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ABSTRACT 

 

Interoceptive acuity is defined as adeptness at detecting changes in autonomic reactivity 
(McNally, 1996).  Poor interoceptive acuity, i.e. discordance between subjective and 
physiological reactivity to stressors, has been associated with panic disorder symptoms.  
We examined the relation between poor interoceptive acuity and disinhibitory disorders 
(e.g., antisocial personality disorder, ASPD).  Skin conductance responses (SCRs) to 
unpredictable and predictable blasts of white noise were collected from 123 (73 female) 
participants who then rated their subjective reactivity to the blasts.  Larger discrepancies 
between physiological and psychological reactivity were related to higher counts of ASPD, 
alcohol, and cannabis use disorder symptoms.  Higher physiological reactivity was related 
to higher number of social anxiety disorder symptoms.   Our findings suggest that poor 
interoceptive acuity may be related to disinhibitory psychopathology.   
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Relationship Between Interoceptive Acuity and Disinhibitory Disorders 

 
  
 An organism’s sensitivity to physiological cues that accompany anxiety or fear 
followed by an appropriate psychological and behavioral reaction to such cues, allows it to 
properly respond in the face of daner.  Such a response increases the organism’s survival 
chances, representing a clear selective advantage to the individual (Nesse, 1999).   
 Given the important adaptive role of fear and anxiety, a substantial number of 
studies have explored biological and psychological mechanisms that could form a system 
that mediates emotional and behavioral responses to anxiety and fear provoking stimuli.  
Prominent among these models is one proposed by Gray (1982,1987).  Gray proposed 
three separate, interacting systems related to anxiety, fear and behavioral responses.  First, 
a fight/flight system proposed to organize behavior in response to unconditioned 
punishment or non-reward.  Second, a behavioral inhibition system (BIS) proposed to 
inhibit ongoing behavior and increasing arousal and attention in response to conditioned 
stimuli for punishment or non-reward, and finally an approach system (called behavioral 
activation system, BAS, by Fowles, 1980), proposed to organize behavior in response to 
conditioned stimuli that signal reward or non-punishment (Gray, 1987).   
 Fowles (1994) proposed that individual BIS/BAS differences could provide the 
motivational background for different forms of psychopathology.  For example, Fowles 
proposed that anxiety disorders may be underlied by an overactive BIS while disinhibitory 
disorders may be underlied by a deficient BIS and strong BAS (Fowles, 1994).  Consistent 
with Gorenstein and Newman’s (1980) definition, we refer to disinhibitory disorders as 
patterns of behavior in which individuals choose “immediate gratification at the expense of 
long-term and more enduring gains… and appear unable to control such inclinations as a 
means of avoiding long-range discomfort (p. 302)”.  Though admittedly unspecific, this 
conceptualization has proved to be a useful heuristic and the literature has traditionally 
included disorders such a psychopathy, hyperactivity in children, ASPD, and alcohol abuse/ 
dependence under the rubric (Gorenstein and Newman, 1980; Sher and Trull, 1994, 
Fowles, 1994).     
 Studies have reliably shown that skin conductance (sweat gland activity) increases 
in response to threats of punishment, indicating that skin conductance responses (SCRs) 
may provide a reliable indicator of BIS activity (Fowles, 1980, 2000).  Fowles’ proposal of 
an overactive BIS in anxiety disorders has received some support from studies showing 
skin conductance hyperreactivity in specific phobia (Cook, Melamed, Cuthbert & McNeil, 
1988) and panic disordered populations (Roth, Ehler, Taylor, & Margraf, 1990).  
Conversely, other studies have found reliable correlates of reduced tonic skin conductance 
and poor electrodermal conditioning among psychopathic men, adult antisocial populations, 
and children with conduct disorder (Lykken, 1957; Patrick, Bradley & Lang, 1993, Scarpa & 
Raine, 1997), adults at high risk for alcoholism (Finn, Kessler, & Hussong, 1994), and 
alcohol and nicotine dependent boys (Taylor, Carlson, Iacono, Lykken, & McGue, 1999), 
consistent with Fowles’ (1994) proposed weak BIS/strong BAS basis for disinhibitory 
disorders.    
 However, as BIS/BAS proponents recognize, the model may not completely explain 
anxiety or disinhibitory disorders (McNaughton and Gray, 2000), and research in the area 
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has explored other potentially relevant factors.  Emotion theories have suggested that 
emotions are expressed across subjective, physiological and behavioral response systems, 
and that these systems do not always show a concordance in response (Lang, 1968; 
Rachman & Hodgson, 1974).  Furthermore, interoceptive acuity has been defined as an 
organism’s adeptness at detecting changes in autonomic reactivity (McNally, 1996).  Thus, 
we could conceptualize “good “ interoceptive acuity as a concordant response across 
subjective and physiological emotional response systems that allow an organism to enact 
an appropriate behavioral response (e.g., fight) to stressful or threatening stimuli.  
Alternatively,  “poor” interoceptive acuity implies a discordant response across subjective 
and physiological systems that prevent an organism from enacting a proper behavioral 
reaction.  Therefore, poor interoceptive acuity could lead to a pathological pattern in which 
an organism routinely subjectively “overreacts” despite low physiological reactivity or 
“underreacts” despite high physiological reactivity regardless of stressor valence.   
 Consequently, significant research examining the relation between interoceptive 
acuity and anxiety disorders has emerged (Ehlers, Margraf, Roth & Birbaumer, 1988, 
Ehlers and Breuer, 1992).  Various early studies in the area aimed at determining if panic 
attack patients differed in their ability to discriminate heart rate relative to control subjects.  
Due to methodological differences across studies (e.g. task difficulty), the findings were 
mixed; some studies found panic patients more interoceptively acute than controls and 
other studies found no differences (for a brief review, see McNally, 1996).   
 Recent studies have avoided these issues by using broader measures of subjective 
emotional response to stressful stimuli, such as ratings of panic symptoms during 
hyperventilation or CO2 challenges (Sturges, Goetsch, Ridley and Whittal, 1998; Schmidt, 
Forsyth, Santiago & Trakowski, 2002), or anxiety feelings among social phobics during 
imagery of social conversation tasks (Edelmann & Baker, 2002).  These studies are of 
interest because they found that persons with anxiety disorders tended to report higher 
subjective ratings of psychological and physical distress in response to specific stressful 
stimuli, but did not always show differences in physiological measures of reactivity (skin 
conductance and/or heart rate), compared to controls.  Particularly relevant is a study by 
Schmidt et al. (2002), that found support for panic attack subgroups proposed in the 
literature, based on the concordance/discordance between psychological and physiological 
responses (Barlow, Brown & Craske, 1994).  The groups consisted of persons with high 
subjective and physiological reactivity (named “Prototypical”), persons with high subjective 
but low physiological reactivity (named “Cognitive”) and finally, persons with low subjective 
but high physiological reactivity (named “Nonfearful”).   
 Similarly, Edelmann & Baker (2002) reported no differences in physiological 
measures between a social phobia group, a “clinically anxious” group (people with panic 
disorder, generalized anxiety disorder, or simple phobia), and a control group.  However, 
they found that relative to the control group, both clinical groups reported higher subjective 
ratings of racing heart during imagery tasks and sweaty hands during social conversation 
tasks.  The findings by Schmidt et al. (2002) and Edelmann & Baker (2002) suggest that for 
a portion of people, anxiety disorder symptoms may be related to “poor” interoceptive 
acuity, i.e. higher subjective psychological distress to stressful stimuli despite physiological 
reactivity that is not significantly different from control subjects. 

To date, the majority of studies looking at the relationship between interoceptive 
acuity and psychopathology have been limited to anxiety disorders.  We propose that the 
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findings by Schmidt et al. (2002) and Edelmann & Baker (2002) could be extended to 
disinhibitory disorders given that, like for anxiety disorders, physiological reactivity has been 
implicated as an important factor that influences their development (Lykken, 1957; Patrick, 
et al., 1993, Scarpa & Raine, 1997, Finn et al. 1994, and Taylor, et al. 1999).  Given the 
robust findings of physiological underreactivity among disinhibitory disorders and again 
considering Lang’s (1968) and Rachman & Hodgson’s (1974) contention of potential 
discordance between subjective, physiological and behavioral emotional response 
systems, it would be reasonable to propose that poor interoceptive acuity may be 
associated with disinhibitory disorders.  In what could be considered an inverse analogue to 
the “cognitive” panic group, the disinhibitory symptoms displayed by some people may be 
related to subjective “underreactivity” despite normal or even physiological hyperreactivity 
during stress.  This pattern of poor interoceptive acuity would imply a cognitive vulnerability 
that disposes some individuals to disregard signs of punishment or non-reward despite 
heightened physiological reactivity (like in ASPD).  Inversely, in other people, disinhibitory 
symptoms may be related to subjective “overreactivity” despite low or “normal” 
physiological reactivity to what could be a mild stressor or non-threatening stimuli, resulting 
in a maladaptive behavioral response such as chronic aggressiveness in ASPD, substance 
use to cope, or difficulty controlling anger in bordeline personality disorder (BPD).  To our 
knowledge, however, the association between poor interoceptive acuity and 
psychopathology beyond anxiety disorders has not been tested.   
The Present Study 

The present study explored if differences in interoceptive acuity among a non-
selected group of young adults existed, and if individual differences in interoceptive acuity 
were associated to the reported number of disinhibitory and anxiety disorders symptoms.  
Forsyth, Eifert, & Canna (2000) reported that approximately 75% of participants in a non-
clinical sample fell within the prototypic, cognitive and nonfearful panic attack subgroups 
during a CO2 challenge study.  These results suggest that differences in interoceptive 
acuity in non-selected samples exist, and that a study examining if differences in 
interoceptive acuity act as a cognitive vulnerability for disinhibitory disorders among a non-
clinical sample could yield valuable information.  Furthermore, if poor interoceptive acuity 
among the general population is related to symptoms of disinhibitory disorders, then inquiry 
of this phenomenon among clinical populations would be substantiated.   
 Based on findings from Forsyth et al. (2000) and Schmidt et al. (2002), we expected 
that some subjects would display “better” interoceptive acuity than others (i.e. higher 
concordance between subjective and physiological reactivity) while other subjects would 
display “poorer” interoceptive acuity (i.e. discordance between subjective and physiological 
reactivity).  Further, it was expected that certain patterns of discordance between 
physiological and psychological reactivity would represent a cognitive vulnerability for 
ASPD, BPD, alcohol, cannabis and other non-cannabis use disorders.  In addition, previous 
research showing a relationship of interoceptive acuity to anxiety disorders prompted an 
examination of the relationship between interoceptive acuity and social phobia and specific 
phobia. 
 Hypotheses: 
 Physiological hyporeactivity has been a robust finding in the ASPD literature (it is 
worth noting that these studies have systematically excluded persons with comorbid 
anxiety disorders).  Despite the robustness of this finding, physiological reactivity is not 
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found in all subjects, and it does not always translate into immunity to stress as can be 
inferred from one of the few studies exploring ASPD and anxiety disorders comorbidity. 
Using data from the National Comorbidity Survey, Goodwin and Hamilton (2003) reported 
that over half of adults with ASPD met criteria for an anxiety disorder during their lifetime 
and more than 40% of those with conduct disorder (CD, assumed to be a childhood 
precursor of ASPD) but not ASPD had at least one lifetime anxiety disorder diagnosis.  A 
way to interpret these findings is that some persons may display physiological 
hyperreactivity related to anxiety symptoms and subjective underreactivity to life stressors 
related to ASPD symptoms.  In this vein, we expected that higher physiological reactivity 
but lower psychological reactivity would be associated with higher number of ASPD 
symptoms.  We also hypothesized that lower physiological and psychological reactivity 
would be associated with higher symptom counts of ASPD. This prediction was made 
based on evidence from psychopathy literature that suggests psychopaths are 
characterized by low physiological reactivity (e.g. skin conductance and startle blink 
response; (Lykken, 1957, Patrick, et al. 1993) and psychological reactivity (i.e. low anxiety 
proneness; Cleckley, 1941,1982; Lilienfeld, 1998).  Admittedly, ASPD is not equivalent to a 
diagnosis of psychopathy since, as various researchers point out, even in forensic samples 
large numbers of persons with ASPD do not meet diagnostic criteria for psychopathy 
(Lilienfeld, 1998).  However, most psychopaths meet criteria for ASPD and psychopaths 
are more likely to engage in antisocial behavior such as violent and non-violent crimes 
(Zuckerman, 1999).  Thus, the high comorbidity between these disorders makes it 
reasonable to expect persons with “psychopathic” physiological and psychological reactivity 
among some of the persons with ASPD symptoms.  Persons who display lower 
physiological and psychological reactivity could be conceptualized as inverse analogues to 
the “prototypical” group found by Forsyth et al. (2000) and Schmidt et al. (2002).   

Although BPD has not formally been conceptualized as a disinhibitory disorder in 
the literature, two factors would justify its inclusion as one.  First, the Diagnostic and 
Statistical Manual of Mental Disorders Text Revision’s (DSM-IV-TR, American Psychiatric 
Association, 2000) diagnostic criteria for BPD includes inhibition control problems such as 
impulsivity in potentially self-damaging areas (spending, sex, substance abuse, reckless 
driving, etc) as a hallmark clinical feature of the disorder.  Second, consistent with Fowles’ 
conceptualization of disinhibitory disorders as characterized by a deficient BIS, Herpertz, 
Kunert, Schwenger & Saas (1999) (one of few studies examining physiological reactivity in 
BPD inpatients) found that compared to a control group, borderline patients showed low 
electrodermal responses to photographic slides of pleasant, neutral and unpleasant 
valence.  Interestingly, despite physiological hyporeactivity, BPD patients reported higher 
reactivity to neutral pictures relative to control subjects on self-rating measures, suggesting 
that poor interoceptive acuity may be implicated in this disorder as BPD patients may be 
psychologically overreacting to some stimuli.  Thus, consistent with the findings by Herpertz 
et al. (1999) we expected that lower physiological but higher psychological reactivity would 
be associated with higher symptom counts of BPD.   

Consistent with studies that have found decreased skin conductance among men 
with a family history of alcoholism (Finn, et. al 1994) and a high correlation between 
personality traits associated with substance use and psychopathy (Zuckerman, 1999), we 
expected that persons who showed lower levels of physiological and psychological 
reactivity would report higher counts of substance use symptoms.  We also expected that, 
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similar to predictions about BPD, persons with lower physiological reactivity but higher 
psychological reactivity would display higher counts of substance use disorders symptoms.  
Finally, similar to ASPD, we expected that persons with higher physiological reactivity but 
lower psychological reactivity would display higher counts of substance use disorders 
symptoms.  As it can be seen, the predictions made for substance use disorders overlap 
with the predictions made for ASPD and BPD.  This overlap is consistent with data 
suggesting that substance use disorders are not a unique problem but rather form part of 
wider disinhibited life-style (Sher and Trull, 1994, Finn et al. 1994) and these overlapping 
patterns of interoceptive acuity may be another factor that helps explain the high levels of 
comorbidity observed among these disorders.  Though the same interoceptive acuity 
pattern was expected for alcohol and illicit drugs use problems, they may be associated 
with different patterns of interoceptive acuity and were therefore examined separately. 
 Consistent with epidemiological studies, the most prevalent anxiety disorders in this 
sample were social phobia and specific phobia.  Based on the findings by Schmidt et al. 
(2002) and Forsyth et al. (2000) we predicted that persons with higher physiological and 
psychological reactivity would endorse higher numbers of anxiety disorder symptoms 
(“prototypicals” in Barlow’s (1994) typology) and that lower physiological reactivity but 
higher psychological reactivity would be related to higher levels of anxiety disorders 
symptoms (“cognitives” in Barlow’s (1994) typology).  Edelmann and Baker (2002) did not 
find subjective or physiological responses that differentiated a social phobia group and a 
group composed of persons with specific phobia, GAD, and panic disorder suggesting that 
differences in interoceptive acuity among the anxiety disorders might not exist.  
Nonetheless, the possibility cannot be discarded; and therefore we examined the 
relationship between interoceptive acuity and symptoms of social phobia and simple phobia 
separately.   

Method 
Participants 
 Participants were 123 (73 female) students attending Florida State University, 
recruited through advertisement fliers posted in various locations around campus, including 
the Student Counseling Center.   Potential participants were screened by telephone to 
determine eligibility.  Participants were at least 18 years of age and exclusion criteria 
included hearing loss or head trauma resulting in unconsciousness and/or coma.  Eligible 
participants were asked not to use alcohol or illicit drugs within 24 hours of their scheduled 
study session time. The mean age of the sample was 20.8 years (SD = 4.15). The racial 
and ethnic composition of the sample was 2% American Indian, 0.8% Asian, 16.3% African 
American, 13.8% Hispanic/Latino, 2.4% Native Hawaiian/Other Pacific Islander, 59.3% 
white, and 5.7% other (mixed race or a non-specified ethnic background such as Arab). 
The ethnic composition of the sample reflected that of the university.  Participants provided 
written informed consent and were paid $25 for their time and effort.  
Measures 
 Psychophysiological Assessment. 

Before starting the procedures, we instructed subjects to wash their hands with 
warm water and Ivory liquid soap.  After drying their hands thoroughly, the experimenter 
cleaned the middle and ring finger of each hand with rubbing alcohol, where skin 
conductance (SC) electrodes would be placed. The experimenter then cleaned with alcohol 
an area above the wrists.  After the alcohol dried, the experimenter abraded the area with a 
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plain gauze pad and placed solid gelled Ag-AgCl disposable snap heart monitor electrodes 
(Vermed A10009) on the subject.  Next, the experimenter placed silver-silver chloride (Ag-
AgCl) electrodes filled with commercially available electrode paste (TDE-246, Med 
Associates, P.O. Box 319, St. Albans, VT 05478) on the medial phalanx of the middle and 
ring finger of each hand using electrode collars (8mm diameter opening) to collect SC data.  
The SC from the right and left hands was recorded through two DC amps (SC5) connected 
to separate 24-bit digitizing SC couplers from Contact Precision Instruments (P.O. Box 
425605, Kendall Square, Cambridge, MA 02142). The system used constant 0.5-V 
electrode excitation as specified by Lykken and Venables (1971).  

EKG was recorded through a Contact Precision Instruments AC amp (BIO2). Low 
pass and high pass filters were set to 30 and 0.3 Hz, respectively. Data were digitized 
online at 128 Hz for both SC and EKG. All physiological data were acquired with the 
PSYLAB 7 software program from Contact Precision Instruments running on two interfaced 
IBM-compatible PCs (one for data acquisition and the other for stimulus presentation).    
 After electrode placement, participants were seated in a darkened room that was 
equipped with a microphone for communication, a video camera for monitoring participation 
and a computer monitor for visual stimulus presentations.  Headphones were placed on the 
subject for communication and presentation of auditory stimuli.  Before the beginning of the 
first task, subjects were asked about their food, drug, nicotine and caffeine intake in the 
past 24 hours, which could affect physiological data.   
 During the first task, “Relax”, no stimuli were presented.  Participants were asked to 
close their eyes and relax for 2 minutes to allow for acclimation to the lab setting while SC 
and heart rate were recorded.  In the second task, Blast, participants were asked to relax 
with their eyes closed and wait for “a loud noise” (a 2 s blast of 92 or 1101dB white noise).  
The blast was not predictable in any way.  SCR to the blast was used to gauge the 
person’s reaction to the noise. 
 During the third task, Cooltest, the participant was presented with a clock face 
without numbers and only a sweep second hand on a computer monitor.  Participants were 
informed that they would be hearing a series of noise blasts and that during some of the 
trials, the noise would be predictable (as indicated by a red hash mark on the clock face) 
and in others it would be unpredictable.  Participants were instructed to try to remain cool 
and calm and not react to any of the noises.  Cooltest consisted of six trials (one trial 
equaled one full revolution of the second hand of the clock) and each lasted 1 minute. 
During predictable trials, the blast occurred when the sweep second hand reached the red 
hash mark on the clock face, thus making the blast temporally predictable.  During 
unpredictable trials, the noise blast occurred at some point during the revolution of the 
sweep second hand around the numberless unmarked clock face.  Predictable blasts 
occurred during trials 1, 4 and 6, whereas unpredictable trials occurred during trials 2, 3 and 
5 (consistent with previous research using this task; Taylor et al; 1999).  In between trials, 
there were no sounds presented and the computer screen remained blank.  Average SCR 
to the three unpredictable trials were scored and used to determine each person’s ability to 
ignore the noise and remain calm.  Unpredictable blasts were examined because they were 
comparable to the sole Blast task trial in that none were temporally predictable.    

Psychophysiological Data Scoring 
The SC was scored using the PSYLAB 7 software program from Contact Precision 

Instruments. Scoring was done via automated procedures or by people blind to the 
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diagnostic status of the participants.   The SCR amplitude was defined as the difference (in 
µsiemens) between the skin conductance level preceding the response and the level at the 
peak of the response. 
 Subjective Psychophysiological Reaction Questionnaire (SPRQ) 
 Immediately after the completion of the psychophysiology tasks, subjects completed 
the Subjective Psychophysiological Reaction Questionnaire (SPRQ), a measure created by 
the author to assess subjective psychological reactivity in the psychophysiological tasks.  
The SPRQ items are rated on a scale from 1 (Not at all relaxed) to 4 (Completely Relaxed) 
regarding how able to remain calm subjects thought they were during each of the 
psychophysiological tasks (Separate questions were used to assess reactivity to 
predictable and unpredictable Cooltest trials).  The SPRQ is reproduced in the Appendix.  
 Psychopathology Assessment 
 Structured clinical interview for DSM-IV, non-patient edition (SCID-I/NP). 
 We assessed lifetime and current occurrence of symptoms of substance abuse and 
dependence (for alcohol, cannabis, stimulant, opioid, cocaine, hallucinogen, pcp, & “other” 
substance [inhalants, steroids, non-prescription sleep or diet pills]), depression, anxiety 
disorders (social phobia, specific phobia, panic disorder, obsessive compulsive disorder, 
post-traumatic stress disorder and general anxiety disorder) and eating disorders using the 
SCID-I/NP (First, Spitzer, Gibbon & Williams, 1997).  The SCID-I/NP is a semi-structured 
interview for making the major DSM-IV diagnoses and can be used with clinical as well as 
non-clinical populations.  We assigned symptoms during a consensus meeting of two or 
more people with graduate-level clinical training who were blind to the subjects’ 
psychophysiological performance and scores on the SPRQ.  Consensus teams used all 
available data, including audiotapes of the clinical interviews to assign symptoms.  After 
consensus, symptom data were entered into a database and then converted into diagnoses 
via a computer algorithm using DSM-IV criteria.  A simple count of symptoms met at 
threshold level was also generated for each disorder. 
 The dependent variables considered in the final analysis consisted of the symptom 
counts for alcohol use disorders (11 possible abuse/dependence symptoms), cannabis use 
disorders (11 possible abuse/dependence symptoms), other (non-cannabis) illicit 
substance use disorders (64 possible abuse/dependence symptoms covering 6 drug 
classes), ASPD (7 possible symptoms), BPD (9 possible symptoms), social phobia (5 
possible symptoms), and specific phobia (5 possible symptoms).  Due to skeweness of the 
distributions, we log transformed (log10  [X+1]) symptom count data before conducting 
analyses.  Reliability diagnoses obtained via the consensus procedure described above 
were generally high.  Kappas for alcohol and substance use disorders ranged from .64 to 
1.0; reliability correlations between symptom counts for substance use disorders were 
uniformly high and ranged from .73 to 1.0.  Kappas for social and specific phobia diagnoses 
were both 1.0.  Reliability correlations were also very high: .95 (social) and .99 (specific). 
 Structured Interview for DSM-IV Personality (SIDP-IV) 
 We assessed symptoms of DSM-IV personality disorders, including ASPD and 
BPD, with the SIDP-IV (Pfhol, Blum, & Zimmermann, 1995).  The SIDP-IV is also a semi-
structured interview.  We used the aforementioned consensus procedure to assign 
symptoms of personality disorders, which were entered into a computer to generate 
diagnoses and symptom counts.  Study reliability for diagnoses was acceptable.  Kappas 
for diagnoses of ASPD and BPD were .77 and 1.0 respectively.  The reliability correlations 
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were .84 and .96 for ASPD and BPD symptoms, respectively.  
 Psychophysiological Measures 
 We averaged right hand SCR scores during blast and unpredictable cooltest trials 
and used that average as the physiological reactivity independent variable2.  We then 
averaged scores on questions 2 and 4 of the SPRQ (corresponding to the blast task and 
unpredictable cooltest trials respectively) and used that average as the subjective 
psychological reactivity independent variable.   
 Other Measures  
 Other psychological and cognitive measures were administered during the 
experiment but were not included in the analyses.  These included a life events 
questionnaire and a measure of peer substance use as well as two cognitive functioning 
measures. 
Analyses  
 Only persons with intact physiological and psychological reactivity data were 
included in the final analyses.  Ten persons were missing SCR data (due to recording or 
equipment problems) and 3 were missing scores on the SPRQ leaving 110 people for 
analysis.  In addition, despite our efforts, due to time constraints not all subjects 
completed the clinical interviews and thus there is variability in the number of persons 
with clinical diagnostic data used in the analyses.  For the analyses, it was decided to 
maintain the independent and dependent variables continuous in order to avoid creating 
arbitrary comparison groups and to maximize power.  We examined the interaction 
between physiological and psychological reactivity and symptom counts, in a multiple 
regression analysis.  We first entered main effects for physiological and psychological 
reactivity into the model, and the interaction term second and tested the significance of the 
interaction by noting whether the addition of the interaction term to the model was 
significantly related to symptom counts for each disorder examined.  Following the 
recommendation by Aiken and West (1991) we used the regression equation to plot a 
graphic representation of the interaction between the variables.   We computed the 
predicted values for disorders’ symptoms counts using actual data points one standard 
deviation above and below the mean of physiological and subjective reactivity.  Lines 
connecting these points indicate the slopes relating subjective reactivity and symptom 
counts conditional on physiological reactivity.  

Results 
 Table 1 presents the means and standard deviations for the average physiological 
and subjective reactivity scores, and the log transformed symptom counts.  Table 2 
presents a correlation matrix for the independent and dependent variables.  Table 3 
summarizes main effects and interaction results for physiological and psychological 
reactivity and the symptom counts for disorders of interest. 

Personality Disorders 
  Figure 1.a presents the interaction between physiological reactivity, psychological 

reactivity, and ASPD.  Consistent with prediction, results showed a significant interaction 
between physiological reactivity and psychological reactivity suggesting that poor 
interoceptive acuity is related to increased ASPD symptoms.  Also consistent with 
prediction, higher physiological reactivity but lower psychological reactivity (i.e. tendency to 
“underreact” psychologically) was associated with higher numbers of ASPD symptoms.  
Unexpectedly, lower physiological reactivity and higher psychological reactivity (i.e. 
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tendency to “overreact” psychologically) was also associated with higher numbers of ASPD 
symptoms.  However, contrary to prediction, lower physiological and psychological 
reactivity were not related with higher counts of ASPD symptoms. 
 Regarding BPD, there were no main effects for physiological reactivity or 
psychological reactivity.  Though there appeared to be a trend for an interaction between 
physiological reactivity, the relationship was non-significant. 
 Substance Use Disorders 
 Figure 1.b represents the interaction between physiological reactivity, psychological 
reactivity, and alcohol use disorders symptoms.  Consistent with prediction, the interaction 
between physiological and psychological reactivity was significant suggesting that poor 
interoceptive acuity is also related to increased alcohol use symptoms.  Consistent with 
prediction, lower physiological reactivity and higher psychological reactivity (psychological 
overreactivity) seem to be strongly related to alcohol use disorders.  Also consistent with 
prediction, higher physiological reactivity and lower psychological reactivity (psychological 
underreactivity) was related to higher alcohol use disorders symptoms.  Finally, similar to 
ASPD and contrary to expectation, lower physiological and psychological reactivity was not 
related to elevated numbers of alcohol use disorders symptoms.    
 Figure 1.c represents the interaction between physiological reactivity, psychological 
reactivity, and cannabis use symptoms.  Consistent with prediction, the interaction between 
psychological and physiological reactivity was significant suggesting that poor interoceptive 
acuity is related to cannabis use disorders symptoms.  As expected, lower physiological 
reactivity and higher psychological reactivity as well as higher physiological and lower 
psychological reactivity appear to be related to cannabis use disorder symptoms.  
However, contrary to prediction and like findings for ASPD and alcohol dependence, lower 
physiological and psychological reactivity did not appear to be related to elevated numbers 
of cannabis symptoms. 
 There were no main effects and no interaction between physiological and 
psychological reactivity in relation to other non-cannabis illicit drugs. 

Anxiety Disorders  
 Contrary to expectation, there were no main effects for physiological or 
psychological reactivity and no interaction between these factors and specific phobia in this 
population.  As can be seen on Figure 1.d, a main effect  for physiological reactivity was 
observed for social phobia.  High physiological reactivity was related to higher number of 
social phobia symptoms regardless of psychological reactivity.  

Discussion 
 To our knowledge, this is the first study exploring differences in interoceptive acuity 
as they relate to disinhibitory disorder symptoms.  Previous studies have generally found 
physiological hyporreactivity to stressors among subjects with disinhibitory disorders 
(Lykken, 1957; Patrick, et al., 1993, Scarpa & Raine, 1997, Finn, et al. 1994, Taylor, et al. 
1999), and other studies have linked physiological hyperreactivity with anxiety disorders 
(Cook et al. 1988, Roth et al. 1990).  Recent studies exploring the relationship between 
interoceptive acuity and anxiety disorder symptoms have found that for some persons, 
panic and other anxiety disorders symptoms may be related to psychological 
hyperreactivity but not physiological hyperreactivity (Forsyth et al. 2000, Schmidt et al. 2002 
and Edelmann & Baker 2002). 
 We hypothesized that poor interoceptive acuity patterns would be related to higher 
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levels of ASPD, BPD, alcohol and substance dependence.  We proposed that in addition to 
the risk for disinhibitory disorders represented by lower physiological reactivity, 
psychological underreactivity would also be related to higher counts of disinhibitory 
disorders despite high physiological reactivity.  Finally we expected that, similar to previous 
findings, poor interoceptive acuity would be related to social and specific phobia symptoms.   

We found support for the main hypothesis that poor interoceptive acuity is 
associated with higher symptom counts of some disinhibitory disorders.  Lower 
psychological reactivity along with higher physiological reactivity was related to higher 
symptoms of ASPD, alcohol dependence and cannabis dependence.  The relationship was 
also present for the inverse poor interoceptive acuity pattern, i.e. lower physiological 
reactivity and higher psychological reactivity.  However, contrary to expectation, lower 
physiological and psychological reactivity were related to lower numbers of these 
symptoms.  Finally, in this study, poor interoceptive acuity was not related to BPD, specific 
phobia, or social phobia, although higher physiological reactivity was positively associated 
with a higher number of social anxiety symptoms.   

The results from this study support the notion of these disorders as expressions of a 
broader disinhibited lifestyle (Sher and Trull, 1994) given that the same patterns of poor 
interoceptive acuity were related to ASPD and substance use disorders.  Furthermore, poor 
interoceptive acuity may compliment the BIS/BAS model of psychopathology by accounting 
for persons whose disinhibitory symptoms are not related to a weak BIS but rather to a 
cognitive vulnerability.   

Why would poor interoceptive acuity be related to increased symptoms of 
disinhibitory disorders?  One possibility is that poor interoceptive acuity represents a 
“disconnect” between body and mind.  That is, persons with low physiological reactivity but 
high psychological reactivity or vice versa, may miss (or ignore) physiological cues about 
the intensity of an external stressor and then adopt an inappropriate behavioral response.   

While either type of poor interoceptive acuity is disadvantageous because it results 
in an inadequate coping strategy, it could be argued that low physiological and high 
psychological reactivity may be the more troublesome pattern of poor interoceptive acuity.  
Why should that be the case?  In addition to poor conditioning to punishment conferred by 
physiological hyporreactivity (Lykken 1957, Finn et al. 1994, Fowles 2000), psychological 
hyperreactivity may exacerbate the presentation of disinhibited psychopathology by making 
persons with this pattern more likely to “overreact” even to mildly stressful situations or 
stimuli.  Arguably, this poor interoceptive acuity pattern would represent a vulnerability for a 
detrimental cycle of  “disinhibited-overreactivity” in which chronic physiological 
underreactivity is experienced as a negative state that leads these persons to seek more 
extreme experiences that are rewarding, (e.g. impulsive, reckless activities in ASPD or 
excessive drug intake in substance use problems), while psychological overreactivity to 
stressors (regardless of their valence and physiological underarousal) makes them prone to 
interpersonal problems (e.g. irritability, frequent arguments, fighting, arrests, etc) and finally, 
due to their poor conditioning to punishment, they engage in detrimental behavior 
repeatedly despite negative consequences.  Such “disinhibited-overreactiivity” related to 
poor interoceptive acuity would be consistent with the DSM-IV’s description of ASPD and 
could help explain findings of high comorbidity between anxiety and ASPD (Goodwin and 
Hamilton, 2003) and suicidal attempts among incarcerated ASPD subjects (Verona, Patrick 
and Joiner, 2001).  Furthermore, the pattern is consistent with Cloninger’s (1987) Type 2 
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alcoholics who are more likely to be high in novelty seeking, low in harm avoidance and 
engage in frequent arguments and fighting when drinking.   
 On the other hand, higher physiological but lower psychological reactivity, while still 
problematic, may not be as impairing.  Disinhibitory symptoms among persons with this 
interoceptive acuity pattern may be related to a lack of awareness of (appropriate) 
physiological reactivity to external stressors, but unlike their physiologically underreactive 
counterparts, due to their higher physiological reactivity, they would be more likely to 
condition to punishment.  This group may include persons who engage in disinhibited 
behaviors that are limited to adolescence or early adulthood and could include Cloninger’s 
(1987) Type 1 alcoholics who are characterized by high harm avoidance and low novelty 
seeking.  However, it is also possible that these individuals are in fact aware of their 
physiological reactivity, but instead “choose” to ignore it (e.g. due to peer pressure or 
defensiveness) and then engage in disinhibited behaviors.  If this were the case, persons 
who fall in this category, would be more likely to engage in antisocial activities to “fit in” to a 
peer group, or use alcohol and/or cannabis in order to reduce physical symptoms of stress 
resulting from high physiological reactivity (muscle tension, agitation, etc) despite denials of 
subjective experiences of stress.  It could further be speculated that despite this cognitive 
vulnerability, given their higher susceptibility to punishment, these individuals may engage 
in less severe disinhibited behavior or would gradually “phase out” as they move away from 
negative peer groups, mature and become less defensive overtime, and thus more 
responsive to their own physical reactivity cues.   
 However, determining the etiology of interoceptive acuity patterns and their 
association to severity and course of disinhibited psychopathology is beyond the scope of 
this paper.  Nonetheless, we believe that these results raise intriguing questions for future 
research and future efforts should aim at replicating these findings in clinical populations 
and determining what role, if any, poor interoceptive acuity plays in disinhibited 
psychopathology diagnoses.   
 Finally, there was no relationship between poor interoceptive acuity and social or 
specific phobia but there was a positive relationship between physiological reactivity and 
social phobia.  It is possible that due to the specificity of the feared stimuli in these 
disorders, the stimuli we used (blasts of white noise) were not adequate to elicit differences 
in interoceptive acuity in this sample.   
 Among the limitations of this study is its relatively restricted sample size, which may 
have limited our ability to detect an effect for poor interoceptive acuity among the lower 
base rate disorders (BPD, “other” non-cannabis drug dependence).  The non-significant 
trend for a significant interaction between physiological reactivity and psychological 
reactivity and BPD leaves open the possibility that an effect may be found in a larger or 
clinical population.   
 In conclusion, poor interoceptive acuity appears to be related to disinhibitory 
disorders and the results detected in this non-clinical sample warrant future studies that 
replicate these findings in other populations, including persons with disinhibitory 
disorders in clinical samples.  Furthermore, due to the limited sample size, we could not 
evaluate possible gender differences in interoceptive acuity, but future studies should 
examine if such differences exist and how they might relate to different disorders.  In 
short, this area of investigation could yield interesting results that provide further insight 
into the nature of disinhibitory disorders. 
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Table 1. Means and standard deviations for dependent and significant dependent       
variables.   

Note.  ASPD=Antisocial Personality Disorder; BPD= Borderline Personality Disorder.  
Mean estimates are from log transformed (log10  [X+1]) symptom counts. 
 

 

 

 
 

Variable Mean SD 

ASPD (n=107) 

 

.21 .24 

BPD (n= 108) 
 
 
 

.35 .23 

Alcohol Use Disorders (n= 102) 
  
   

.30 .36 

Cannabis Use Disorders (n=99) 
 
  

.17 .30 
 

Social Phobia (n= 99) 
 
   

.12 .25 

Specific Phobia (n=95) 
 
   
 
   

.31 .33 
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Table 2. Dependent and Independent Variables Correlation Matrix. 

               

Variable 1 2 3 4 5 6 7 8 

1.Physiological Reactivity - -.13 .06 .06 -.04 .03 .23* .03 

2. Subjective Reactivity -.13 - -.11 -.06 .05 -.02 -.04 .04 

3. Alcohol Use Problems 
.06 

-.11 - .49** .40** .45** -.01 .02 

4 Cannabis Use Problems .07 -.06 .49** - .45** .36** .18 -.05 

5. ASPD -.05 .05 .40** .45** - .56** .08 -.07 

6. BPD .03 -.02 .45** .36** .564** - .27** .08 

7. Social Phobia .23* -.04 -.01 .18 .08 .27** - .08 

8. Specific Phobia .03 .04 .02 -.05 -.07 .08 .08 - 

Note.  ASPD=Antisocial Personality Disorder; BPD= Borderline Personality Disorder.  

*p < .05, **p < .01. 
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Table 3.  Summary of Multiple Regression Analysis for Variables Affecting ASPD, 
Alcohol and Cannabis Use Disorders, and Social Phobia Symptoms 
 

Variable Β SE Β β F t 

ASPD (n=107) 

  Physiological Reactivity 

  Subjective Reactivity 

  Physiological X Subjective Reactivity 

 
 
-.004 
 
-.021 
 
.049 

 
 

.024 
 

.024 
 

.018 

 
 

-.018 
 

-.087 
 

.266 

 
 
 
 
 
 
2.58 

 
 
 
 
 
 
2.71** 

BPD (n= 108) 
 
  Physiological Reactivity 

  Subjective Reactivity 

   Physiological X Subjective Reactivity  
 

 
 

-.012 
 

-.001 
 

.031 

 
 

.023 
 

.022 
 

.017 

 
 

-.055 
 

-.002 
 

.179 

 
 
 
 
 
 
1.12 

 
 
 
 
 
 
1.8 

Alcohol Use Disorders (n= 102) 
  
  Physiological Reactivity 
 
  Subjective Reactivity 
 
  Physiological X Subjective Reactivity 
 

 
 

-.062 
 

-.007 
 

.088 

 
 

.035 
 

.036 
 

.026 

 
 

-.176 
 

-.019 
 

.332 

 
 
 
 
 
 
4.17 

 
 
 
 
 
 
3.31** 

Cannabis Use Disorders (n=99) 
 
 Physiological Reactivity 

 Subjective Reactivity 

   Physiological X Subjective Reactivity 

 
 

-.030 
 

.005 
 

.045 

 
 

.031 
 

.030 
 

.023 

 
 

-.100 
 

.018 
 

.206 

 
 
 
 
 
 
1.54 

 
 
 
 
 
 
1.98* 
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 Table 3. (continued) 
 
Social Phobia (n= 99) 
 
  Physiological Reactivity 

  Subjective Reactivity 

   Physiological X Subjective 
Reactivity 
 

 
 

.007 
 

.073 
 

.009 

 
 

.027 
 

.032 
 

.029 

 
 

.029 
 

.250 
 

.032 

 
 
 
 
 
 
1.81 

 
 
2.26* 
 
 
 
.30 

Specific Phobia (n=95) 
 
  Physiological Reactivity 

  Subjective Reactivity 

  Physiological X Subjective 
Reactivity 
   

 
 

.015 
 

.007 
 

-.022 

 
 

.037 
 

.043 
 

.039 

 
 

.045 
 

.019 
 

-.063 

 
 
 
 
 
 
1.90 

 
 
 
 
 
 
-.57 

Note.  ASPD=Antisocial Personality Disorder; BPD= Borderline Personality 
Disorder.  * p<.05,  ** p <.01. 
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Figure 1.  Relationship between psychological reactivity and ASPD symptoms by 
level of physiological reactivity.  ASPD= Antisocial Personality Disorder.  
Symptom counts appear log transformed (log10  [X+1]).  Low-Psych= Low 
subjective reactivity to blasts of noise.  High-Psych= High subjective reactivity to 
blasts of noise. 
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Figure 2.  Relationship between psychological reactivity and alcohol use 
disorders symptoms by level of physiological reactivity.  Symptom counts appear 
log transformed (log10  [X+1]).  Low-Psych= Low subjective reactivity to blasts of 
noise.  High-Psych= High subjective reactivity to blasts of noise. 
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Figure 3.  Relationship between psychological reactivity, cannabis use disorders 
symptom counts, by level of physiological reactivity.  Symptom counts appear log 
transformed (log10  [X+1]).  Low-Psych= Low subjective reactivity to blasts of noise.  
High-Psych= High subjective reactivity to blasts of noise. 
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Figure 4.  Relationship between psychological reactivity and social phobia 
symptoms by level of physiological reactivity.  Symptom counts appear log 
transformed (log10  [X+1]).  Low-Psych= Low subjective reactivity to blasts of noise.  
High-Psych= High subjective reactivity to blasts of noise. 
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APPENDIX A 
 

Items from the Subjective Psychophysiological Reaction Questionnaire 
 

 

We would like to ask you some questions about your experiences in the 3 lab 

tasks that you have just completed.  Please read each question and circle the 

most appropriate answer: 

1. During the first task, in which you were asked to sit quietly and relax, how 

relaxed do you think you were? : 

Not at all relaxed     Somewhat relaxed Mostly relaxed      Completely Relaxed 

      1                             2                                3                           4   

2. During the second task, in which you were asked to sit quietly and wait for a 

loud noise, how able were you to ignore the noise and remain calm? 

Not at all able        Somewhat able            Mostly able             Completely able 

         1                              2                                 3                                4   

Please respond to the following statements: 

3. I was able to remain cool and ignore the noise during the predictable trials: 

Strongly Disagree       Disagree                  Agree                    Strongly Agree 

              1                  2                 3                                  4                  

4. I was able to remain cool and ignore the noise during the unpredictable trials: 

 

Strongly Disagree       Disagree                  Agree                    Strongly Agree 

              1                  2                 3                                  4                  
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APPENDIX B 
 

Copy of human subjects’ approval memorandum. 
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FOOTNOTES 
 

 1A problem with the calibration of the white noise generator’s output 
inadvertently caused a reduced noise of 92 dB to be delivered to the first 42 
participants through the study. While 92 dB is well within the range of 
aversiveness for auditory stimuli (and is above levels used in previous studies, 
e.g.,Taylor et al., 1999) it is not as aversive as 110 dB.  Hence, this difference 
was considered when assigning people into the different interoceptive groups as 
explained in the Methods section.  Specifically, participants were classified as 
high vs. low with respect to individuals who received the same dB level. 
 

2 Only right hand SCR data was used due to a significant mean difference 
between right hand and left hand SCR during unpredictable trials (p= 0.39).  
Also, though heart rate data was collected, it was not used in the final analysis 
given findings of its susceptibility to the type stimulus used in a task (e.g. 
showing acceleration to unpleasant imaginal stimulus but deceleration to 
unpleasant visual stimulus, Lang, Bradley and Cuthbert, 1990).  
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