleasant visual or auditory stimulus (e.g., Dymond 
et  al., 2011). For example, Lovibond et  al. (2008) used a visual 
warning signal followed by a delay interval and a period of 
a possible shock that could be  avoided by pressing a specific 
key. In some cases, these tasks have been designed to include 
various stages of operant training, Pavlovian classical 
conditioning, and then a transfer from Pavlovian to instrumental 
transfer (Lewis et al., 2013). Other studies have included specific 
instructions to the participants to execute a particular response 
to terminate or avoid an aversive event (Xia et  al., 2017), in 
which case the task is really assessing the participant’s ability 
to execute as instructed, rather than assessing behavioral 
avoidance learning in the manner of the rat lever- press paradigm.

Some studies of human avoidance have employed computer-
based avoidance tasks involving a loss of points or loss of 
monetary reward as the aversive event. For example, Schlund 
et al. (2011) used a computer-based task in which one stimulus 
indicated a monetary gain if the correct response is made 
(i.e., an approach response), while another stimulus indicated 
a monetary loss that could be  avoided if the correct response 
is made (i.e., an avoidance response). While participants learned 
to avoid a monetary loss by making the correct response, this 
avoidance was not the same type as the transition from escape 
to avoidance responses in the rat lever-press paradigm.

A computer-based avoidance task that may be  comparable to 
escape and avoidance learning in rats was developed by Molet 
et  al. (2006) and adapted by Sheynin et  al. (2014a) in which 
participants controlled a spaceship located at the bottom of the 
screen. Points were scored by shooting and destroying an enemy 
spaceship that was moving on the screen. Intermittently, a warning 
signal occurred that was followed by an aversive event. The 
aversive event was a bomb that appeared during which the 
participant’s spaceship exploded and the points were lost. 
Participants learned to escape or avoid the aversive event by 
moving their spaceship into a specific “safe area” on the sides 
of the screen. An escape response was defined as entering the 
safe area after the bomb period began, which allowed participants 
to minimize point loss. An avoidance response was defined as 
entering the safe area during the warning period and remaining 
there throughout the bomb period, thus avoiding all point loss 
on that trial. Importantly, subjects received no direct instructions 
about the function of the safe areas, the appearance of warning 
signal, or how to escape from or avoid point loss. The vast 
majority of the participants learned the escape response, while 
most of them also learned to completely avoid point loss by 
performing an avoidance response (Sheynin et  al., 2014a). This 
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pattern is consistent with what is generally reported in the rodent 
literature on avoidance learning with the lever- press response 
as previously discussed (e.g., Servatius et al., 2008). In the Sheynin 
et  al.’s (2014a) study, inhibited individuals (as measured by HA 
scales) had higher rates of avoidance than uninhibited individuals. 
In addition, while males and females showed similar rates of 
avoidance, females avoided for longer periods of time (i.e., on 
average, females spent more time per trial than males hiding in 
the safe areas). Sheynin et  al. (2014b) extended this task to 
include an extinction phase following the acquisition phase in 
which the warning signal was no longer followed by the aversive 
event (bomb and point loss). As noted above, impaired extinction 
learning characterizes PTSD and is reflected in patients’ tendency 
to continue avoiding trauma-associated stimuli, even though the 
aversive event no longer occurs (Graham and Milad, 2011). Results 
from the acquisition phase of the spaceship task were similar 
to those of the prior study (Sheynin et  al., 2014a) in which 
females avoided for longer periods of time than males (Sheynin 
et  al., 2014b). The novel finding from the follow-up study was 
that females were slower to extinguish the avoidance behavior 
than males (shown by longer hiding duration during the warning 
period on extinction trials), an effect that matches the delayed 
avoidance extinction of WKY rats in the lever-press conditioning 
paradigm as previously described (Servatius et  al., 2008).

More recently, Sheynin et  al. (2017) tested this human 
avoidance task with Veterans and civilians expressing PTSD 
symptoms. Individuals with current severe PTSD symptoms 
(PTSS) exhibited enhanced acquisition of avoidance responses 
and higher overall levels of avoidance as compared to individuals 
with few/no PTSD symptoms as shown in Figure 2. Further 
analysis revealed that the enhanced avoidance was evident 
mainly in females. Extinction training did not reveal a significant 
PTSS or gender effect on extinction, which is consistent with 

the findings of Beck et  al. (2011) for the rodent lever-press 
avoidance task.

Overall, humans expressing inhibited temperament and/or 
PTSD symptoms exhibit enhanced avoidance learning much 
like WKY rats. In addition, females exhibited greater avoidance 
learning than males in both WKY rats and humans. Taken 
together, the findings from these avoidance studies with WKY 
rats and humans support the idea that inhibited temperament 
and female gender are associated with enhanced avoidance 
and slowed extinction, which may be  indicative of PTSD.

ENHANCED ASSOCIATIVE LEARNING 
AND PTSD

In addition to avoidance, several theories of PTSD (Eysenck, 
1979; Pitman and Orr, 1986; Pitman, 1988; Rubin et  al., 2008; 
Zuj and Norrholm, 2019) suggest that many PTSD symptoms 
reflect hyper-conditioning of learned associations in which a 
cue (a conditioned stimulus or CS) present at the time of the 
trauma (an unconditioned stimulus or US) comes to evoke a 
learned emotional response (conditioned response or CR) similar 
to those provoked by the event itself. According to this model, 
individual differences in the speed of acquisition of the CR, 
and in extinction of the CR when the CS is no longer followed 
by the US, could promote individual differences in the 
development and maintenance of PTSD symptoms.

Continued over-prediction of aversive stimuli related to a 
traumatic event can come about through two mechanisms. 
First, the formation of associations between a cue (the CS) 
and an aversive event (the US) may be enhanced. For example, 
a soldier may experience a seemingly neutral event such as 
a crowd of people (CS) immediately before an aversive event 

FIGURE 2 | Acquisition and extinction of avoidance responses (hiding during the warning period) in the computer-based task. Individuals with PTSD symptoms 
(PTSS) exhibited higher levels of avoidance than individuals without PTSD symptoms (noPTSS), but did not differ in avoidance responses during extinction training. 
Figure adapted from Sheynin et al. (2017) with permission of the authors.
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such as an explosion (US). The degree of predictiveness between 
the neutral and aversive events may be  low in which most 
crowds do not predict upcoming explosions; however, some 
individuals exposed to one instance of the crowd-explosion 
association may form stronger than normal associations between 
the events, such that a future exposure to a crowd may trigger 
strong memories or feelings associated with the traumatic event 
(CR). Individuals with PTSD might then avoid similar situations 
in order to avoid triggering the CR.

Second, the associations formed between a cue and an 
undesirable stimulus may persist longer than normal. Normally, 
when cues no longer predict an undesirable event, the association 
weakens and the behavior is reduced. A real-world example 
would be a soldier who learned an association between crowds 
and explosions during periods of combat exposure and then 
returns home to experience many instances of crowds (shopping 
mall, movie theater, etc.) with no explosion. The repeated lack 
of pairing between crowd CS and explosion US would normally 
lead to extinction of the CS-US association. However, an 
individual with PTSD might experience crowds many times 
without the outcome of an explosion and yet continue to 
experience stress and fear responses related to the traumatic 
event due to the initial strength of the association between 
crowds and the traumatic event or an inability to associate 
crowds with alternative responses, or lack of extinction.

Individual differences in personality temperament (e.g., BI) 
may produce differences in either the acquisition of conditioned 
responses through CS-US paired training or the reduction of 
previously trained responses through CS-alone extinction 
training, or both. Behaviorally inhibited individuals would form 
strong associations between traumatic events and trauma-related 
cues resulting in fear, anxiety, and avoidance in the presence 
of these cues. These learned responses contribute to dysfunction 
when expressed pathologically in the absence of danger.

Consistent with this view, some studies utilizing associative 
learning paradigms with aversive stimuli, such as shock, have 
reported facilitated acquisition of autonomic (i.e., fear) 
conditioned responses in humans expressing PTSD symptoms 
(Grillon et  al., 1999; Grillon and Morgan, 1999; Orr et  al., 
2000; Peri et  al., 2000; Blechert et  al., 2007; Wessa and Flor, 
2007; Jovanovic et al., 2010). However, other studies have found 
no such effects (Ayers et al., 2003; Orr et al., 2006; Vythilingam 
et  al., 2006; Ginsberg et  al., 2008a,b). The variability of results 
may partially reflect different experimental design, different 
parameters such as stimulus duration and intensity, and/or 
populations in which the trauma differs. One area of focus 
in recent PTSD studies with fear conditioning involves an 
impairment in the inhibition of previously conditioned fear 
responses (for reviews, see Briscione et  al., 2014; Zuj et  al., 
2016; Norrholm and Jovanovic, 2018; Zuj and Norrholm, 2019). 
Specifically, patients with PTSD exhibit a persistence of 
conditioned fear responding as evidenced by impaired extinction 
with CS-alone trials, a lack of fear inhibition to safety signals, 
and over-generalization of conditioned fear to safety signals. 
Across all of these studies, there is evidence and persistent 
fear conditioned responding in PTSD. However, if inhibited 

temperament produces hyper-conditioning, it should be evident 
even in conditioned responses that do not explicitly invoke 
fear or trauma-relevant stimuli.

CLASSICAL EYEBLINK CONDITIONING

The most well-studied form of classical conditioning other than 
fear conditioning involves the conditioning of an eyeblink response. 
Classical eyeblink conditioning involves the pairing of an initially 
neutral CS (i.e., a tone or light) with an aversive US (e.g., corneal 
air puff with humans and rabbits or periorbital shock with rats) 
that elicits a reflexive eyeblink termed the unconditioned response 
or UR. Initially, the tone is neutral in which it does not produce 
an eyeblink response. However, following paired presentations of 
the tone followed by the air puff, a conditioned eyeblink or CR 
is exhibited prior to the onset of the air puff.

ENHANCED CLASSICAL EYEBLINK 
CONDITIONING WITH ANXIETY

There is a long history of studying anxiety in classical eyeblink 
conditioning going back to the 1950s. Janet Taylor Spence 
(Taylor, 1953) developed the Manifest Anxiety Scale (MAS), 
a 50-item true/false inventory, which assessed the personality 
trait of overt or conscious anxiety. Using the MAS, healthy 
college-aged individuals were classified as high anxiety (upper 
75–80% of scores) and low anxiety (lower 20–25% of scores). 
In a series of studies, high-anxiety individuals were found to 
exhibit facilitated eyeblink classical conditioning as compared 
to low-anxiety individuals (Spence and Taylor, 1951, 1953; 
Taylor, 1951, 1956; Farber and Spence, 1953; Spence and Farber, 
1953, 1954; Spence and Beecroft, 1954; Spence and Weyant, 
1960; Spence and Spence, 1966). There was also a gender 
effect with females having higher manifest anxiety scores than 
males. Spence (1964) hypothesized that individual differences 
in the degree of stress experienced during the experiment may 
have contributed to performance differences between high- and 
low-anxiety individuals. These classic findings of anxiety-
facilitated learning are the historical foundation for more recent 
studies of the effects of anxiety on eyeblink conditioning in 
rats and humans.

ENHANCED EYEBLINK CLASSICAL 
CONDITIONING WITH INHIBITED 
TEMPERAMENT

Recent work has attempted to determine if the enhanced 
avoidance in WKY rats and inhibited humans carried over 
to eyeblink classical conditioning. As expected, WKY rats 
acquired conditioned eyeblinks faster and to a greater degree 
than control SD rats (Beck et  al., 2011; Ricart et  al., 2011b; 
Janke et  al., 2015) as shown in Figure 3. Similar to the 
early findings from Spence and colleagues, humans expressing 
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trait anxiety (Holloway et  al., 2012; Caulfield et  al., 2013) 
and BI (Caulfield et al., 2013) also exhibited faster acquisition 
of classically conditioned eyeblinks. Caulfield et  al. (2013) 
demonstrated no effect of BI on the reflexive responding to 
the US, which indicated that increased sensitivity to aversive 
stimuli could not account for differences in conditioned 
eyeblink acquisition.

In addition to the enhanced CR acquisition, Beck et al. (2011) 
reported that WKY rats had slower extinction to CS-alone trials 
than SD controls as shown in Figure 3. This is similar to the 
slowed extinction of lever-press avoidance in WKY rats (Servatius 
et  al., 2008; Beck et  al., 2011; Jiao et  al., 2011b; Perrotti et  al., 
2013) and the slowed extinction of avoidance responding on 
the spaceship task in humans (Sheynin et  al., 2014b).

More recent work with eyeblink classical conditioning and 
inhibited personality has extended beyond BI to test the effects 
of distressed (Type D) personality in non-clinical populations 
(Allen et  al., 2018). As described previously, Type D involves 
a combination of social inhibition (SI) and negative affectivity 

(NA). Using the standard cutoff scores for the DS-14 (Denollet, 
2005), individuals were categorized as Type D or non-Type 
D, SI or non-SI, and NA or non-NA. Both Type D and SI 
individuals expressed enhanced acquisition of conditioned 
eyeblinks, similar to that previously found for behaviorally 
inhibited individuals. However, NA individuals did not exhibit 
any differences in conditioning from non-NA individuals. This 
finding of spared eyeblink conditioning is in contrast to previous 
reports of disrupted trace conditioning with depressed individuals 
(Greer et  al., 2005). Further work with Type D and depressed 
individuals would be of particular interest given the high degree 
of co-morbidity between PTSD and depression.

ENHANCED EYEBLINK CONDITIONING 
WITH OMISSION

Given the findings of enhanced avoidance and associative 
learning (i.e., eyeblink classical conditioning) in WKY rats 

FIGURE 3 | Acquisition of conditioned eyeblinks in WKY and SD rats with a tone CS and eyeshock US. Behaviorally inhibited WKY rats acquired conditioned 
eyeblinks faster and to a higher degree than non-inhibited SD controls. WKY rats also had slower extinction than SD controls to CS-alone trials (blocks 18–20 as 
indicated by the gray bar). Figure adapted from data from Beck et al. (2011) with permission of the authors.
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and humans with inhibited temperament, a form of eyeblink 
conditioning that involves an instrumental avoidance response 
was also tested. The avoidance version of eyeblink conditioning 
involves the omission of the US on trials in which a CR 
is performed to the CS. Early studies of omission training 
with human eyeblink conditioning revealed that omission 
training resulted in reduced acquisition compared to 100% 
CS-US paired trials (Moore and Gormezano, 1961; Gormezano 
et al., 1962). Furthermore, these studies utilized yoked controls 
that were presented the same pattern of trials without the 
US delivery based on the performance of individuals in 
omission training but without control over US delivery. Yoked 
controls demonstrated reduced CR performance relative to 
the omission groups, even though both groups received the 
same number and pattern of CS trials with the US omitted. 
Because of the difference between omission and yoked training, 
it was concluded that participants receiving omission 
training  were acquiring an avoidance response. Therefore, it 
is possible  to test avoidance learning in the context of 
eyeblink conditioning.

In a rat version of this eyeblink conditioning omission task, 
the US (eyelid stimulation) was omitted on trials in which 
the rat performed a CR to the tone (Ricart et  al., 2011b). 
Therefore, if the rat performed a CR, the eye shock was omitted 
(avoided) for that trial. WKY rats performed better in the US 
omission tasks than did yoked rats indicating sensitivity of 
WKY rats to schedules of partial reinforcement. This pattern 
was not observed in SD controls, which responded similarly 
to both omission and yoked situations. This pattern that WKY 
rats, but not SD rats, exhibit eyeblink avoidance fits with the 
findings of enhanced avoidance for WKY rats in the lever-
press avoidance task (Servatius et  al., 2008).

The effect of omission training on eyeblink conditioning 
was also tested with healthy young adults assessed for BI 
(Holloway et al., 2014). While behaviorally inhibited individuals 
exhibited enhanced acquisition of eyeblink CRs as compared 
to non-inhibited individuals, US omission and yoked training 
did not differ. This finding of no avoidance learning in human 
eyeblink conditioning differed from that reported for WKY 
rats by Ricart et  al. (2011b). This difference in avoidance 
learning between omission training in humans and rats may 
be  due in part to the use of a corneal air puff in the human 
study versus electrical eyelid stimulation in the rat study. 
The omission of the eyelid stimulation in the rat study may 
be  more salient than the omission of the air puff in the 
human study in which the aversiveness of the air puff is 
reduced by the eyelid closure, whereas the aversiveness of 
the electrical stimulation is presumably unaffected by 
eyelid closure.

Even though humans did not exhibit avoidance learning, 
the eyeblink conditioning omission study in humans did lead 
to a novel finding that the enhanced acquisition of conditioned 
eyeblinks was more evident in the omission and yoked conditions 
than in the 100% CS-US paired trials. The finding of enhanced 
learning in non-optimal learning conditions was theorized to 
be  due to the effects of schedules of partial reinforcement or 

situations in which some of the trials were tone alone rather 
than CS-US paired presentations.

ENHANCED EYEBLINK CONDITIONING 
WITH SCHEDULES OF PARTIAL 
REINFORCEMENT

Within the context of eyeblink classical conditioning, the US 
air puff has been interpreted by Leonard and Theios (1967) 
as a reinforcing event in which presentation of the US reinforces 
(makes more frequent) the CR. Thus, schedules of partial 
reinforcement in eyeblink classical conditioning have been 
defined that involve CS-alone trials that omit the US air puff 
on some percentage of trials (regardless of whether a CR 
occurs). In prior work with healthy individuals, schedules of 
partial reinforcement either reduced CR acquisition as compared 
to 100% CS-US training (Reynolds, 1958; Ross, 1959; Hartman 
and Grant, 1960; Ross and Spence, 1960; Runquist, 1963; Perry 
and Moore, 1965) or did not differ from 100% CS-US training 
(Humphreys, 1939; Grant et  al., 1950; Hake and Grant, 1951; 
Grant and Schipper, 1952; Moore and Gormezano, 1963; Price 
et  al., 1965; Foth and Runquist, 1970). In addition, schedules 
of partial reinforcement including CS-alone trials produced 
a partial reinforcement extinction effect (PREE) in which 
subsequent extinction was slowed relative to extinction following 
100% CS-US paired training (Longenecker et  al., 1952;  
Perry and Moore, 1965; Newman, 1967; Leonard, 1975).

The partial reinforcement effect was subsequently tested 
in humans with BI, using specific schedules of partial 
reinforcement in which the CS or US were presented alone 
on 50% of training trials (Allen et  al., 2014). Both partial 
reinforcement schedules enhanced learning of conditioned 
eyeblinks in behaviorally inhibited individuals as compared 
to non-inhibited individuals, and the enhancement was even 
stronger than that apparent with 100% CS-US training which 
is similar to the findings of Holloway et  al. (2014) where 
omission and yoked training produced greater enhancements 
than 100% CS-US training. In addition, behaviorally inhibited 
individuals exhibited slower extinction than non-inhibited 
individuals when training was switched from 50% CS-alone 
training to 100% CS-alone extinction training as shown in 
Figure 4. This slowing of extinction was similar in magnitude 
to that reported for WKY rats for the avoidance task (Servatius 
et  al., 2008) and in eyeblink classical conditioning (Beck 
et  al., 2011). The finding that extinction was slowed in 
inhibited animals and humans is important given the use 
of exposure (i.e., extinction) training for PTSD and anxiety 
disorders (Joseph and Gray, 2008).

We hypothesized that the enhancement observed in inhibited 
individuals under partial reinforcement may also have been 
due in part to the fact that introducing CS- and US-alone 
trails caused variations in the timing between CS-US paired 
training trials, compared to the fairly regular presentations of 
CS-US trails under 100% CS-US training. This hypothesis was 
tested by extending and varying the inter-trial interval (ITI) 
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between CS-US paired training trials under an 100% CS-US 
training schedule (Allen et  al., 2016). Simply extending the 
ITI from around 30–60 s did not significantly enhance acquisition; 
however, extending and varying ITI enhanced CR acquisition –  
but only in individuals with behavioral inhibition, not their 
non-inhibited counterparts. This finding may be  relevant to 
PTSD in which uncertainty in when the next trauma-related 
cue will occur may increase hypervigilance. This finding may 
also be  applicable to determining the most optimal spacing 
and timing of treatments for PTSD.

PROACTIVE INTERFERENCE WITH 
INHIBITED TEMPERAMENTS

Another variation of eyeblink conditioning that has been 
tested with WKY rats and inhibited humans involves the 
proactive interference effects of stimulus pre-exposure prior 
to conditioning. Normally, repeated exposures of the CS 
alone (i.e., latent inhibition or LI), US alone, or uncorrelated 
presentations of the CS or US (i.e., learned irrelevance) 
retard subsequent acquisition of conditioned responses. LI 
is not observed in stressed humans (Braunstein-Bercovitz 
et al., 2001) or those with trait anxiety (Braunstein-Bercovitz, 
2000; Braunstein-Bercovitz et al., 2002). Given these findings 
and the WKY strain’s enhanced reactivity to stressors, it 

was hypothesized that LI may be  reduced or absent in WKY 
rats as compared to SD controls. Consistent with this 
prediction, Ricart et  al. (2011a) found that while SD rats 
exhibited LI following CS alone pre-exposures, WKY rats 
exhibited normal levels of eyeblink classical conditioning in 
this task regardless of exposure. In other words, WKY rats’ 
performance was not disrupted by stimulus pre-exposures 
that normally would result in a retardation of CR acquisition. 
This lack of a LI effect in WKY rats may be due to enhanced 
attention to or vigilance toward aversive stimuli during the 
conditioning phase. This result is consistent with the finding 
that WKY  rats are hypervigilant and lack the ability to 
disengage from  stimuli as compared to non-inhibited SD 
rats (McAuley  et  al.,  2009).

However, when Holloway et  al. (2012) tested proactive 
interference in human eyeblink classical conditioning individuals 
with high-trait anxiety exhibited more proactive interference in 
response to pre-exposures of the air puff US than individuals 
with low-trait anxiety. Allen and Miller (2016) also reported 
that CR acquisition was disrupted in behaviorally inhibited 
individuals following US alone pre-exposures. These human 
findings differ from those reported for WKY rats. These inconsistent 
results may be  due to methodological differences between the 
use of periorbital eye shocks in rats and corneal air puff in 
humans. Future work should continue to investigate proactive 
interference effects in rodents and humans, specifically with 

FIGURE 4 | Acquisition and extinction of conditioned eyeblinks in behaviorally inhibited and non-inhibited individuals with a tone CS and air puff US. Behaviorally 
inhibited individuals acquired conditioned eyeblinks faster and to a greater degree than non-inhibited individuals to a 50% CS-alone schedule of partial 
reinforcement. When switched to CS-alone extinction training, behaviorally inhibited individuals had slower extinction than non-inhibited individuals. Figure adapted 
from Allen et al. (2014) with permission of the authors.
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PTSD symptoms, to determine the effects of stimulus pre-exposure 
prior to conditioning as a possible pre-emptive treatment to 
limit PTSD development.

ENHANCED EYEBLINK CONDITIONING 
IN PTSD POPULATIONS

In addition to studies of behaviorally inhibited individuals, 
eyeblink conditioning has also been tested with individuals 
diagnosed or identified with PTSD symptoms. Myers et  al. 
(2012b) tested the relationship between BI and PTSD symptoms 
on eyeblink conditioning in a classical conditioning task 
and an omission training task. Overall, Veterans who self-
reported high levels of childhood BI (using the RMBI) had 
faster acquisition of conditioned eyeblinks than those without 
childhood BI. As has been found in non-clinical samples, 
there were no group differences in the amplitude of reflexive 
eyeblinks, which indicated that the enhanced learning was 
due to a difference in associative learning rather than 
differences in reactivity to the stimuli. In addition, Veterans 
self-reporting current severe PTSD symptoms had slower 
extinction than those with few/no PTSD symptoms in the 
omission task; groups did not differ in extinction on the 
classical conditioning task. This finding is similar to the 
slowed extinction found in behaviorally inhibited individuals 
within a schedule of partial reinforcement including CS-alone 
trials (Allen et  al., 2016).

More recently, Handy et  al. (2018) tested BI and PTSD 
symptoms in active duty Coast Guard personnel, using eyeblink 

classical conditioning with a 50% CS-alone schedule of partial 
reinforcement based on the methodology of Allen et al. (2016). 
Personnel meeting symptom criteria for probable PTSD exhibited 
more conditioned eyeblinks than non-PTSD personnel as shown 
in Figure 5. In addition to enhanced acquisition, individuals 
with probable PTSD symptoms exhibited a pattern of high 
responsivity to tone-alone extinction trials, which resulted in 
slower extinction. This finding of slower extinction matches 
the findings as previously discussed for Veterans with PTSD 
symptoms in an omission task (Myers et  al., 2012a) and in 
a non-clinical sample trained with 50% CS-alone schedule of 
partial reinforcement (Allen et al., 2016). Findings of enhanced 
acquisition and slowed extinction of conditioned eyeblinks with 
individuals with PTSD symptoms give strong support for the 
idea that behavioral inhibition, in humans and rodents, is a 
vulnerability factor that is translated through altered associative 
learning into PTSD.

Overall, several measures of anxiety or inhibited temperament 
including manifest anxiety, trait anxiety, behavioral inhibition, 
and distressed (Type D) personality have been associated with 
enhanced associative learning in humans. In addition, individuals 
with PTSD symptoms also show enhanced associative learning. 
These findings generally agree with the findings from the 
behaviorally inhibited WKY rat strain. In addition, these findings 
support the idea that parallel rodent and human studies provide 
an opportunity to explore the mechanisms for the development 
of PTSD through altered associative learning. The work reviewed 
from WKY rats and inhibited individuals as well as individuals 
with symptoms of PTSD support for the learning diathesis 
model of PTSD as represented in Figure 6.

FIGURE 5 | Acquisition and extinction of conditioned eyeblinks with a tone CS and air puff US in military personnel with  PTSD symptoms (PTSD+) and without 
PTSD symptoms (PTSD-). PTSD was associated with faster acquisition to a 50% CS-alone schedule of partial reinforcement and continued responding during 
extinction (tone alone) training. Figure adapted from Behavioural Brain Research, 339, Handy, J.D., Avcu, P., Ko, N., Ortiz, A., Doria, M.J., and Servatius, R.J. 
Facilitated acquisition of the classically conditioned eyeblink response in active duty military expressing posttraumatic stress disorder symptoms. 106-113, (2017) 
with permission of Elsevier.
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A RABBIT EYEBLINK MODEL OF PTSD

In addition to eyeblink conditioning studies with rats and 
humans, a separate animal model of PTSD utilizing eyeblink 
conditioning involves modulation of the eyeblink reflex in 
rabbits (for review, see Schreurs and Burhans, 2015). In these 
studies, conditioning with a tone CS and periorbital eye shock 
US not only produced conditioned eyeblinks (CRs) but also 
produced a conditioning-specific reflex modulation (CRM) of 
the UR, specifically an increase in the amplitude and area of 
the eyeblink response to a periorbital shock; this CRM has 
been interpreted as reflecting hyperarousal (Burhans et  al., 
2008). One interesting finding from the CRM rabbit model 
of PTSD is that only about 25% of rabbits exhibited CRM, 
even though all rabbits exhibit conditioned eyeblinks (Smith-
Bell et  al., 2012); this range of outcomes is reminiscent of 
the fact that only a subset of humans exposed to a trauma 
develops hypervigilance and other PTSD symptoms. Future 
work should determine if some aspect of inhibited temperament 
underlies the individual differences in CRM in rabbits, as well 
as whether CRM occurs in humans and WKY rats – and if 
it is associated with inhibited temperament.

A ROLE FOR UNCERTAINTY

One repeated finding from the human eyeblink conditioning 
studies is that enhanced eyeblink conditioning is most evident 
in situations that involve some degree of uncertainty. These 
uncertain conditions – where the CS and US are not always 
reliably paired – have included the omission and yoked paradigms 
(Myers et al., 2012a; Holloway et al., 2014), schedules of partial 
reinforcement (Allen et  al., 2014, 2018; Handy et  al., 2018), 
variable trial timing (Allen et al., 2016), and proactive interference 
tasks where the relationship between the CS and US varies 
across experimental phases (Holloway et  al., 2012). In fact, 

conditioning protocols that include schedules of partial 
reinforcement may be  more representative of the real world 
than 100% CS-US paired trials, since real-world events are 
not as highly controlled as a laboratory conditioning paradigm. 
The uncertainty inherent in schedules of partial reinforcement 
may be  responsible in part for the enhanced learning in BI 
and PTSD individuals.

A review of the effects of uncertainty in anxiety identified 
five mechanisms including inflated estimates of threat, 
hypervigilance, deficient safety learning, avoidance, and increased 
reactivity to uncertain threats (Grupe and Nitschke, 2013), 
which may help explain enhanced avoidance and associative 
learning in inhibited individuals. Specifically, inflated estimates 
of threat could underlie the lack of a warm-up effect in which 
WKY rats respond with an avoidance response from the first 
trial in a daily session, while non-inhibited SD controls have 
to receive a few shocks to begin avoiding. An inflated estimate 
of threat could also account for the enhanced eyeblink classical 
conditioning observed among WKY rats trained under partial 
reinforcement. Increased threat attention or hypervigilance 
could also explain the enhanced avoidance and eyeblink 
conditioning due to increased activity in the amygdala. 
Heightened reactivity to uncertainty could play into the enhanced 
eyeblink conditioning observed in omission and yoked eyeblink 
conditioning tasks as well as the schedules of partial 
reinforcement. There is also evidence of deficient safety learning 
in WKY rats. Beck et  al. (2011) tested male and female WKY 
and SD rats with avoidance learning as previously described 
with the addition of a safety signal (a flashing light), which 
was presented during the inter-trial interval (ITI) when no 
shocks were possible. Male WKY rats were facilitated in 
avoidance learning by the addition of this safety signal. However, 
female WKY rats and both male and female SD rats did not 
exhibit facilitated avoidance with the additional safety signal. 
However, female WKY rats extinguished faster when the safety 
signal was removed. Beck et  al. (2014) hypothesized that the 

FIGURE 6 | The learning diathesis model of PTSD. Inhibited temperaments interact with changes in avoidance and associative learning leading to increased PTSD 
vulnerability. This model is supported by the avoidance learning and eyeblink conditioning studies reviewed from the rodent and human literature.
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flashing light during the ITI did not act as a safety signal 
but rather as an occasion setter by producing a mild increase 
in arousal or attention to the forthcoming warning signal. In 
another study suggesting impaired safety signal use in WKY 
rats, male SD and WKY rats were tested on probe trials after 
acquisition of the avoidance response (Spiegler et  al., 2018). 
On these probe trials, warning and safety signals were presented 
together, and SD rats decreased lever presses, as expected if 
they were attending to the safety signal. By contrast, WKY 
rats increased lever presses, as predicted if they were responding 
to the warning signal. The effects of uncertainty could also 
play into the enhanced behavioral avoidance observed in WKY 
rats and individuals with BI and/or PTSD. Cognitive avoidance 
is beyond the scope of the current avoidance and eyeblink 
conditioning tasks but could be  studied in the future. Overall, 
each of these mechanisms involved with uncertainty might 
produce enhanced avoidance and/or associative learning in 
WKY rats and in humans with inhibited temperaments or PTSD.

Uncertainty also plays a role in inhibited temperament and 
PTSD. Intolerance of uncertainty as measured by the Intolerance 
of Uncertainty Scale-short version (IUS-12, Carleton et  al., 
2007) has also been found to be  positively correlated to BI 
and HA (Allen, unpublished data). In addition, Fetzner et  al. 
(2013) found that intolerance of uncertainty was related to all 
symptoms of PTSD except re-experiencing. Bardeen et al. (2013) 
reported that intolerance of uncertainty is a moderator between 
worry and PTSD symptoms. In addition, this relationship was 
only found for PTSD hyperarousal symptoms. Oglesby et  al. 
(2016) found that pre-trauma intolerance of uncertainty predicted 
PTSD symptoms following a campus shooting. Uncertainty 
appears to be  a major factor in the learning enhancements 
observed in the eyeblink conditioning studies, which could 
shed light on mechanisms for the development of PTSD. Future 
work in eyeblink conditioning as well as in avoidance learning 
should include some degree of uncertainty to further explore 
why individuals with PTSD symptoms are sensitive to uncertainty.

OVERLAPPING NEURAL SUBSTRATES 
OF EYEBLINK CONDITIONING, 
AVOIDANCE, AND PTSD

The work with avoidance learning and eyeblink classical 
conditioning in rodents and humans with inhibited temperaments 
can elucidate the neural substrates through which PTSD develops 
and is maintained that could be  targeted in future therapies. 
Eyeblink classical conditioning studies involve either delay or 
trace conditioning. In delay conditioning, the CS precedes and 
co-terminates with the US, while in trace conditioning, the 
CS precedes the US but terminates prior to the onset of the 
US. Thus, there is a trace period between the CS and the US 
when no stimulus is present. Delay and trace eyeblink 
conditioning involve different neural systems.

In the case of delay conditioning (which was the task used 
in the rodent and human classical conditioning studies reviewed 
in this article), the cerebellum is the substrate of CS-US 
association (for a detailed review, see Thompson and Steinmetz, 

2009). This association can be  formed by the cerebellum in 
the absence of the hippocampus (Schmaltz and Theios, 1972; 
Gabrieli et al., 1995) and cerebral cortex (Mauk and Thompson, 
1987). In trace conditioning, the hippocampus (Moyer et  al., 
1990; McGlinchey-Berroth et  al., 1997; Weiss et  al., 1999) and 
medial prefrontal cortex (Kronforst-Collins and Disterhoft, 
1998) are necessary in addition to the cerebellum. However, 
delay conditioning is modulated by inputs from the septo-
hippocampal system (Berry and Thompson, 1979; Allen et  al., 
2002; Roland et al., 2014) and the amygdala (Blankenship et al., 
2005). Additionally, the hippocampus is involved in the enhanced 
delay conditioning observed in WKY rats (Janke et  al., 2015). 
Enhanced amygdala activity has also been proposed as one 
mechanism by which BI produces hypervigilance to aversive 
cues (Allen et  al., 2016). The enhanced CR acquisition during 
delay eyeblink classical conditioning observed in WKY rats, 
and by humans with BI or PTSD symptoms, might reflect 
enhanced cerebellar learning and/or modulation of cerebellar 
learning by hippocampal and amygdala inputs.

There is also some limited evidence that the cerebellum is 
involved in avoidance learning. Removal of the cerebellum in 
rats impaired passive avoidance learning in a shuttle box task 
(Dahhaoui et al., 1990; Guillaumin et al., 1991). More specifically, 
lesions of the deep cerebellar nuclei prevented learning of active 
avoidance responses and impaired escape responding in the 
rat lever-press paradigm (Steinmetz et  al., 1993), although the 
lesions did not disrupt an appetitive version of the task. The 
lack of an effect on the appetitive version of the task indicates 
that the lesioned rats were capable of making the motor response 
(i.e., the lever press) and were able to use the tone as a signal 
for the availability of a food pellet reward. Therefore, the 
enhanced avoidance learning observed with WKY rats, and 
in humans with BI or PTSD symptoms, may also be  due to 
alterations or modulation of learning in the cerebellum.

The possible role of cerebellar learning in PTSD is supported 
by recent imaging studies that have identified a role for the 
cerebellum in PTSD (Fernandez et al., 2001; Bonne et al., 2003). 
Cerebellar hyperactivity has been reported including increased 
resting state activity (Wang et  al., 2016) as well as increased 
cerebellar blood flow at rest and in response to threat-related 
stimuli in individuals with PTSD (Bremner et  al., 1999, 2003; 
Osuch et  al., 2001; Bonne et  al., 2003; Pantazatos et  al., 2012). 
In addition, cerebellar structural abnormalities have been reported 
in patients with PTSD (Baldaçara et  al., 2011; Sussman et  al., 
2016) including altered connectivity between cerebellum and 
the cerebral cortex and hippocampus (Rabellino et  al., 2018). 
Overall, there is convergent imaging and clinical evidence that 
eyeblink classical conditioning, avoidance learning, and PTSD 
all involve the cerebellum. In recent years, there has been 
increased attention given to the cerebellum in the context of 
PTSD and fear- and anxiety-related disorders (for a recent review, 
see Moreno-Rius, 2018); however, this work has not included 
behavioral measures, such as eyeblink conditioning or avoidance 
learning, which are known to involve the cerebellum. The inclusion 
of these behavioral measures would improve the ongoing work 
on exploring the role of the cerebellum in the development 
and maintenance of PTSD.
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Beyond the cerebellum, the hippocampus is known to 
modulate eyeblink conditioning and be  involved in avoidance 
learning as well as PTSD. Although the hippocampus is not 
required for simple delay eyeblink conditioning, when present 
it normally contributes to acquisition of the CS-US association 
(for reviews, see Myers et  al., 1996; Moustafa et  al., 2013). 
Disruption of the hippocampus by electrical stimulation or 
pharmacological manipulation can disrupt acquisition of the 
eyeblink CR (Berry and Thompson, 1979; Solomon et al., 1983; 
Allen et  al., 2002). In addition, there is some evidence that 
hippocampal removal or damage accelerates delay classical 
conditioning (Port et al., 1985) and avoidance learning in 
shuttle avoidance (Olton, 1973; Black et  al., 1977) and lever-
press avoidance (Schmaltz and Giulian, 1972; Cominski et  al., 
2014). There is also evidence for hippocampal abnormalities 
in WKY rats, which may explain some of aspects their enhanced 
avoidance learning. WKY rats have reduced hippocampal volume 
(Lemos et  al., 2011; Cominski et  al., 2014) as well as impaired 
hippocampal synaptic plasticity (i.e., long-term potentiation) 
as compared to SD rats (Cominski et  al., 2014). In addition, 
administration of brain-derived neurotrophic factor (BDNF) 
into the hippocampus of WKY rats slowed acquisition of 
eyeblink conditioning to rates similar to SD rats, presumably 
by enhancing synaptic plasticity (Janke et  al., 2015).

These findings of hippocampal abnormalities in WKY rats 
fit with hippocampal abnormalities observed in humans with 
PTSD. For example, reduced hippocampal volume is observed 
in patients with PTSD (Schaefer et al., 2006; Liberzon and Sripada, 
2008), along with functional abnormalities observed during fMRI 
(Werner et  al., 2009). In one study, patients with PTSD showed 
impaired performance on a hippocampal-dependent spatial 
learning task, and the extent of impairment was correlated with 
PTSD symptom severity (Astur et  al., 2006). Gilbertson et  al. 
(2007) also found that PTSD individuals were impaired at 
hippocampal-dependent configural learning task. An important 
question is whether these hippocampal abnormalities precede – and 
therefore confer vulnerability for – PTSD in individuals 
subsequently exposed to trauma, or whether these abnormalities 
emerge as symptoms following trauma exposure and/or 
development of PTSD. Gilbertson et al. (2002) provided important 
light on this question in a study documenting reduced hippocampal 
volume in combat exposed Veterans who developed PTSD as 
compared to combat-exposed peers who had not developed 
PTSD; the identical twin brothers of the Veterans with PTSD – who 
had not been exposed to combat nor developed PTSD – also 
showed smaller-than-average hippocampi. These data strongly 
suggest that reduced hippocampal volume may be  an individual 
difference that pre-dates, and confers risk for, PTSD if an individual 
is subsequently exposed to a traumatic event. Future studies 
should utilize hippocampal-dependent forms of eyeblink classical 
conditioning such as trace conditioning to study the hippocampal 
role in PTSD.

The amygdala also modulates eyeblink conditioning, is 
involved in avoidance learning, and has been found to be related 
to PTSD. Specifically, lesions to the amygdala retard acquisition 
of classically conditioned eyeblinks, disrupt hippocampal 
activity in rats (Blankenship et  al., 2005), and reduce the 

amplitude of the reflexive eyeblink (UR) in rabbits (Weisz 
et  al., 1992). The amygdala has also been implicated both 
in the conditioned reflex modification as studied by Schreurs 
and colleagues in their rabbit model of PTSD as previously 
discussed (e.g., Schreurs and Burhans, 2015) and in avoidance 
learning in humans (Simmons et  al., 2006; Mobbs et  al., 
2007; Samanez-Larkin et al., 2008; Straube et al., 2009; Suslow 
et al., 2009). As previously discussed, the effects of uncertainty 
in anxiety are thought to come about through enhanced 
hypervigilance in the amygdala (Grupe and Nitschke, 2013). 
Furthermore, the medial prefrontal cortex modulates the 
amygdala and is involved in trace eyeblink conditioning 
(Kronforst-Collins and Disterhoft, 1998) as well as avoidance 
extinction (Fragale et  al., 2016). In addition, Fragale et  al. 
(2016) reported that the plasticity between the amygdala and 
the prefrontal cortex is impaired in WKY rats. A lack of 
inhibition of the amygdala by the medial prefrontal cortex 
has been theorized to underlie the persistent expression of 
heightened arousal (e.g., increased acoustic startle) observed 
in PTSD patients (Nutt and Malizia, 2004).

Overall, there is strong evidence that neural substrates 
including the cerebellum, hippocampus, amygdala, and medial 
prefrontal cortex are involved in avoidance learning and eyeblink 
conditioning as well as PTSD. These brain structures are part 
of the circuit identified as the cerebellar-limbic-thalamo-cortical 
network (Schutter, 2013) that serves as an innate alarm circuit 
and may be  altered in cases of PTSD. Behavioral tasks such 
as avoidance learning and eyeblink conditioning are well suited 
to further investigate the neural and behavioral mechanisms 
through which PTSD develops and is expressed.

FUTURE WORK

Future work should focus on further aligning the findings 
between human studies and animal models of PTSD. Specifically, 
there is a need for a human avoidance task that more closely 
matches the trial and error learning aspect as well as the 
aversive nature of the rat lever-press avoidance paradigm. In 
addition, studies in WKY rats are needed to replicate recent 
human findings with schedules of partial reinforcement in 
both eyeblink conditioning and avoidance learning. To date, 
eyeblink classical conditioning studies in behaviorally inhibited 
humans and individuals with PTSD symptoms have been tested 
exclusively with delay eyeblink conditioning. Future work 
should also target trace conditioning, which involves the 
hippocampus and has been found to produce stronger gender 
differences than delay conditioning (Dalla and Shors, 2009). 
Future work should also investigate the neural substrates 
involved in inhibited temperament, as it relates to avoidance 
and eyeblink conditioning. Additional studies of the neural 
substrates of WKY rats can identify the mechanisms of inhibited 
temperament associated with enhanced learning. Functional 
imaging of behaviorally inhibited individuals and PTSD patients 
with avoidance learning and eyeblink conditioning should 
target the cerebellum, hippocampus, amygdala, and medial 
prefrontal cortex.
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CLINICAL APPLICATIONS

Future work can also have potential clinical applications. 
Avoidance and classical conditioning tasks could be  used 
as pre-tests for PTSD vulnerability in trauma-exposed 
individuals. These objective measures may be  better than 
standard paper and pencil self-report inventories, which are 
susceptible to biased responding as well as to individual 
variations in the ability to introspect and describe one’s own 
feelings and behaviors in comparison to accepted social 
norms. If successful, such testing would offer an opportunity 
for identifying high-risk individuals for a pre-emptive 
intervention to possibly reduce or avert PTSD before it 
develops. If the mechanisms through which BI interacts with 
stimulus pre-exposure could be  fully delineated, possible 
therapies could be  developed in which individuals are 
“inoculated” for PTSD prior to traumatic experiences – similar 
to the concept of “inoculating” an individual against learned 
helplessness by training via a series of small challenges that 
can be  overcome (e.g., Prindaville and Stein, 1978).

The work with extinction in avoidance learning and eyeblink 
conditioning is applicable to both identifying individuals at 
risk for PTSD as well as therapies to reduce PTSD symptoms. 
Prior work with fear conditioning has indicated that pre-trauma 
differences in classical conditioning (Orr et  al., 2012) and 
extinction (Guthrie and Bryant, 2006; Lommen et  al., 2013) 
are potential risk factors for PTSD (for a review, see Zuj et  al., 
2016). These findings fit with our findings of enhanced eyeblink 
conditioning and slowed extinction in non-clinical samples of 
behaviorally inhibited individuals. Already, extinction therapy 
is one of the two major approved therapies approved for PTSD 
by the Veterans Administration. A better understanding of 
why, exactly, WKY rats and behaviorally inhibited humans as 
well as individuals with PTSD have trouble extinguishing might 
allow us to improve the training schedule in a course of 
prolonged exposure therapy, thus improving outcomes. Equally 
important would be  the study of why some individuals are 
resilient following a trauma and do not develop PTSD and 
are able to extinguish more easily than those individuals who 
do develop PTSD. These insights into resilience could be applied 
to help patients with PTSD extinguish their own trauma-related 
associations. The WKY rat model of PTSD is also well suited 
for testing pharmacological treatments for PTSD. For example, 
Jiao et  al. (2014) tested the effectiveness of dopaminergic and 
noradrenergic manipulations to alter acquisition and extinction 
of avoidance responses. Overall, avoidance and associative 

learning can be  valuable tools in animal and human models 
of PTSD for the identification of individuals at risk for 
development of PTSD as well as treatment of PTSD.

SUMMARY

The exact mechanisms through which a traumatic event leads 
a limited number of individuals to develop of PTSD, while 
others develop resilience, remain elusive. What is abundantly 
clear is that PTSD is best explained with diathesis models 
(Zinbarg and Barlow, 1996; Kendler et  al., 2002; Mineka and 
Zinbarg, 2006) that address pre-existing vulnerabilities. In the 
work reviewed here, we  have presented support for a learning 
diathesis model in which inhibited personality temperaments, 
which are risk factors for PTSD, are associated with enhanced 
avoidance learning and classical eyeblink conditioning. This 
evidence has come from parallel studies in a WKY rat model 
of inhibited temperament as well as from human clinical and 
non-clinical populations. Both of these learning tasks are of 
interest given a renewed interest in avoidance learning (e.g., 
LeDoux et  al., 2017; Pittig et  al., 2018) and recent imaging 
studies of cerebellar substrates of PTSD (e.g., Moreno-Rius, 
2018). The combination of continued parallel human and 
non-human studies with these learning tasks holds the potential 
for increasing our understanding of how inhibited personality 
temperaments can be  translated through enhanced learning 
into increasing the risk for the development and maintenance 
of PTSD.
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