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Abstract 

Posttraumatic stress disorder (PTSD) is an anxiety disorder that develops in a 

minority of people after exposure to a traumatic event. For these people, previously 

non-emotional stimuli become associated with the traumatic event, causing a significant 

amount of psychological distress. For instance, a veteran who served on a swift boat 

may find that fishing boats evoke powerful emotional reactions, due to an association 

with his combat experience. Because PTSD involves emotional associations with an 

aversive stimulus (like combat exposure), some researchers have chosen to frame 

PTSD in the context of fear conditioning and extinction. “Conditioning” refers to the 

process of associating an aversive stimulus with a neutral stimulus, which causes the 

neutral stimulus to acquire aversive properties. This closely parallels the etiology of 

PTSD, where neutral stimuli (like boats) can become associated with a traumatic event 

(like exposure to combat), and may have the potential to illuminate how PTSD 

develops. “Extinction” refers to the process of disassociating a previously neutral 

stimulus from the aversive properties that it has acquired. This closely parallels the 

therapeutic technique of exposure therapy, which has been successfully used to reduce 

or alleviate PTSD symptoms. The present paper will first cover a brief history of fear 

conditioning research and explain the theory behind fear conditioning as it pertains to 

PTSD. Afterward, this paper will compare fear conditioning and extinction measures in 

PTSD and control groups, exploring each stage of the paradigm separately: acquisition 

of the fear memory, extinction of the fear memory, and recall of the extinction memory. 

Finally, this paper will describe an experiment aimed at dissociating familial vulnerability 

factors from acquired PTSD characteristics, related to fear conditioning and extinction. 

We report that a reduced differential fear response is a familial vulnerability factor for 

PTSD, while reduced extinction recall is an acquired PTSD characteristic.  
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Background 

One of the first fear conditioning experiments was carried out by Watson and 

Rayner (1920), who famously trained “Little Albert” to fear a white rat. Before 

conditioning, Albert enjoyed playing with the rat, but once the researchers had 

repeatedly paired the rat with a loud sound, Albert began to cry and move away 

whenever the rat was presented. This aversive reaction eventually generalized to other 

animals; Albert also exhibited a fear response when presented with rabbits and dogs 

(Watson and Rayner, 1920).  

In fear conditioning terminology, the loud noise is referred to as an 

unconditioned stimulus (UCS) because it is a naturally aversive stimulus. The rat 

represents a conditioned stimulus (CS+) because it is a previously neutral stimulus that 

acquires an association with the UCS. After the CS+ becomes associated with the 

UCS, only the CS+ is needed to evoke a fear reaction. In the case of “Little Albert,” 

once the rat became associated with a loud noise, Albert became upset whenever the 

rat was presented to him on its own (Watson and Raynor, 1920).  

The “Little Albert” case study was groundbreaking, but it was not as scientifically 

rigorous as studies conducted today. Over time, research methods improved and fear 

conditioning studies with larger sample sizes and more controlled experimental 

conditions were published. In 1922, Cason published a study in which a low intensity 

auditory tone was paired with an electrical shock, which produced an eye-blink 

response. Eventually, the tone alone was sufficient to produce an eye-blink response 

(Cason, 1922). This study set the precedent for several decades of conditioning 

research that used eye-blink responses as a measurement of fear conditioning. 

Although Cason could be considered a grandfather of conditioned fear research, his 

aim was not to research emotion. Instead, he was interested in the reaction times of the 

human eyelid and did not refer to his experiment as “fear conditioning” (Cason et al., 
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1922). It was only in retrospect, in a paper by English (1929), that the Cason study was 

recognized to be a fear conditioning experiment (English, 1929).  

After Cason (1922) and English (1929), researchers began to explore ways to 

disassociate the CS+ from the aversive association with the UCS (Porter, 1938). By 

repeatedly presenting the CS+ in the absence of the aversive UCS, the researchers 

were able to extinguish the fear response previously elicited by the CS+. Porter (1938) 

reported that the fear response could return after extinction, but subsequent extinction 

periods were characterized by more rapid extinction rates. In other words, the fear 

response dissipated more quickly in the third and fourth extinction periods, as 

compared to the first and second extinction periods (Porter, 1938). Porter also 

remarked that some participants tended to extinguish the fear response faster than 

others, but it was not clear what drove those individual differences.  

One potential explanation for the individual variation observed in Porter’s (1938) 

experiment is trait anxiety. Studies examining the effect of anxiety on fear conditioning 

have reported that high-anxiety participants conditioned stronger and faster (as 

measured by an increase in eye-blink responses) than low-anxiety participants (Taylor, 

1951; Spence and Taylor, 1951). However, it was not clear if high-anxiety participants, 

as compared to low-anxiety participants, would blink more to any stimulus or if this 

response was specific to the CS+. To answer this question, Spence and Beecroft 

(1954) used a differential fear conditioning paradigm, where one conditioned stimulus 

(the CS+, or threat signal) predicted the UCS and one stimulus (the CS-, or safety 

signal) never predicted the UCS. The authors found that high-anxiety participants 

exhibited greater responses to the CS+ than low-anxiety participants, but they did not 

find a difference between the two groups for CS+ responses relative to CS- responses. 

This was not driven by significantly greater responses to the CS- (Spence and Beecroft, 
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1954). Although eye-blink responses may not be directly comparable to more modern 

measurements of skin conductance response, the research of Spence and Beecroft 

(1954) has influenced modern day fear conditioning experiments, which regularly utilize 

a CS- in their research designs.   

 

Fear Conditioning and PTSD 

A decade before Taylor’s 1951 experiment, clinicians had begun to recognize 

the psychiatric impact of traumatic events (Kardiner, 1941; Henderson, 1944). However, 

these early clinical reports were not directly analogous to the cluster of symptoms we 

now describe as PTSD. One limitation of these early reports was the difficulty of 

separating out the diverse impacts of traumatic events on psychiatric diagnoses. 

Kardiner described some symptoms of PTSD, but his reports ranged from cases of 

schizophrenia to hypochondriasis. Traumatic events can precipitate a range of 

psychiatric disorders, which presents a problem for studying the mechanisms of PTSD. 

One key advantage of fear conditioning is that it is capable of directly associating the 

traumatic event with the symptoms of PTSD.  

Fear conditioning accesses key mechanisms involved in PTSD by assuming 

that the traumatic event is similar to a very strong UCS, capable of eliciting a fear 

response after a single trial. Anything associated with the UCS then has the potential to 

become a CS+, which can elicit the same fear response on its own. Researchers 

believe that patients with PTSD generalize from the stimuli associated with the original 

traumatic event, which is thought to produce the “re-experiencing symptoms” of PTSD. 

Re-experiencing symptoms may include nightmares, flashbacks, and intrusive 

memories of material related to the traumatic event (Blake et al., 1997). PTSD patients 

re-experience aspects of the traumatic event whenever they come into contact with a 

reminder (the CS+), and this is regarded as a key feature of the disorder (Foa et al., 
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1989). These reminders can be directly related to the traumatic event, such as a rape 

victim seeing the face of her assailant, or they can be more tangential, such as the 

victim seeing the same type of car that the assailant drove. Fear conditioning can 

account for the development of re-experiencing symptoms and allows researchers to 

examine PTSD through fear conditioning paradigms.  

However, PTSD involves more than just re-experiencing symptoms. There are 

two other symptom clusters, avoidance and arousal, which are more difficult to explain 

in terms of fear conditioning. “Avoidance” includes symptoms such as avoiding thoughts 

or feelings related to the traumatic event, but also includes emotional numbing (Blake et 

al., 1997). Some have argued that avoidance is a logical extension of the re-

experiencing cluster, where PTSD patients learn to avoid the emotional disturbances 

associated with re-experiencing a traumatic event (Solomon and Wynne, 1954; Kolb, 

1987). Furthermore, some researchers believe that avoidance plays a role in 

maintaining PTSD symptoms. Theoretically, many PTSD symptoms would naturally 

extinguish if individuals/patients continued to expose themselves to reminders of the 

traumatic events. This process would be analogous to a natural form of exposure 

therapy, which is effective in treating the symptoms of PTSD (Tarrier et al., 1999; 

Neuner et al., 2004). However, if patients avoid reminders of their traumatic events, 

natural fear extinction cannot fully occur (Foa et al., 1989; Shalev et al., 1992).  

The final cluster, arousal, includes symptoms of anxiety, such as hypervigilance, 

trouble concentrating, and irritability (Blake et al., 1997). Arousal could be explained by 

fear conditioning in two different ways. First, some researchers argue that the traumatic 

experience “kindles” the brain, meaning it pre-disposes the patient to develop a 

heightened physiological arousal and an emotional bias toward fear (Pitman et al., 

1993). Second, others have suggested that continuous reminders of the traumatic event 
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are disturbing and consequently produce physiological arousal (Foa et al., 1989). This 

dovetails with the fear conditioning paradigm, where the dependent variable is a 

measure of physiological arousal in response to the reminder of an aversive stimulus.  

Another nuance of examining PTSD via fear conditioning is that everyone is 

capable of fear conditioning, but not everyone develops PTSD after exposure to a 

traumatic event. Originally, it was thought that everyone developed PTSD after 

exposure to a traumatic event (e.g. Snow et al., 1988). However, many researchers 

now believe that only vulnerable individuals will develop PTSD after a sufficiently 

stressful event. Most research estimates between 14 and 31% of trauma-exposed 

adults will develop PTSD (Breslau et al., 1998; 2004). It therefore makes sense that 

those who develop the disorder must be more vulnerable than those who do not 

develop the disorder. The theory that the development of PTSD requires both a 

traumatic event and a vulnerability to PTSD is a type of diathesis-stress model 

(McKeever and Huff, 2003).  

Despite decades of research, very little is currently known about the diathesis 

(or vulnerability to developing) PTSD. However, we do know that the diathesis may 

encompass such factors as previous exposure to trauma (Neuner et al., 2004), genetic 

predispositions (Skelton et al., 2011; Xie et al., 2012), or the lack of social support 

(Schumm et al., 2006). The current study assessed familial vulnerability, which 

represents a combination of genetic factors and shared childhood experiences.  

Familial vulnerability factors are theoretically present before the exposure to a 

traumatic event and the subsequent development of PTSD. Meanwhile, characteristics 

that arise from the development of PTSD symptoms are referred to as acquired 

characteristics and should theoretically appear after the exposure to a traumatic event 

and the development of PTSD. Although this distinction is difficult to examine directly, 

this paper presents the results from an experiment that can separate familial 
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vulnerability factors from acquired PTSD characteristics. We used a twin-design 

(explained in detail below) to dissociate familial vulnerability factors from acquired 

characteristics. Thus far, only one fear conditioning and extinction study has attempted 

to dissociate familial vulnerability factors from acquired PTSD characteristics (Milad et 

al., 2008). Our study will use a variable (62.5%) reinforcement pattern during 

acquisition, which is more often used in the literature (e.g. Milad et al., 2009; Schiller et 

al., 2008). Furthermore, partial reinforcement conditioning is thought to be more 

resistant to extinction, compared to than the consistent reinforcement used in Milad et 

al., (2008) (Leonard, 1975; Schnurr & Runquist, 1973). By examining the origin of fear 

conditioning and extinction characteristics that are associated with PTSD, we may be 

able to predict those who would be more susceptible to PTSD by identifying familial 

vulnerability factors. Acquired characteristics may also provide insight into the 

development of PTSD and potential treatments. This is because acquired 

characteristics may play a role in maintaining PTSD symptoms. It then follows that a 

eliminating some acquired characteristics could ameliorate PTSD symptoms. Therefore, 

acquired characteristics may represent prima facie targets for therapeutic intervention.  

However, more research needs to be done to dissociate acquired PTSD characteristics 

from familial vulnerability factors. This type of prediction could have enormous 

implications for the military, local police and firefighters. 

The remainder of this paper will explore the differences between PTSD groups 

and comparison groups in each of the three stages of this paradigm: fear acquisition, 

extinction learning, and extinction recall. Finally, the paper will end with the results and 

discussion of an experiment that directly examines the familial vulnerability factors and 

acquired characteristics involved in fear conditioning and extinction in PTSD. We offer 2 

main hypotheses: 1) PTSD patients may exhibit difficulty in recognizing safety signals, 
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which may represent a familial vulnerability factor and 2) PTSD patients may exhibit 

difficulty in the encoding and/or recall of the extinction memory, and this may be an 

acquired characteristic.  

 

Acquisition 

The process of associating the UCS with the CS+ is referred to as fear 

acquisition. In this stage, researchers have used a wide range of stimuli as the CS+, 

including colored lights (Milad et al., 2005a, 2007a, 2009), geometric shapes (Orr et al., 

2000; 2006), or faces (Buchel et al., 1998). After the presentation of the CS+, 

participants may receive electrical shocks on their fingers (Orr et al., 2000; 2006; Milad 

et al., 2005a, 2009) or the wrist (LaBar et al., 1998; Grillion et al. 1999) or hear a loud 

tone (Buchel et al., 1998). After several trials, participants begin to anticipate the 

aversive stimulus and exhibit signs of physiological arousal when the CS+ is presented, 

as measured by skin conductance (Orr et al., 2006; Milad et al., 2005a, 2007b; 2008; 

2009), electromyogram (EMG) activity (Guthrie and Bryant, 2006), or startle response 

(Grillion and Morgan 1999; Kindt and Soeter, 2011). An increase in physiological 

arousal in response to the CS+ indicates that the CS+ has successfully become a 

threat signal. Usually, researchers also include trials with a visually distinct stimulus that 

is never followed by a shock; this is referred to as the CS-, or safety signal.  

 Although all of the aforementioned techniques for measuring fear acquisition 

(EMG, skin conductance, startle response) have successfully quantified an association 

with the CS+ and the UCS, they are each thought to measure slightly different 

mechanisms. Some researchers have reported that EMG activity of the corrugator 

(eyebrow muscle) measures negative affective associations between the CS+ and 

UCS, not necessarily physiological arousal (Cacioppo et al., 1988). Skin conductance is 

a commonly used measurement of physiological arousal during the anticipation of a 
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fearful stimulus (e.g. Orr et al., 2000; 2006; Milad et. al. 2007a; 2007b; 2008; 2009), 

and is reported to be reliable over time (Davis, 1934; Zeidan et al., 2011).  

However, Kindt and Soeter (2011) argue that skin conductance measures 

physiological arousal to the anticipation of almost any stimulus, regardless of valence 

(Hamm and Vaitl, 1996; Weike et al., 2007; as cited in Kindt and Soeter, 2011). It 

follows that skin conductance could measure anticipation to a positive valence, so the 

measurement does not exclusively measure anticipation to a negative (or fear inducing) 

stimulus. However, this view differs from recent work by Dibbets and Maes (2011) who 

reported that positive valence significantly decreased skin conductance responses 

during a fear conditioning paradigm. If skin conductance responded to any stimulus, 

regardless of valence, the positive stimuli should have increased (not decreased) the 

skin conductance response. Furthermore, Kindt and Soeter (2011) argue that skin 

conductance is reliant on the cognitive association between the CS+ and UCS. 

However, in participants with no conscious knowledge of the association between the 

CS+ and UCS, fear learning has been successfully quantified via skin conductance 

(Bechara et al., 1995; Weike et al., 2007). However, this may not be true for older 

adults, for whom a skin conductance response in anticipation of a fear stimulus is 

dependent on cognitive associations between the CS+ and UCS (LaBar et al., 2004). 

This is particularly relevant to the sample recruited for the current experiment, where 

the participants are in their mid-sixties.  

In the current experiment, we chose to quantify the fear response with skin 

conductance because it has been reported to be reliable over time (Davis, 1934; Zeidan 

et al., 2011). We did not use EMG because our goal was to measure physiological 

arousal, rather than affective reactions to fearful stimuli. Furthermore, we aimed to 

compare our results with previous fear conditioning studies that also used skin 
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conductance (e.g. Orr et al., 2000, 2006; Milad et al., 2007a, 2007b, 2008, 2009). 

Finally, because the current study took place in conjunction with a neuroimaging study, 

alternatives like the startle response were not practical for measurement within an MRI 

machine.  

 

Psychophysiology of Fear Acquisition in PTSD 

The literature regarding the acquisition and expression of fear response in 

PTSD is currently mixed. Some studies have suggested that patients with PTSD exhibit 

elevated skin conductance levels during fear acquisition as well as extinction (Orr et al., 

2000; Blechert et al., 2007). This indicates that individuals with PTSD exhibit greater 

physiological arousal when confronted with a stimulus that predicts a threat. However, 

not all studies have replicated an increase in fear expression for the PTSD group 

compared to the control group (Milad et al., 2008, 2009; Orr et al., 2006). Some studies 

have suggested that patients with PTSD exhibit elevated physiological responses to the 

CS- and that this may reflect an inability to properly encode or recognize safety signals 

(see figure 1) (Grillion and Morgan, 1999; Bremner et al., 2005; Orr et al., 2006; 

Jovanovic 2010b). One of these studies has suggested that an inability to encode or 

recognize the CS- as a safety signal is unique to PTSD and may distinguish the 

disorder from other psychiatric disorders (Jovanovic et al., 2010b). However, the failure 

to recognize safety signals has not always been replicated (Blechert et al., 2007).  
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Figure 1: Acquisition of the fear memory. This diagram highlights the putative 
differences between healthy participants (in blue) and participants with PTSD (in 
red). Fear responses are labeled as “arousal response” and are represented by 
the graph of a skin conductance response (SCR) to the given stimulus. 
However, not all studies use skin conductance to measure arousal. Participants 
with PTSD may exhibit exaggerated fear responses to both the CS+ (predictor 
of threat) and the CS- (safety signal). The CS+ predicts threat because it is 
followed by an aversive stimulus, represented by a lighting bolt. The CS- is a 
safety signal because it is never followed by an aversive stimulus, represented 
by a blank square. The participants see both the CS+ and CS- mixed together 
within the fear acquisition period. The arrow at the top of the figure roughly 
denotes the flow of time. When the aversive stimulus is presented is it always 
after the CS+. Similarly, the arousal response always occurs after the 
conditioned stimulus.  
 
 
This disagreement within the literature may be indicative of some heterogeneity 

within populations of patients with PTSD. A study by Zorawski and colleagues (2005) 

reported a decrease in differential fear response, (defined as the skin conductance 

response to the CS+ compared to the CS-) in healthy male participants with lower 

cortisol levels. Furthermore, the differential fear response positively correlated with 

cortisol levels (Zorawski et al., 2005). Zorawski’s finding has been conceptually 

supported by a similar study reporting a positive correlation between differential fear 
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response and adrenocorticotropic hormone (ACTH) levels (Jovanovic et al., 2010a). 

This is relevant because many studies have found that patients with PTSD may have 

lower cortisol levels compared to control participants; however, this finding is disputed 

and not all studies have replicated this effect (for a review, see Yehuda, 2009). Given 

that the results pertaining to both cortisol and differential fear response are inconsistent 

in the literature, it is plausible that both of these traits are heterogeneous within 

populations of patients with PTSD. There are currently no studies that have directly 

examined the relationship between PTSD, cortisol, and fear acquisition responses. 

Furthermore, there have been no assessments of these variables within an 

experimental design that is capable of dissociating between familial vulnerability factors 

and acquired PTSD characteristics. In the current experiment, we hypothesize that 

cortisol levels will negatively correlate with the differential fear response. We do not 

have enough evidence to hypothesize whether these findings will be familial 

vulnerability factors or acquired characteristics.  

Another potential explanation for heterogeneity within the literature could be due 

to the recruitment of participants with varying degrees of sensation seeking (as 

measured by the sensation seeking scale, Zuckerman, 1971). Lissek and colleagues 

(2005) reported that participants with higher levels of sensation seeking may exhibit 

lower differential responses during fear acquisition. To date, no studies have examined 

the possibility that this heterogeneity in the fear conditioning literature is due to varying 

levels of sensation seeking. Furthermore, there are no studies that have examined the 

relationship between PTSD, sensation seeking, cortisol and fear acquisition. In the 

current experiment (based on Lissek et al. (2005), we hypothesize that sensation 

seeking will negatively correlate with serum cortisol levels. The combined result of 

Lissek et al (2005) and Zorawski et al. (2005), suggest that the Zuckerman sensation 

seeking scale may negatively correlate with differential fear response.  
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Overall, the literature partially support hypothesis 1: patients with PTSD may 

exhibit a lower differential fear response compared to Control participants. This is 

probably due to the incorrect encoding of the safety signal as a threat signal, exhibiting 

exaggerated physiological responses to the CS- (Grillion and Morgon, 1999; Bremner et 

al., 2005; Orr et al., 2006; Jovanovic 2010b). However, we recognize that this 

characteristic may be heterogeneous within the PTSD population and found 

inconsistently within a given sample of PTSD patients.  

 

Extinction Learning 

Once a subject has acquired the fear memory during acquisition, the CS+ can 

be presented in the absence of the UCS. After repeated presentations of the CS+ 

without the UCS, the participants learn that the CS+ is safe and eventually inhibit the 

expression of fear. However, extinguishing the fear response does not erase the fear 

memory; instead, researchers believe that participants form a separate memory 

referred to as the extinction memory. This extinction memory is thought to actively 

inhibit expression of the fear memory during the presentation of the CS+ (Vidal-

Gonzalez et al., 2006; Jovanovic and Ressler, 2010c).  

The best evidence indicating that the extinction memory is a separate memory 

comes from a study by Falls et al. (1992), who reported that inhibiting glutamate 

receptors in the amygdala can disrupt the acquisition of the extinction memory. Since 

memory formation is typically dependent on glutamate receptors, this supports the idea 

that the extinction memory is a new memory, rather than some other mechanism (Falls 

et al., 1992). In support of this, consolidation of the extinction memory is thought to be 

dependent on neurotrophic factors in the amygdala that promote synaptic formation 

(Chhatwal et al., 2006). These results are supported by neuroimaging experiments 
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suggesting that the amygdala is involved during the successful encoding of the 

extinction memory (LaBar et al., 1998).  

 

Extinction Learning in PTSD 

Compared with control participants, patients with PTSD may exhibit more 

difficulty with extinction learning, as measured by elevated physiological responses 

during extinction (Orr et al., 2000; Peri et al., 2000; Blechert et al., 2007; Wessa et al., 

2007). One study has suggested that pre-existing difficulties with extinction learning 

may also predispose participants to develop PTSD (Guthrie and Bryant, 2006). 

However, not all studies have reported difficulties in extinction learning for the PTSD 

group, compared to control groups (Bremner et al., 2005; Orr et al., 2006; Milad et al., 

2008; 2009). Although the physiological data are inconsistent, they provide some 

support for hypothesis 2: patients with PTSD exhibit relatively impaired extinction 

learning.  

However, this difficulty with extinction learning may be representative of an 

overall reduced learning ability via a reduction in synaptic plasticity. In fact, reduced 

synaptic plasticity or neuroplasticity, may also be involved in the pathogenesis of PTSD 

as well as impaired fear acquisition (Mahan and Ressler, 2011). A reduction in 

extinction learning my therefore be secondary to an overall reduction in neuroplasticity. 

We originally aimed to address this through an evaluation of different brain derived 

neurotrophic factor genotypes, but we were limited by our sample size.  

 

Recall of the Extinction Memory 

 After the initial learning of the extinction memory, some studies include a later 

session that involves the recall of the extinction memory (referred to as extinction 

recall). Extinction recall usually takes place about 24 hours after the initial extinction 
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learning session and involves the presentation of the extinguished CS+ in the extinction 

context (CX-). Recall of the extinction memory is measured as the physiological 

response to the extinguished CS+ during extinction recall, compared to the response 

during fear acquisition (Milad et al., 2007b; 2008; 2009). Extinction recall gives a better 

idea of the long-term integrity of an extinction memory, so it is ultimately a better 

measure of how well an individual can maintain an extinction memory in the real world. 

Due to the difficulty of examining extinction recall, only a handful of researchers have 

included this phase in their investigations. Most studies report that healthy participants 

are capable of fully recalling the extinction memory (Rauch et al., 2005; Milad et al., 

2005a; Orr et al., 2006; Milad et al., 2007b; 2008; 2009). 

 

Figure 2: During extinction recall, the participants are exposed to the CS+ 24 
hours after learning that the CS+ no longer predicts an aversive stimulus. Some 
studies have argued that patients with PTSD exhibit difficulty recalling the 
extinction memory. This difficulty is measured by the persistence of the fear 
memory after extinction. In the diagram above, the inability to recall the 
extinction memory is represented by a high skin conductance response (SCR), 
compared to the control participant.  
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It is important to point out that some studies include a second extinction period, 

but this isn’t considered to be a recall session because it takes place within minutes 

after extinction learning. The difference between a second extinction session and a 

recall session is not trivial; different mechanisms may govern extinction, depending on 

the amount of time since acquisition (Myers et al., 2006). In support of this view, sleep 

has been reported to facilitate extinction recall (Pace-Schott et al., 2009). This means 

that conducting a second, same-day extinction session does not utilize the same 

cognitive machinery as extinction recall. Therefore, same-day extinction sessions are 

not comparable to true extinction recall.   

 

Recall of the Extinction Memory in PTSD 

There are currently only three experiments examining extinction recall in PTSD 

(Orr et al., 2006; Milad et al., 2008; 2009), and two of them have reported PTSD-related 

deficits in recall of the extinction memory. Milad et al. (2009) reported that patients with 

PTSD exhibited lower levels of extinction recall, as measured by skin conductance 

response, compared to the control group. This means that the PTSD participants 

exhibited some difficulty recalling the extinction memory. An earlier paper by Milad et al. 

(2008) suggested that difficulty recalling the extinction memory might represent an 

acquired characteristic of PTSD. However, Orr et al. (2006) found that patients with 

PTSD did not differ from control participants in their ability to recall the extinction 

memory. The discrepancy between the findings of this study and those described above 

may be related to differences in methodology. Orr and colleagues (2006) waited a full 

week to test extinction recall, while Milad and colleagues (2009) only waited 24 hours. 

It’s possible that a full week of waiting was too long and any differences between the 

PTSD and control groups regressed toward the mean. Thus, although the evidence is 
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still new, there is tentative support for hypothesis 2: patients with PTSD exhibit difficulty 

with extinction recall. (See figure 2 for a summary of hypothesis 2.)  

 

Putative relationship between Extinction and Sensation Seeking  

Researchers have become interested in extinction learning and extinction recall 

because these processes may be accessing the same mechanisms as exposure 

therapy (Rothbaum & Davis, 2003).  This is because exposure therapy involves 

repeatedly presenting stimuli that are associated with the traumatic event, much like the 

process of extinction. Many researchers believe that healthy individuals may be capable 

of a natural version of exposure therapy, but that avoidance symptoms play a role in 

preventing this from happening in individuals with PTSD (Foa et al., 1989; Shalev et al., 

1992). It follows that the ability to ignore the immediate, aversive, emotional outcomes 

of natural exposure may engender some resilience against the development of PTSD. 

This ability may be related to the trait of sensation seeking (Neria et al., 2000), which is 

characterized by seeking stimulation and ignoring potentially aversive outcomes 

(Zuckerman, 1971).  

 Some publications have suggested that increased levels of sensation seeking 

my predispose individuals to experience traumatic events, possibly by putting them in 

more dangerous situations. Conversely, sensation seeking may also protect against the 

development of PTSD (Neria et al., 2000), possibly because high sensation seeking 

individuals are employing more effective coping strategies (Smith et al., 1992; Soloman 

et al., 1995). It is possible that these coping strategies are accessing similar 

mechanisms as extinction learning or recall, and may predispose an individual to 

naturally extinguish their fear memories. However, there is currently no research 

directly examining the relationship between sensation seeking and extinction recall 



IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
   19	
  
	
  

	
  

ability. We therefore hypothesized that sensation seeking would positively correlate with 

extinction learning and extinction recall.  

 

Familial Vulnerability Factors and Acquired Characteristics  

Very few researchers have investigated which fear conditioning and extinction 

characteristics are familial vulnerability factors for PTSD and which are acquired 

characteristics of PTSD. Pole and colleagues (2009) examined the use of fear 

conditioning responses in the prediction of PTSD symptoms in police academy cadets. 

The authors suggested that elevated physiological arousal during fear acquisition 

predisposes otherwise healthy cadets to develop PTSD symptoms. However, Pole and 

colleagues were largely measuring sub-threshold PTSD symptoms, with only one 

participant scoring high enough to warrant a diagnosis of PTSD (Pole et al., 2009).  

Guthrie and Bryant (2006) found similar results when they examined firefighters 

before exposure to traumatic events. They reported that an increase in differential fear 

response during fear acquisition positively predicted future PTSD symptoms. However, 

this study had similar limitations to Pole and colleagues (2009), because the authors 

were primarily examining subthreshold PTSD symptoms. Furthermore, the authors 

found that only EMG activity of the corrugator predicted future PTSD symptoms and did 

not find any significant results with skin conductance measurement.  Research on this 

topic is scarce and it would be premature to extrapolate from subthreshold PTSD 

research. The only study to date that examined the origin of fear acquisition 

abnormalities in suprathreshold PTSD was conducted by Milad and colleagues (2008). 

In this study, the authors did not find any differences between suprathreshold PTSD 

and control participants (Milad et al., 2008). However, Milad and colleagues used a 

continuous reinforcement schedule, rather than partial reinforcement, which elicits a 

comparatively smaller fear response and is easier to extinguish (Bridger and Lopez, 
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1964). The current study utilizes a partial reinforcement schedule, which should elicit 

greater fear responses and require more cognitive resources to extinction. We 

anticipate that this will accentuate any differences between PTSD and Control. 

However, because of the dearth of direct research, we cannot make any specific 

hypotheses regarding fear acquisition and dissociating familial vulnerability factors from 

acquired PTSD characteristics.   

Guthrie and Bryant (2006) also reported that difficulty during extinction learning 

correlated with future PTSD symptoms in otherwise healthy firefighters with 

subthreshold PTSD. Because this characteristic was present before the onset of PTSD 

symptoms, it implies that difficulty during extinction learning is a familial vulnerability 

factor for PTSD. However, similar to their fear conditioning results, these conclusions 

were only supported by data generated by EMG activity of the corrugator; the authors 

failed to find any significant predictive results via the skin conductance response. Milad 

and colleagues (2008) did not find evidence for any group differences in extinction 

learning, so the origin of this trait could not be determined. We hypothesize that the 

PTSD participants will exhibit some difficulty with extinction learning. However because 

our paradigm is similar to Milad et al. (2008) and also utilizes SCR as a dependent 

variable, it is possible that we will not find any significant differences between the 

groups. We do not have enough information to hypothesize whether reduced extinction 

learning is an acquired characteristic or a familial vulnerability factor.  

 



IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
   21	
  
	
  

	
  

 

Figure 3: An explanation of the four groups involved in the current study. 
Clockwise, starting in the upper left: the P group (in red, PTSD participants), the 
PC group (in orange, identical co-twins of participants with PTSD), the C group 
(in royal-blue, control participants) and CC group (in grey-blue, identical co-twins 
of the control participants). We expect that familial vulnerability factors will be 
shared by the individuals with PTSD and their co-twins (relative to the Control 
twin pairs) (see Shin et al., 2009). By contrast, acquired characteristics of PTSD 
will be present in participants with PTSD, but not in their identical co-twins.  
 

Regarding extinction recall, Milad and colleagues (2008) reported that 

participants with suprathreshold PTSD were significantly worse at recalling the 

extinction memory, as measured by SCR. Furthermore, the patients were significantly 

worse than their combat unexposed, psychiatrically healthy identical twins, who showed 

no difficulty with extinction recall. This suggests that impaired extinction recall is an 

acquired characteristic of PTSD (Milad et al., 2008). Given that the current study is 

examining suprathreshold PTSD, our results are expected to more closely resemble 
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those of Milad et al. (2008), rather than Guthrie and Bryant (2006). Therefore, we 

hypothesize that difficulty during extinction recall will be an acquired characteristic.  

 

Present Study 
 

The literature regarding the physiological differences between PTSD patients 

and healthy participants during fear conditioning, extinction learning, and extinction 

recall is currently mixed. Patients with PTSD may exhibit greater physiological arousal 

to predictors of threat, but they may also exhibit some difficulty distinguishing between 

predictors of threat and safety signals. Additionally, some studies have reported deficits 

in either extinction learning or extinction recall. However, because results have been 

mixed, it would be premature to draw any strong conclusions about the exact origin of 

fear conditioning and extinction abnormalities in PTSD. Therefore, we have addressed 

these questions by employing the fear conditioning and extinction paradigm in a twin 

design to attempt to dissociate familial vulnerability factors from acquired PTSD 

characteristics. 

We recruited Vietnam era monozygotic twin pairs, discordant for combat 

exposure. These participants represented four groups: combat exposed participants 

with PTSD (P) and their identical co-twins, who are combat unexposed and referred to 

as the PTSD co-twin (PC). We also recruited combat exposed control participants 

without PTSD (C) and their combat unexposed co-twins, referred to as the control co-

twin (CC). See figure 3 for more details.  

Within this design, we analyzed all effects with a basic design of a 2 (PTSD 

diagnosis: PTSD vs. No PTSD) x 2 (combat exposure: exposed vs. unexposed) mixed 

model ANOVA. Additional variables and levels were considered, depending on the 

specific type of analysis. The effect of combat exposure was treated as a repeated 
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measure, with the combat exposed twin as the first level and their unexposed co-twin 

as the second level. We anticipated all familial PTSD characteristics to be present in 

both the P and PC groups and to manifest as a main effect of PTSD Diagnosis (without 

any PTSD Diagnosis x Combat Exposure interaction). Any acquired PTSD 

characteristics should be present in only the P group and should manifest as an 

interaction between PTSD Diagnosis and Combat Exposure. Finally, a characteristic 

that arises from exposure to combat should be present in both the P and C groups and 

would manifest as a main effect of Combat Exposure. We measured skin conductance 

response (SCR), in each of the four groups during acquisition period, a same-day 

extinction period, and an extinction recall period that took place 24 hours later.  

Our study also examined the relationship between the combat exposed P 

participants and their combat unexposed PC co-twins. The twin design allows us to use 

the PC participants to provide insight into the traits of the P participants before their 

exposure to combat. We can therefore use a variable measured in the PC participants 

to ‘predict’ a second variable measured in the P participants. Importantly, this is not a 

true predictive relationship, nor is this type of analysis capable of fully capturing the 

traits of the P participants before combat exposure. This is because both the P and PC 

participants have aged considerably since their service in the military. However, future 

research will still benefit from these preliminary analyses, where our results could be 

used to evaluate the predictive validity of similar variables.  

Although it was not the primary aim of our experiment, we sought to replicate 

key findings from previous publications and to evaluate the origin of these 

characteristics in our unique sample. We hypothesized that participants with lower 

levels of sensation seeking would exhibit greater differential fear responses (ie: Lissek 

et al., 2005) and diminished extinction learning/recall. Furthermore, we hypothesized 

that the differential SCR would positively correlate with serum cortisol levels (ie: 
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Zorawsky et al., 2005). Finally, we also hypothesized that serum cortisol levels would 

negatively correlate with PTSD symptoms (ie: Yehuda et al., 2002). No previous studies 

have examined the relationship between sensation seeking, differential fear responses, 

serum cortisol and PTSD. We did not have enough information to hypothesize the exact 

origin of these traits, because we are the first study to directly examine them.    

Based on previous research, we constructed three main hypotheses. First, we 

hypothesized that PTSD patients would exhibit difficulty in recognizing safety signals, 

as quantified by a decrease in differential fear response. This was based on previous 

studies that have reported elevated arousal responses to the CS- within participants 

with PTSD (Grillion and Morgan, 1999; Bremner et al., 2005; Orr et al., 2006; Jovanovic 

2010b). Most psychiatric diagnoses (including PTSD) may represent dimensional, 

rather than categorical factors (Gersons, 1989; Haslam et al., 2003; Kraemer et al., 

2004).. If a reduced differential fear response is a biomarker of PTSD (as argued in 

Jovanovic et al., 2010b), then the extent to which participants express this characteristic 

should correlate with their symptom severity. We therefore predicted that the differential 

fear response would negatively correlate with measures of symptom severity (i.e., 

scores on the clinician administered PTSD scale (CAPS)) in the PTSD group.  

Second, Guthrie and Bryant (2006) found that participants with PTSD exhibited 

difficulty respectively learning extinction memory, while Milad et al. (2008; 2009) found 

that participants with PTSD exhibited difficult recalling the extinction memory. We 

therefore hypothesized that PTSD participants may exhibit difficulty in the encoding 

and/or recall of the extinction memory and that this may be an acquired characteristic. 

Third, difficulty acquiring the fear response and learning the extinction memory may 

represent an overall reduction in neuroplasticity or learning ability. We therefore 

hypothesized that a low differential fear response would predispose patients with PTSD 
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to exhibit poor recall of the extinction memory. This was assessed with a series of 

Pearson correlations.  

 

Methods Section 

Participants 

 We recruited 26 Vietnam era monozygotic twin pairs, discordant for combat 

exposure, which means that one twin served in the combat theater of Vietnam and the 

other did not. Within 15 of our twin-pairs, the combat-exposed participant had 

developed PTSD (P twin), while the combat-unexposed participant had not (PC twin). 

Although only one participant within each of these pairs exhibited symptoms of PTSD, 

these pairs were referred to as “PTSD pairs.” Within 11 of our twin-pairs, neither the 

combat exposed participant (C), nor his unexposed co-twin had ever developed PTSD 

(CC). These pairs are referred to as “Control pairs.” We did not recruit twin pairs with 

conditions that were contraindicated in a MRI environment, such as recent metal 

implants, or soft tissue shrapnel. 

 

Diagnosis Variable 

 All of the results were analyzed using a mixed model ANOVA, treating 

Diagnosis as a between-subjects variable and Exposure as a repeated measure. After 

testing our subjects, we found that 3 pairs (2 PTSD pairs and 1 control pair) exhibited 

some PTSD symptoms, but did not meet full criteria for PTSD. Based on the symptom 

trajectory in Bonanno et al. (2004), we hypothesized that these ‘partial PTSD’ pairs may 

not express the same characteristics as those with suprathreshold PTSD. We therefore 

re-ran the original analysis in two different ways. First, we eliminated the pairs within the 

PTSD group who did not meet full criteria for PTSD. This analysis is found under the 

subheading “Suprathreshold PTSD vs. Control,” where suprathreshold PTSD refers to 
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all pairs that had one brother who met full diagnostic criteria for PTSD. Second, we 

eliminated all subthreshold pairs in the PTSD group, as well as the Control pair who 

expressed some PTSD symptoms. Although previous papers from our team have 

included Control pairs with subthreshold PTSD symptoms (e.g. Gilbertson et al., 2002; 

Shin et al., 2009), we wanted to eliminate the possibility that our results were driven by 

the inclusion of any pair with subthreshold PTSD symptoms. This analysis is found 

under the subheading “Suprathreshold PTSD vs. True Control,” where true Control is 

defined as the control participants without subthreshold PTSD symptoms.  

  

Figure 5: Diagram based on Bonanno et al., 2004, representing the potential 
familial vulnerability factors and/or acquired characteristics that could potentially 
be expressed within the suprathreshold PTSD group, the partial PTSD group and 
the Control group.  
 

 

Recruitment and Informed Consent 

Six PTSD pairs and 11 Control pairs were recruited from the Vietnam Era Twin 

(VET) registry, as described previously (Orr et al., 2003). We also recruited 9 PTSD 
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pairs from a database of people with service connected PTSD that was established 

from previous cycles. Once the participants expressed interest, we sent them a copy of 

a metal screening form and our consent forms. Participants were instructed to read the 

consent form before arriving at the experimental site. Upon arrival at the site, a 

researcher reminded the participants of the structure of the study and written informed 

consent was obtained from each participant.  

 
 PTSD Pairs Partial PTSD Pairs Control pairs 

 Exposed Unexposed Exposed Unexposed Exposed Unexposed 

 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Age 63.3 2.69 63.3 2.69 62.5 0.70 62.5 0.70 67.8 1.70 67.8 1.70 

CAPS 58.5 26.5 3.60 5.87 23.3 16.6 0.00 0.00 0.00 0.00 0.00 0.00 

BDI 10.8 2.8 2.10 7.69 4.33 5.12 1.33 1.40 3.20 3.97 2.40 1.09 

BAI 11.5 8.58 2.20 2.82 1.00 1.73 0.33 0.57 1.80 1.78 0.80 0.83 

SSS 13.6 8.71 10.3 5.20 13.0 3.60 8.33 2.51 11.0 4.41 14.8 6.87 

NEO-N 62.2 12.7 48.1 10.4 46.6 8.32 38.0 9.53 41.8 5.35 43.4 4.56 

NEO-E 42.5 9.20 53.1 7.09 40.3 7.02 43.0 5.56 50.8 5.44 51.0 13.1 

NEO-O 39.5 12.0 48.4 10.5 46.3 18.2 39.6 6.65 51.4 11.6 53.0 7.31 

NEO-A 43.5 9.19 50.5 8.83 46.6 8.62 51.6 13.7 57.6 14.0 58.4 6.95 

NEO-C 47.2 12.6 51.7 12.8 47.00 4.58 52.6 7.02 51.8 7.98 47.4 11.9 

Chart 1: Descriptive statistics for the psychometric instruments examined in this 
manuscript. Means in bold and highlighted in yellow are significantly greater than non-
bold, non-highlighted means. See Chart 2 for significance values. 
 
 
Psychometric Instruments 

All PTSD diagnoses were made with the Clinician Administered PTSD Scale 

(CAPS) (Blake et al., 1997), administered by a trained clinician. To confirm the 

diagnosis of PTSD and to check for possible co-morbid disorders, this clinician also 
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administered the Structured Interview for the DSM-IV Disorders (SCID) (First et al., 

1995).  

 
Mixed-Model Analysis of Variance 

Measure Diagnosis Combat Exposure Interaction 

 F P F P F P 

CAPS 17.274 <0.001 17.111 0.001 9.284 0.002 

BDI 1.388 0.280 2.926 0.108 0.373 0.283 

BAI 6.784 0.009 3.477 0.083 2.841 0.092 

SSS 0.164 0.850 0.743 0.403 2.402 0.127 

NEO-N 7.458 0.006 3.490 0.081 2.027 0.166 

NEO-E 2.120 0.155 2.053 0.172 1.471 0.261 

NEO-O 1.846 0.192 0.103 0.752 1.358 0.287 

NEO-A 2.788 0.093 2.552 0.131 0.632 0.545 

NEO-C 0.003 0.997 0.168 0.688 0.490 0.622 

Chart 2: Results from the 3 (Diagnosis: PTSD, partial PTSD, control) x 2 (exposure: 
combat exposed, combat unexposed) mixed model ANOVAs used to examine the 
psychometric instruments for this experiment. Significantly p-values are in bold and 
highlighted in yellow.   
 

Participants also completed the Spielberger State-Trait Anxiety Inventory (STAI) 

(Spielberger, 1983); the Beck Depression Inventory (BDI) (Beck & Steer, 1987); the 

Beck Anxiety Inventory (BAI) (Beck & Steer, 1990); the NEO-FFI (Costa and McCrae, 

1991) and the Zuckerman Sensation Seeking Scale (SSS) (Zuckerman et al., 1971).  

 

Fear Conditioning and Extinction Procedure 
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Apparatus 

 Skin conductance was measured using a Coulbourn isolated skin conductance 

coupler (V71-23) using a constant 0.5 V through 8-mm (sensor diameter) BioPac 

Ag/AgCl radiotranslucent electrodes (EL258RT) (BioPac Systems Inc., Goleta, CA). 

These were filled with isotonic paste and placed on the palm of the participant’s left 

hand. The electrodes were separated by 14 mm, as determined by the width of the 

Biopac adhesive collar (ADD208). A Coulbourn general purpose LabLinc port model 

(V19-18) digitized the analog signals, which were sampled at 5 Hz and stored by a 

personal computer. Both the LabLinc port model and the isolated skin conductance 

coupler were mounted on a Coulbourn LabLinc Tower base, Model V15-17. These 

specifications were similar to previous publications (Orr et al., 2000; Milad et al., 2005).   

 

Unconditioned Stimulus 

  We used an electrical finger shock as our unconditioned stimulus (UCS), which 

was delivered for 500 ms to the distal phalanges of the right hand. A Coulbourn battery 

powered transcutaneous aversive finger stimulator (E13-22) generated the UCS via a 

9-volt battery. Participants adjusted the shock level so that it was “highly annoying, but 

not painful” (Orr et al., 2000). The shock level was adjusted with a step-up transformer 

in the following milliampere increments: 0.2, 0.4, 0.6, 0.8, 1.1, 1.4, 1.7, 2.0, 2.3, 4.0. At 

each shock level, participants were asked if the shock was painful and whether they 

could try the next increment. This setup and procedure is modeled after Orr et al. 

(2000) and Milad et al. (2005).  

 

Stimuli 

  The stimuli for this experiment consisted of digital photographs of two different 

rooms. One room was a library with a bookshelf and a tile wall, while another room was 



30	
   IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
  
 

 

	
  

an office with a computer situated on a desk. A lamp was depicted in both rooms. For 

the context (CX) stimuli, the lamp was always depicted as off. For the Conditioned 

Stimuli (CS), the lamp was depicted as “turned on”, with a blue, red, or yellow light. 

Each trial was composed of 3 seconds of context, followed by 6 seconds of CS.  

 

Figure 4: Raw skin conductance level (SCL) for participant 29011 A, plotted 
against the stimuli viewed by the participant (top row). The stimuli are associated 
with specific labels (row second to the bottom) and time in seconds (bottom row). 
When present, the CS+ is followed by an electrical shock, visually depicted above 
with a lightning bolt. Participants do not see a lightning bolt while experiencing a 
finger shock. The skin conductance response (SCR), represented by the vertical 
dark red bar, is calculated by subtracting the average SCL during the CX 
(represented by the horizontal blue bar) from the maximum SCL during the 
presentation of the CS+.   

 

Phases/ Conditions.  

 The experimental protocol was administered over two experimental sessions, 

spanning two days. The first (day 1) experimental session consisted of habituation, 
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acquisition, and extinction learning. The second (day 2) experimental session consisted 

of extinction recall and renewal. However, the renewal condition was not within the 

scope of this experiment and was not analyzed for this paper. 

 The habituation phase consisted of 8 trials, where the CS+ and CS- stimuli were 

presented in both contexts with a counterbalanced order. No shock is delivered during 

habituation. This phase was used to habituate any potential individual differences in 

physiological arousal to the stimuli. Before the beginning of each phase after 

habituation, participants were instructed, “For each trial of each run, you may or may 

not be shocked.” 

 During acquisition, some of the CS stimuli were followed by a 500 ms electric 

shock, which was delivered to the right distal phalanges of the participant. The CS 

stimuli that predicted the shock were referred to as the CS+. This phase consisted of 8 

CS+ trials of one lamp color and 8 CS+ trials of another lamp color. All of these stimuli 

were presented within the same context (CX+). The finger shock was delivered after 

62.5% of CS+ presentations (translating to 5 shocks per CS+) for partial reinforcement. 

The finger shock was calibrated to be “highly annoying, but not painful” (Orr et al., 

2000). Meanwhile, one CS stimulus never predicted a finger shock, (the CS-), meaning 

that one lamp color was never associated with a finger shock. During acquisition, the 

CS- was presented 16 times. After every CS presentation there was an inter-trial 

interval (ITI), lasting between 12 and 18 seconds.   

 The extinction learning phase took place on day 1 and consisted of 16 CS+ and 

16 CS- trials. The CS+ stimulus seen during extinction learning is referred to as CS+E. 

The CS+ stimulus that is not seen during extinction learning is referred to as CS+U. All 

of these stimuli were presented within the same CX. Because this CX is different from 

the one presented during acquisition, it is never associated with the shock and is 

therefore referred to as the CX-.  



32	
   IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
  
 

 

	
  

 The extinction recall phase took place on day 2 and consisted of 8 presentations 

of the CS+E, 8 presentations of the CS+U and 16 presentations of the CS-. All of these 

stimuli were presented within the CX-. No shocks were delivered during either extinction 

learning or extinction recall, but the shock electrodes were left on participants. 

Participants were reminded of the possibility of receiving a shock (as above) and told 

that the shock level would be consistent with the level calibrated on day 1 before 

acquisition.  

 

Cortisol 

 Due to a delay in the study recruitment, we were unable to collect and analyze 

cortisol data for this experiment. We therefore could not assess the relationship 

between cortisol and sensation seeking, PTSD symptoms, fear acquisition responses, 

extinction learning or extinction recall.  

 

Data Exclusion 

 We excluded 4 pairs from all SCR analyses because at least one twin exhibited 

signs of sleeping during acquisition, while 4 other pairs were excluded due to technical 

difficulties. Two pairs were too anxious or uncomfortable to stay in the fMRI scanner 

long enough to complete the experiment. Two pairs were excluded during extinction 

recall because at least one participant was sleeping. The final sample included 10 

PTSD pairs and 6 control pairs. After undergoing fear acquisition, we asked participants 

to indicate which CS stimuli were associated with the finger shock (ie: which stimuli 

represented the CS+). We also asked participants to indicate which context was 

associated with the finger shock (ie: which context represented the CX+). Using the 
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same criteria as LaBar et al. (2004), all of our included participants were aware that the 

CS+ stimuli were associated with a shock.  

 

 

 

Results 

 

Fear Conditioning Questionnaire 

 As mentioned above, all participants were aware of which stimuli were 

associated with the shock. We then asked participants to express their certainty of the 

association between the CS+ and the finger shock on a scale of 1 to 5, with 5 indicating 

100% certainty. We found that some participants were less than 100% certain that they 

had indicated the correct answer, so we examined the possibility that this differed 

between groups. To answer this question, we used a 2 (diagnosis: PTSD, Control) x2 

(Exposure: Combat exposed, Unexposed) mixed model ANOVA, we assessed self-

reported certainty between the groups.  

 When we assessed the certainty of the association between the CS+ and the 

shock, we did not find a main effect of exposure, F(1, 15) = 1.615, p=0.223, or 

interaction between diagnosis and exposure, F(1, 15) = 1.615, p=0.223. There was also 

no main effect of group, F(1, 15) = 0.796, p=0.386. This indicates that both groups were 

equally comfortable with the cognitive association between the CS+ and the finger 

shock. We also assessed the certainty of associations between the CX+ and the shock, 

using a similar 2x2 ANOVA. Here, we did not find a main effect of exposure, F(1, 15) = 

0.007, p=0.936, nor was there a significant interaction between diagnosis and 

exposure, F(1, 15) = 0.007, p=0.936. However, we did find a significant main effect of 

group, F(1, 15) = 6.449, p=0.023, driven by greater certainty within the Control group 
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(mean = 5.00) compared to the PTSD group, (mean = 4.523). When this was examined 

further, it became clear that the variances of our dataset were not homogenous, 

violating one of the key assumptions of an ANOVA. This was driven by a variance of 

zero within the Control group, where every participant indicated the highest amount of 

certainty (five). There results cannot be interpreted statistically, but it is fair to say that 

there was a ceiling effect for self-report measures of CX certainty.  

We then decided to re-classify the scale data into categorical data, coding the 

answers into “certain,” indicating a rating of 5, or “less than certain,” indicating a rating 

less than 5. We found that 4 out of the 10 P participants, and 2 out of 10 PC 

participants reported less than the maximum level of certainty. A chi-square test 

revealed that there was not a significant difference in frequencies between the groups. 

This was true for both the exposed group, X(N=17) = 2.853, Fischer’s exact p-value = 

0.237 and the unexposed group, X(N=17) = 1.987, Fischer’s exact p-value = 0.515.  

 

Fear Acquisition 

 

Traditional Coulbourn Analysis 

Our Coulbourn proprietary software calculated the SCR to the conditioned 

stimuli. This was achieved by subtracting the average SCL during the CX from the 

maximum SCL during the presentation of the CS (see figure 4). Therefore the SCR 

reflects changes in SCL beyond the SCL produced by the context. Skin conductance 

response data for the fear acquisition phase were averaged across all CS trials after the 

initial presentation of the CS. This is because the initial presentation of the CS has not 

yet been associated with the UCS, so any SCR would not correspond to the acquired 

fear memory. To calculate the differential fear response, all SCRs during the CS+ 
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stimuli will be averaged together (except for their initial presentations; but for simplicity, 

we will refer to these as an “average”) and subtracted from the average of the CS- 

stimuli.  

To test the hypothesis that participants with PTSD exhibit a reduced differential 

fear conditioning response, we ran a 2 (diagnosis: PTSD, Control) x 2 (exposure: 

exposed, not exposed) x 2 (CS: CS+, CS-) mixed model ANOVA. The effect of combat 

exposure was treated as a repeated measure, with the combat exposed twin as the first 

level and their unexposed co-twin as the second level. CS was also treated as a 

repeated measure.  

Although we do not have enough evidence to hypothesize a specific outcome, 

the reduced differential fear response may be either acquired or a familial vulnerability 

factor. If a reduced differential fear response is an acquired characteristic of PTSD, we 

would expect a significant interaction between PTSD diagnosis and Combat exposure. 

If this characteristic is a familial vulnerability factor, then we would expect this to 

manifest as a main effect of PTSD Diagnosis, with lower mean differential fear 

response in the PTSD pairs, and without any PTSD Diagnosis x Combat Exposure 

interaction. To examine the hypothesis that differential fear conditioning will negatively 

correlate with measures of symptom severity, we planned to examine each group 

separately, using a Pearson correlation between CAPS score and the differential SCR.  

The ANOVA revealed a significant main effect of CS, which was driven by 

greater SCRs to the CS+ compared to the CS-, F(1, 14)= 25.739, p<0.001. There was 

also a trend toward an interaction between CS and diagnosis, F(1, 14) = 3.941, p=0.067 

where PTSD twins exhibited a lower differential fear response, compared to control 

twins. In other words, PTSD pairs exhibited a smaller difference between the CS+ and 

CS-, compared to the Control pairs. We then tested whether this was primarily because 

of a reduced average SCR to the CS+ or CS- in the PTSD group. Follow-up one-way 
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ANOVAs indicated that there was no significant difference in CS+ F(1, 14) = 2.498, 

p=0.136 or CS- F(1, 14) = 0.403, p=0.536. These results suggest that the effect is not 

being driven exclusively by group differences in SCR to the CS+ or CS-. However, this 

may be due to a lack of power.  

There was no main effect of exposure F(1, 14) = 0.294, p=0.596, nor was there 

an exposure by diagnosis interaction F(1, 14) = 1.369, p=0.261, or main effect of 

diagnosis, F(1, 14) = 1.459, p=0.247. There was no interaction between exposure and 

CS, F(1, 14) = 0.662, p=0.430 or between exposure, CS and diagnosis, F(1, 14) = 

0.668, p=0.428.  

A)  

Diagnosis / CS Mean Standard error 
PTSD / CS+ 0.224 0.042 
PTSD / CS- 0.166 0.034 
Control / CS+ 0.331 0.053 
Control / CS- 0.200 0.043 

B)  

Figure 6: Reduced differential fear conditioning in PTSD pairs compared to 
control pairs (A). Mean SCR to the CS+ and CS- for PTSD pairs and Control 
pairs (B).  
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Figure 7: Reduced differential fear conditioning from unpublished data collected 
by Orr and colleagues, 2005.  
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B)  

Figure 8: Although it did not reach statistical significance, the means from Milad 
and colleagues (2008) suggest that PTSD pairs exhibit lower differential fear 
conditioning compared to control participants (A). Below, the data from figure 6 
are split by CS+ and CS- to make them directly comparable to Milad et al., 2008 
(B).  

 

Overall, these results may seem counterintuitive, but they are consistent with 

previously collected, unpublished data from 2005, illustrated in figure 7. Furthermore, 

these results are consistent with the means from Milad et al. (2008) although the 

authors did not report any significant differences. The means from Milad et al. (2008) 

are illustrated in Figure 8(A). In all three cases the PTSD pairs exhibited lower 

differential SCRs, compared to control pairs.  

 

Suprathreshold PTSD vs. Control 

After excluding the partial PTSD participants, we re-ran the above 2(diagnosis) x 

2 (exposure) x2 (CS) ANOVA. The previously reported trend between diagnosis and 

exposure became fully significant, F(1, 12) = 6.039, p=0.030, no other effects changed 
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in significance. Follow-up one-way ANOVAs reveal that this effect was partially driven 

by a trend toward attenuated responses to the CS+ within the PTSD group, (mean = 

0.191) compared to the Control group (mean = 331), F(1, 12) = 4.055, p=0.067. When 

broken apart further, this trend was primarily driven by greater responses to the CS+ 

within the combat exposed C participants (mean = 0.382) compared to the P 

participants (mean = 0.164), F(1, 12) = 7.800, p=0.016. Comparatively, there was no 

difference in response to the CS+ between the CC (mean = 0.280) and PC (mean = 

0.211) participants, F(1, 13) = 0.531, p=0.479. There were no differences between any 

groups regarding responses to the CS-.  

 Because we found greater differential fear acquisition SCRs within the Control 

pairs, we explored the possibility that the Control pairs successfully acquired the 

learned fear response, while the PTSD pairs did not. It is possible that our results were 

driven by the PTSD pairs simply failing to acquire the learned fear response. To test 

this, we ran two separate 2 (exposure) x 2 (CS) repeated measure ANOVAS with the 

Control group and within the PTSD group. Within the Control group, we found a 

significant main effect of CS, F(1, 5) = 11.070, p=0.021, driven by greater responses to 

the CS+ (mean = 0.331) compared to the CS- (mean = 0.200). Similarly, within the 

PTSD group, we found a significant main effect of CS, F(1, 7) = 7.451, p=0.029, driven 

by greater responses to the CS+ (mean = 0.191) compared to the CS- (mean = 0.152). 

No other effects of either repeated measure ANOVA were significant. These results 

indicate that both groups exhibited significantly greater responses to the CS+ compared 

to the CS-, indicating that both groups acquired the learned fear response.  

We then explored the hypothesis that PTSD symptom severity would negatively 

correlate with differential SCR. We did not find a significant correlation between 

differential skin conductance response (of either brother) and CAPS score of the 

exposed twin. We then combined the suprathreshold PTSD with the partial PTSD 
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participants and ran a Pearson correlation between CAPS score of the exposed 

participants and the differential SCR of both the exposed and unexposed participants. 

We found a significant negative correlation between the differential SCR of the exposed 

P participant and his CAPS score, r(9) = -0.621, p=0.041. This was primarily driven by a 

negative correlation between the SCR to the CS+ and overall CAPS score, r(9) = -

0.756, p=0.007. There was no correlation between SCR to the CS- and overall CAPS 

score, r(9) = -0.522, p=0.100.  

A similar trend was found between CAPS scores of the exposed twin and the 

differential fear response of their unexposed co-twins, but we did not find a significant 

correlation r(10) = -0.460, p=0.133. However, one of our PC participants exhibited signs 

of alcoholism and his structural scans suggested that he suffered from some brain 

atrophy. When this participant was excluded, we found a trend toward a significant 

correlation, negative r(9) = -0.589, p=0.057. This was not primarily driven by a negative 

correlation between the SCR to the CS+ and CAPS score, r(9) = -0.208, p=0.540, or by 

a negative correlation between the SCR to the CS- and CAPS score, r(9) = -0.013, 

p=0.973.  

Because we had established above that the partial PTSD group behaved 

differently than the suprathreshold PTSD group, we created the scatter plot below 

(figure 9) to visually assess the correlation between PC differential SCR and P CAPS 

score to make sure it was not driven by outliers. Below, partial PTSD data points are 

plotted in green, while suprathreshold PTSD points are plotted in red. It does not 

appear that outliers are driving this correlation.  
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Figure 9: Trend toward a negative correlation between differential SCR of 
unexposed twin and their identical brother’s CAPS score. Suprathreshold data 
points are represented in dark red and partial PTSD data points are represented 
in green.  

Correlations within PTSD participants 

 P twin 
Diff SCR 

PC twin  
Diff SCR 

Pearson Correlation .290 .130 
Sig. (2-tailed) .416 .721 

P twin 
SSS 

N 10 10 
Pearson Correlation -.136 -.146 
Sig. (2-tailed) .707 .668 

PC twin 
 SSS 

N 10 11 
Correlations within Control Participants 

 C twin 
 Diff SCR 

CC twin  
Diff SCR 

Pearson Correlation .277 .016 
Sig. (2-tailed) .595 .976 

C twin 
SSS 

N 6 6 
Pearson Correlation -.454 .683 
Sig. (2-tailed) .365 .135 

CC twin 
SSS 

N 6 6 
 
Figure 10: We also explored the possibility that sensation seeking positively 
correlated with differential fear response, but this was not the case. SSS = 
Sensation Seeking Scale (Zuckerman, 1971); DIFF SCR = SCR to the CS+ 
compared to the CS-.  
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Diagnosis / CS Mean Standard error 

PTSD / CS+ 0.191 0.043 

PTSD / CS- 0.152 0.037 

Control & partial / CS+ 0.336 0.044 

Control & partial/ CS- 0.205 0.037 

Figure 11: Means of SCR during acquisition in the suprathreshold PTSD group, 
compared to the subthreshold PTSD group (Control & Partial PTSD combined).  
 

Because our participants were older than samples from previous publication, 

some of which found enhanced or normal fear acquisition responses, it is possible that 

our results were driven by the age of our participants. We therefore examined the 

possibility that age negatively correlated with the differential fear response. We did not 

find a significant correlation between age and differential fear response within the PC 

group, r(9) = -0.434, p=0.182, P group, r(8) = 0.052, p=0.886, CC group, r(4) = -0.360, 

p=0.483, or C group, r(4) = -0.033, p=0.951. 

 

Suprathreshold PTSD vs. True Control 

After excluding the partial PTSD participants along with the control participants 

who expressed some residual PTSD symptoms, we re-ran the above 2(diagnosis) x 2 

(exposure) x2 (CS) ANOVA. The previously reported trend between diagnosis and 

exposure remained at trend level, F(1, 11) = 4.281, p=0.063, and no other effects 

changed in significance. Follow-up one-way ANOVAs reveal that this effect was 

partially driven by a trend toward attenuated responses to the CS+ within the PTSD 

group, (mean = 0.191) compared to the true Control group (mean = 0.330), F(1, 11) = 

3.255, p=0.099. When broken apart further, this trend was primarily driven by greater 



IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
   43	
  
	
  

	
  

responses to the CS+ within the combat exposed C participants (mean = 0.358) 

compared to the P participants (mean = 0.164), F(1, 11) = 5.455, p=0.039. 

Comparatively, there was no difference in response to the CS+ between the CC (mean 

= 0.301) and PC (mean = 0.211) participants, F(1, 12) = 0.762, p=0.400. There were no 

differences between any groups regarding responses to the CS-.  

 

Trial by Trial Analysis: 

 The above analysis indicated that pairs with PTSD exhibited reduced differential 

SCRs. However, it is not clear if this was a consistently reduced response across the 

entire length of acquisition, or if they reduced their responses more rapidly. We used a 

trial-by-trial analysis to examine the difference in SCR attenuation across the length of 

fear acquisition. For the trial-by-trial analysis, as above, our Coulbourn proprietary 

software calculated the SCR to the conditioned stimuli. This was achieved by 

subtracting the average SCL during the CX from the maximum SCL during the 

presentation of the CS. This time SCRs were not averaged across trials, so we could 

assess the change in SCRs from trial to trial.    

We then ran a 2 (diagnosis: PTSD, Control) x 2 (exposure: exposed, not 

exposed) x 2 (CS: CS+, CS-) x 7 (trial: 2, 3, 4, 5, 6, 7, 8) mixed model ANOVA with 

exposure, CS and trial treated as repeated measures. The SCR to the first CS+ was not 

included because it is regarded as the ‘orienting response’ and because the light has 

not yet been associated with a shock, it does not represent a learned fear response. 

Similarly, on the 9th CS+ trial, the experiment stops using the first CS+ light associated 

with the shock, and switches to a third light (distinct from the first CS+ and CS- light). 

So only the first 7 CS+ and CS- trials were analyzed in an effort to reduce unexplained 

variance. This was for two reasons 1) to avoid violating sphericity beyond our ability to 

correct for such a violation and 2) to limit the variance from the second CS+. The 
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second CS+ is a different color, so there is a second orienting response and would 

represent a second learned fear response. Because our analysis cannot differentiate 

the order of the repeated measures, any increase in SCR from a second CS+, would be 

difficult to distinguish from SCR attenuation across the trials.   

In this analysis, there was a significant main effect of diagnosis, F(1, 14) = 

4.579, p=0.050. This was primarily driven by the PTSD pairs exhibiting lower SCRs 

(overall), compared to the Control pairs. However, this effect is on the cusp of being 

statistically significant, so it may be more conservative to categorize this effect as a 

trend. There is also a trend toward a lower differential fear response in the PTSD pairs 

compared to the control pairs, F(1, 14) = 3.749, p=0.073. Additionally, there was a main 

effect of trial, F(2.904, 40.652) = 11.389, p<0.001, and a significant interaction between 

trial and diagnosis, F(2.904, 40.652) = 4.666, p=0.007. Overall, the PTSD pairs 

exhibited lower SCRs but decreased less over time; comparatively, the Control pairs 

started higher and decreased more over time. Follow-up one-way ANOVAs indicated 

that this interaction was driven by a greater attenuation in SCR within the Control group 

(mean = 0.157), compared to the PTSD group (mean = 0.016) from trial 2 to 3, F(1, 14) 

= 8.383, p=0.012. This interaction is also being driven by a greater attenuation in SCR 

within the Control group (mean = 0.118), compared to the PTSD group (mean = 0.016) 

from trial 3 to 4, F(1, 14) = 5.482, p=0.035. There was no difference between the 

groups from trial 4 to 5, F(1, 14) = 2.510, p=0.135. However, there was a difference 

between the groups from trial 5 to 6, driven by an attenuation in SCR within the Control 

group (mean = 0.057), and a slight increase in SCR within the PTSD group (mean = -

0.037), F(1, 14) = 5.188, p=0.039. There was no difference between the groups in 

attenuation from trial 6 to 7, F(1, 14) = 0.276, p=0.607. Nor was there any difference 

between the group in attenuation from trial 7 to 8, F(1, 14) = 2.663, p=0.125. 
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There was no main effect of exposure, F(1, 14) = 0.938, p=0.349; nor any 

interaction between exposure and diagnosis, F(1, 14) = 2.456, p=0.139. There was no 

interaction between exposure and CS, F(1, 14) = 1.658, p=0.219; or between exposure, 

CS and diagnosis, F(1, 14) = 1.843, p=0.196; exposure and trial, F(3.710, 51.935) = 

0.845, p=0.496; or exposure, trial and diagnosis, F(3.710, 51.935) = 0.711 p=0.769. 

There was no interaction between CS and trial F(3.158, 44.217) = 1.586, p=0.204; or 

between CS, trial and diagnosis, F(3.158, 44.217)= 0.196, p=0.907.  

Diagnosis / CS Mean Standard error 

PTSD / CS+ 0.128 0.057 

PTSD / CS- 0.057 0.039 

Control / CS+ 0.330 0.072 

Control / CS- 0.180 0.050 

 Figure 12: Mean SCR broken down by diagnostic group and CS.  

  

Surprisingly, we also found a trend toward a four-way interaction between 

exposure, CS, trial, and diagnosis, F(2.979, 41.710)= 1.914, p=0.059, along with a 

trend toward a three-way interaction between exposure, CS, and trial, F(2.979, 41.710) 

= 2.709, p=0.058. Due to a concern of type-I error, driven by one twin-pair, we chose 

not to explore this trend any further.  

 

Suprathreshold PTSD vs Control Analysis 

Because two participants within the PTSD group exhibited some PTSD 

symptoms, but did not meet full diagnostic criteria for PTSD, we eliminated them and 

re-ran the trial by trial analysis. We then ran a 2 (diagnosis: PTSD, Control) x 2 
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(exposure: exposed, not exposed) x 2 (CS: CS+, CS-) x 7 (trial: 2, 3, 4, 5, 6, 7, 8) mixed 

model ANOVA with exposure, CS and trial treated as repeated measures.  

 

 

Figure 13: Greater SCR attenuation over time in the control participants 
compared to the suprathreshold PTSD participants.  

 

With this analysis, we found a trend toward a main effect of diagnosis, F(1, 12) = 

4.368, p=0.059. However, we did not find a main effect of exposure, F(1, 12) = 0.442, 

p=0.519, nor an interaction between exposure and diagnosis, F(1, 12) = 2.671, 

p=0.128. However, we did find a main effect of CS, F(1, 12) = 24.760, p<0.001. This 

was primarily driven by greater responses to the CS+ (mean = 0.217) compared to the 

CS- (mean = 0.117). We also found a significant interaction between CS and diagnosis, 

confirming our results above, F(1, 12) = 5.951, p=0.031. This was primarily driven by 

greater responses to the CS+ (mean = 0.330) compared to the CS- (mean = 0.180) 
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within the Control group compared to the PTSD group (CS+ mean = 0.104, CS- mean = 

0.053).  

As above, we found a significant main effect of trial, F(2.748, 32.971) = 8.578, 

p<0.001. Follow-up pair-wise Sidak comparisons indicated that this was primarily driven 

by greater responses during the second trial (mean = 0.292), compared to the fourth at 

trend level (mean = 0.143, p=0.066), fifth (mean = 0.137, p=0.044), sixth (mean = 

0.123, p=0.012) seventh (mean = 0.122, p=0.011) and eighth (mean = 0.146, p=0.008). 

There was no difference between the first second and the third (mean = 0.207, 

p=0.115).  

 We also found an interaction between trial and diagnosis, F(2.748, 32.971) = 

4.461, p=0.011. Follow-up one-way ANOVAs indicated that this was driven by a greater 

decrease in SCR from trial 2 to 3 within control group (mean= 0.157) compare to PTSD 

group (mean = 0.0135), F(1, 12) = 7.951, p=0.015. Similarly, this trend was driven by a 

greater decrease in SCR within the control group (mean = 0.118) compared to the 

PTSD group (mean = 0.0091) from trial 3 to 4 F(1, 12) = 5.460, p=0.038. There was no 

significant difference in SCR change from trial 4 to 5,, F(1, 12) = 1.793, p=0.205, but 

there was a trend from trial 5 to 6, F(1, 12) = 3.584, p=0.083. This trend was driven by a 

greater attenuation in SCR within the Control group, compared to the PTSD group. 

There was also no difference between the groups from trial 6 to 7, F(1, 12) = 1.629, 

p=0.226, or from trial 7 to 8, F(1, 12) = 2.767, p=0.122.  

We did not find a significant interaction between exposure and CS, F(1, 12) = 

0.995, p=0.338 or exposure, CS and diagnosis, F(1, 12) = 1.901, p=0.193. There was 

no interaction between trial and exposure, F(3.376, 40.517) = 1.036, p=0.393, or trial, 

exposure and diagnosis, F(3.376, 40.517) =0.309, p=0.841. There was no interaction 

between CS and trial, F(3.080, 36.964) = 1.121, p=0.354, nor was there an interaction 

between CS, trial and diagnosis, F(3.080, 36.964) = 0.247, p=0.868.  
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However, we did find a non-significant trend toward an interaction between 

exposure, CS and trial, F(2.964, 35.564) = 2.529, p=0.074. However, as above, we 

chose not to explore this trend any further due to a concern of type-I error, driven by 

one twin-pair. There was no interaction between exposure, CS trial and diagnosis, 

F(2.964, 35.564) = 2.048, p=0.125.  

 

Suprathreshold PTSD vs. True Control 

One additional participant within the Control group exhibited some PTSD 

symptoms, but did not meet full diagnostic criteria for PTSD. We therefore eliminated 

this participant, along with the other 2 partial PTSD participants, and re-ran the trial by 

trial analysis. We then ran a 2 (diagnosis: PTSD, true Control) x 2 (exposure: exposed, 

not exposed) x 2 (CS: CS+, CS-) x 7 (trial: 2, 3, 4, 5, 6, 7, 8) mixed model ANOVA with 

exposure, CS and trial treated as repeated measures.  

Similar to the previous analysis, we found a trend toward a main effect of 

diagnosis, F(1, 11) = 4.214, p=0.065., We also did not find a main effect of exposure, 

F(1, 11) = 0.059, p=0.813, nor an interaction between exposure and diagnosis, F(1, 11) 

= 1.399, p=0.262. As in previous analyses, we did find a significant main effect of CS, 

F(1, 11) = 20.443, p<0.001. This was primarily driven by greater responses to the CS+ 

(mean = 0.218) compared to the CS- (mean = 0.129). We also found a trend toward a 

significant interaction between CS and diagnosis, F(1, 11) = 3.773, p=0.078. This was 

primarily driven by greater responses to the CS+ (mean = 0.332) compared to the CS- 

(mean = 0.204) within the true Control group compared to the PTSD group (CS+ mean 

= 0.104, CS- mean = 0.053).  

As above, we found a significant main effect of trial, F(2.876, 31.636) = 9.688, 

p<0.001. Follow-up pair-wise Sidak comparisons indicated that this was primarily driven 
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by greater responses during the second trial (mean =0.305), compared to the fifth 

(mean = 0.131, p=0.028.), sixth (mean = 0.124, p=0.0.014), seventh (mean = 0.123, 

p=0.0.014) and eight (mean = 0.149, p=0.009). There was no difference between the 

second trial and the third (mean = 0.207, p=0.115) or fourth (mean  = 0.156, p=0.134).  

We also found an interaction between trial and diagnosis, F(2.876, 31.636) = 

4.814, p=0.008. Follow-up one-way ANOVAs indicated that this was driven by a greater 

decrease in SCR from trial 2 to 3 within the true Control group (mean= 0.142) 

compared to the suprathreshold PTSD group (mean = 0.0135), F(1, 11) = 5.592, 

p=0.038. Similarly, this trend was driven by a greater decrease in SCR within the 

control group (mean = 0.133) compared to the suprathreshold PTSD group (mean = 

0.0091) from trial 3 to 4 F(1, 11) = 6.265, p=0.029. There was no significant difference 

in SCR change from trial 4 to 5, F(1, 11) = 0.805, p=0.389, but there no difference in 

attenuation from trial 5 to 6, F(1, 11) = 2.268, p=0.160. There was also no difference 

between the groups from trial 6 to 7, F(1, 11) = 1.284, p=0.281, or from trial 7 to 8, F(1, 

11) = 2.439, p=0.147.  

We did not find a significant interaction between exposure and CS, F(1, 11) = 

0.462, p=0.511 or exposure, CS and diagnosis, F(1, 11) = 1.071, p=0.323. There was 

no interaction between trial and exposure, F(3.273, 36.006) = 1.382, p=0.263, or trial, 

exposure and diagnosis, F(3.273, 36.006) =0.498, p=0.702. There was no interaction 

between CS and trial, F(2.710, 29.806) = 1.482, p=0.241, nor was there an interaction 

between CS, trial and diagnosis, F(2.710, 29.806) = 0.355, p=0.766.  

However, we did find a significant interaction between exposure, CS and trial, 

F(2.706, 29.762) = 3.413, p=0.034. However, as above, we chose not to explore this 

trend any further due to a concern of type-I error. There was also a trend toward a 

significant interaction between exposure, CS, trial and diagnosis, F(2.706, 29.762) = 

2.930, p=0.055.  
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Correlations within the PTSD group 

 CAPS  
of P twin 

Pearson Correlation -.854** 
Sig. (2-tailed) .001 

PC initial 
differential 
SCR N 11 

Pearson Correlation -.028 
Sig. (2-tailed) .938 

P initial  
differential 
SCR N 10 

Figure 14: Correlation between first differential SCR of the unexposed (top) and 
exposed (bottom) and PTSD symptom severity.  

 

Figure 15: Exposed CAPS score correlated with unexposed differential skin 
conductance responses. Suprathreshold PTSD participants are represented in 
red, while partial PTSD participants are represented in green. r(10) = -0.781, 
p=0.003.  

 

Correlations: 

We then chose to assess the relationship between the differential fear response 

and PTSD symptoms. Previously, we evaluated this by running a correlation between 

the averaged differential SCR, of both the exposed and unexposed participants with the 

CAPS score of the exposed participants. In this correlation, we limited our analysis to 

the second differential SCR, calculated by subtracting the SCR to second CS- (first CS- 
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after the orienting response), from the SCR to the second CS+ (the first CS+ after the 

orienting response). We first focused our analysis on the initial grouping of participants 

with PTSD.  

Correlations  

 CAPS 
CAPS  

B 
CAPS 

C 
CAPS 

D 
CAPS 

numbing 
Pearson 
Correlation 

-.854** -.787** -.674* -.815** -.674* 

Sig. (2-tailed) .001 .004 .023 .002 .023 

First 
differential  
SCR PC 

N 11 11 11 11 11 
Pearson 
Correlation 

-.028 -.239 .323 -.214 .275 

Sig. (2-tailed) .938 .505 .362 .552 .441 

First 
differential  
SCR P 

N 10 10 10 10 10 

 
CAPS 

CAPS 
B 

CAPS 
C 

CAPS 
D 

CAPS 
numbing 

Pearson 
Correlation 

-.781** -.741** -.610* -.703* -.625* 

Sig. (2-tailed) .003 .006 .035 .011 .030 

First 
differential  
SCR PC 

N 12 12 12 12 12 
Pearson 
Correlation 

-.371 -.439 -.210 -.546 -.192 

Sig. (2-tailed) .262 .177 .536 .082 .572 

First 
differential  
SCR P 

N 11 11 11 11 11 
 

Figure 16: Correlations between the first differential fear response and CAPS 
scores within PTSD participants (top) and with the addition of one partial PTSD 
participant (bottom). Significant correlations are marked with a single asterisk (*) 
to denote a p<0.05 and two asterisks (**) to denote a p<0.01.   

 

We found a strong, negative correlation between CAPS symptom severity of the 

participants with PTSD and the differential fear response of their unexposed co-twins, 

r(9) = -0.854, p=0.001. There was no correlation between the differential fear response 

and exposed CAPS score, r(8) = -0.028, p=0.938. This correlation included all 

participants originally categorized as the PTSD group, including two partial PTSD 

participants. We then explored the possibility that the remaining partial PTSD 

participant, originally classified as a Control participant, would enhance this correlation. 
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When the remaining partial PTSD participant was added to the dataset, the correlation 

decreased in strength between PC participant’s differential SCR and PTSD Symptoms 

of the their exposed P participants r(10) = -0.781, p=0.003. Adding participants with 

subthreshold PTSD symptoms had no effect on the correlation between P participant’s 

differential SCR and PTSD symptoms. It was not significant, r(9) = -0.371, p=0.262.  

We then chose to assess the possibility that, within the PTSD pairs, there was a 

negative correlation between differential fear response and PTSD symptom severity 

was being primarily driven by specific subscales on the CAPS instrument. We found 

that all three CAPS subscales negatively correlated with the differential SCR of the 

unexposed twin. This indicates that exposed participants with greater PTSD symptoms 

have unexposed co-twins with reduced differential fear responses. Because reduced 

physiological reactivity could be related to numbing, we chose to explore the possibility 

that the two numbing questions (C1 and C6) were driving the correlation between SCR 

and the CAPS C subscale. We found that the numbing questions exhibited the exact 

same values of the CAPS C subscale, supporting our hypothesis (see Figure 16 for 

values).  

Within the PTSD pairs, we found a strong, negative correlation between CAPS 

B, CAPS C, and CAPS D symptom subscales of the combat exposed twin and the 

differential fear response of their unexposed co-twins (see Figure 16). There was no 

correlation between the exposed participant’s differential fear response and exposed 

CAPS score. However, there was a non-significant trend toward a negative correlation 

between exposed CAPS D subscale and the differential fear response of the exposed 

PTSD twin.. 

Because our participants were older than previous samples, some of which 

found enhanced or normal fear acquisition responses, we examined the possibility that 
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age negatively correlated with the differential fear response. We did not find a 

significant correlation between age and initial differential fear response within the PC 

group, r(9) = -0.434, P group, r(8) = 0.052, p=0.886, CC group, r(4) = -0.360, p=0.483, 

or C group, r(4) = -0.33, p=0.951. 

 

Point by Point Analysis  

This analysis aimed to examine the SCL data during fear acquisition using every 

recorded data point and averaging across trials. However, thiis was not possible 

because it violated sphericity beyond the extent to which greenhouse-geisser could 

make a correction. To remedy this, we ran our analysis as a second by second 

analysis.  

 

Second by Second Analysis  

 We prepared the acquisition SCL data by square rooting and normalizing every 

recorded data point to the first 5 data points (equivalent to 1 second) in that trial. 

Normalization was achieved by subtracting each individual data point from the 5 data 

point average. This was done to account for SCL drift, which can gradually increase or 

decrease across the length of the experiment. This also allowed us to ignore variations 

in resting SCL and focus on SCL change in response to the stimuli. 

 To conduct the analysis, we then ran a 2 (diagnosis: PTSD, Control) x 2 

(exposure: exposed, not exposed) x 2 (CS: CS+, CS-) x 6 (second: 1, 2, 3, 4, 5, 6) 

mixed model ANOVA. Our analysis revealed a significant main effect of CS, F(1, 14) = 

27.965, p<0.001, which was driven by higher SCLs in response to the CS+ compared to 

the CS-. We also found a significant interaction between CS and diagnosis F(1, 14) = 

4.730, p=0.047. This was driven by greater differential SCL within the Control group in 

response to the CS+ (mean  = 0.037), compared to the CS- (mean = 0.012). In 



54	
   IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
  
 

 

	
  

contrast, the PTSD exhibited lower response to the CS+ (mean = 0.008) compared to 

the CS- (mean = -0.003).  

 
Figure 17: Greater average increase in SCL within Control participants 
compared to PTSD participants.  
 

We also found a significant main effect of second, F(1.180, 16.523) = 9.838, 

p=0.005. Pairwise Sidak comparisons revealed that this was primarily driven by higher 

SCLs at second 3, (Mean  = 0.014, p=0.042) second 4 (Mean = 0.021, p=0.060), 5 

(Mean = 0.018, p=0.052) and 6 (Mean = 0.016, p=0.033), compared to second 2 

(0.005). Additionally, there was a significant interaction between second and diagnosis, 

F(1.180, 16.523) = 6.662, p=0.016. We then calculated change scores from second 

1to2, 2to3, 3to4, 4to5, and 5to6 and ran follow up one-way ANOVAs to further examine 

the how the change in average SCL was different between the groups. There was no 

difference in change from second 1to2, F(1, 14) = 2.465, p=0.139, but there was a 

significant difference from second 2to3, F(1, 14) = 8.156, p=0.013 and second 3to4, 

F(1, 14) = 5.018, p=0.042. There was no difference in change from second 4to5, F(1, 

14) = 1.691, p=0.214, or second 5to6, F(1, 14) = 0.589, p=0.456. Follow-up repeated 
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measures ANOVAs with LSD pairwise comparisons revealed that the PTSD SCL 

peaked at second 4, compared to second 2, p=0.093, second 5, p=0.021 and second 6, 

p=0.011. Comparatively, the control group also peaked at second 4, compared to 

second 1, p=0.083, second 2, p=0.064, second 3, p=0.083. However, the second 4 

peak in the control group was not significantly different from second 5, p=0.187 and 

second 6, p=0.368.  

Additionally, there was a significant interaction between CS and Second, 

F(1.661, 23.256) = 11.953, p<0.001, driven by a greater increase in SCL from second 

to second, in response to the CS+.  Finally, there was a trend toward a main effect of 

diagnosis, F(1, 14) = 3.791, p=0.072, driven by a greater average SCL in the control 

group compared to the PTSD group.  

 

 

  

Figure 18: Average SCL differences in response to the CS+ across diagnostic 
group and CS. The partial PTSD group is composed of 3 pairs who expressed 
some PTSD symptoms, but did not meet criteria for a diagnosis.  
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Overall, there is greater differential conditioning in the control group, compared 

to the PTSD group. Exposure had no overall effect on acquisition of a learned fear 

response. Some of our participants met criteria for partial PTSD, rather than 

suprathreshold PTSD, and previous analyses indicated that these participants condition 

differently. We therefore created a new ‘partial PTSD’ group with 2 participants 

previously classified into the PTSD group and 1 participant classified from the control 

group.  

Suprathreshold PTSD vs. Control 

Because we had two participants who did not meet full diagnostic criteria for 

PTSD, we eliminated them from the above analysis and re-ran our original ANOVA. To 

conduct this analysis, we ran a 2 (diagnosis: suprathreshold PTSD, Control) x 2 

(exposure: exposed, not exposed) x 2 (CS: CS+, CS-) x 6 (second: 1, 2, 3, 4, 5, 6) 

mixed model ANOVA. In this analysis, the main effect of diagnosis became remained at 

trend level, F(1, 12) = 3.854, p=0.073. We did not find a main effect of exposure, F(1, 

12) = 1.092, p=0.317, nor was there an interaction between exposure and twin group, 

F(1, 12) = 1.310, p=0.275. However, (as above) we found a significant main effect of 

CS, F(1, 12) = 21.040, p=0.001. We also found a significant interaction between 

diagnosis and CS, F(1, 12) = 5.404, p=0.038, driven by greater responses to the CS+ 

(mean  = 0.021) compared to the CS- (mean =0.004). This was driven by greater 

responses to the CS+ within the Control group, (mean = 0.037) than the CS- (mean  = 

0.012) compared to the PTSD, which exhibited a smaller response to the CS+ (mean  = 

0.004) compared to the CS- (mean = -0.004).  

We also found a significant main effect of seconds, F(1.179, 14.145) = 6.994, 

p=0.016. Follow-up pairwise comparisons indicate that this is driven by greater SCL 

values at second 4 (mean = 0.019), compared to seconds 1 (mean = 0.007, p=0.030), 2 
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(mean = 0.004, p=0.013), 3 (mean = 0.013, p=0.022), and 5 (mean = 0.016, p=0.049)). 

but not 6 (mean = 0.014, p=0.079). There was also a significant interaction between 

seconds and diagnosis, F(1.179, 14.145) = 6.911, p=0.016. Follow-up one-way 

ANOVAs indicated that the groups did not differ in their change from second 1 to 2, F(1, 

12) = 1.176,. p=0.299, however they did differ from seconds 2 to 3, F(1, 12) = 7.558, 

p=0.018 and from second 3 to 4, F(1, 12) = 5.335, p=0.039. The groups did not differ 

from seconds 4 to 5, F(1, 12) = 1.566, p=0.235 or seconds 5 to 6, F(1, 12) = 0.576, 

p=0.463.  

There was no significant interaction between exposure and CS, F(1, 12) = 

0.032, p=0.860, nor was there a significant interaction between exposure, CS and 

diagnosis, F(1, 12) = 0.593, p=0.456. There was also no interaction between exposure 

and seconds, F(1.326, 15.916) = 0.171, p=0.754, nor between exposure, seconds and 

diagnosis, F(1.326, 15.916) = 0.608, p=0.492.  

However, there was a significant interaction between CS and seconds, F(1.622, 

19.469) = 8.485, p=0.004. Follow-up paired sample t-tests indicated that this was not 

driven by the by greater responses to the CS+ compared to the CS- from second 1 to 2, 

t(13) = 0.277, p=0.786. The trend was primarily driven by greater responses to the CS+ 

compared to the CS- from second 2 to 3, t(13) = 2.955, p=0.011 and second 3 to 4, 

t(13) = 2.524, p=0.025. There was no difference in responses to the CS from seconds 4 

to 5, t(13) = 0.466, p=0.663, or seconds 5 to 6, t(13) = 0.648, p=0.528. There was no 

interaction between CS, seconds and diagnosis, F(1.622, 19.469) = 2.568, p=0.111. 

Nor was there any interaction between exposure, CS and second, F(1.121, 13.456) = 

1.111, p=0.319, or between exposure, CS, seconds and diagnosis F(1.121, 13.456) = 

1.184, p=0.303.  

We also found a trend toward a three way interaction between exposure, 

second and exposure, second and diagnosis, F(1.434, 15.775) = 3.150, p=0.084, 
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however because this was not present in the original ANOVA, it was not explored any 

further. Unlike in the comparison between PTSD and control pairs, there was no three-

way interaction between CS, second and diagnosis. There was still an interaction 

between CS and second, F(1.761, 19.368) = 7.008, p=0.007, primarily driven by greater 

SCL in response to the CS+ at second 4 (mean = 0.022) compared to second 2 (mean 

= 0.007, p=0.017) and second 1 (mean = 0.007, p=0.006).   

 

Suprathreshold PTSD vs. True Control 

Because we had two participants within the PTSD group and one participant 

within the Control group who did not meet full diagnostic criteria for PTSD, we 

eliminated them from the above analysis and re-ran our original ANOVA. To conduct 

this analysis, we ran a follow-up 2 (diagnosis: suprathreshold PTSD, true Control) x 2 

(exposure: exposed, not exposed) x 2 (CS: CS+, CS-) x 6 (second: 1, 2, 3, 4, 5, 6) 

mixed model ANOVA. In this analysis, the main effect of diagnosis became fully 

significant, F(1, 11) = 5.153, p=0.044. We also found a trend toward a three way 

interaction between exposure, second and exposure, second and diagnosis, F(1.434, 

15.775) = 3.150, p=0.084, however because this was not present in the original 

ANOVA, it was not explored any further. Unlike in the comparison between PTSD and 

control pairs, there was no three-way interaction between CS, second and diagnosis. 

There was still an interaction between CS and second, F(1.761, 19.368) = 7.008, 

p=0.007, primarily driven by greater SCL in response to the CS+ at second 4 (mean = 

0.022) compared to second 2 (mean = 0.007, p=0.017) and second 1 (mean = 0.007, 

p=0.006).   

 

 



IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
   59	
  
	
  

	
  

Extinction Learning 

 

Data preparation: 

 Our Coulbourn proprietary software calculated the SCR to the CS+ during day 1 

extinction learning. This was achieved by subtracting the average SCL during the CX 

from the maximum SCL during the presentation of the CS. We calculated the Extinction 

Learning Index (ELI) by taking the average of the last two extinction-learning trials and 

dividing it by the maximum SCR to the same CS+ during acquisition. This value is then 

converted to a percentage score, where 100% indicated the total inhibition of a fear 

response and 0% indicated a fear response that was equal to the maximum SCR during 

fear acquisition (Milad et al., 2005; 2008).  

To test the hypothesis that participants with PTSD exhibit difficulty in the 

encoding of the extinction memory, we ran a 2 (diagnosis: PTSD, Control) x 2 (combat 

exposure: exposed, not exposed) mixed model ANOVA, regarding combat exposure as 

a repeated measure. The DV for this analysis is the ELI to the CS+. Based on previous 

research, we hypothesized that P participants, may exhibit worse extinction learning 

compared to Control participants. However, we do not have enough evidence to 

hypothesize whether this is an acquired characteristic or familial vulnerability factor.  

 

Traditional Extinction Learning Index 

 The mixed model ANOVA analyzing extinction learning index (ELI) surprisingly 

yielded a trend toward a main effect of exposure F(1, 14) =4.368,  p=0.055. Even more 

surprising is that this is driven by an increase in ELI in the exposed twins, (see means 

in Figure 16). This means that the twin who had experienced combat was better at 

extinction learning, compared to his identical brother who did not experience combat. 

We also found a main effect of diagnosis, F(1, 14) = 4.891, p=0.044. Here, the PTSD 
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pairs exhibited lower ELI compared to the Control group. There was no interaction 

between diagnosis and exposure, F(1, 14) = 0.022, p=0.885.  

  

Extinction Learning Index by  
 Group  

Group Mean Std. Error 
P 62.540 7.078 
PC 44.336 8.853 
C 84.127 9.138 
CC 63.155 11.429 

 

Figure 19: Means and standard error for the Extinction Learning Index (ELI) 
displayed across the 4 groups (top). Graph displaying those means and 
standard error values (bottom). Surprisingly, combat exposed PTSD participants 
(P) expressed a higher average ELI compared to their combat unexposed (and 
non-symptomatic) brothers (PC). Combat exposed control participants (C) also 
expressed higher ELI scores compared to their unexposed brothers (CC). 
However, as found in the previous literature, PTSD pairs expressed lower ELI 
scores overall compared to Control pairs (bottom).  

 

Suprathreshold PTSD vs. Control 

As above, we became aware that two participants within our PTSD group did 

not meet full criteria for PTSD. We then re-ran the ANOVA above, using ELI as a 

dependent variable. Similar to above, this analysis yielded a trend toward a main effect 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

P PC C CC 

P
er

ce
nt

 E
xt

in
ct

io
n 

Le
ar

ni
ng

 In
de

x 

Reduced Extinction Learning within the PTSD 
pairs 



IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
   61	
  
	
  

	
  

of exposure F(1, 12) =4.029,  p=0.068. This is still driven by an increase in ELI in the 

combat exposed twins (mean = 77.22%) compared to the unexposed twins (mean = 

50.67%). This means that the twin who had experienced combat was better at 

extinction learning, compared to his identical brother who did not experience combat. 

We also found a main effect of diagnosis, F(1, 12) = 5.030, p=0.045. Here, the 

suprathreshold PTSD pairs exhibited lower ELI (mean = 49.25%) compared to the 

Control group (mean = 73.64%). There was no interaction between diagnosis and 

exposure, F(1, 12) = 0.003, p=0.958.  

 

Suprathreshold PTSD vs. True Control 

One additional participant within the Control group exhibited some PTSD 

symptoms, but did not meet full diagnostic criteria for PTSD. We therefore eliminated 

this participant, along with the other 2 partial PTSD participants, and re-ran the ANOVA 

above, using ELI as a dependent variable. This time there was no main effect of 

exposure F(1, 11) =2.914,  p=0.116. We also found a trend toward a main effect of 

diagnosis, F(1, 11) = 3.478, p=0.089. Here, the PTSD pairs exhibited lower ELI (mean 

= 49.25%) compared to the true Control group (mean = 71.20%). There was no 

interaction between diagnosis and exposure, F(1, 11) = 0.031, p=0.864.  

 

Correlations 

Our analyses above have indicated that the PTSD pairs may exhibit lower 

differential fear responses and lower extinction learning abilities. These two traits may 

be related, possibly by a reduction in neuroplasticity or learning ability. We therefore 

evaluated the relationship between differential fear response and the extinction learning 

index using the Pearson correlation. There was no significant correlation between the 

differential fear response of the P group and the ELI of the P group, r(8) = 0.461, 
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p=0.179, or the ELI of the PC group, r(8) = 0.487, p=0.153. Nor was there a significant 

correlation between the differential fear response of the PC group and the ELI of the P 

group, r(8)=0.102, p=0.780. However there was a non-significant trend between the 

differential fear response of the PC group and the ELI of the PC group, r(9)=0.550, 

p=0.079. There was also no significant correlation between the differential fear 

response of the C group and the ELI of the C group, r(4) = 0.167, p=0.752, or the ELI of 

the CC group, r(4) = 0.378, p=0.460. Nor was there a significant correlation between 

the differential fear response of the CC group and the ELI of the C group, r(4)=-0.317, 

p=0.540 or the ELI of the CC group, r(4)=0.191, p=0.718. 

Both extinction learning ability and sensation seeking may provide some 

resilience against the development of PTSD (respectively, Guthrie and Bryant, 2006; 

Neria et al., 2000). We therefore explored the possibility that extinction learning 

positively correlated with sensation seeking. There was no significant correlation 

between the ELI of the PC twin and their own Zuckerman sensation seeking scale 

(SSS) scores, r(9) = -0.151, p=0.658, nor was there a correlation with the SSS of the P 

twins, r(8) = 0.094, p=0.794. There was also no correlation between the ELI of the P 

twin with the SSS of the PC twin, r(8) = 0.470, p=0.171. However we did find a strong, 

positive correlation between the SSS for the P twin and their SSS scores, r(8) = 0.929, 

p<0.001. Within the Control pairs, there were no significant correlations between the 

ELI of the C twins and their SSS scores, r(4) = -0.387, p=0.449, or the SSS scores of 

the CC twins, r(4) = -0.376, p=0.463. Nor were there any correlations between the ELI 

of the CC twins and their SSS scores, r(4) = -0.212, p=0.687, or the SSS scores of the 

C twins, r(4) = -0.492, p=0.321.  
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Extinction Recall 

 

Data Preparation 

 Our Coulbourn proprietary software calculated the SCR to the CS+E and CS+U 

stimuli during day 2 extinction recall. This was achieved by subtracting the average SCL 

during the CX from the maximum SCL during the presentation of the CS. We averaged 

the SCR to the CS+ and averaged the SCR to the CS-. We calculated the extinction 

recall index (ERI) by taking the average of the first four extinction-recall trials and 

dividing that by the maximum SCR to the same CS+ during acquisition. This value is 

then converted to a percentage score, where 100% indicated the total inhibition of a 

fear response and 0% indicated a fear response that was equal to the maximum SCR 

during fear acquisition (Milad et al., 2005; 2008). 

 To test the hypothesis that participants with PTSD exhibit difficulty in the 

encoding of the extinction recall, we repeated the above 2 (diagnosis: PTSD, Control) x 

2 (combat exposure: exposed, not exposed) mixed ANOVA using the ERI as the DV.  

Extinction Recall Index per Twin Group  
 

exposure Mean Std. Error 
P 44.898 9.574 
PC 64.380 10.384 
C 46.430 11.726 
CC 34.879 12.718 

Figure 20: Extinction Recall Index (ERI) Means and standard errors across the 4 
groups: P, PC, C, CC.   

 

 With this analysis, we did not find a significant main effect of exposure, F(1, 13) 

= 0.604, p=0.451. Nor did we find a significant main effect of diagnosis, F(1, 13) = 

0.876, p=0.366. However, we did find a significant interaction between diagnosis and 
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exposure, F(1, 13) = 9.250, p=0.009. Follow up paired sample t-tests indicate that this 

interaction is partially being driven by a decrease in extinction recall index in the 

exposed PTSD (44.90%) twins compared to their unexposed brothers (64.38%), t(8) = 

2.546, p=0.034. Conversely, this interaction is also being driven by is a trend toward an 

increase in extinction recall within the Control pairs from unexposed (34.88%) to 

exposed (46.43%), t(5) = 2.647, p=0.057. We interpret this as an effect of resilience 

after combat exposure in the control pairs. 

 

Extinction Recall Index by Twin Group  

Twin Group Mean Std. Error 
P 43.183 8.711 
PC 62.356 10.196 
C 69.047 13.495 
CC 55.448 15.795 

 
Figure 21: Means distributed across diagnostic group and exposure. 

 
 
  

Suprathreshold PTSD vs. Control 

 We then followed up on this analysis by eliminating all PTSD participants who 

did not meet full criteria for a DSM diagnosis of PTSD. We re-ran the above analysis, 

which was a 2 (diagnosis: suprathreshold PTSD, Control) x 2 (combat exposure: 

exposed, not exposed) mixed ANOVA. There was no main effect of exposure, F(1, 11) 

= 0.992, p=0.341, no main effect of diagnosis, F(1, 11) = 0.401, p=0.540. However we 

did find an interaction between diagnosis and exposure, F(1, 11) = 13.320, p=0.004. 

Similar to the original mixed model analysis, this was driven by lower ERI in P group 

(mean = 41.04%) compared to unexposed PTSD participants, (mean = 61.26%). 

Similarly, this interaction was partly driven by higher ERI in the combat exposed control 
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group (mean = 46.43%) compared to the unexposed control participant (mean = 

34.88%). Follow-up paired sample t-tests within the suprathreshold PTSD pairs indicate 

that the difference between the exposed and unexposed participants is significant, t(6) 

= 2.905, p=0.027. Comparatively, within the control pairs, the difference between 

exposed and unexposed participants is still at trend level, t(5) = 2.467, p=0.057.  

 

Suprathreshold PTSD vs. True Control, 

We then followed up on this analysis by eliminating all PTSD participants who 

did not meet full criteria for a DSM diagnosis of PTSD. We also eliminated the Control 

participant who expressed some subthreshold PTSD symptoms. To conduct this 

analysis, we ran 2 (diagnosis: suprathreshold PTSD, true Control) x 2 (combat 

exposure: exposed, not exposed) mixed ANOVA. There was no main effect of 

exposure, F(1, 10) = 0.900, p=0.365, no main effect of diagnosis, F(1, 10) = 0.048, 

p=0.830. However we did find an interaction between diagnosis and exposure, F(1, 10) 

= 10.657, p=0.009. Similar to the original mixed model analysis, this was driven by 

lower ERI in exposed PTSD participants (mean = 41.04%) compared to unexposed 

PTSD participants, (mean = 61.26%). Similarly, this interaction was partly driven by 

higher ERI in the combat exposed control participant (mean = 52.97%) compared to the 

unexposed control participant (mean = 41.855). Follow-up paired sample t-tests within 

the suprathreshold PTSD pairs indicate that the difference between the exposed and 

unexposed participants is significant, t(6) = 2.905, p=0.027. Comparatively, within the 

control pairs, the difference between exposed and unexposed participants is not 

significant, t(4) = 1.947, p=0.123.  
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Figure 22: Negative correlation between Zuckerman’s sensation seeking scale 
and Extinction Recall Index within control participants and partial PTSD 
participants. Participants with no PTSD symptoms are depicted in blue. 
Participants with partial PTSD symptoms (but no PTSD diagnosis) are depicted 
in green.  

 
 
Correlation Analyses 

 
We then explored the possibility that extinction recall would correlate with 

sensation seeking. There was no correlation within either the PTSD pairs or the Control 

pairs. However within the combat exposed subthreshold participants, we found a 

significant, negative correlation between SSS and ERI, r(6) = -0.719, p=0.045. There 

were no other significant correlations for SSS and ERI.   

 Next, we attempted to replicate the findings of Rauch et al. (2005), who found a 

positive correlation between extraversion and ERI. There was no such correlation within 

the PC participants between extroversion and ERI, r(8) = 0.072, p=0.844, nor was there 

a correlation within the P participants, r(8) = -0.396, p=0.257. There was also no 

correlation between PC extraversion and P ERI, r(8) = -0.018, p=0.961, nor was there a 

correlation between P extraversion and PC ERI, r(8) = -0.163, p=0.653. We also tested 
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the possibility that ERI would negatively correlate with CAPS score. However, this was 

not true for the P participants’ ERI, r(8) = 0.229, p=0.524, nor was this true for the PC 

participants’ ERI, r(8) = 0.154, p=0.671. We also explore the possibility that CAPS 

score and extraversion were negatively correlated. There was no significant correlation 

between CAPS and the P participants’ extraversion, r(10) = -0.480, p=0.115. 

Surprisingly, we found a positive correlation between the PC participants’ extroversion 

and CAPS score, r(10) = 0.673, p=0.016. Follow-up paired t-tests indicated the PTSD 

pairs exhibited a 9.16 point decrease in extraversion after combat exposure, t(11) = 

2.44, p=0.033. Furthermore, this decrease in extraversion due to combat exposure 

positively correlated with CAPS scores within the PTSD pairs, r(10) = 0.676, p=0.016.  

 Finally, we explored the possibility that reduced differential SCR during 

acquisition was related to reduced extinction learning of recall. Within the combat 

exposed Control participants, ELI did not significantly correlate with the differential SCR 

of the exposed twin, r(4) = -0.167, p=0.752 or the unexposed twin, r(4) = 0.317, 

p=0.540. The same was true for the combat unexposed control twin, where ELI did not 

significantly correlate with the differential SCR of the exposed, r(4) = -0.378,p=0.460 or 

the unexposed r(4) = 0.191, p=0.718 twin. Within the combat exposed PTSD 

participants, ELI did not significantly correlate with the differential SCR of the exposed 

twin, r(8) = 0.461, p=0.179 or the unexposed twin, r(4) = 0.166, p=0.684. The same was 

true for the combat unexposed PTSD twin, where ELI did not significantly correlate with 

the differential SCR of the exposed, r(8) = 0.487, p=0.153 or the unexposed r(9) = 

0.550, p=0.079 twin. However, the correlation between ELI and differential SCR within 

the unexposed PTSD participants could represent a non-significant trend.  

Within the combat exposed Control participants, ERI did not significantly 

correlate with the differential SCR of the exposed twin, r(4) = -0.546, p=0.263 or the 

unexposed twin, r(4) = 0.360, p=0.484. The same was true for the combat unexposed 
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control twin, where ERI did not significantly correlate with the differential SCR of the 

exposed, r(4) = -0.461,p=0.357 or the unexposed r(4) = 0.473, p=0.343 twin. Within the 

combat exposed PTSD participants, ERI did not significantly correlate with the 

differential SCR of the exposed twin, r(8) = 0.219, p=0.543 or the unexposed twin, r(4) 

= 0.166, p=0.684. The same was true for the combat unexposed PTSD twin, where ERI 

did not significantly correlate with the differential SCR of the exposed, r(8) = -0.194, 

p=0.616 or the unexposed r(8) = 0.515, p=0.128 twin.  

 

Putative Relationship Between Acquisition and Extinction Learning and Recall 

Our analyses above have indicated that the PTSD pairs may exhibit lower 

differential fear responses and lower extinction learning abilities. As hypothesized 

above, these two traits may be related via neuroplasticity, so we evaluated the 

relationship between differential fear response and the extinction recall index using 

Pearson correlations. We found that there were no significant correlations between the 

differential SCR of the P twins and the ERI of the P twins, r(8) = 0.219, p=0.543 or the 

ERI of their identical PC co-twins, r(7) = -0.194, p=0.616. Nor were there any 

correlations between the differential SCR of the PC twins and the ERI of the PC twins, 

r(8) = 0.166, p=0.648 or the P twins, r(8) 0.515, p=0.128. We also examined the 

relationship between ERI and initial differential SCR (discussed above). We found a 

significant, positive correlation between the initial differential SCR of the P twins with 

the ERI of their identical PC twins, r(8) = 0.785, p=0.012. However, there was no 

significant relationship between the initial differential SCR of the P twins and their own 

ERI scores, r(8) = 0.331, p=0.350. Nor was there a significant correlation between the 

initial differential SCR of the PC twins and their own ERI scores, r(8) =-0.093, p=0.798, 

or the ERI scores of the P twins, r(8) = -0.214, p=0.553. Within the Control pairs, there 
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were no significant correlations between the average or differential SCR and the ERI of 

either the C or CC group.  

 

Absolute Extinction Recall 

 

Data Preparation: 

Our Coulbourn proprietary software calculated the SCR to the conditioned 

stimuli. This was achieved by subtracting the average SCL during the CX from the 

maximum SCL during the presentation of the CS. To test the hypothesis that 

participants with PTSD exhibit significantly lower absolute levels of extinction recall, we 

will repeat the above 2 (diagnosis: PTSD, Control) x 2 (combat exposure: exposed, not 

exposed) mixed ANOVA using the absolute SCR as the DV. We do not have enough 

evidence to hypothesize the results of this analysis  

 From this ANOVA, we found a significant main effect of CS F(1, 14) = 15.624, 

p=0.001, driven by greater SCRs to the CS+ (Mean =0.412) compared to the CS- 

(Mean  = 0.234). However, there were no other significant repeated measure effects. 

So, there was no main effect of exposure, F(1, 14) = 0.466, p=0.506, or interaction 

between exposure and diagnosis, F(1, 14) = 0.466, p=0.506. Nor was there an 

interaction between exposure and stimulus, F(1, 14) = 1.306, p=0.272. Additionally, 

there was no interaction between CS and diagnosis, F(1, 14) = 1.356, p=0.264, or a 

three-way interaction between exposure, CS and diagnosis, F(1, 14) = 0.080, p=0.781. 

However, there was a significant main effect of diagnosis, F(1, 14)  = 6.281, p=0.025. 

This was driven by higher SCR in the control group (mean  = 0.458) compared to the 

PTSD group (mean  = 0.188).  
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Trial by Trial Analysis of the Response to the CX 

We prepared the Context SCL data by square rooting and subsequently 

normalizing every data point to the first 5 data points (equivalent to 1 second) in that 

trial. Normalization was achieved by subtracting each individual data point from a 5 data 

point (1 second) average, sampled from the beginning of the trial. This was done to 

account for SCL drift, which can gradually increase or decrease across the length of the 

experiment. This also allowed us to ignore variations in resting SCL and focus on skin 

conductance response to the context. SCR to the context was calculated by taking the 

maximum SCL value and subtracting the averaged SCL value from the first recorded 

second.  

  

  

Figure 23: Absolute SCR to the CX (Context) across trials 1 through 7.  
 

We analyzed the SCL data recorded during the presentation of the context by 

averaging the data into three 1-second bins. We then analyzed the data with a 2 

(diagnosis: PTSD, Control) x 2 (exposure: combat exposed, combat unexposed) x3 
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(trial: 1, 2, 3, 4, 5, 6, 7) mixed model ANOVA. The diagnosis variable was treated as a 

between subject measure, while exposure and seconds was treated as a within subject 

measure.  

When we analyzed the SCR to the context in a trial by trial analysis, we found a 

main effect of diagnosis, confirming that participants with PTSD exhibited an attenuated 

SCR to the context (mean = 0.010) compared to the control group, (mean = 0.027), F(1, 

14) = 6.273, p=0.025. This supports the argument that pairs with PTSD exhibited 

decreased physiological reactivity overall. 

We also found a trend toward an interaction between trial and diagnosis, 

F(2.946, 41.245) = 2.785, p=0.054. This was driven by an increase in SCR to the CX 

within the control group, compared to PTSD group from trial 2 to trial 3, F(1, 14) = 

9.631, p=0.008. Comparatively, there was no significant difference between the groups 

in their change from 1 to 2, F(1, 14) = 2.355, p=0.147, or change from 3 to 4, F(1, 14) = 

0.736, p=0.405, or change from 4 to 5, F(1, 14) = 1.568, p=0.231, or change from 5 to 

6, F(1, 14) = 1.568, p=0.231. Finally, there was no significant difference in the groups 

for the change from trial 6 to 7, F(1, 14) = 1.667, p=0.218. 

 

Raw SCL analysis in response to the CX 

 In an effort to assess the resting SCL differences between PTSD and Control 

pairs, the data for this analysis were square rooted, but not normalized. We analyzed 

the SCL data recorded during the presentation of the context by averaging the data into 

three 1-second bins. We then analyzed the data with a 2 (diagnosis: PTSD, Control) x 2 

(exposure: combat exposed, combat unexposed) x3 (seconds: 1, 2, 3) mixed model 

ANOVA. The diagnosis variable was treated as a between subject measure, while 

exposure and seconds was treated as within subject measures.  
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 In the above analyses, the PTSD group was significantly less physiologically 

reactive, compared to the control group. We believed it was possible that the PTSD 

pairs were exhibiting higher resting SCL during context. If this were the case, perhaps 

the PTSD pairs could be limited by a ceiling effect. We therefore analyzed the square-

rooted, raw SCL levels in the groups during the second presentation of the context. A 

single trial was chosen because SCL drift made it difficult to average across non-

normalized trials. We chose to use the second context trial, rather than the first, to avoid 

the orienting response associated with the first trial.  

 We ran a 2(diagnosis: PTSD, control) x 2 (exposure: combat exposed, 

unexposed) x 3 (seconds during the CX). We found a significant increase in SCL over 

time, as expressed as a main effect of seconds F(1.176, 17.644) = 22.564, p<0.001. 

We also found a significant interaction between second and diagnosis, F(1.176, 17.644) 

= 14.070, p<0.001. This was driven by an increase in SCL in the control group, but not 

in the PTSD group. There was no main effect of group, F(1, 15) = 0.764, p=0.396. This 

analysis did not provide any support for the hypothesis that PTSD participants exhibited 

higher resting SCL’s.  

 

Trial by Trial Analysis of the Response to the UCS 

 We then chose to evaluate the differences between the groups in the 

attenuation of fear responses across trials. We normalized each trial by subtracting 

each data point from the average SCL during the first second after the shock, using the 

maximum SCL after the shock as the UCR. We then ran a 2 (diagnosis: PTSD, Control) 

x 2 (exposure: exposed, not exposed) x 2 (shock: shock, no shock-) x 6 (trial: 1, 2, 3, 4, 

5, 6) mixed model ANOVA with exposure, CS and trial treated as repeated measures. 

To focus on the main effects and interactions with the shock, we also ran a 2 
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(diagnosis: PTSD, Control) x 2 (exposure: exposed, not exposed) x 6 (trial: 1, 2, 3, 4, 5, 

6) mixed model ANOVA, using only shock trials. 

 Because participants were allowed to choose their own shock level, we first 

tested the difference in shock level between our two diagnostic groups. This was done 

to insure that any potential group differences were not attributed to a difference in shock 

level.  To achieve this, we ran a 2 (diagnosis: control, PTSD) x 2 (exposure: combat 

exposed, combat unexposed) mixed model ANOVA. There was no significant main 

effect of exposure, F(1, 16) = 0.087, p=0.772, nor was there a significant main effect of 

diagnosis, F(1, 16) = 0.780, p=0.390. Finally, there was no significant interaction 

between diagnosis and exposure, F(1, 16) = 0.003, p=0.954.  

 Because the shock level was determined in intervals, we also ran two non-

parametric Mann-Whitney U tests. There was no difference between the diagnostic 

groups within the exposed twins, p=0.682, nor was there a difference between the 

groups within the unexposed twins, p=0.750. Wilcoxon signed rank test indicated that 

there was no significant difference from exposed to unexposed within the PTSD pairs, 

p=0.469. Similarly, there was no significant difference from exposed to unexposed 

within the Control pairs, p=0.564.  

For the first analysis, we considered the difference between the UCR to the 

shock, compared to the SCR when no shock was present. The analysis was a 

2(diagnosis: PTSD, Control) x 2 (exposure) x 2 (shock: shock, no shock) 6 trial (1, 2, 3, 

4, 5, 6) mixed model ANOVA. We found a trend toward a main effect of shock F(1, 14) 

= 3.820, p=0.071, with non-shock trials (mean = 0.043) producing a lower SCR than 

shock trials (mean = 0.051). The fact that the shock UCR is similar to the non-shock 

SCR may be due to a prolonged anticipation (or conditioned response) after 

presentation of the CS, so both shock and non-shock trials produce an increase in SCL.  
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We also found a main effect of trial, F(3.099, 43.381) = 12.085, p<0.001. Here, 

the SCR was greatest on the second trial and consistently declined until trial 6. There 

was also a trend toward a significant interaction between shock and trial, F(1.691, 

23.672) = 3.065, p=0.073. Follow-up ANOVAs and pair-wise comparisons suggest that 

this is driven by a higher UCR in trials 1 and 2 of the shock condition, along with a more 

precipitous decline. Comparatively, non-shock trial start lower and decline less. We also 

found a main effect of group, F(1, 14) = 6.879, p=0.020. This was driven by a higher 

SCR in control pairs, (mean = 0.060) compared to PTSD pairs (mean = 0.034).  

We then re-ran this ANOVA as a 3(diagnosis: suprathreshold PTSD, partial 

PTSD, Control) x 2 (combat exposure: exposed, not exposed) x 2 (shock: shock, no 

shock) 6 trial (1, 2, 3, 4, 5, 6). This time we found a trend toward a main effect of shock 

F(1, 13) = 3.564, p= 0.082, with non-shock trials (mean = 0.043) producing a lower 

SCR than shock trials (mean = 0.051). We also found a main effect of trial, F(3.014, 

39.185) = 11.301, p<0.001. Here, the SCR was greatest on the second trial and 

consistently declined until trial 6.  

 There was also a trend toward a significant interaction between shock and trial, 

F(1.789, 23.254) = 3.341, p=0.058. We also found a main effect of group, F(2, 13) = 

3.982, p=0.045. Scheffe post-hoc tests revealed that this was driven by a trend toward 

higher SCRs in control pairs, (mean = 0.058) compared to PTSD pairs (mean = 0.031), 

p=0.074. The partial PTSD (mean  = 0.056) pairs did not significantly differ from control, 

p=0.991 or the PTSD group, p=0.152.  

Similar to above, because the partial PTSD group did not significantly differ from 

the control group, we re-ran the above ANOVA using a new grouping variable: 

Subthreshold (partial PTSD + control) and suprathreshold (only those with a full PTSD 

diagnosis). This time we found a trend toward a main effect of shock F(1, 14) = 4.309, 



IN	
  TWINS	
  DISCORDANT	
  FOR	
  COMBAT	
  EXPOSURE	
  AND	
  PTSD	
   75	
  
	
  

	
  

p= 0.057, with non-shock trials (mean = 0.040) producing a lower SCR than shock trials 

(mean = 0.048). We also found a main effect of trial, F(3.104, 43.458) = 11.714, 

p<0.001. There was also a trend toward a significant interaction between shock and 

trial, F(1.779, 24.899) = 2.617, p=0.098.  We also found a main effect of group, F(1, 14) 

= 8.549, p=0.011. This was driven by a higher UCR in control pairs, (mean = 0.057) 

compared to PTSD pairs (mean = 0.031).  

 We then explored the possibility that physiological reactivity (SCR after 

presentation to the CS) was negatively correlated with PTSD symptom severity, as we 

reported with fear acquisition. Within the suprathreshold group only, we found a 

significant, negative correlation between exposed participant CAPS score and exposed 

participant SCR after the CS+ with shock, r(6) = -0.707, p=0.050, as well as exposed 

participant SCR after the CS+ without shock, r(6) = -0.735, p=0.038. 

Correlations within PTSD pairs 

 P SCR to 
no-shock  

P UCR to 
shock 

PC SCR to 
no-shock  

PC UCR to 
shock 

Pearson 
Correlation 

-.735* -.707* .038 -.070 

Sig. (2-
tailed) 

.038 .050 .928 .870 

CAPS 
Of P 
twin 

N 8 8 8 8 
Figure 24: Correlations between the first SCR during the ITI of a no-shock trial 
of the exposed twin (P SCR to no-shock) and unexposed twin (PC SCR to no-
shock) with CAPS scores within suprathreshold PTSD participants. Also 
displayed are the correlations between the first UCR during the ITI of a shock 
trial of the exposed twin (P UCR to shock) and unexposed twin (PC UCR to 
shock) with CAPS scores within suprathreshold PTSD participants. Significant 
correlations are marked with a single asterisk (*) to denote a p<0.05 and two 
asterisks (**) to denote a p<0.01. 

 

 There was no correlation between exposed CAPS score and unexposed SCR. 

Once we included all participants with some PTSD symptoms, the correlation between 

exposed CAPS score and the SCR after CS+ without a shock remained significant, 

r(10) = -0.662, p=0.019. However, the correlation between CAPS score and the SCR 
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after the CS+ with shock was no longer significant, r(10) =-0.478, p=0.116 (see Figure 

24).  

  

 

Figure 25: Summary of basic findings across the three phases of the 
experiment.  

 

Unconditioned Response  

 The above analysis considered the difference between the UCR and the SCR 

during the inter-trial interval when no shock was present. Because we were specifically 

interested in the UCR (SCR in response to the shock), we re-ran this analysis, focusing 

on the UCR. This was a 2(diagnosis: PTSD, Control) x 2 (Exposure: combat exposed, 

combat unexposed) x 6 Trial (1, 2, 3, 4, 5, 6) mixed model ANOVA with Exposure and 

Trial treated as repeated measures.  

 Just as before, we found a significant main effect of trial, F(1.929, 27.008) = 

10.909, p<0.001. Pairwise Sidak comparisons indicate that this is driven by a greater 
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UCR in response to trial 2 (mean  = 0.150) compared to trial 1 (mean = 0.046, p = 

0.012), trial 3 (mean  = 0.017, p=0.001), trial 4 (mean = 0.029, p=0.004), trial 5 (mean = 

0.0.016, p=0.011). In this analysis, the previously reported significant effect of diagnosis 

was reduced to a trend, F(1, 14) = 4.205, p=0.060. This was driven by greater UCRs in 

the control pairs, (mean  = 0.063) compared to PTSD pairs (mean = 0.039). 

However, there was no main effect of exposure, F(1, 14) = 0.028, p=0.868, or 

an interaction between exposure and diagnosis, F(1, 14) = 0.044, p=0.837. There was 

no interaction between trial and diagnosis, indicating that there was no difference in 

UCR attenuation over time, F(1.929, 27.008) = 1.304, p=0.287. There was also no 

interaction between exposure and trial, F(1.551, 21.721) = 0.431, p=0.605, nor was 

there a three-way interaction between exposure, trial and diagnosis, F(1.551, 21.721) = 

1.171, p=0.317.  

 
Discussion 

Summary: 

Based on previous research, we hypothesized that PTSD patients would exhibit 

difficulty in recognizing safety signals, as quantified by a decrease in differential fear 

response. This was partly supported by our analysis; PTSD pairs exhibited lower 

differential fear responses compared to control pairs. However, this was not due to an 

increase in responses to the CS-, as originally hypothesized. Furthermore, PTSD twin 

pairs exhibited lower physiological reactivity, as evidenced by lower SCRs during the 

context. We also predicted that the differential fear response would negatively correlate 

with measures of symptom severity, as measured by the clinician administered PTSD 

scale (CAPS), in the PTSD group only. In support of this, we found that the first 

differential fear response of the PC participants was negatively correlated with their 

combat exposed P brothers’ symptom severity. Our fear acquisition hypotheses were 
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largely supported by our results, as was the case with extinction learning and extinction 

recall.  

We originally hypothesized that PTSD patients may exhibit difficulty during 

extinction learning, but we did not have enough evidence to hypothesize whether this 

was an acquired or familial vulnerability factor. Our results indicate that control pairs 

exhibited higher levels of extinction learning compared to PTSD pairs, suggesting that 

this is a familial vulnerability factor. Surprisingly, our results also indicated that all 

combat exposed participants exhibited greater levels of extinction learning, but we did 

not have enough power to find this within any individual diagnostic group.   

Consistent with previous reports of extinction recall within PTSD participants, 

those with PTSD exhibited lower extinction recall compared to their combat-unexposed 

brothers. Surprisingly, combat-exposed control participants exhibited a trend toward 

better extinction recall, compared to their combat unexposed brothers. Finally, we 

hypothesized that a low differential fear response would predispose patients with PTSD 

to exhibit poor recall of the extinction memory. This was not found to be the case; there 

were no significant correlations between extinction learning or recall and differential 

SCR.  

We also examined the possibility that the groups differed in their responses to 

the CX and the UCS. The control group exhibited greater physiological reactivity to the 

CX, indicating that participants with PTSD may be less physiologically reactive. Finally, 

we did not find any significant differences in physiological response to the UCS, in 

support of previous literature (Linnman et al., 2011b). However, we did find that the 

SCR after the CS+N (no shock) negatively correlated with CAPS score within the PTSD 

group. These results suggest that our analyses may have been picking up on reduced 
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physiological reactivity overall, rather than differences in fear acquisition or extinction, 

the implications of this are discussed further below.  

 

Acquisition 

Consistent with our current experiment, many studies have suggested that 

patients with PTSD exhibit a reduced differential fear response. In these previous 

experiments, reduced differential fear response was primarily due to elevated SCRs to 

the CS-. This was understood as evidence that participants with PTSD exhibit some 

difficulty when encoding or recognizing safety signals (Grillion and Morgan, 1999; 

Bremner et al., 2005; Orr et al., 2006; Jovanovic 2010b). We were unable to statistically 

confirm whether our results were due to a relative increase in CS- or increase in CS+ in 

the PTSD group compared to the Control group. However, this may have been due to a 

lack of power, and we found a trend toward greater CS+ responses in the Control group 

once we eliminated two partial PTSD participants. After additional recruitment, we 

expect to find that reduced differential SCR in the PTSD pairs was primarily driven by a 

reduced SCR to the CS+. Although the PTSD group exhibited reduced fear responses 

to the CS+ compared to control, the PTSD group still successfully conditioned to the 

fearful stimuli. This was indicated by significantly greater responses to the CS+ 

compared to the CS- within the PTSD group.  

If this is true, our results differ from previous literature, which has reported 

elevated SCRs to the CS- in participants with PTSD (Grillion and Morgan, 1999; 

Bremner et al., 2005; Orr et al., 2006; Jovanovic 2010b; Linnman et al., 2011b). This 

trend has even been found in studies that reported significantly higher differential SCRs 

in the PTSD group during acquisition (Orr et al., 2000; Blechert et al. 2007). We 

hypothesize that our results may differ because of the average age of our sample, 

which was 62.7 years. Although the respective ages did not differ between our groups, 
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and age did not significantly correlate with any psychometric of physiological measures, 

some previous evidence has suggested that age could be a confounding variable.  

LaBar and colleagues (2004) reported lower fear conditioning in middle aged 

and older adults compared to younger adults. However, this difference mostly 

disappeared in LaBar’s data after eliminating participants who were unaware of fear 

conditioning. Older participants who were aware of fear conditioning exhibited non-

significantly lower differential SCRs during acquisition. LaBar defined awareness as 

explicit knowledge of the CS+ and UCS pairing (LaBar et al., 2004) and by this criterion 

all of our included participants were aware during acquisition. One participant believed 

that the CS- was paired with the UCS but elimination of this participant did not 

substantially change any preliminary analyses. Furthermore, one recently study has 

found attenuated physiological reactivity within young participants with PTSD, in 

support of our current findings (Grasso et al., 2012). Nevertheless, it is possible that our 

PTSD participants would have exhibited greater responses to both the CS- and the 

CS+ at a younger age. Although SCRs during acquisition are thought to be stable over 

time (Zeidan et al., 2011), we speculate that the high level of reactivity reported in 

younger participants with PTSD (Blechert et al., 2007) attenuate after years of 

exaggerated physiological responses to learned fear stimuli.  

It was originally hypothesized that PTSD participants may represent a 

heterogeneous group. Some participants with PTSD may exhibit exaggerated 

differential fear responses (as seen in Orr et al., 2000 and Blechert et al., 2007) while 

others may exhibit attenuated fear responses (as seen in Grillion and Morgan, 1999; 

Bremner et al., 2005; Jovanovic 2010b). In the current experiment, the partial PTSD 

group exhibited normal differential SCRs (ie: similar to the Control group), compared to 

suprathreshold PTSD group. It remains to be seen if these participants always exhibited 
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normal differential SCRs, or if their SCRs increased as their symptoms decreased. 

Previous research (Zeidan et al., 2011) and the similarity between the P and PC twins 

suggest that SCRs during acquisition are stable over time. So we could alternatively 

hypothesize that the partial PTSD group has always exhibited this pattern of 

physiological reactivity. Perhaps higher differential SCRs are representative of the 

potential for partial recovery from PTSD (these participants are represented by the 

green line in figure 5). If this is true, then the results of Orr et al. (2000) and Blechert et 

al. (2007) could be explained by the recruitment of symptomatic PTSD participants who 

had the potential for recovery. This hypothesis could be empirically explored by follow-

up studies using the participants from either Orr et al. (2000) or Blechert et al. (2007).  

Another potential limitation of our study is selection bias. By choosing a sample 

that has remained symptomatic for decades, we may have selected out the many of 

patients who developed PTSD and subsequently recovered. Alternatively, we may have 

selected a specific subset of participants due to the travel requirement and time-

intensive nature of our experiment. Some participants could not travel because they 

were afraid of flying, or simply did not like the stress of traveling. Other participants 

were claustrophobic and therefore could not complete the MRI portion of the study. It is 

possible that the PTSD pairs with normal or enhanced fear acquisition responses were 

less likely to agree to participate in our study.  

Other participants were unable to participate in our study because of non-

flexible jobs, or caring for loved ones who were medically ill. This may have created a 

selection toward participants who were not close with family members, or were 

underemployed and seeking government benefits or simply seeking the reimbursement 

from the study. A recent study has suggested that a low differential fear response is 

related to an increased risk for criminal behavior (Gao et al., 2010). Notably, this effect 

was driven by a reduced SCR to the CS+, compared to the CS-. One possibility is that 
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our study recruited participants with the potential to behave unscrupulously, leading to 

reduced differential fear responses. However, if this were the case, we would expect to 

find the same reduced differential fear response within the Control pairs.  

A second possibility is that a reduced differential fear response predisposes 

participants to both criminal activity and posttraumatic stress disorder. Gao and 

colleagues argue that law-abiding citizens learned to abide by society’s rules via a fear 

conditioning-like process. When an individual exhibits lower differential fear responses, 

it implies that he might not learn crucial societal rules and will therefore break those 

rules more often (Gao et al., 2010). However, societal rules are not the only lessons 

learned via fear conditioning. Perhaps a low differential fear response makes it more 

difficult to know one’s own emotional limits. It is possible that participants with low 

differential fear responses are less able to detect when they are upset, and therefore 

lack the physiological feedback necessary to emotionally regulate. This would be 

logical, given previous evidence suggesting that PTSD is associated with greater levels 

of alexithymia (Frewen et al., 2006). Unfortunately, the current experiment could not 

directly examine the relationship between alexithymia and the differential fear response, 

but this could be the subject of future research.  

The current experiment suggests that an attenuated differential fear acquisition 

response is a familial vulnerability factor for the development of PTSD. This was 

evidenced by the fact that both P and PC twins exhibited reduced differential fear 

responses relative to C and CC twins. Furthermore, the first differential fear response of 

the PC twin negatively correlated with their symptomatic brother’s CAPS score. At first, 

these results may seem at odds with other experiments by Pole and colleagues (2009), 

as well as Guthrie and Bryant (2006) who found that enhanced differential fear 

responses predicted future PTSD symptoms. However, these studies examined healthy 
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young firefighters and police cadets who were mostly below the threshold for a PTSD 

diagnosis. These samples were therefore more comparable to our partial PTSD pairs, 

who exhibited some symptoms, but not a full PTSD diagnosis. In partial support of 

these studies, we found normal or enhanced differential fear responses within the 

partial PTSD group. 

 

General Physiological Reactivity 

 Although we found consistently reduced fear acquisition responses within the 

suprathreshold PTSD participants, our results also suggested that pairs with PTSD 

were less physiologically reactive to the CX. This may represent a general reduction in 

physiological reactivity, rather than a reduction in fear acquisition. This means that our 

measurements during fear acquisition were not directly representative of fear learning.  

This may limit our conclusions, because our measurements of a learned fear response 

were obscured by a general reduction in physiological reactivity. However, we did not 

find greater UCRs within either group, suggesting that the group differences may not 

have been due to a universal increase in physiological reactivity.  

 

Extinction Learning 

The current study found subtle extinction learning deficits in the PTSD group 

compared to the Control group, which is supported by some previous publications (Orr 

et al., 2000; Peri et al., 2000; Blechert et al., 2007; Wessa et al., 2007). However, 

deficits in extinction learning have not always been replicated (Bremner et al., 2005; Orr 

et al., 2006; Milad et al., 2008; 2009). Overall, these results support the findings of 

Guthrie and Bryant (2006), who reported that participant difficulty with extinction 

learning was predictive of future PTSD symptoms. We also found that pairs with partial 

PTSD, similar to pairs with suprathreshold PTSD, exhibited lower extinction learning, 
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regardless of combat exposure. Guthrie and Bryant (2006) reported their results 

primarily using a sample of participants with subthreshold PTSD symptoms, which 

supports our findings. However, unlike Guthrie and Bryant (2006), we did not find any 

significant correlations between ELI and CAPS score.  

Surprisingly, we also found that all participants who had experienced combat 

exhibited higher levels of extinction learning compared to their unexposed brothers. 

This presents a challenge to explain because very few studies have examined 

extinction learning in a twin paradigm similar to ours. Milad and colleagues (2008) did 

not report a main effect of exposure and our effect was very weak, so it is possible that 

this was a spurious effect. The reported effect was only for the combined Control and 

PTSD groups. Follow-up paired sample t-tests within each diagnostic group did not 

indicate a significant change from combat unexposed to exposed twins. This may be an 

indication that the effect of combat exposure is not very strong and could disappear with 

additional recruitment.  

However, it is possible that we are finding an acquired resiliency effect after 

exposure to combat. Theoretically, both participants with and without PTSD may be 

trying to extinguish their fear memories after combat, so perhaps both groups show 

cognitive savings from these repeated attempts.  

 

Extinction Recall 

Our study found significant deficits in extinction recall for the symptomatic P 

twins, which is in agreement with two previous studies (Milad et al., 2008; 2009, but see 

also Orr et al., 2006). Furthermore, the results of the current study (along with Milad et 

al., (2008)) suggest that poor extinction recall is an acquired characteristic. Our results 

indicate that poor extinction recall was only present in the suprathreshold P participants. 
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Comparatively, greater extinction recall was only present in the original C group. Once 

partial PTSD participants were added to the control group, the resiliency effect was 

reduced below trend level. This makes sense, given that the partial PTSD participants 

would not theoretically express resilience.  

The resilience found within the control group is a new effect and has not 

previously been reported. One explanation for these results is that, although the C 

participants did not develop PTSD, they still experience horrific events during combat in 

Vietnam. It is likely that these participants formed fear memories in response to the 

traumatic event that they experienced during combat. Some research has suggested 

that most people (94%) meet full criteria for PTSD immediately after a traumatic event, 

ignoring the requirement that the symptoms must be present for one month (Rothbaum 

et al., 1992). However, this number drops off precipitously to 65% after one month and 

then to 47% after 3 months (Rothbaum et al., 1992). Perhaps the C participants went 

through a similar process of extinguishing their early PTSD symptoms and as a result, 

they enhanced their extinction recall circuits.  

 If the results regarding extinction learning and recall are reliable, everyone who 

has been to combat may show a small resiliency effect. For the P participants, this 

resiliency is only during extinction learning, but for C participants this resiliency effect is 

present during extinction learning and extinction recall. At first this may seem confusing, 

given that the process of eliminating PTSD symptoms should access similar 

mechanisms as the processes involved in extinction. However, it is theoretically 

possible that the P participants could learn to extinguish a fear response better, 

compared to their identical brothers. Even if PTSD participants became better at 

extinction learning, their PTSD symptoms could still be maintained by a deficit in 

extinction recall.  
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 One potential confound to these results may come from the fact that many 

participants with PTSD report some symptoms of disturbed sleep (Neylan et al., 1998). 

Some authors have argued that sleep disturbances may play a role in maintaining 

symptoms, such that some PTSD symptoms may be ameliorated if their insomnia were 

treated first (Spoormaker et al., 2008). This is particularly relevant to the current study 

because sleep may help to consolidate the extinction memory and therefore aid in 

extinction recall (Pace-Schott et al., 2009; Spoormaker et al., 2010). More generally, 

sleep is thought to enhance synaptic plasticity (Wang et al., 2011) and sleep deprivation 

is thought to decrease synaptic plasticity and NMDA receptor function (Kopp et al., 

2006).  

 The current study did not directly examine the interaction between sleep 

disturbances, PTSD symptoms and extinction recall ability. It is possible that the 

impaired extinction recall reported in the P participants may be due to sleep 

disturbances, rather than a direct result of PTSD per se. However, this may represent 

an artificial distinction, because one of the symptoms of PTSD is difficulty falling or 

staying asleep (criterion D-1) (Blake et al., 1997). Some authors have even argued that 

sleep disturbances are an overlooked component of PTSD symptomatology 

(Spoormaker et al., 2008).  

 

Emotion Regulation and Alexithymia   

 Combat veterans with posttraumatic stress disorder tend to withhold their 

emotional responses compared to combat exposed controls (Roemer et al., 2001). 

Furthermore, PTSD symptoms may be related to increased difficulty with emotion 

regulation (Tull et al., 2007). Participants with PTSD may exhibit a higher degree of 

alexithymia (Frewen et al., 2006), which may play a role in the development of 
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psychopathology (McCaslin et al., 2006). Individuals with high levels of alexithymia are 

more likely to use suppressive forms of emotion regulation (Chen et al., 2011) and may 

be more susceptible to alcohol abuse and psychopathology (Stasiewicz et al., 2012). 

These publications suggest that our PTSD group may have differed from the control 

group in their emotion regulation strategies and ability. However, few studies have 

examined emotion regulation and its relationship with fear conditioning and extinction. 

Delgado and colleagues (2009) examined the relationship between the acquired fear 

response and avoidance learning. The authors found that avoidance did not affect 

participants’ fear responses, as measured by SCR (Delgado et al., 2009). Our study did 

not directly examine emotion regulation, so we cannot eliminate the possibility that our 

results were driven or mediated by differences in alexithymia, or emotion regulation 

strategies or ability. Future research could further explore the interaction between fear 

conditioning, extinction, PTSD and emotion regulation.  

 

Attention and PTSD 

 It is possible that the current results could be more easily explained by 

variations in attentional processes. Early research into attentional processes of PTSD 

has suggested that participants exhibit an attentional bias for word stimuli that are 

directly related to their traumatic event (McNally et al., 1990; Foa et al., 1991; Cassiday 

et al., 1992, see Williams et al., 1998 for a review). These studies utilized a modified 

emotional stroop, where participants were asked to name the color trauma-related 

emotional words (ie: BODYBAGS for war veterans). Participants were slower to name 

trauma-related words, compared to emotional, but trauma unrelated words (McNally et 

al., 1990; Foa et al., 1991; Cassiday et al., 1992). More recent publications have 

reported that trauma exposed participants may exhibit greater attentional bias toward 
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threatening faces, compared to non-trauma exposed individuals, regardless of 

psychopathology (Lindauer et al., 2004; Fani et al., 2012). 

Meanwhile, Wald and colleagues (2011) have reported the attentional 

avoidance of threatening stimuli while serving in a combat zone may predict higher 

PTSD symptoms at one-year follow up. This makes sense, since avoidance is thought 

to maintain PTSD symptoms by preventing natural extinction (Foa et al., 1989). 

However, Wald and colleagues also reported a normal level of threat bias at follow-up, 

suggesting that the avoidance of threat was only present while the participants were 

serving in the military. It could be argued that participants with PTSD exhibit worse 

attentional control, or poorer working memory, but Neylan and colleagues (2004) failed 

to find any differences between PTSD and control groups on these measures (Neylan 

et al., 2004).  

Overall these results suggest that participants with PTSD exhibit an 

exaggerated attentional bias toward threat stimuli, but they may also exhibit some 

avoidance of threat stimuli. Importantly, an increased bias toward threat stimuli is 

indicative of an exaggerated fear response and attenuated extinction learning ability 

(Fani et al., 2012). Given that avoidance of threat has been shown to predict higher 

PTSD symptoms in the future (Wald et al., 2011) and that our participants have 

maintained their symptoms for so long, perhaps they are exhibiting an avoidance of the 

CS+. This could theoretically attenuate fear responses to the CS+, but it would not 

explain the reduced extinction learning responses. However, we can only speculate 

how attentional processes may have played a role in the maintenance of PTSD 

symptoms within older adults. The current study could not directly examine variations in 

attentional processes that might better explain the reported results.  
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Medication Confounds 

Five out of the ten P participants reported the use of one or more serotonin 

specific reuptake inhibitors (SSRIs). This is a potential limitation of the study because 

previous publications have indicated that SSRI use may reduce learned fear responses 

(Inoue et al., 2004; Hashimoto et al., 2009). Elimination of all participants using 

psychiatric medications was not feasible with our small sample size, so we were unable 

to control for this potential confound. However, we found that the fear responses of the 

PC participants do not significantly differ from the P participants. It should be noted that 

although two PC participants were taking monoamine reuptake inhibitors, one was not 

included in our analysis because of bad SCR data. This remaining PC participant, who 

was included in the final analysis, was taking a low dose (30mg) of amitriptaline and 

removal of this individual did not affect preliminary results. The P and PC groups were 

still comparable after removal of this individual. This could indicate that a) SSRIs did not 

significantly affect learned fear responses of the P participants. Or b) fear responses 

were originally elevated in the P participants, but this was reduced by SSRIs use, 

making the fear responses of the P participants comparable to their PC co-twins.  

It is possible that the use of serotonin reuptake inhibitors has eliminated the any 

exaggerated fear responses within the P participants. However, one study has found 

that higher differential fear responses may predict a positive treatment response to 

duloxetine (an SNRI) therapy (Aikins et al., 2011). Perhaps the participants who 

originally exhibited an exaggerated fear response had gotten better from SNRI (or 

SSRI) pharmacotherapy, and declined to participate because they felt that they no 

longer met criteria for PTSD. Our sample would therefore be composed of non-

responders and those who did not seek therapy. This possibility was argued above and 
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would support the possibility that our results may be driven by a type of selection bias. 

This explanation also dovetails with some of the data reported above, that indicated an 

inverse relationship between the differential fear response and PTSD symptoms. 

One additional limitation is that some of our participants may have been taking 

medication that could have enhanced the reconsolidation of emotional memories, such 

as the traumatic memory. Four participants admitted to using α1-adrenergic 

antagonists, such as prasozin, terazosin and doxazosin. One of these drugs, prazosin, 

has been used to ameliorate PTSD symptoms (Raskind et al., 2003). Similarly, non-

specific β-adrenergic antagonists, such as propranolol, have also been reported to 

ameliorate PTSD symptoms and may even reduce the risk of developing PTSD, if 

administered after a traumatic event (Pitman et al., 2002). Adrenaline antagonists may 

simply reduce sympathetic nervous system responses, but it’s also possible that these 

drugs work via the reconsolidation of emotional memories.  

When fear memories are recalled, the synapses involved in that memory are 

rendered labile and it is thought that the memory has to be re-encoded (Nader et al., 

2000; Kim et al., 2010). During this time, the memory is susceptible to alteration from 

behavioral (Quirk et al., 2010; Schiller et al., 2009) or pharmacological (Debiec and 

LeDoux, 2004) intervention. It is possible that the participants who were taking alpha-

antagonists may have reconsolidated their traumatic memories to be less emotionally 

salient. Although alpha adrenaline antagonists have never been studied in their 

influence of emotional memories or PTSD, we cannot rule out the possibility that these 

drugs influenced our results. Furthermore, many participants were taking psychiatric 

medications (such as opioids or benzodiazepines) during the course of this experiment, 

while others tested positive for recreational drugs. However, the elimination of 

participants who tested positive for recreational drug use did not substantially affect 
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preliminary analyses. Nevertheless, our study design cannot account for some 

combination of recreational drug use, medication use and PTSD symptoms.  

 

General Limitations 

All of our participants were age 60 years or older and it is possible that some of 

our results are due to an unknown interaction between PTSD, resilience, and aging. 

Above, we hypothesized that the attenuated differential fear response is due to an 

interaction between PTSD diagnosis and age. Additionally, after excluding ineligible 

participants, our sample size was very limited, and because our power was low, we 

should only expect to find larger effects.  

As mentioned above, this study was limited by a recruitment bias and may not 

represent the PTSD population as a whole. Similarly, because all of our P participants 

have maintained their symptoms for several decades, they best represent chronic or 

intractable PTSD. Although PTSD can be difficult to treat, both cognitive behavioral 

therapy and EMDR provide potentially effective therapeutic options (Taylor et al., 2003). 

These veterans have either declined to take advantage of these therapeutic options, or 

have tried, but did not succeed in substantially reducing their symptoms. In either case, 

these older participants, who have suffered from PTSD for decades, may not be 

comparable to other populations.  

 

Conclusion 

We found a reduced differential fear response within P participants and their 

identical (PC) co-twins. This is good evidence to suggest that a reduced differential fear 

response is a familial vulnerability factor for PTSD. Participants who developed 

subthreshold PTSD symptoms did not exhibit this characteristic, suggesting that the 

reduced differential fear response may represent a vulnerability to chronic PTSD.  We 
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also found evidence suggesting that that attenuated extinction learning represents a 

familial vulnerability factor, while attenuated extinction recall is an acquired PTSD 

characteristic. By contrast, we found a modest resiliency effect within the control 

participants, suggesting that combat exposure enhanced extinction recall for the C 

participants. Overall, these results indicate that the relationship between fear 

conditioning, extinction, and posttraumatic stress disorder is more complex and 

nuanced than previously thought.  
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