
Florida State University Libraries

Honors Theses  The Division of Undergraduate Studies

2014

Heart Rate Reactivity and Disinhibitory
Proneness During an Affective Picture
Viewing Task
Lindsey Shelton

Follow this and additional works at the FSU Digital Library. For more information, please contact lib-ir@fsu.edu

http://fsu.digital.flvc.org/
mailto:lib-ir@fsu.edu


Running head: HEART RATE REACTIVITY AND DISINHIBITORY PRONENESS 1

Abstract 

Abnormalities in autonomic reactivity to aversive stimuli (e.g., heart rate deceleration) have been 

demonstrated in individuals with various forms of externalizing spectrum disorders (Raine, 

Venables & Williams, 1995).  Differential components of heart rate reactivity (HR) were 

hypothesized to reflect orienting responses and engagement in a defensive (fight or flight) 

motivational state.  The Externalizing Spectrum Model (Krueger et al., 2002; Krueger & Markon, 

2005) posits clinical problems involving excessive substance use and antisocial behavior are 

specific manifestations of a general propensity towards deficient impulse control (disinhibitory 

proneness).  The current study expands upon previous research by evaluating the association 

between disinhibitory proneness (operationalized through scores on the Externalizing Spectrum 

Inventory; Krueger, Markon, Patrick, Benning, & Kramer, 2007) and cardiac reactivity in a 

community sample of twins (N=508).  Findings provide support for reduced cardiac reactivity in 

individuals scoring highly on disinhibitory proneness.    
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Introduction 

Heart rate reactivity (HR) is a physiological response that is characterized by two distinct 

motivational systems: the appetitive and the defensive system, with the appetitive system 

characterized by a triphasic cardiac response and the defensive system characterized by a cardiac 

deceleration (Bradley, Codispoti, Cuthbert, & Lang, 2001).  These two systems work together to 

assist the body in responding correctly to stimuli being presented, with the defensive system 

responding to threatening situations and the appetitive system responding non-threatening or 

positive situations (Bradley et al., 2001).  Cardiac reactivity has been linked with various 

externalizing problems – aggression, antisocial personality disorder, substance use disorders, and 

child conduct disorder – and previous studies (Raine, 1996; Osumi, Shimazaki, Imai, Sugiura, & 

Ohira, 2007), have suggested that there will be a reduced HR response in individuals exhibiting 

externalizing problems.   

The Externalizing Spectrum Model (Krueger et al., 2002; 2005) conceptualizes various 

problematic traits and behaviors such as impulsivity, and antisocial and substance use disorders 

as specific manifestations of an underlying disposition towards poor impulse control.  Previous 

research concerning associations between reduced HR reactivity and externalizing disorders have 

been mixed.  In a meta-analytic review, Lorber (2004) suggested a significant trend in the 

literature for findings of increased HR reactivity in individuals with adult aggression and child 

conduct disorders.  Conversely, other research has found decreased HR reactivity in response to 

various externalizing problems (e.g. Raine, 1996).  Previous research has focused on specific 

constructs within the spectrum of externalizing psychopathology, whereas the present study 

seeks to evaluate the relationships between HR reactivity and disinhibitory proneness, which is 

hypothesized to reflect an underlying vulnerability to specific phenotypes such as conduct 
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disorder, aggression, adult antisocial disorder, and substance use.  The current study examined 

the relationship between HR reactivity in response to an affective picture-viewing task relative to 

participant’s disinhibitory proneness, as assessed by the Externalizing Spectrum Inventory (ESI; 

Krueger et al., 2007, Venables & Patrick, 2012), and it was hypothesized that individuals scoring 

high on the disinhibition scale would show reduced HR reactivity.   

Autonomic Arousal and Reactivity 

 Cardiac arousal is hypothesized to index two distinct motivational systems: the appetitive 

system, which is activated in contexts that promote survival such as sustenance, procreation, and 

nurturance, with a basic behavioral response of ingestion, copulation, and caregiving; and the 

defense system, which is primarily activated in contexts involving threat, with a basic behavioral 

response built on withdrawal, escape, and attack (Bradley et al., 2001).  During the defensive 

motivational state, a change in HR response can be detected.  The early stages of defense are 

devoted to perceptual processing of the stimuli, which can be viewed as an orienting phase 

indicated by a cardiac deceleration (orienting and freezing; Bradley et al., 2001).  More 

activation leads to a more active defense system denoted by a cardiac acceleration (preparation 

for action and fight or flight; Bradley et al., 2001).  Rolls (2000) emphasized that the appetitive 

system is slightly harder to quantify because it is complicated by the fact that the desire for a 

specific stimulus (e.g., food or drug) depends, to a certain extent, on a co-occurring aversive state 

(e.g., hunger or deprivation).  Thus, the HR component that best characterizes pleasant picture 

viewing is a brief, midinterval acceleration (Bradley et al., 2001).  These two motivational 

systems work together to help individuals determine how they should react to a certain stimuli.   

 When examining HR responses to various valence categories a theme emerged between 

the three valence types: pleasant, neutral, and unpleasant.  In relation to neutral pictures, there is 
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a greater initial cardiac deceleration to both pleasant and unpleasant pictures.  This deceleration 

is sustained when participants viewed unpleasant pictures, but changes – increases (accelerates) 

– when individuals are viewing pleasant pictures (Bradley et al., 2001).  Additional changes in 

cardiac activity were seen when a noise probe was also administered during an affective picture-

viewing task.  The current study also used loud and aversive noise probes to assess HR reactivity 

in relation to disinhibitory proneness.  A previous study by Gautier & Cook (1997) found that in 

response to an intense noise probe; HR reactivity exhibited a short-latency HR acceleration, 

which is thought to be related to a cardiovascular startle response.  

Disinhibitory Proneness and Autonomic Reactivity 

Autonomic activity and reactivity (such as heart rate reactivity, and skin conductance) 

have been used to index aspects of disinhibitory proneness in previous studies (Lorber, 2004; 

Osumi et al., 2007; Raine, 1996; Raine et al., 1995).  In a meta-analytic review, Lorber (2004) 

examined various specific manifestations of disinhibitory proneness including aggression, 

antisocial problems, misconduct, psychopathy, conduct disorder, hostility, and substance abuse.  

The results of these studies indicated a positive relationship between HR reactivity and adult 

aggression and child conduct disorder and found no significant relationships between HR 

reactivity and psychopathy.  This finding is not entirely surprising when considering the two-

process theory of psychopathy, suggesting that psychopathy is comprised of two distinct factors: 

affective-interpersonal and impulsive-antisocial (Patrick & Bernat, 2009).   

Previous work has examined the relationship between HR reactivity and disinhibitory 

proneness.  Frodi & Lamb (1980) examined child abusers HR reactivity while watching 

videotapes of crying and smiling infants and found that the abusers had an increased HR 

reactivity to the crying infants.  Additionally, in a study examining HR reactivity in methadone-
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treated heroin addicts during the point subtraction aggression paradigm, methadone subjects had 

significantly higher HR reactivity than healthy subjects (Gerra et al., 2001).  While these studies 

have found increased HR reactivity related to disinhibitory proneness, other studies have found 

reduced HR reactivity.  In a study by Osumi et al. (2007) HR reactivity was examined in a 

sample of Japanese undergraduates with either high/low tendencies toward antisocial behavior or 

high/low tendencies toward emotional detachment.  Participants were asked to view an 

emotionally stimulating excerpt from a film.  The findings of this study suggest that participants 

who were high in both antisocial behavior and emotional detachment had the greatest reduction 

in HR reactivity followed by those who were high in antisocial behavior and low in emotional 

detachment.  This finding suggests that the emotional detachment factor does not influence HR 

reactivity and that the reduced HR reactivity finding was due solely to the antisocial behavior 

factor.  In another study, Raine et al. (1995) found that having higher cardiovascular arousal is a 

protective factor against the development of criminal behavior.  Cardiovascular arousal is 

operationalized in this study as the difference between heart rate sampled for 5 seconds before 

the stimulus and 20 seconds after the stimulus (Raine et al., 1995).  Raine et al. (1995) studied 17 

antisocial adolescents who desisted from adult crime (desistors), 17 antisocial adolescents who 

became criminals by age 29 (criminals), and 17 nonantisocial, noncriminal normal subjects 

(controls).  The findings for this study show that the desistors had higher HR reactivity to pure 

tones (1,000 Hz frequency, 10-second duration, 25-msec rise and fall times, 65-dB intensity) 

than criminals and controls suggesting that HR reactivity is a biological factor that protects 

against antisocial behavior.  Raine (1996) has suggested that a disinhibited temperament seems 

to be underpinned by lower resting heart rate and skin conductance arousal and that reduced 
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autonomic activity as a child may predispose someone to delinquency and antisocial behaviors in 

adulthood.    

These findings suggest that HR reactivity is a very important physiological factor related 

to various externalizing problems.  Due to the discrepancies seen in previous studies, such as the 

Lorber (2004) meta-analytic review, further research on the relationship between HR reactivity 

and disinhibitory proneness should be examined.   

The Externalizing Spectrum Model 

 Disinhibitory psychopathology spans several traditionally separate psychological 

categories including – psychopathy, hysteria, hyperactivity, antisocial and impulsive personality, 

and alcoholism (Gorenstein & Newman, 1980).  However, contemporary theory and research 

suggest they are interrelated due to commonalities in deficient inhibitory control and excess rule 

breaking or norm-violating behavior (Sher & Trull, 1994; Krueger et al., 2002).  The 

combination of personality traits such as low conscientiousness and agreeableness, and constraint 

and negative emotionality, predicts subsequent deviant behavior (Krueger et al., 2007).  The 

Externalizing Spectrum Model (ESM; Krueger et al., 2002) suggests disinhibitory proneness 

reflects a highly heritable dispositional (trait) factor with specific phenotypic manifestations that 

include clinical problems such as antisocial and substance use disorders.  The ESM was recently 

operationalized in the form of a self-report questionnaire, the Externalizing Spectrum Inventory 

(ESI; Krueger et al., 2007; Venables & Patrick, 2012), which is comprised of 23 unidimensional 

subscales to assess various content domains such as impulsiveness/sensation-seeking, 

irresponsibility, and externalization of blame, aggression, deceitfulness, and substance use 

problems.  Each of the 23 subscales have been shown to load onto the general factor of 

externalizing, with the strongest loadings seen for scales indexing problematic impulsivity, 
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irresponsibility/lack of dependability, thievery, and alienation (Krueger et al., 2007; Venables & 

Patrick, 2012).  The general factor of the ESI is reflective of the inter-related nature of traits and 

behaviors that include impulsivity, aggression, rule-breaking, and excessive substance use, which 

form the externalizing spectrum of psychopathology.   

 The validity of the ESI has been evaluated in both correctional and community samples, 

and has been shown to have an overarching higher order factor that reflects disinhibitory traits 

and a general propensity towards impulse control problems, along with two distinct subfactors, 

one of which reflects callous-aggressive tendencies while the other reflects an excessive use of 

substances (Krueger et al. 2007; Venables et al., 2012).  Yancey, Venables, Hicks, & Patrick 

(2013) found that scores on the 30-item measure of disinhibitory proneness, which reflects the 

ESI general factory, correlate highly with maladaptive behaviors including symptoms of 

antisocial and substance use disorders, and that common genes account for this association.  One 

hypothesis regarding the development of disinhibited and antisocial behavior suggests that 

disinhibited individuals have a reduced autonomic arousal to aversive or unpleasant stimuli 

(Raine, 1996).  The ESM is an important model that can be useful in understanding various 

biological processes related to externalizing problems, such as HR reactivity and the P300 brain 

potential response.   According to Patrick et al. (2013), reduced P300 (P3) brain potential 

response is a well-established physiological indicator of disinhibitory proneness and thus has 

utility in understanding its development.  Deficits in autonomic reactivity, including the orienting 

response, may reflect a physiological marker of disinhibited traits and behaviors.   

Current Study Aims and Hypotheses 

There have been few studies to examine the relationship between HR reactivity and 

disinhibitory proneness and these previous studies offer mixed results in terms of HR reactivity 
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and its association to disinhibitory proneness and externalizing disorders.  Some studies have 

found reduced HR reactivity related to disinhibitory proneness while others have found increased 

HR reactivity.  The current study sought to address previously reported inconsistencies by 

evaluating the association between HR reactivity to emotional and neutral pictures and 

disinhibitory proneness as operationalized through scores on the ESI.  It was hypothesized that 

HR reactivity would be reduced in individuals scoring higher on the ESI, and specifically the 

disinhibitory factors of the ESI, for affective pictures.  Our second hypothesis was that HR 

reactivity to the noise probe would be reduced in individuals scoring high on disinhibition.   

Methods 

Participants 

Participants consisted of 508 (251 female, 257 male) twins (260 MZ, 248 DZ) recruited 

from the University of Minnesota Twin Registry and screened for hearing and visual 

impairments prior to testing.  Fifty participants were excluded from the current analyses due to 

problems with their physiological data including excessive artifacts in the electrocardiogram 

(EKG) recordings (n=30), technical problems with EKG recording (n=12), and incomplete data 

to perform analyses (n=8) for a total of 458 participants with physiological data.  Additionally, 

some participants were excluded from the results because of incomplete questionnaires (n=28), 

resulting in 430 participants in the final analyses (234 MZ, 224 DZ; 231 males, 227 females).  

The mean age of study participants was 29.4 years (SD = 4.9, range = 22-38) and racial 

composition was as follows: Caucasian, 96.7%; African American, 0.7%; Hispanic, 0.2%; 

Native American, 0.4%; mixed race, 0.7%; other missing, 1.3%.  Data used in the current study 

was collected as part of a larger protocol for which participants received $100 as compensation 

along with reimbursement for travel expenses.  
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Experimental Design and Stimuli 

Each participant viewed a series of 90 pictures consisting of 30 pleasant (including action, 

erotic, and nurturant scenes), 30 neutral (consisting of inactive people, neutral human faces, 

household objects, and kitchen utensils) and 30 unpleasant (including physical injury and direct 

threat) scenes from the International Affective Picture System (IAPS, Center for the Study of 

Emotion and Attention [CSEA], 1995).  Each picture was presented for 6s followed by an 

intertrial interval of 12s.  The specific pictures within the pleasant valence category differed 

somewhat for men and women (i.e., three opposite-sex nude scenes differed), in order to match 

picture content for average normative ratings of valence and arousal across genders.  The 90 

pictures were presented in eight different orders across participants of each gender.  Within and 

between orders, pictures were counterbalanced such that valence categories (pleasant, neutral, 

unpleasant) were represented equally across orders at each serial position and no more than two 

pictures of a particular valence occurred consecutively within any stimulus order.  For the 

purpose of examining other effects of interest in the picture viewing task, affect-modulated 

startle (cf. Lang, Bradley, & Cuthbert, 1997), noise probes (50 ms, 105 dB) were presented 

during most picture trials (81 of 90), and were delivered at 3s, 4s, or 5s.   

Assessment of Disinhibitory Proneness 

To examine externalizing disorders, participants were asked to complete a 100-item 

version of the ESI – which as a set correlate very highly (r = .98) with scores on the full (415-

item) inventory.  Disinhibitory proneness was operationalized using available items (n = 30) 

from the following ESI subscales, which loaded most strongly and selectively on the ESI’s 

general externalizing factor: Irresponsibility, Dependability, Problematic Impulsivity, Impatient 

Urgency, Planful Control, Alientation, and Theft.  These 30 items exhibited high internal 
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consistency reliability with other measures of externalizing disorders (Yancey et al., 2013).  

Items were answered on a 4-point scale, with response options of true, somewhat true, somewhat 

false, and false.   

Physiological Data Recording and Reduction Procedures 

During the experiment, participants viewed the picture stimuli on a 21” computer screen 

situated approximately 1 m away, at the participant’s eye level, while seated in a comfortable 

recliner.  Data collection was performed using two PC computers, one equipped with E-Prime 

software (MEL software, Inc.) for stimulus delivery and the other with Neuroscan Acquire 

software for physiological data acquisition.  Electrocardiogram was recorded from the left and 

right forearms, using two 1-cm Med Associates Ag–AgCl electrodes filled with electrolyte paste, 

and the electrode impedances were kept below 10 k�.  Heart rate data was then imported into 

Matlab (Mathworks, Inc.) and using an automated protocol, cardiac R-spikes were detected and 

the interbeat interval was used to determine the beats per minute (BPM) for each subjects’ trial-

level data.  Data from each subject was epoched at the trial-level and was visually inspected for 

extremely artifactual data (i.e. the majority of the recording was dead or noisy) and these 

subjects were taken out of further analyses.  The data was then split into bins comprised of the 

average BPM within half second intervals.  Data were then imported into SPSS (IBM), and 

excluded if any trial was more than four standard deviations away from the mean within each 

half second bin.  Subject’s heart rate data were then aggregated from the trial level to the valence 

level (unpleasant, neutral, pleasant) so that each subject had three scores for all twelve bins.  

Subjects were then excluded from analyses if they were missing more than two thirds of their 

data for any valence category.  Finally, HR waveform scores to the pictures were computed by 

taking the maximum deceleration from baseline for the entire 6s of picture viewing and the 
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maximum acceleration from baseline for the last 3s of picture viewing.  A similar technique was 

used for the HR waveform scores to the noise probes and these scores were computed by taking 

the maximum acceleration and deceleration from baseline, from 0-4,000 ms.  

Statistical Analyses 

To examine the effects of picture Valence (unpleasant, neutral, and pleasant) and 

disinhibitory proneness for each dependent variable (HR picture acceleration, deceleration and 

HR acceleration to noise probe) in the sample, a series of repeated measures ANOVAs were 

conducted with picture valence as the within-subjects factor and disinihibition scores as the 

between-subjects factor.  Significant main effects to picture valence were then parsed into 

orthogonal linear (comparing the difference between unpleasant and pleasant valence categories) 

and quadratic contrasts (comparing the average of the unpleasant and pleasant scores to neutral 

scores) to evaluate the effects of emotional valence and arousal, respectively.  Regression 

analyses were also conducted to test for unique and shared effects of HR acceleration and 

deceleration on disinhibition scores.    

Results 

Heart Rate Reactivity to Pictures: Effects of Emotion and Disinhibition 

In the repeated-measures ANOVA examining the effects of picture Valence (unpleasant, 

neutral, and pleasant) on HR deceleration there was a significant main effect of picture Valence, 

F(2, 428) = 37.21, p < .01, ηp
2 = .080 with a robust quadratic-arousal contrast, F(1, 428) = 54.05, 

p < .01, ηp
2 = .112, reflecting a greater arousal response to unpleasant (M = -1.77, SD = 1.2) and 

pleasant scenes (M = -1.44, SD = 1.09) relative to neutral (M = -1.14, SD = 0.94).  Additionally, 

the linear-valence contrast was significant, F(1, 428) = 22.08, p < .01, ηp
2 = .049, indicating a 

greater HR reactivity to unpleasant relative to pleasant scenes.  A scatterplot revealing the HR 
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deceleration and trait disinhibition scores to picture onset can be seen in Figure 1.  A significant 

main effect of picture Valence was likewise evident for the HR acceleration, F(2, 428) = 25.02, p 

< .01, ηp
2 = .055, with a significant quadratic-arousal contrast, F(1, 428) = 38.37, p < .01, ηp

2 

= .082, reflecting a greater arousal response for neutral scenes (M = 0.39, SD = 1.15), relative to 

unpleasant (M = -0.21, SD = 1.38) and pleasant scenes (M = 0.02, SD = 1.19).  Additionally, the 

linear-valence contrast was significant, F(1, 428) = 11.79, p < .01, ηp
2 = .027, indicating a greater 

HR reactivity to pleasant relative to unpleasant scenes.  A scatterplot revealing the HR 

acceleration and trait disinhibition scores to picture onset can be seen in Figure 2.  The overall 

HR waveform plot can be seen in Figure 3. 

 The repeated-measures ANOVA for HR deceleration in which Disinhibition items were 

included as a continuous between-subjects factor yielded a significant main effect of 

Disinhibition, F(1, 428) = 16.94, p < .01, ηp
2 = .038, reflecting reduced HR deceleration as a 

function of increasing scores on the Disinhibition scale (r = .195, p < .01).  A significant main 

effect of Disinhibition was likewise evident for HR acceleration, F(1, 428) = 4.20, p < .04, ηp
2 

= .010, reflecting greater HR acceleration as a function of increasing scores on the Disinhibition 

scale (r = .099, p < .04).  Mean HR reactivity for individuals scoring in the highest and lowest 

quartiles of disinhibition can be seen in Figure 4.  Finally, to test for unique versus shared 

contributions to prediction, a regression analysis was performed in which HR acceleration and 

deceleration were used to predict Disinhibition scores.  Results from the regression analysis 

appear in Table 1 and indicate that HR deceleration uniquely predicts Disinhibition scores β 

= .25, p < .01.   

Heart Rate Reactivity to Noise Probes  
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  In the repeated-measures ANOVA examining the effect of picture Valence on HR 

deceleration there was a significant main effect of picture Valence, F(2, 429) = 19.10, p < .01, 

ηp
2 = .043, with a significant quadratic-arousal contrast, F(1, 429) = 31.43, p < .01, ηp

2 = .068, 

reflecting a greater arousal response for pleasant (M = -0.55, SD = 0.81) and unpleasant scenes 

(M = -0.19, SD = 0.70) relative to neutral (M = -0.25, SD = 0.68).  Additionally, the linear-

valence contrast was significant, F(1,429) = 4.44, p < .04, ηp
2 = .010, indicating a greater HR 

reactivity to pleasant relative to unpleasant scenes.  A significant main effect of picture Valence 

was likewise evident for the HR acceleration, F(2, 429) = 47.28, p < .01, ηp
2 = .099, with a 

robust linear-valence contrast, F(1, 429) = 91.18, p < .01, ηp
2 = .175, reflecting a greater HR 

reactivity for unpleasant (M = 1.88, SD = 1.23) relative to pleasant scenes (M = 1.11, SD = 1.16).  

The quadratic-arousal contrast was not significant, F(1, 429) = 2.00, p = .16, ηp
2 = .005, 

indicating comparable HR response to pleasant and unpleasant as compared to neutral scenes.   

 The repeated-measures ANOVA for HR acceleration in which Disinhibition items were 

included as a continuous between-subjects factor yielded a significant main effect of 

Disinhibition, F(1, 429) = 8.24, p < .04, ηp
2 = .019, reflecting reduced HR acceleration as a 

function of increasing scores on the Disinhibition scale (r = -.137, p < .04).  A scatterplot 

revealing the HR acceleration and trait disinhibition scores to noise probes can be seen in Figure 

5.  The main effect of Disinhibition for HR deceleration was not significant, F(1, 429) = 3.28, p 

= .07, ηp
2 = .008.  A scatterplot revealing the HR deceleration and trait disinhibition scores to 

noise probes can be seen in Figure 6.  Finally, to test for unique versus shared contributions to 

prediction, a regression analysis was performed in which Disinhibition scores were entered along 

with cardiac deceleration to picture onset and cardiac acceleration to noise probes.  Results from 

the regression analysis appear in Table 2 and indicate that HR deceleration to the picture onset 
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uniquely predicts Disinhibition scores β = .17, p < .01.  These results suggest that the reduced 

HR reactivity finding is largely due to the picture onset and not the noise probe.   

Table 1 

Cardiac Reactivity to Picture Onset: Zero-Order correlations  

and regression model results 

 Zero-Order 
Pearson’s r 

 
β 

HR Acceleration 
 to picture onset 

.10* -.07 

HR Deceleration 
 to picture onset 

.20** .25** 

Notes: *p < .05; **p < .01 

 

 

Table 2 

Cardiac Reactivity to Picture Onset and Noise Probe 

  
Zero-Order  
Pearson’s r 

 
β 

HR Acceleration 
 to noise probe 

-.14** -.08 

HR Deceleration 
 to picture onset 

.20** .25** 

Notes:  **p < .01 

 
Discussion 

 The current study sought to test the hypothesis that individuals who were highly 

disinhibited would have reduced HR reactivity to emotional pictures and noise probes.  This 

finding of reduced HR reactivity to emotional stimuli in individuals high in disinhibitory 

proneness provides an important link between physiological responses and externalizing 

problems.  In line with study hypotheses, reduced HR reactivity to picture onset was evident in 

twins who scored high on the 30-item version of the ESI.  Additionally, reduced HR reactivity to 

noise probes in twins scoring high on disinhibition was also found.  Regression analyses of these 
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findings indicate that this reduced HR reactivity was uniquely predicted by the HR deceleration 

to the picture onset.   

Implications for Understanding HR Reactivity and Disinhibitory Proneness 

The current study sought to replicate and expand upon the existing body of evidence 

linking reduced physiological responses to externalizing behaviors (Osumi et al., 2007; Raine et 

al., 1995).  Osumi et al (2007) used a similar paradigm to the current study by using an 

emotional video to elicit different physiological responses and found reduced HR reactivity in 

individuals who were higher in antisocial personality, while Raine et al (1995) implemented a 

slightly different paradigm using noise probes to elicit physiological responses but also found a 

similar reduced HR reactivity in criminals versus non-criminals and desistors.  The current study 

addresses some gaps in previous research by focusing on disinhibitory proneness and its 

relationship HR reactivity to both emotional pictures and noise probes.  

In line with the study hypotheses, the key findings that emerge from this study are that 

individuals who scored higher on the ESI and therefore are classified as highly disinhibited 

individuals will have a reduced HR reactivity to emotional pictures and noise probes.  When 

examining these analyses further it is clear that highly disinhibited individuals had reduced HR 

deceleration to emotional pictures suggesting that they have an abnormal motivational response. 

This finding is consistent with the hypothesis that cardiac arousal is based on two distinct 

motivational systems: the appetitive and defensive system, and that the defensive system is 

responsible for the orienting phase that is present when an individual first views the stimuli 

(Bradley et al., 2001).  Highly disinhibited individuals also show a reduced HR acceleration to 

the noise probe which indicates a deficit in their cardiac startle response, which was proposed as 

a short-latency HR acceleration to an intense noise probe (Gautier & Cook, 1997).   
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Broader Impacts of HR Reactivity Research  

Results from the present study indicate that there is a physiological link to externalizing 

and disinhibited behaviors.  According to Raine (1996) a disinhibited temperament is associated 

with underarousal of autonomic responses.  Our findings corroborate this statement and provide 

an important contribution to the growing body of research supporting this physiological 

influence on disinhibitory proneness.  This finding lends itself to the notion that individuals with 

externalizing and disinhibitory behaviors differ from others on a physiological level and this 

means that there could be the potential to identify individuals that are more likely to have 

externalizing problems by examining their physiological responses to certain stimuli.    

Limitations and Future Directions 

 It is important to acknowledge certain key limitations of the current study and highlight 

important directions for future research.  One limitation is that because this was a community 

sample the base rates of externalizing behaviors were lower in comparison with correctional or 

other samples in which impulse control problems are common.  We would predict a similar 

finding in a sample of this type; however, this possibility should be tested directly using data 

from correctional and other samples in which more severe externalizing problems are prevalent.  

It will be valuable in future studies to include additional measures of disinhibitory proneness 

such as those collected from an interview in order to see if there are differences between self-

report and interview based measures of disinhibitory proneness.  Additionally, using multiple 

physiological measures and even neurobiological indicators of disinhibitory proneness would be 

useful in examining the effects seen in the current study further.   
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