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SUMMARY 
 
 

 Prior research indicates that individual differences in RSA are an important predictor of aversive 

emotional responding. One indicator of aversive responding is an exaggerated potentiated startle to 

threat. While a few studies have shown an association between RSA and abnormal startle potentiation, 

no study to date has distinguished predictable from unpredictable threat. This is an important distinction 

given that separable aversive states are elicited by each type of stimulus. Thus, in the present study, we 

examined whether resting RSA predicts startle response and/or self-reported anxiety during threat of 

predictable and unpredictable shock in 92 college students. Resting RSA was collected for a total of 6 

minutes. Afterwards, participants completed a 10 minute computerized shock task in which predictable 

and unpredictable electric shocks were delivered. Results indicated that those with lower resting RSA 

evidenced exaggerated potentiated startle in response to unpredictable, but not the predictable, threat. 

These findings are in line with a growing body of literature noting that individual differences in resting 

RSA are an important indicator of anxious responding and extend previous work by highlighting the 

specificity of the relationship between low RSA and contextual anxiety/unpredictable threat. These 

results also implicate potential shared underlying mechanisms between low RSA and clinical anxiety.  
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INTRODUCTION 
 

 In the U.S., anxiety disorders are associated with severe behavioral and economical 

consequences and have an estimated lifetime prevalence rate of approximately 29% (Kessler et al., 

2005). As such, researchers have long been interested in examining the physiological substrates of 

anxiety and anxiety disorders. Specifically, there is a long history of experimental literature exploring 

potential autonomic nervous system (ANS) deficits in those with clinical anxiety (Stein, Tancer, & 

Uhde, 1992; Lader, 1980; Eysenck, 1970). Although pathological anxiety was initially thought to 

represent an autonomic system liability or hyperactivity (Cannon,1939), more recent conceptualizations 

have taken a systems theory approach to classification which posits that biological flexibility among the 

elements of a living system, in response to a changing environment, is indicative of adaptive responding 

(Nesselroade, 1990). In other words, adaptive physiology is associated with high levels of variability. 

This perspective has significantly influenced current psychophysiological models of anxiety and has 

suggested that pathological anxiety may be viewed as an autonomic inflexibility or an inability to 

adaptively respond to environmental demands. Since the autonomic nervous system regulates cardiac 

functioning, several psychophysiological models of anxiety highlight the importance of cardiovascular 

activity (Friedman & Thayer, 1998; Thayer & Friedman, 1997). Specifically, deficits in autonomic 

nervous system cardiac control are thought to underlie pathological states and clinical anxiety.  

 The ANS is composed of two functionally unique branches, the acceleratory sympathetic 

nervous system (SNS) and the deceleratory parasympathetic (PNS) nervous system. The dynamic 

interplay between the SNS and the PNS results in the regulation of numerous bodily systems including 

cardiac activity. The vagus, or the 10th cranial nerve, is specifically responsible for the PNS influences 

on cardiac functioning. Structurally, the vagus is bidirectional, containing both afferent and efferent 

fibers. These fibers originate in the brainstem and terminate in the sinoatrial (SA) node forming a 
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sophisticated negative feedback loop which regulates heartbeat (Porges, Doussard-Roosevelt, Portales, 

& Greenspan, 1996). Deficits within this feedback loop results in low cardiac vagal tone or low 

influence of the vagus on the heart’s pacemaker. These deficits result in a lack of flexible responding to 

environmental demands and an inability to effectively self-regulate (Thayer & Lane, 2000) which has 

been shown to be associated with numerous emotional deficits (Porges, 1995, 1997), including 

pathological anxiety (see Beauchaine, 2001 for a review).  

One non-intrusive way to index these vagal deficits in humans is to measure individual’s heart 

rate variability (HRV). More specifically, researchers have particularly focused on baseline respiratory 

sinus arrhythmia (RSA) or the fluctuation of heart rate during the respiratory cycle (Berntson et al., 

1997). During exhalation, there is an increase in vagal efference resulting in a decrease in heart rate and 

during inhalation, there is a decrease in vagal efference resulting in an increase in heart rate. This trait-

like beat-to-beat fluctuation in the length of the cardiac cycle is termed heart rate variability and can be 

measured using time-frequency analyses of the high frequency region (0.12-0.40 Hz) of 

electrocardiogram recordings (ECG). RSA calculations utilizing the high frequency power band of ECG 

recordings have demonstrated high test-retest correlations (.76-.92) ranging from 3 days to 3 years 

suggesting that individual differences in HRV are fairly stable across time (Goedhart, Van Der Sluis, 

Houtveen, Wilemsen, & Geus, 2007; Kleiger et al., 1991; Stein, Rich, Rottman, & Kleiger, 1995). 

Because the primary influence on the cardiac cycle is due to efferent projections from the nucleus 

ambiguus (NA) in the medulla oblongata, RSA is considered an index of parasympathetic vagal control 

rather than capturing both the sympathetic and parasympathetic system output (Porges, 1995). 

Additionally, the fast-acting parasympathetic influences on the SA node mediate complex behaviors 

such as attention, emotion, and social communication. As such, RSA is of particular interest in 

psychophysiological research.  
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HRV and Polyvagal Theory 

 One well accepted theory on the psychological sequelae of HRV is Porges’ (1995) Polyvagal 

Theory. This theory has been groundbreaking in the psychophysiological study of heart rate variability 

and its role in behavior and serves as an important theoretical framework for the current study. Porges 

(1995) outlined the evolution of the ANS and observed that the mammalian vagus has a bidirectional 

relationship between the central nervous system and the heart which is responsible for distinct 

autonomic system responding necessary for emotion. This collection of lateralized neural pathways, 

originating in the brainstem, contain both efferent (i.e., motor) and afferent vagal fibers allowing the 

heart to receive sensory processing information from the brain, and the brain to receive afferent 

stimulation from the heart. More specifically, within the autonomic nervous system, there are three 

phylogenetically-ordered neural circuits that form a hierarchy of physiological responding and regulate 

the heart (Porges, 1998, 2001, 2003). The “immobilization system” (i.e., freeze responses) is the most 

phylogenetically primitive and is governed by the unmyelinated “vegetative” vagus, originating in the 

dorsal motor nucleus (DMNX).  Next to evolve was the “mobilization system” which is responsible for 

fight or flight behaviors and is dependent on the sympathetic-adrenal system. The phylogenetically 

newest circuit, termed the “social communication system,” is responsible for adaptive social behaviors 

including facial expressions, vocalization, and listening. This circuit is unique to mammals and is 

dependent on the myelinated vagus, which originates in the NA.   

When confronted with environmental challenges, the phylogenetically newest system is 

employed first, and if unable to adequately provide safety, the phylogenetically older systems are 

sequentially recruited. Thus, when the environment is perceived as safe, the social communication 

system inhibits the lower order systems by increasing the influence of the myelinated vagus on cardiac 

functioning (i.e., increase in vagal tone). This results in self-soothing or calming behaviors and allows 



4 
 

for spontaneous social communication. However, when danger or threat is perceived and the social 

communication system no longer provides safety, vagal influences are withdrawn and the organism 

exhibits the fight, flight, or freeze responses. Temporary withdrawal of the NA vagal “break” is seen as 

adaptive; however, long-term (or chronic) withdrawal may be detrimental to the organism and 

responsible for behavioral and emotional dysfunction.   

 Given the association between vagal tone and emotional dysfunction, previous research has 

examined the relationship between HRV and aversive responding in diverse populations. While prior 

investigations have demonstrated the effects of anxiogenic manipulations on state HRV (Asmundson & 

Stein, 1994; Yeragani et al., 1994a; George et al., 1989), resting HRV has also been examined as a 

predictor of emotional responsivity. For example, lower resting HRV has been found to be associated 

with an attentional bias towards threat-related stimuli among those with pathological anxiety (Johnsen et 

al., 2003) and associated with significantly more self-reported anxiety among phobic flyers in response 

to  phobic stimuli (i.e., flight related pictures and/or sounds) (Bornas et al., 2005). Further, among highly 

rejection sensitive individuals, those with lower resting RSA reported less emotional control and more 

hostility during conflicts with romantic partners than those with higher RSA (Gyurak & Ayduk, 2008). 

Resting HRV has also been shown to be associated with increased self-reported negative emotion when 

presented with ambiguous stimuli (Kettunen, Ravaja, Naatanen & Keltikangas-Jarvinen, 2000) and 

during conversations about a negative film (Butler, Wihelm, & Gross, 2006). Moreover, those with 

lower resting HRV have been shown to evidence longer cardiac recovery from an acute psychological 

stressor relative those with higher resting HRV (Souza et al., 2007) and have been shown to have an 

increased cortisol response to a cognitive stressor (Johnsen, Hansen, Sollers, Murison, & Thayer, 2001). 

Similarly, among those with posttraumatic stress disorder (PTSD), lower resting HRV has been 

associated with significantly prolonged arousal to trauma scripts compared to those with higher HRV 
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suggesting that even among those with an anxiety disorder, HRV is an important moderator of aversive 

responding (Sack, Hopper, & Lamprecht, 2004). Taken together, these studies suggest that individual 

differences in HRV are an important predictor of aversive and anxious responding.   

Startle as an Index of Aversive States 

  The startle response is another widely used psychophysiological measure of aversive responding 

that is specifically sensitive to internal affective states. Startle response has been repeatedly used in 

investigations of emotional processes and is commonly operationalized as the reflexive eyeblink 

response (i.e., rapid contraction of the orbicularis oculi muscle below the eye) to a brief, unexpected 

intense stimulus (e.g., a broadband white noise at 90-110dB). The eyeblink response is one of the most 

consistent components of the human startle response and is relatively easy to record; thus, contributing 

to its widespread use in psychophysiology (Blumenthal et al., 2005).   

Previous research has also consistently demonstrated an affect-modulated startle response (Lang, 

1995). More specifically, research has shown that during activation of appetitive motivational states 

(e.g., approach, reward), the startle response is inhibited and during activation of aversive motivational 

states (e.g., withdrawal, threat), the startle response is potentiated (Bradley, Cuthbert, & Lang, 1999). 

Thus, the affective modulation of the startle response can be used as an index of internal affective states. 

The affect-modulation of startle has been observed using numerous emotional stimuli/inductions 

including the passive viewing of pictures (Bradley, Cuthbert, & Lang, 1993), film clips (Jansen & 

Frijda, 1994), listening to emotional sounds (Bradley & Lang, 2000), and during threat of shock (Grillon 

et al., 2008). Moreover, unlike other psychophysiological markers of arousal (e.g., skin conductance), 

startle modulation is particularly sensitive to changes in the valence (i.e., positive vs. negative) of the 

individual’s emotional state (Lang, Bradley, & Cuthbert, 1990).  
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 Individual differences in startle response have also been examined among those with anxiety 

disorders. Specifically, exaggerated startle responses have been found in those with PTSD (Metzger et 

al., 1999), phobias (de Jong, Visser, & Merckelbach, 1996), and panic disorder (Grillon et al., 2008) 

suggesting trait-like affective differences between these groups and normal controls. Further, anxiolytic 

drugs (i.e., benzodiazepines) have been shown to depress baseline startle (Rodriguez-Fornells, Riba, 

Gironell, Kulisevsky, & Barbano, 1999). These findings are consistent with the idea that changes in state 

anxiety should reflect changes in startle reactivity and supports the rationale for using startle 

methodology as an index of aversive states.   

 Given that both HRV and startle have been shown to be important in affective behavior, research 

has begun to explore the relationship between resting HRV and the startle response. In one study, 

females were shown pleasant, neutral, and unpleasant pictures while acoustic startle probes were 

delivered during both picture viewing and between trials (Ruiz-Padial, Sollers, Vila, & Thayer, 2003). 

Results indicated that lower resting HRV was related to increased startle reactivity during the affective 

stimuli and between trials. Additionally, those with the highest HRV evidenced the expected pattern of 

startle potentiation to the unpleasant pictures and startle inhibition to the pleasant pictures in comparison 

to the neutral stimuli. However, those with the lowest HRV evidenced potentiated startle in response to 

both the neutral and the pleasant pictures. The authors argued that these findings may suggest a higher 

overall startle sensitivity among those with lower baseline HRV.  

A more recent report by Melzig, Weike, Hamm, & Thayer (2009) expanded on these findings by 

examining the relationship between trait HRV and startle reactivity in two studies. Using a threat of 

shock paradigm, the authors conducted one study with college students with varying levels of anxiety 

sensitivity (AS; a putative risk factor for panic disorder; Schmidt, Lerew, & Jackson, 1999) and a second 

with unmedicated panic disorder patients. Given that threat of shock paradigms have been shown to 
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elicit more robust affect-modulation than affective picture viewing (Lissek, Orme, Mcdowell, Johnson, 

& Grillon, 2004), these studies were an important extension of Ruiz-Padial et al. (2003). Results from 

both studies indicated no differences in startle potentiation due to levels of AS or panic diagnoses. 

However, lower baseline HRV was associated with increased startle response during threat of shock, 

independent of group for both studies. Results from these studies are consistent with Ruiz-Padial et al. 

(2003) and provide support for exaggerated fear-potentiated startle among those with lower resting 

HRV.  

 Although Melzig et al. (2009) demonstrated an important relationship between HRV and startle 

responsivity, certain aspects of their methodology prevent it from being a definitive test of this 

association. First, both studies contained relatively small sample sizes. Study 1 included 22 individuals 

high in AS and 21 individuals low in AS while Study 2 included 9 unmedicated panic patients and 15 

healthy controls. Second, participants were dichotomized into high AS versus low AS rather than 

examining the variable continuously. As discussed in Maxwell & Delaney (1993), categorizing a 

continuous variable results in a loss of power and ability to detect true statistical differences. Further, 

such techniques can significantly distort relationships and subsequently create spurious results. Thus, the 

fact that Melzig et al. (2009) did not find significant differences in startle-potentiation among those with 

high versus low AS may have been because they examined AS dichotomously rather than as a 

continuous variable.   

 Most importantly, Melzig et al.’s (2009) threat of shock manipulation failed to address the 

important distinction between the emotions of fear and anxiety. Fear has been defined as a phasic 

response to an identifiable stimulus (and the “fight or flight” response) while anxiety is considered to be 

a generalized feeling of apprehension which is not associated with any clearly identifiable source 

(Davis, 1998; Grillon, 2002; Barlow, 2000). Another useful way of conceptualizing fear versus anxiety 
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is that they are emotions induced by predictable and unpredictable aversive stimuli, respectively (Grillon 

et al., 2008). Therefore, within a threat of shock paradigm, two distinct aversive states can be elicited. 

Fear in response to a predictable threat and anxiety in response to an unpredictable threat (Grillon, 

2002). Moreover, a growing body of literature supports this distinction. Grillon et al. (2008) found that 

those with panic disorder and healthy controls displayed comparable potentiated startle in response to 

neutral and predictable threat of shock cues. However, those with panic disorder evidenced exaggerated 

potentiated startle in response to an unpredictable threat of shock suggesting a vulnerability to 

unpredictability among those with panic disorder. In line with these findings, a prior investigation 

reported that in comparison to a placebo, a benzodiazepine (i.e., sedative) was shown to reduce anxiety-

potentiated but not fear-potentiated startle (Grillon et al., 2006). Neurobiological research using rodents 

corroborates this distinction by identifying separate neurological pathways for the emotions of fear and 

anxiety (Davis, 1998). Although both pathways are associated with the amygdala and are responsible for 

startle modulation, fear is more related to the central nucleus (CeA) of the amygdala while anxiety is 

more related to the bed nucleus of the stria terminalis (BNST).  

 Although the distinction between predictability and unpredictability is necessary for the proper 

interpretation of research findings, the shock manipulation in Melzig et al. (2009) does not clearly make 

this distinction. During their task, participants were told that different colored slides represented safe 

periods where no shocks would be delivered (i.e., blue slides) or threat of shock periods in which 1-3 

shocks would be administered (i.e., yellow slides). Therefore, the threat of shock slides were both 

predictable in that participants knew they would receive at least 1 shock, and also unpredictable in that 

they did not know how many shocks or at which time point the shocks would be delivered. As such, this 

design confounds fear and anxiety and leaves the relationship between trait HRV and predictable and 

unpredictable aversive cues unexplored.  



9 
 

Present Study 

 The current study will address this important distinction between fear and anxiety in an attempt 

to further elucidate the relationship between resting HRV and aversive responding. In addition, the 

current study will aim to replicate and expand prior investigations by utilizing a significantly larger 

sample size (N = 92) and explore AS continuously as a potential moderator of the relationship between 

resting HRV and aversive responding. Given the exploratory aims of the current study, we did not form 

specific hypotheses about the nature of the relationship between RSA and predictable or unpredictable 

threat. It is possible that those with lower resting RSA will evidence exaggerated startle-potentiation in 

response to the unpredictable condition only, the predictable condition only, or both the predictable and 

unpredictable conditions. 

 In addition, prior investigations have suggested that anxiety disorders may moderate the 

relationship between HRV and aversive responding. For example, although panciogenic manipulations 

such as sodium lactate administrations and controlled ventilation have been shown to be marked by 

decreases in HRV in healthy individuals, these effects seem to be larger in those with panic disorder 

(Yeragani et al., 1993; Yeragani, Srinivasan, Balon, Ramesh, & Berchou, 1994b). Therefore, low HRV 

is more correlated with panciogenic manipulations in those with panic disorder than in healthy controls. 

Additionally, those with generalized anxiety disorder (GAD), in comparison to controls, have been 

shown to have significantly lower vagal tone in response to baseline, relaxation, and worry laboratory 

conditions (Thayer, Friedman, & Borkovec, 1996). Moreover, individuals with PTSD have been shown 

to have greater reductions in HRV in response to both trauma recall and mental arithmetic tasks whereas 

no group differences were found during a resting baseline recording period (Keary, Hughes, & Palmieri, 

2009). 
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It is also possible that personality factors that predispose individuals for anxiety disorders may 

also moderate the association between HRV and aversive responding. Within the literature, there are 

several personality risk factors that have been shown to predict the onset of anxiety disorders. As 

previously mentioned, AS has predicted the onset of panic attacks (Schmidt et al., 1997) and is 

considered a putative risk factor for panic disorder (McNally, 2002; Schmidt, Lerew, & Jackson, 1999). 

Similarly, trait negative emotionality, or one’s tendency to experience negative affect, in late 

adolescence has been shown to predict the onset of anxiety disorders in adulthood (Krueger, 1999; 

Angst & Vollrath, 1991). Another well known risk factor, behavioral inhibition, has also been shown to 

predict anxiety disorder onset and is associated with greater familial loadings of anxiety disorders 

(Rosenbaum, Biederman, Bolduc-Murphy, & Faraone, 1993). Lastly, one’s perceived control over 

anxiety-related events is associated with susceptibility to anxiety disorders and has been shown to be 

predictive of anxiety symptoms and anxiety-related distress (Chorpita & Barlow, 1998; Zvolensky, 

Eifert, Lejuez, Hopko, & Forsyth, 2000). In particular, perceived control is considered to be a risk factor 

for panic-spectrum disorders (Barlow, 2002). As such, the current study will explore whether these 

personality risk factors (AS, negative emotionality, behavioral inhibition, and perceived control over 

anxiety-related events) moderate the relationship between HRV and aversive responding.  

METHODS 

Participants   

 A total of 110 introductory psychology students at the University of Illinois at Chicago (UIC) 

participated for course credit. However, 18 participants were excluded from analyses for producing less 

than 4 blinks (50% of startle data) in any one condition. As such, the final N = 92. Participants were 

57.6% female with an average age of 19.4 years (SD = 2.0). Eligibility included right handedness and no 

history of head trauma. Consistent with the demographics of undergraduates at UIC, the sample was 
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ethnically diverse with 37.0% Caucasian, 29.3% Latino, 18.5% Asian, 7.6% African American, and 

7.6% “Other.”  

Procedure 

  Data collection took place from February, 2009 to March, 2010. Upon arrival to the testing 

session, participants provided written informed consent. All aspects of the study and the consent form 

were approved by the University Institutional Review Board. Following informed consent, electrodes 

were placed on the individual. After electrode placement, participants were seated in an electrically-

shielded, sound-attenuated booth approximately 3.5 feet from a 19-inch computer monitor where visual 

stimuli were presented. Next, baseline ECG data was collected during alternating 90 second, eyes open 

versus eyes closed recording conditions for a total of 6 minutes (counterbalanced: OCCO vs. COOC). 

After collection of the resting HRV data, two electrodes were placed on the participants’ wrist of their 

left hand for administration of the electrical shocks. In order to allow participants to habituate to the 

acoustic noise probes and prevent early exaggerated startle responses, participants completed a 2.5 

minute baseline task in which 9 acoustic startle stimuli were presented. Next, a work-up shock 

procedure, consistent with prior studies (Grillon, Baas, Lissek, Smith, & Milstein, 2004), was completed 

in which participants received increasing levels of shock intensity until they reached a level which they 

described as being “highly annoying but not painful.” We determined shock level ideographically to be 

consistent with prior studies (Grillon et al., 2004), and given the large individual differences in 

perceived aversiveness of shocks (Rollman & Harris, 1987), to ensure that subjects experienced the 

shocks as equally aversive. Following the work up, the shock task (described below) was administered 

for a total of 10 minutes. Afterwards, participants completed a battery of self-report measures assessing 

personality risk factors for anxiety disorders.   
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Stimulus Delivery  

 Stimuli were administered using PSYLAB (Contact Precision Instruments, London, UK) and 

baseline ECG and startle data were acquired using Neuroscan 4.3 (Compumedics, Charlotte, NC). The 

acoustic startle probe was a 40-ms duration, 103 dB burst of white noise with near instantaneous rise 

time presented binaurally through headphones. Two 4-mm Ag/AgCl electrodes were placed over the 

orbicularis oculi muscle below the right eye for startle blink measurement. As per published guidelines 

(Blumenthal et al., 2005), one electrode was placed 1 cm below the pupil and the other electrode was 

placed 1 cm lateral. One electrode was also placed on the participant’s sternum and another below the 

left clavicle to record heart rate. Data was collected using a bandpass filter of DC-200 Hz at a sampling 

rate of 1000 Hz. The ground electrodes were placed along the midline of the anterior scalp and the 

reference was located between electrodes CZ and CPZ. The electric shocks lasted 40-ms and were 

administered to the wrist of the participants’ left hand. The maximum shock level a participant could 

achieve was 5 μA and within our sample, the mean shock level was 2.42 μA (SD = 1.28). 

Shock Task  

  The threat of shock task was modeled after earlier studies investigating the role of predictability 

versus unpredictability using a threat of shock paradigm (Grillon et al., 2004; Grillon et al., 2008). The 

task included three conditions - no shock (N), predictable shock (P), and unpredictable shock (U). 

During each condition, text was continuously displayed at the bottom of the computer screen which 

indicated either “no shock”, “shock at 1”, or “shock anytime,” ensuring participants were always aware 

of the current type of trial (see Figure 1). In addition to the text at the bottom of the screen, a countdown 

was intermittently displayed for 6-seconds, five times within each 90-second condition. Startle probes 

were delivered and subsequent blink reflexes were recorded during and between countdowns, across all 

trials. During predictable conditions, the countdown signaled exactly when the shock would occur (i.e., 
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when the countdown reached 1) and therefore the shock was completely predictable. During the 

unpredictable conditions, the countdown was meaningless and shocks could occur at anytime, including 

when the countdown was not on the screen (i.e., intertrial intervals). During the no shock conditions, no 

shocks were delivered. Prior investigations using this paradigm (i.e., Grillon et al., 2004; Grillon et al., 

2006; Moberg & Curtin, 2009) have utilized various 8-s geometric shapes as threat cues. For the present 

investigation, we instead chose to use a countdown. The reason for this change was to make shocks 

during the P condition completely predictable. That is, whereas an 8-s geometric cue provides more 

predictability compared to no cue, it does not provide complete predictability as participants do not 

know exactly when the shock will occur while the cue is on the screen. By using a countdown as the 

threat cue, shock timing was either completely predictable (as the countdown signaled exactly when the 

shock would occur) or completely unpredictable (as the countdown did not signal when the shock would 

occur). The intertrial intervals (ITIs) ranged from 7-17 s (M = 12.4s) and the time interval between a 

shock and a subsequent startle probe was always greater than 10-seconds to ensure that startle responses 

were not affected by an immediately preceding shock. Each of the three conditions was administered 

twice, in the following order (counterbalanced): PNUPNU or UNPUNP. All participants received 20 

electric shocks (10 during P and 10 during U), and 48 startle probes (16 during N, 16 during P, and 16 

during U).  

  After the task, participants rated their level of anxiousness during the countdown and ITI for 

each condition. The self-report response scales ranged from 1 (Not at all) to 7 (Extremely). Similarly, 

participants  rated how intense, annoying, and anxiety provoking, on a scale ranging from 1 (Not at all) 

to 7 (Extremely), and the degree to which they would avoid the shocks, on a scale ranging from 1 

(Would definitely not avoid) to 7 (Would definitely avoid).  
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Measures  

 Anxiety Sensitivity Index (ASI; Reiss, Peterson, Gursky, & McNally, 1986; Taylor & Cox, 1998; 

Taylor et al., 2007). The ASI is a widely used self-report measure assessing one’s fear of anxiety related 

sensations. Within the current study, we used the 36-item revised version of the original ASI (ASI-R; 

Deacon, Abramowitz, Woods, & Tolin, 2003; Taylor & Cox, 1998) plus the six items from the original 

Anxiety Sensitivity Index (ASI-O) that were dropped from the ASI-R. This allowed us to construct all 

three versions of the ASI: the 16-item ASI-O (Reiss, Peterson, Gursky, & McNally, 1986), the 36-item 

ASI-R, and the recently developed 18-item ASI-III (Taylor et al., 2007), which consists of a subset of 

items from the ASI-R. Participants are instructed to rate their beliefs about the consequences of different 

anxiety symptoms on a 5-point Likert scale with 0 indicating “not at all” and 4 indicating “very much”. 

Sample items include “It scares me when my heart beats rapidly” and “It is important for me not to 

appear nervous.” The ASI has been shown to have good reliability and validity (Peterson & Kirsten, 

1999).    

 Anxiety Control Questionnaire (ACQ; Rapee, Craske, Brown, & Barlow, 1996). The ACQ is a 

30-item self report questionnaire used to assess perceived control over anxiety-related events. 

Participants are instructed to rate their degree to which they agree with each item on a 6-point Likert 

scale ranging from 0 (“strongly disagree”) to 5 (“strongly agree”). Sample items include “My emotions 

seem to have a life of their own” and “I can usually stop my anxiety from showing.” In addition to a 

total score, subscales including reactions to internal stimuli and perceived control over external events 

can also be calculated. Total scores range from 0 to 150. The ACQ has been shown to have excellent 

internal consistency and good test-retest reliability in both clinical and non-clinical populations (Rapee 

et al., 1996).  
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 Behavioral Inhibition and Behavioral Activation Scale (BIS/BAS; Carver & White, 1994). The 

BIS/BAS is a 24-item self report measure of two broad motivational constructs, behavioral inhibition 

and behavioral activation. For the current study, only the 7-items pertaining to the behavioral inhibition 

scale (BIS), including dispositional response to threat and novelty, were used in analyses. Participants 

are instructed to rate the extent to which they agree with each item on a 4-point Likert scale with 1 

indicating “strongly disagree” and 4 indicating “strongly agree.” Sample items include “I worry about 

making mistakes” and “Criticism or scolding hurts me quite a bit.” The BIS has been shown to have 

adequate internal consistency and test-retest reliability and good convergent and discriminate validity 

(Carver & White, 1994). Prior research has also demonstrated an association between the BIS and 

measures of anxiety symptoms, negative affect, and neuroticism (Carver & White, 1994; Huebeck, 

Wilkinson, & Cologan, 1998).  

 General Temperament Survey (GTS; Watson & Clark, 1993). The GTS is a 90-item true/false 

self-report measure used to assess three broad dimensions of personality including positive 

temperament, negative temperament, and disinhibition-constraint. Given the aims of the current project, 

only the negative temperament subscale was used in analyses. This scale assesses ones’ tendency to 

experience negative emotions including anxiety, anger, and sadness. Sample items include “I am often 

nervous for no reason” and “I am often troubled by guilt feelings.” The GTS is widely used in empirical 

research and has been shown to have good reliability and validity (Watson & Clark, 1993). Additionally, 

the GTS was incorporated into the Schedule for Non-adaptive and Adaptive Personality (SNAP; Clark 

1993) self-report personality inventory.  

HRV Data Processing  

 As previously mentioned, resting ECG was acquired using Neuroscan 4.3 (Compumedics, 

Charlotte, NC). Data was initially processed using QRSTool (Allen, Chambers, & Towers, 2007) and all 
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artifacts were identified and corrected by hand. After initial correction, inter-beat-interval (IBI) series 

were extracted for each 90s eyes open vs. eyes closed recording block. Each block was then inputted 

into CardioEdit (Brain-Body Center, University of Illinois at Chicago) for further artifact correction. 

After data was processed, average RSA was calculated for each condition using CardioBatch (Brain-

Body Center, University of Illinois at Chicago). Based on methods developed by Porges (1985), RSA 

was calculated using the following procedures. First, IBIs were resampled into 500 ms intervals to 

produce time-based data and a 21-point moving polynomial cubic filter was stepped through the time-

based data to produce a smoothed template series. Next, the template was subtracted from the original 

time series and a digital bandpass filter was applied to this detrended time series to extract variance in 

the frequency band associated with spontaneous breathing in adults (.12-.40 Hz). Lastly, the amplitude 

of RSA was calculated using the natural logarithm (ln) of the bandpassed time series.  

Startle Data Processing  

 Blinks were scored according to guidelines provided by Blumenthal et al. (2005). Data was first 

rectified and then smoothed using a FIR filter with a band pass of 28-40 Hz. Peak amplitude of the blink 

reflex was defined within the 20-100 ms time frame following the startle probe onset relative to baseline 

(average baseline EMG level for the 50 ms preceding the startle probe onset). Blinks were scored as 

non-responses if EMG activity during the 20-100 ms post-stimulus time frame did not produce a blink 

peak that was visually differentiated from baseline activity. Blinks were scored as missing if the baseline 

period was contaminated with noise, movement artifact, or if a spontaneous or voluntary blink began 

before minimal onset latency and thus interfered with the startle probe-elicited blink response. Eighteen 

participants were classified as non-responders and were excluded from analyses because they did not 

produce at least 4 blinks during each condition (50% of the blinks in a condition). We chose to analyze 

blink magnitude (i.e., condition averages include values of 0 for non-response trials), as this is a more 
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conservative estimate of blink response (Blumenthal et al., 2005). Blink magnitudes were also 

standardized within-subjects using a t transformation, which reduces the influence of an individual’s 

outlier blink responses. T scoring blinks also provides for better comparison between-subjects, as 

changes in blink magnitude amongst ‘big blinkers’ can be better compared to changes in blink 

magnitude amongst ‘small blinkers’.  

Data Analysis Plan 

 Analyses were conducted with startle magnitude t scores and self-reported anxiety as the 

dependent variables. Similar to other studies (e.g., Moberg & Curtain, 2009), we created four separate 

potentiation scores to capture the unique influence of predictable and unpredictable threat on startle 

magnitude and self-reported anxiety. Specifically, we subtracted responses during the neutral ITI from 

both the predictable and unpredictable ITI (i.e., P-ITI minus N-ITI and U-ITI minus N-ITI) and 

responses during the neutral countdown from the predictable and unpredictable countdown (i.e., P-CD 

minus N-CD and U-CD minus N-CD).  

All continuous predictors were mean centered. Baseline demographic variables and shock level 

were first examined for associations with startle magnitude. We then conducted separate repeated 

measures ANOVAs to examine the unique and interactive effects of RSA on startle magnitude and self-

reported anxiety. In line with our secondary aims, we conducted six additional repeated measures 

ANOVAs to examine the moderating effect of RSA on anxiety disorder risk factors (i.e., ACQ total 

score, ASI original total score, ASI-R total score, ASI-III total score, BIS total score, and the GTS 

negative emotionality subscale) and startle magnitude.  

Results 

Sample Characteristics and Descriptive Data 
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 Descriptive data for RSA values during the eyes open and eyes closed baseline recording blocks 

and self-report anxiety disorder risk factors including the ASI, ACQ, BIS, and GTS negative 

emotionality subscale are displayed in Table 1. All skewness values were below 0.97 and kurtosis 

values were below 2.30 for RSA, self-report measures, and startle magnitude during each condition, 

suggesting that no variable required transformation.  

Baseline RSA 

To examine whether there were any significant differences in baseline RSA during the eyes open 

versus the eyes closed recording blocks, we conducted a repeated measures ANOVA with the average of 

the two eyes open blocks and the two eyes closed blocks entered as within-subjects variables. Results 

indicated that there was no statistically significant difference in RSA when eyes were open and when 

eyes were closed [F(1,91) = 2.01, p = .159, ηp
2 

 Prior to calculating average RSA, we also examined whether there were differences in RSA 

across time. Specifically, we conducted a repeated measures ANOVA with the 4 (2 eyes open and 2 

eyes closed) 90-second blocks entered as within-subject variables. Our results revealed that RSA 

significantly decreased during each of the four recording periods [F(3,273) = 13.19, p = .000, η

= .02]. As such, we were able to ignore the eyes open vs. 

closed variable during the baseline recording session.  

p
2 

 

= .13]. 

This natural decrease in RSA over the experimental session has been attributed to sustained attention 

(Suess, Porges, & Plude, 1994; Porges & Raskin, 1969, see Figure 2).  Pearson’s correlations among the 

4 blocks revealed high rank-order stability of participant’s RSAs across the four blocks (all r’s > .81, p < 

.001). Thus, given that each participant evidenced a similar decrease in RSA over time, we were able to 

collapse all four blocks and use the average RSA score in subsequent analyses.  
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Shock Task Manipulation 

Participants rated the shocks as moderate to extremely intense (M = 4.57, SD = 1.07), annoying 

(M = 5.85, SD = 1.24), and anxiety provoking (M = 4.95, SD = 1.51). Participants also rated that they 

would avoid receiving the shocks again to a high degree (M = 5.24, SD = 1.60). These results indicate 

that shocks were successfully perceived as aversive. RSA was not significantly associated with any of 

the self-report shock ratings (all p’s > .26).  

Identification of Covariates     

 In order to identify potential covariates, we conducted separate Condition x Cue x potential 

covariate (i.e., gender, age, race and shock level) repeated measures ANOVAs where Condition and Cue 

were entered as within-subjects variables, potential covariates were entered as a between-subject 

variables, and startle magnitude was the dependent variable. If we found any significant Condition x 

Cue x covariate interactions, these variables would be included as covariates in subsequent analyses. 

These results revealed that there were no significant 3-way interactions for any of the above covariates 

(all p’s > .318).  

RSA and Startle Responses during the Shock Task  

 Mean startle magnitude t scores and startle potentiation scores (e.g., P-ITI minus N-ITI and U-

ITI minus N-ITI) are displayed in Figure 3. To examine the unique and interactive effects of RSA on 

startle magnitude, we conducted a Condition (N vs. P vs. U) x Cue (ITI vs. countdown) x RSA repeated 

measures ANOVA with Condition and Cue entered as within-subjects variables and RSA entered as a 

(continuous) between-subjects variable. Findings indicated there was a main effect for Condition 

[F(2,180) = 142.95, p = .000, ηp
2 = .61] in that startle magnitude was significantly higher during the 

unpredictable condition in comparison to the neutral condition [F(1,90) = 240.81, p = .000, ηp
2 = .73], 

and significantly higher during the predictable condition in comparison to the neutral condition [F(1,90) 
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= 14.14, p = .000, ηp
2 = .14]. In addition, startle was significantly higher during the unpredictable 

condition than in the predictable condition [F(1,90) = 152.08, p = .000, ηp
2 = .63] (i.e., U > P > N). 

There was also a main effect for Cue with startle being significantly higher in response to the 

countdowns than the ITIs [F(1,90) = 67.71, p = .000, ηp
2 = .43]. However, there was no significant main 

effect for RSA [F(1,90) = 3.10, p = .082, ηp
2 

 Most importantly, results also indicated that there was a significant Condition x Cue x RSA 

interaction [F(2,180) = 3.81, p = .024, η

= .03]. 

p
2 = .04]. Follow-up analyses were conducted for RSA x 

Condition at each level of Cue to determine whether there were significant two-way interactions during 

the ITI and/or countdowns. During the ITI, results indicated that there was a significant Condition x 

RSA interaction [F(2,180) = 5.13, p = .007, ηp
2 = .05]. However, there was no significant Condition x 

RSA interaction during the countdown cues [F(2,180) = 1.85, p = .161, ηp
2 

 Given the significant Condition x RSA interaction during the ITI, we conducted follow-up 

Pearson’s correlations between the predictable and unpredictable potentiation scores and RSA. Results 

indicated that there was a significant negative correlation between startle magnitude during the 

unpredictable ITI and resting RSA (r = -.29, p = .004). Specifically, those with lower resting RSA 

evidenced significantly higher startle potentiation during the unpredictable ITI. RSA was not 

significantly associated with startle potentiation during the unpredictable countdown (r = -.05, p = .661), 

predictable countdown (r = .17, p = .116), and predictable ITI (r = -.15, p = .149). The significant 

relationship between lower RSA and increased startle potentiation during the unpredictable ITI is 

displayed in Figure 4.  

= .02]. 

RSA and Self-Reported Anxiety during the Shock Task 

 In addition to startle responses, we also examined the unique and interactive effects of RSA on 

self-reported anxiety during the shock task (see Figure 3b). Specifically, we conducted a Condition (N 
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vs. P vs. U) x Cue (ITI vs. countdown) x RSA repeated measures ANOVA with Condition and Cue 

entered as within-subjects variables and RSA entered as a (continuous) between-subjects variable, with 

self-reported anxiety as the primary dependent variable. Results indicated that there was a significant 

main effect for Condition [F(2,180) = 161.40, p = .000, ηp
2 = .64] such that self-reported anxiety was 

significantly higher during the unpredictable condition in comparison to the neutral condition [F(1,90) = 

219.93, p = .000, ηp
2 = .71], and significantly higher during the predictable condition in comparison to 

the neutral condition [F(1,90) = 123.09, p = .000, ηp
2 = .58]. In addition, self-reported anxiety was 

significantly higher during the unpredictable condition in comparison to the predictable condition 

[F(1,90) = 78.97, p = .000, ηp
2 = .47] (i.e., U > P > N). Moreover, results indicated that there was a main 

effect for Cue in that self-reported anxiety was significantly higher during the countdown in comparison 

to the ITI [F(1,90) = 14.53, p = .000, ηp
2 

 Results revealed a significant Condition x Cue interaction [F(2,180) = 9.53, p = .000, η

= .14]. 

p
2 = .10]. 

To follow-up the significant interaction, we conducted two additional repeated measures ANOVAs for 

Condition at each level of Cue. During the ITI, there was a significant effect for Condition [F(2,180) = 

138.95, p = .000, ηp
2 = .61] with higher self-reported anxiety during the unpredictable condition in 

comparison to the neutral [F(1,90) = 219.39, p = .000, ηp
2 = .71] and predictable [F(1,90) = 75.30, p = 

.000, ηp
2 = .46] conditions and higher reported anxiety during the predictable condition in comparison to 

the neutral [F(1,90) = 84.48, p = .000, ηp
2 = .48]  condition. Similarly, during the countdown, there was 

also a significant effect for Condition [F(2,180) = 117.26, p = .000, ηp
2 = .57] with higher self-reported 

anxiety during the unpredictable condition in comparison to the neutral [F(1,90) = 155.01, p = .000, ηp
2 

= .63] and predictable [F(1,90) = 24.99, p = .000, ηp
2 = .22] conditions and higher reported anxiety 

during the predictable condition in comparison to the neutral [F(1,90) = 124.43, p = .000, ηp
2 = .58] 

condition. Thus, the task successfully induced anxiety in the predicted direction. 
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 In regard to RSA, there was no significant main effect [F(1,90) = 0.16, p = .687, ηp
2 = .00], 

Condition x RSA, or Cue x RSA interactions. There was also no significant Condition x Cue x RSA 

interaction [F(2,180) = 0.87, p = .420, ηp
2 = .01] with self-reported anxiety as the dependent variable. 

However, we chose to follow-up this interaction to fully describe the relationship between RSA and self-

reported anxiety during the shock task and as a comparison to the startle results. Results indicated that 

during the ITIs and countdowns, there was no significant Condition x RSA interaction, F(2,180) = 

0.261, p = .771, ηp
2 = .01, F(2,180) = 0.400, p = .671, ηp

2 

 We also conducted Pearson’s correlations between RSA and each self-report change score (i.e., 

P-ITI minus N-ITI and U-ITI minus N-ITI). Results indicated that RSA was not associated with self-

reported anxiety during the predictable countdown (r = .00, p = .982), predictable ITI (r = -.08, p = 

.474), unpredictable countdown (r = -.07, p = .523), or unpredictable ITI (r = -.03, p = .804).  

= .00, respectively.  

Anxiety Disorder Risk Factor x RSA Interactions   

 For our secondary aims, we conducted Condition (N vs. P vs. U) x Cue (text vs. countdown) x 

RSA x Anxiety Disorder Risk Factor (ACQ total score, ASI original total score, ASI-R total score, ASI-

III total score, BIS total score, and the GTS negative emotionality subscale) repeated measures 

ANOVAs with startle magnitude as the primary dependent variable and each of the anxiety disorder risk 

factors in separate models. Condition and Cue were entered as within-subject factors and RSA and 

Anxiety Disorder Risk Factors entered as continuous between-subjects factors. Results indicated that 

there were no significant 4-way interactions. Results from each model are presented in Table 2.  

 Given that the BIS total score and the GTS negative emotionality subscale were highly correlated 

(r = .58, p = .000) and similarly represent the broad construct of negative emotionality/neuroticism 

(Elliot & Thrash, 2002), we averaged the two scales and examined whether overall neuroticism 

moderated the relationship between resting RSA and startle. Specifically, we computed z-scores for each 
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scale and then averaged them together to create a composite neuroticism score. Next, we conducted a 

Condition x Cue x RSA x Neuroticism repeated measures ANOVA with startle magnitude as the 

dependent variable. Similar to our previous analyses, there was a significant main effect for both 

Condition [F(2,176) = 143.63, p = .000, ηp
2 = .62] and Cue [F(1,88) = 65.80, p = .000, ηp

2 = .43]. 

However, there was no main effect for RSA [F(1,88) = 1.92, p = .170, ηp
2 = .02] or Neuroticism 

[F(1,88) = 0.02, p = .887, ηp
2 

 Results indicated that there were no significant two-way or three-way interactions with the 

exception of a significant Condition x RSA effect [F(2,176) = 4.17, p = .017, η

= .00]. 

p
2 = .05]. Of interest, 

results revealed that the Condition x Cue x RSA x Neuroticism interaction approached significance 

[F(2,176) = 2.51, p = .084, ηp
2 = .03]. Even though this only approached significance, we chose to 

follow-up this interaction given the exploratory nature of the question. Specifically, we conducted a 

median split and examined whether there was a significant Condition x Cue x RSA interaction at high 

versus low levels of neuroticism1. At high levels of neuroticism, the three-way interaction was not 

significant [F(2,88) = 0.11, p = .897, ηp
2 = .00]. In contrast, at low levels of neuroticism, the Condition x 

Cue x RSA interaction was significant [F(2,88) = 5.87, p = .004, ηp
2 = .12]. Similar to the overall RSA 

model above, we followed-up the significant three-way interaction by testing whether there was a 

Condition x RSA interaction at each level of Cue. Results indicated that during the ITIs there was a 

significant Condition x RSA interaction [F(2,88) = 5.29, p = .007, ηp
2 = .11]. However, during the 

countdowns, the two-way interaction was not significant [F(2,88) = 0.77, p = .469, ηp
2 

 Parallel to our primary analyses, we then conducted Pearson’s correlations between RSA and 

startle potentiation during predictable and unpredictable threat at low levels of Neuroticism. During both 

the predictable (r = -.33, p = .023) and unpredictable (r = -.38, p = .009) ITIs, lower resting RSA was 

significantly associated with increased startle potentiation. As expected from the higher order analyses, 

= .02].  



24 
 

RSA was not significantly associated with the predictable (r = .18, p = .230) or unpredictable (r = .06, p 

= .816) countdowns.  

Discussion 

 Prior research indicates that individual differences in RSA are an important predictor of aversive 

responding (Souza et al., 2007; Bornas et al., 2005; Johnsen et al., 2001). Further, some studies suggest 

that lower resting RSA predicts exaggerated fear-potentiated startle to threat (Ruiz-Padial et al., 2003, 

Melzig et al., 2009). However, no study to date has distinguished predictable from unpredictable threat 

which is an important distinction given that separable aversive states are elicited by each stimulus (see 

Davis, 1998). Thus, the aim of the current study was to examine whether resting RSA predicts startle 

response to predictable and unpredictable threat during a shock task. Results indicated that those with 

lower resting RSA evidenced significantly exaggerated startle-potentiation during the unpredictable 

condition. However, there was no significant association between resting RSA and startle during the 

predictable condition. Therefore, although it has been suggested that lower resting RSA may be 

associated with overall threat sensitivity (Ruiz-Padial et al., 2003), our findings suggest that this relation 

may be specific to unpredictable threat.  

 There are several potential mechanisms through which low RSA may affect aversive responding 

to unpredictable threat. Within the literature, RSA is often considered an index of self-regulation with 

lower levels of vagal tone indicating more difficulties regulating stress, emotional states, and attention 

(Friedman & Thayer, 1998; Thayer & Layne, 2000; Porges et al., 1996; Porges et al., 1994) and a 

vulnerability to sustained and prolonged dysregulation in response to aversive stimuli (Berntson et al., 

1998). Therefore, given that unpredictable threat elicits heightened contextual anxiety (i.e., sustained 

apprehension in response to the experimental context), it is possible that those with low RSA are unable 

to effectively self-regulate and thus, evidence exaggerated aversive responding.  
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However, predictable threat does not produce sustained anxiety (Grillon, 2008) but rather a 

phasic fear response which does not necessarily require self-regulation capabilities (or at least requires 

less self-regulation) due to the limited period of danger. As such, in response to predictable threat, 

regardless of high or low resting RSA, all individuals are able to exhibit the normative (and 

evolutionarily adaptive) response of exaggerated startle.  

 It is also possible that low RSA, or an increased vulnerability to sustained dysregulation, may 

result in chronic heightened vigilance to unpredictable threat due to the limited environmental 

information provided during these conditions (Porges, 1992; D’Amato, 1974). In other words, 

individuals that are vulnerable to dysregulation may exhibit exaggerated aversive responding in 

situations in which the environmental provides little (or no) information as to the presence of 

danger/threat (Berlyne, 1960). However, during the predictable conditions, sufficient environmental 

information is provided which may reduce vigilance, resulting in an appropriate startle response.   

 The specificity of this relationship to unpredictable stimuli is notable given the well-replicated 

finding that predictable aversive stimuli is preferable to unpredictable aversive stimuli (Badia, Harsh, & 

Abbott, 1979). Furthermore, animal research has long demonstrated that unpredictable aversive stimuli 

are associated with maladaptive behavioral responses which are consistent with symptoms of mood and 

anxiety disorders (Imada and Nageishi, 1982; Maier, 1991; Mineka & Kihlstrom, 1978). For example, 

unpredictable aversive events have been shown to be associated with heightened muscle tension, 

ulceration, and increased avoidance behavior in animals (Mineka & Kihlstrom, 1978; Seligman & 

Meyer, 1970; Weiss, 1970) However, these effects are not seen when aversive stimuli are made 

predictable (Mineka, Cook, & Miller, 1984; Mineka & Kihlstrom, 1978). Similarly, research involving 

humans suggests that unpredictable aversive stimuli are associated with greater levels of anxious 

responding (Grillon et al., 2004) and that when given a choice, individuals will chose predictable over 
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unpredictable aversive events (Lejuez, Eifert, Zvolensky, & Richards, 2000; Abbott & Badia, 1979). 

Taken together, the predictability of an aversive stimulus is an important determinant of behavioral and 

psychological outcomes, with evidence suggesting that unpredictable threat may be more intrinsically 

aversive than predictable threat. 

 There have been several proposed theoretical explanations for the preference of predictable over 

unpredictable stimuli (see Imada & Nageishi, 1982 for review). For instance, the safety signal 

hypothesis (Seligman & Binik, 1977) posits that the aversive nature of unpredictability stems from the 

sustained level of anxiety it engenders and that predictable stimuli are less aversive due to periods of 

relief when the cue is not present (see Grillon et al., 2004). Therefore, during predictable conditions, the 

absence of the conditioned stimulus signals periods of safety. However, during unpredictable conditions, 

the conditioned stimulus does not convey reliable information which subsequently elicits contextual 

anxiety. Another theoretical explanation is the information hypothesis (D’Amato, 1974) which theorizes 

that the less information that is available about an environmental situation, the more aversive the 

situation becomes. In contrast, when any information can be gathered from the environment and 

uncertainty is reduced, the situation becomes more preferable. In regard to the current study, both of 

these theories may apply given that our unpredictable conditions did not include cued periods of relief 

and contained no environmental information as to when the shock would occur. 

 It is also important to consider the role of predictability in human anxiety disorders. Although 

anxiety disorders are heterogeneous and have both distinct and overlapping features, unpredictability is 

considered an important component of the development and maintenance of several disorders (Craske, 

Glover, & DeCola, 1995; Foa, Zinbarg, & Rothbaum, 1992). For example, a hallmark feature of panic 

disorder is the experience of recurrent unpredictable panic attacks and persistent apprehension of future 

attacks (American Psychiatric Association, 1994). Similarly, PTSD is thought to be the result of 
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unpredictable traumatic events and is associated with sustained heightened arousal (American 

Psychiatric Association, 1994). Both extant research and theory have supported the role of 

unpredictability in these disorders (Mineka & Zinbarg, 2006; Bouton et al., 2001; Foa et al., 1992), and 

it has been demonstrated that those with panic disorder and PTSD evidence exaggerated startle 

potentiation in response to unpredictable, but not predictable, threat (Grillon et al., 2008; Grillon et al., 

2009). As such, some have suggested that contextual anxiety, not explicit fear, is what differentiates 

clinically anxious from non-anxious individuals (Grillon et al., 2008; Pole, Neylan, Best, Orr, & 

Marmar, 2003). Given that we found a relationship between RSA and startle during the unpredictable 

condition only, our findings suggest that similar to those with clinical anxiety, those with lower RSA 

may have a heightened sensitivity to unpredictable, rather than predictable, threat. Taken further, it is 

possible that low RSA may be a risk factor for the development of anxiety disorders.  

 Interestingly, in one of the few other studies that has examined the relation between startle and 

RSA, Melzig et al. (2009) found that lower resting RSA was associated with potentiated startle during a 

threat of shock task in which predictability was not clearly manipulated. Specifically, the threat of shock 

conditions within this study were both predictable in that participants knew they would receive at least 1 

shock during a condition stimulus (CS), and also unpredictable in that they did not know how many 

shocks or at which time point the shocks would be delivered during the CS. Our current findings suggest 

that although the Melzig et al. (2009) threat of shock condition contained elements of predictability, 

there may have been enough unpredictability in the amount and timing of the shocks to elicit significant 

contextual anxiety.  

 In the present study, it is important to note that although both cues (i.e., ITI and countdown) 

during the unpredictable condition had the same meaning, our results indicated that resting RSA was 

associated with startle during the unpredictable ITI but not the unpredictable countdown. There are 
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several possible explanations for this finding. First, given our use of a within-subjects design, it is 

possible that the countdown became at least partially paired with the phasic fear response elicited during 

the predictable condition which resulted in carry-over effects (Macfie, Bratchell, Greenhoff, & Vallis, 

1989). In other words, the countdown became a conditioned stimulus and subsequently induced similar 

startle responding in the predictable and unpredictable conditions. Notably, other studies utilizing a 

similar design have also reported carry-over effects during the startle task (Grillon et al., 2008; Grillon et 

al., 2004).  

 It is also important to consider how the situational strength of our task conditions may have 

influenced our ability to detect individual differences (Lissek, Pine, & Grillon, 2006; Cooper & Withey, 

2009). A strong situation is an experimental condition in which an unambiguous cue is reliably paired 

with a hedonic or aversive outcome. A weak situation, on the other hand, is a condition in which the cue 

is ambiguous, unreliable, or associated with an outcome of low value or proximity. This distinction is 

important given that research indicates that strong situations tend to result in more uniform responses 

while weak situations allow individual difference factors (such as RSA) to influence behavioral and 

physiological responses (Lissek et al., 2006; Snyder & Ickes, 1985). Within the current study, the 

countdown may have become a strong situation in that an unambiguous cue (i.e., when the countdown 

reaches “1”) was reliability associated with receiving a shock in the predictable condition and this 

carried over to the unpredictable condition. However, the ITI did not signal reliable information and was 

relatively ambiguous in all three conditions, resulting in a weaker situation. Given that individual 

difference factors play more of a role in responding to weak versus strong situations, the difference in 

situational strength between the separate cues may have influenced our current results.  

 As was briefly discussed, other studies that have used this paradigm (i.e., Grillon et al., 2004; 

Moberg & Curtin, 2009) have utilized geometric shapes (e.g., 8-second square) as threat cues instead of 
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countdowns. While a geometric cue provides more predictability compared to no cue, the threat is not 

completely predictable as participants do not know exactly when it will occur while the cue is present. 

By using a countdown as the threat cue, our predictable condition was completely predictable, thus 

reducing any physiological anxiety that may be present during the ITI of the predictable condition. In 

other words, we were clearly able to distinguish predictability from unpredictability within the current 

study (see Nelson & Shankman, 2011).  

Self-Reported Anxiety   

  Even though the task was effective in inducing changes in self-reported anxiety, unlike our 

findings for startle, our results indicated that there was no significant relationship between RSA and self-

reported anxiety during any of the threat conditions. Although previous studies have reported an 

association between low RSA and self-reported anxiety during laboratory tasks (Butler et al., 2006; 

Bornas et al., 2005; Kettunen et al., 2000), it is possible that the extremely high levels of anxiety the 

shock paradigm produces, prevented us from detecting a significant relationship. Notably, when 

participants were asked to report how anxiety provoking they found the shocks on a scale of 1 (Not at 

all) to 7 (Extremely), 65.2% indicated scores greater than or equal to 5. Therefore, within the current 

study, there was a narrow range of responding. In addition, prior research has shown that electric shocks 

are highly anxiogenic and are considered more aversive than other unpleasant stimuli such as blasts of 

air (Grillon et al., 2004). Therefore, similar to the discussion above, the situational strength of our 

paradigm may have influenced our results and lead to the uniform responding amongst participants. 

Future research examining the association between RSA and self-reported anxiety may benefit by using 

a weaker anxiogenic stimulus.  
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Personality Moderators 

  For our secondary aims, we also examined whether anxiety disorder risk factors moderated the 

relationship between resting RSA and startle responses. Although previous studies have demonstrated a 

moderating effect of anxiety disorders on RSA and aversive responding (Keary et al., 2009; Yeragani et 

al., 1993), our results indicate that personality factors that may predispose individuals for anxiety 

disorders including anxiety sensitivity, trait negative emotionality, behavioral inhibition, and perceived 

control over anxiety related events may not have the same effect on startle. However, using a composite 

neuroticism score, we found some evidence that individuals with low neuroticism, but not high, 

evidenced a significant relationship between RSA and startle (although the omnibus test for interaction 

only approached significance). More specifically, among those with low neuroticism, lower resting RSA 

was significantly associated with increased startle potentiation to both the predictable and unpredictable 

ITIs. Since the observed findings were consistent across both the predictable and unpredictable ITIs 

even though the cues represented different meaning, we believe that there may have been carry-over 

effects from the ITI during the unpredictable condition, resulting in heightened contextual anxiety 

during both conditions. Therefore, these findings may add additional support to our primary analyses by 

demonstrating a significant relationship between low RSA and exaggerated startle in response to 

contextual anxiety. 

 Notably, few studies have examined whether resting RSA and personality factors interact to 

predict negative outcomes. However, one recent study by Ode, Hilmert, Zielke, & Robinson (2010), 

found that in a small sample of undergraduates (N = 38), resting HRV was positively associated with 

numerous problematic outcomes including daily stressful events, stress reactivity, negative affect, 

somatic symptoms, cognitive failures, and impulsivity among those with low, but not high, neuroticism. 

Although we also found this moderating effect of neuroticism, our results were in the opposite direction 
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such that resting RSA was negatively associated with startle magnitude in response to contextual 

anxiety. These discrepant results suggest that the relation between neuroticism, RSA, and problematic 

outcomes is complex and that there may be unique pathways and relationships depending on the 

observed outcomes (e.g., startle vs. daily self-report mood ratings). Interesting, our study and Ode et al. 

(2010) failed to find a relationship between HRV and negative outcomes at high levels of neuroticism 

which suggests that HRV may have less of an influence on aversive responding among these 

individuals. However, further research is needed to clarify these potential relationships.  

  It is also interesting to consider why we found these effects using a broad construct of negative 

emotionality/neuroticism, but were unable to demonstrate this relationship using more distinct risk 

factors such as anxiety sensitivity (i.e., a risk factor for panic disorder) or perceived control over anxiety 

related events. Although speculative, it is possible that the current findings are specific to more global 

indices of negative affect such as neuroticism or trait anxiety and thus, the other risk factor constructs 

may have been too narrow to influence the relationship between resting RSA and startle. Future work is 

needed to continue to elucidate the mechanism underlying the association between anxiety, low RSA, 

and aversive responding to unpredictable threat.  

Limitations 

  Although these findings address important gaps within the literature, there are several 

limitations of note. First, our sample consisted of undergraduate college students and thus, our findings 

may not be generalizable across all populations. Moreover, given that RSA has been shown to decrease 

with age (Yeragani, Pohl, Berger, Balon, & Srinivasan, 1994c; Schwartz, Gibb, & Tran, 1991), it is 

unknown whether these findings apply to younger or older individuals. Second, although RSA has 

demonstrated relatively high test-retest correlations (.76-.92) ranging from 3 days to 3 years (Goedhart 

et al., 2007; Kleiger et al., 1991; Stein et al., 1995), it has been shown to be influenced by several state 
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factors including exercise, attention, and emotional states (Porges, 2001, 2007; Casadei et al., 1996). As 

such, we are unable to conceptualize resting RSA as a trait factor but rather an assessment of vagal 

efference on heart rate while at rest (Porges, 2007). Third, respiration rate was not controlled or 

monitored in the current study which has been suggested to influence RSA (Grossman & Taylor, 2007; 

Houtveen, Rietveld, & De Geus, 2002; Berntson, Cacioppo, & Quigley, 1993). However, it has been 

noted that respiration is less likely to be a confound during periods of rest. Additionally, prior 

investigations have found no association between respiration frequency and RSA amplitude (Denver, 

Reed, & Porges, 2007; Hatfield et al., 1998) and it has been suggested that controlled respiration (i.e., 

paced breathing) may introduce additional confounds, such as cortical influence on brain stem 

structures, which subsequently influences RSA (Porges, 2007, 1995; Sargunaraj et al., 1996).  

Implications and Future Directions 

  With these limitations in mind, there are several important implications of these findings. First, 

our results add to a growing body of literature noting that individual differences in resting RSA are an 

important indicator of anxious and aversive responding (Melzig et al., 2009; Souza et al., 2007; Bornas 

et al., 2005). Further, these findings extend prior research by highlighting the specificity of the 

relationship between low RSA and contextual anxiety/unpredictable threat. More specifically, the 

current study suggests that excessive vagal withdrawal or low levels of vagally mediated HRV may be a 

marker for sensitivity to unpredictability. These findings are notable given that it has similarly been 

suggested that those with anxiety disorders have a heightened sensitivity to unpredictability and low 

vagal tone is thought to characterize those with anxiety disorders (Cohen et al., 2000; Friedman & 

Thayer, 1998). Taken together, evidence suggests that RSA may be an important mechanism in the 

relationship between anxiety and sensitivity to unpredictable events, which is thought to underlie the 

development and maintenance of anxiety disorders (Craske et al., 1995). Further, these results implicate 
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potential dysfunction in both of the neurobehavioral circuitry underling vagal tone and sensitivity to 

unpredictability (i.e., the vagus nerve and the bed nucleus of the stria terminalis) and may subsequently 

shed light on the psychophysiology of clinical anxiety.  

 Given that individual differences in RSA are not only an important predictor of aversive 

responding but of emotion dysregulation more broadly, it is possible that RSA might also be associated 

with sensitivity to unpredictable reward. Individuals with low RSA are at risk for emotional 

dysregulation or liability (see Beauchaine, 2001), and therefore, may show deficits in self-regulation 

during anticipation of an unpredictable reward. Similar to threat, unpredictable reward produces a 

sustained hedonic apprehension which is associated with both perceived and physiological arousal 

(Kirsch et al., 2003; Knutson, Adams, Fong, & Hommer, 2001). Individuals that are unable to 

successfully modulate these emotions due to vagal deficits may exhibit prolonged arousal and abnormal 

responding. Moreover, this inability to self-regulate in response to unpredictable reward may lead to 

maladaptive coping behaviors such as substance use or engagement in risk behaviors. However, future 

research is needed to explore whether RSA is associated with unpredictable reward or threat (within the 

same study) and examine potential behavioral consequences of this relationship.  

 In sum, the findings from the current study help to clarify the existing relationship between RSA 

and fear-potentiated startle. Specifically, our results suggest that this association may be specific to 

unpredictable threat, such that individuals with low vagal tone exhibit normative fear responses yet 

elevated contextual anxiety. These findings are in line with research noting that individuals with low 

RSA experience difficulties in regulating emotional states (see Porges et al., 1994) and highlights the 

need for continued research on the pathways between vagal tone, clinical anxiety, and sensitivity to 

unpredictability.  
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Footnote 
 
 
 1

relationship between neuroticism and startle, we examined whether there was a Condition 

x Cue x Neuroticism interaction at high and low levels of RSA. The three-way interaction 

was not significant at high levels of RSA [F(2,88) = 1.00, p = .371, η

 Given that one could also conceptualize RSA as the moderator in the 

p
2 = .00] or at low 

levels of RSA [F(2,88) = 1.97, p = .145, ηp
2 

 

= .00]. Thus we chose to conduct follow-up 

analyses at high and low levels of neuroticism.  
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Table 1. Descriptive statistics for RSA during baseline and self-report variables. 
 

RSA Eyes Open   6.73   1.04 

Variable    M   SD  

RSA Eyes Closed   6.66   1.09 

ACQ Total    4.17   3.32 

ASI Original Total   21.86   9.76 

ASI-R Total    37.57   20.55 

ASI-III Total    18.38   11.25 

GTS NE                12.35   7.88 

BIS Total                20.46   4.29 

__________________________________________________________ 
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Table 2. Results from Condition x Cue x RSA x Anxiety Disorder Risk Factor repeated measures 
ANOVAs. 

__________________________________________________________________ 

Source         df     MS           F           p         ηp
2

ACQ Total 

  

Cond x Cue x RSA x ACQ      2    16.37        1.16       0.32     0.01  

BIS Total    

Cond x Cue x RSA x BIS      2    27.92        1.99       0.14     0.02 

GTS NE Total 

Cond x Cue x RSA x GTS NE     2         25.21        1.79       0.17     0.02 

ASI Original Total 

Cond x Cue x RSA x ASI Original     2      2.25        0.16       0.86     0.00 

ASI Revised Total 

Cond x Cue x RSA x ASI Revised     2      5.00        0.35       0.71     0.00 

ASI-III Total 

Cond x Cue x RSA x ASI-III      2      5.36        0.37       0.69     0.00  

__________________________________________________________________ 

Note. For each ANOVA, condition (i.e., N, P, U) and cue (i.e., countdown and ITI) were entered as 
within-subject variables and RSA and anxiety disorder risk factors (i.e., ACQ, BIS, GTS, and ASI) were 
entered as between-subject variables.  
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Figure 1. Depiction of the neutral, predictable, and unpredictable study design.  
 
 
 
 
N Condition       6 5 4 3 2 1           6 5 4 3 2 1                                6 5 4 3 2 1                   6 5 4 3 2 1 
   
 
P Condition       6 5 4 3 2 1           6 5 4 3 2 1                                6 5 4 3 2 1                   6 5 4 3 2 1 
   
 
U Condition       6 5 4 3 2 1           6 5 4 3 2 1                                6 5 4 3 2 1                   6 5 4 3 2 1 
 
 
                                                                                           90 sec 

|countdown|       ITI       |countdown|       ITI        |countdown|       ITI      |countdown|                 
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Figure 2. Mean RSA across time during the resting baseline recording period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. RSA was averaged during 4 separate 90-second blocks across the 6 minute baseline 
recording period.
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Figure 3. Startle magnitude T-scores during the neutral, predictable, and unpredictable conditions 
(Left) and mean startle potentiation scores (Right; e.g., U-ITI minus N-ITI).                                        
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Figure 3b. Mean self-reported anxiety during the neutral, predictable, and unpredictable 
conditions and the ITI and countdown cues. 
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Figure 4. Scatter plot of the relationship between resting RSA and startle potentiation 
during the unpredictable ITI. 
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