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ARTICLE INFO ABSTRACT

Keywords: Affective/interpersonal features of psychopathy have been consistently associated with diverse psychophysio-
Psychopathic Personality Inventory-Revised logical indicators of low threat sensitivity, suggesting an underlying deficit in the reactivity of the brain’s
(PPI-R) . defensive motivational system. This study examined the Cardiac Defense Response (CDR) —a complex pattern of
EZ::}::znz(s)smmance heart rate changes in response to an aversive, intense, and unexpected stimulus— and its second accelerative

component (A2), as a new physiological indicator of the fearlessness trait component of psychopathy. The dif-
ferential contribution of dispositional fearlessness, externalizing proneness, and coldheartedness to the CDR
pattern elicited during a defense psychophysiological test was examined in a mixed-gender sample of 156 un-
dergraduates (62% women) assessed by the Psychopathic Personality Inventory-Revised (PPI-R). Higher PPI-R
Fearless Dominance scores were related to lower heart rate changes throughout the CDR in women, but not in
men. Further analyses on scales conforming the fearless dominance factor revealed that the hypothesized
reduced A2 was specifically related to higher PPI-R Fearlessness scores only in women. Our findings provide
initial evidence for the utility of the A2 to better understand the physiological aspects of fearlessness tendencies
and its potential distinct manifestations across genders.

Cardiac Defense Response (CDR)

1. Introduction

Psychopathy is considered a multifaceted personality disorder which
involves prominent behavioral deviance in a context of distinctive
emotional and interpersonal traits (Cleckley, 1976; Hare & Neumann,
2008; Patrick et al., 2009). Dual-process models of psychopathy (Fowles
& Dindo, 2009; Patrick & Bernat, 2009) postulate that two separable
constructs of individual differences, with a distinctive neurobiological
foundation, contribute to the impulsive/antisocial and the affecti-
ve/interpersonal symptom components of psychopathy: externalizing
vulnerability —reflecting impairments in frontocortical systems that
mediate functions such as planning, anticipation, and behavioral con-
trol— and trait fearlessness —reflecting an under-reactivity of the brain’s
defensive motivational system to threat cues—, respectively. The most
widely used measures to assess psychopathy in incarcerated (Psychop-
athy Checklist-Revised; PCL-R; Hare, 2003) and community samples
(Psychopathic Personality Inventory-Revised; PPI-R; Lilienfeld &
Widows, 2005) reflect these two symptom components in their bifac-
torial structures, with a first factor assessing the affective/interpersonal
features of psychopathy (albeit through different configurations of these

traits; see Marcus et al., 2013; Patrick et al., 2009), and a second factor
assessing its externalizing tendencies.

In support of the view of psychopathy as a multifaceted disorder with
different etiological substrates, empirical studies have demonstrated
that the affective/interpersonal traits of psychopathy are particularly
related to reduced aversive startle potentiation (ASP), which is consid-
ered one of the most reliable and well-validated psychophysiological
correlates of the hypothesized deficits in threat responsivity believed to
underlie the affective/interpersonal features of psychopathy (see
Oskarsson et al., 2021, for a review). In fact, Kramer et al. (2012) con-
ducted a quantitative-structural analysis of scale measures of fear/-
fearlessness —including the scales loading on the PPI-R Fearless
Dominance factor (i.e., Social Influence, Stress Immunity, and Fear-
lessness) as indicators of low fear— and found evidence of a general
factor which could be interpreted as a bipolar dimension of dispositional
threat sensitivity (THT+), that was appreciably heritable (~.5) and
accounted for individual differences in (threat-neutral) ASP (see also
Vaidyanathan et al., 2009). In this way, these differing self-report
measures would act as indicators of a common underlying dimension
of threat sensitivity, with the low end marked by social dominance,
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affective imperturbability, and thrill-seeking —intersecting with the
affective/interpersonal traits of psychopathy—, and the high end char-
acterized by intense responsiveness to cue-elicited fear and threatening
situations and avoidance of risky activities —intersecting with specific
phobic disorders (see Nelson et al., 2016). Consequently, while ASP is
diminished in high psychopathic fearless individuals (Benning et al.,
2005; Esteller et al., 2016), patients with phobic disorders show an
enhanced ASP (Cuthbert et al., 2003; Lang & McTeague, 2009).

In addition to ASP, research has also shown that psychopathy, or
specifically its affective/interpersonal traits, is reliably associated with
other psychophysiological measures, such as reduced corrugator muscle
tension (Flor et al., 2002) and electrodermal reactivity (Lopez et al.,
2013) in fear conditioning procedures, diminished late positive poten-
tial (LPP) brain response amplitudes to aversive versus neutral pictures
(Venables et al., 2015), or reduced heart rate (HR) acceleration while
experiencing negative pictures (Casey et al., 2013). In this line, Yancey
et al. (2016) demonstrated that some of these physiological indicators
—ASP, corrugator electromyography reactivity, HR acceleration— can
be combined with scores on a report-based measure of dispositional
threat sensitivity (cf. Kramer et al., 2012; Vaidyanathan et al., 2009) to
delineate a cross-domain index of THT+. The resulting factor showed
positive robust associations with other physiological criterion measures
(e.g., general muscle tension, noise-probe P3) and with symptoms of
phobic disorders —which would be negatively related to features in the
low pole of the fear/fearlessness dimension, e.g., the affecti-
ve/interpersonal traits of psychopathy. The THT+ factor found by
Yancey et al. (2016) can be considered a neurobehavioral construct that
serves as a reference for the future research on neurobiology of indi-
vidual differences in threat sensitivity.

In this study, the Cardiac Defense Response (CDR; Vila et al., 1992) is
examined as a potential new physiological measure of the fearlessness
trait component of psychopathy. The CDR is characterized by a complex
pattern of heart rate changes which are produced in response to an
aversive, discrete, intense, and unexpected stimulation —preferentially
acoustic or electrocutaneous. The response lasts approximately 80 s after
stimulus onset and, in unselected participants under resting conditions,
consists of two alternating accelerative and decelerative components:
acceleration-deceleration-acceleration-deceleration. Results of studies
using physiological measures that indirectly index sympathetic or
parasympathetic control (such as pre-ejection period, pulse transit time
and beta-adrenergic blockade vs. respiratory sinus arrhythmia and
baroreceptor reflex) suggest that during the first accel-
erative/decelerative components (A1/D1) there is parasympathetic
dominance —inhibition and activation, respectively—, while the second
acceleration/deceleration (A2/D2) is controlled by both sympathetic
and parasympathetic influences that work reciprocally —sympathetic
activation accompanied by parasympathetic inhibition, and sympathetic
inhibition accompanied by parasympathetic activation, respectively—
mediated primarily by the sympathetic nervous system (Fernandez &
Vila, 1989; Garrido et al., 2020; Reyes del Paso et al., 1993; 1994). This
cardiac pattern seems to reflect the succession of two defensive phases,
showing the transition from attention to action: an attentional protective
phase reflected in the first acceleration/deceleration —cessation of
ongoing activity and heightened attention to external cues—, and a
motivational protective phase reflected in the second accel-
eration/deceleration —metabolic mobilization for active defense, and
retrieval if danger disappears (Vila et al., 2007). Of note, this complex
pattern of heart rate changes (acceleration-deceleration-
acceleration-deceleration) is observed in unselected samples of partici-
pants in laboratory settings when no other task is imposed. In natural
settings, the imminence of a predator (or, in other words, the severity
and type of danger and its spatial and temporal proximity) involves a
fast shift from cardiac deceleration to cardiac acceleration (i.e., from D1
to A2) and to overt defensive actions (fight, flight), whose metabolic
requirements will be supported by the major physiological changes in
cardiac, electrodermal and somatic systems (see Lang et al., 1997).
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Paralleling responses to imminent threat in real-world situations, the
cardiac defense response becomes a single, pronounced acceleration
(without subsequent deceleration) when the unexpected noise occurs in
the context of viewing unpleasant or phobic pictures. This pattern sug-
gests that the motivational phase (readiness for defensive actions) has
been temporarily advanced to better respond to the threat (Ruiz-Padial
et al., 2005; Sanchez et al., 2002).

The CDR may have some advantages over other cardiac measures in
laboratory studies on cue-specific defensive reactivity in psychopathy.
On the one hand, HR measured during aversive-picture viewing proto-
typically shows a large deceleration, representing only the first part of
the defense response (Bradley et al., 2001): in this context, in which
aversive stimuli do not pose a real and imminent danger, the second
acceleration —i.e., the readiness for active defense— does not occur,
and only the previous phase of attentional orienting is present. In
contrast, the CDR tracks the entire defense cascade sequence, from
heightened attention in its earlier accelerative/decelerative components
to readiness for action (second acceleration) and recovery (second
deceleration) in its later components (for the defense cascade model, see
Bradley & Lang, 2000 or Lang et al., 1997). On the other hand, the
reduced HR found in individuals with psychopathy (in resting and task
conditions) seems not to be specific to any cluster of psychopathic traits
(de Looff et al., 2022), whereas the CDR, as a psychophysiological
defensive response to imminent danger, could be related to the affecti-
ve/interpersonal features of psychopathy, but not to its externalizing
traits.

Thus, converging lines of evidence suggest that the CDR, and more
specifically its second accelerative component (A2), could be a relevant
psychophysiological indicator of the fearlessness trait component of
psychopathy. CDR patterns characterized by a reduced/absent first
deceleration and/or higher A2 amplitudes have been associated with
different internalizing problems and traits —including post-traumatic
stress disorder (Norte et al., 2019; Schalinski et al., 2013), chronic
worry (Delgado et al., 2009), and trait anxiety (Lopez et al., 2016)— and
with focal fear disorders more particularly —i.e., specific phobias
(Ruiz-Padial et al., 2002, 2005; Sanchez et al., 2009; Wannemueller
et al., 2017). Individuals without the second accelerative component of
the CDR have also been found to show deficient fear learning (Lépez
et al.,, 2009) and to be characterized by high extraversion and low
neuroticism in terms of personality (Richards & Eves, 1991), which
represent the personality trait configuration most characteristic of psy-
chopathic fearless dominance (Miller & Lynam, 2012). In this regard,
Vila et al. (2007) suggested that different CDR patterns would reflect
differences in the way individuals face danger and that preexisting
clinical states could contribute to modify the activation threshold of the
defensive motivational system and, subsequently, the coping response to
a dangerous stimulus. Thus, a lowered threshold in the case of fear
disorders would carry out an earlier and oversized defensive response,
whereas the affective/interpersonal traits of psychopathy could increase
that threshold, leading to a poor defensive response.

Therefore, based on the above-revised evidence, this study aims to
examine for the first time whether a reduced CDR, and particularly its
second accelerative component (A2), which would be indexing a
blunted reactivity of the defensive motivational system, could be an
additional physiological indicator of the affective/interpersonal traits of
psychopathy. To this end, we examined the differential contribution of
psychopathic traits, at both the factor and scale levels of the PPI-R, to the
CDR pattern elicited by a defense psychophysiological test in a mixed-
gender sample of undergraduates. In light of the foregoing evidence,
we expected that a lower defensive reactivity —as indexed by the second
accelerative component of the CDR— would be specifically associated
with higher scores on the PPI-R Fearless Dominance factor, but no with
scores on the PPI-R Impulsive Antisociality factor or the Coldhearted-
ness scale. As a secondary objective, if appropriate in light of the results,
we were also interested in examining the differential contribution of the
constituent scales within the significant factor(s) in predicting reduced
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cardiac reactivity. Considering previous research on individual differ-
ences in the CDR, which has relied almost exclusively on female samples
(e.g., Delgado et al., 2009; Ruiz-Padial et al., 2002, 2005; Sanchez et al.,
2009; Schalinski et al., 2013; Vila & Beech, 1978), another relevant
feature of this study was to test for gender effects on
psychopathy-related differences in CDR patterns.

2. Method
2.1. Participants

Participants were 168 undergraduates (65 men) from the Universitat
Jaume I of Castellon (Spain). None presented visual, auditory, or car-
diovascular deficits. Ten participants were excluded due to equipment
failure, and two because they were undergoing psychiatric and/or
pharmacological treatment. The final sample comprised a total of 156
participants (60 men) who were aged between 18 and 25 years (M =
20.2, SD = 2.0).

The Spanish adaptation (Lopez et al., 2013) of the PPI-R (Lilienfeld &
Widows, 2005) was used to assess psychopathic traits. The PPI-R is a
self-report measure that consists of 154 items presented in a 4-point
Likert-type format (1 = false, 2 = somewhat false, 3 = somewhat true, 4
= true). This inventory provides a total index score of psychopathy, two
factor scores (Fearless Dominance and Impulsive Antisociality; Benning
et al., 2003), and eight content scale scores: Social Influence (18 items;
When people are mad at me, I usually win them over with my charm),
Stress Immunity (13 items; I can remain calm in situations that would
make many other people panic), and Fearlessness (14 items; [ would find
the job of a movie stunt person exciting) — scores on the Fearless
Dominance factor are obtained by summing scores on these three
scales—; Machiavellian Egocentricity (20 items; I get mad if I don’t receive
special favors I deserve), Rebellious Nonconformity (16 items; I have al-
ways seen myself as something of a rebel), Blame Externalization (15
items; Some people have gone out of their way to make my life difficult),
and Carefree Nonplanfulness (19 items; A lot of times, I repeat the same
bad decisions) —scores on the Impulsive Antisociality factor are ob-
tained by summing scores on these four scales—; and Coldheartedness
(16 items; A lot of times, I worry when a friend is having personal
problems, reversed) —a subscale that does not load distinctively on
either higher-order factor, thus tapping a distinct third dimension or
factor (see Benning et al., 2003).

Table 1 reports the PPI-R scale scores’ reliabilities, means, standard
deviations, and ranges for the overall sample and for women and men
separately. Independent t-tests revealed that men scored significantly
higher than women in both factors and all PPI-R scales (ts > |2.61]; ps <
.01), except for Social Influence and Blame Externalization (ts < |.56];
ps > .579).

Table 1
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2.2. Instruments

2.2.1. Defense psychophysiological test

The defense psychophysiological test to obtain the CDR (cf. Vila
et al.,, 2007) consisted of the unexpected presentation of an intense
white noise of 105 dB, 500 ms, and instantaneous risetime, delivered
binaurally through 3a Insert Earphone (Eartone), after a resting period
of 8 min. Participants were seated in a comfortable armchair and were
instructed to breathe spontaneously and to remain with their eyes open
throughout the recording time. They were informed that the purpose of
the experiment was to record their electrocardiogram during a period of
resting conditions for several minutes, without mentioning the up-
coming noise presentation. Electrocardiogram recording lasted from 15
s prior to stimulus onset (baseline) to 80 s after its presentation. A single
trial per participant was conducted, as previous evidence has demon-
strated rapid habituation of the CDR with repeated presentations of the
noise (Eves & Gruzelier, 1984; Mata et al., 2009; Ramirez et al., 2005;
Turpin, 1986; Vila & Beech, 1978; Vila et al., 1992), and that individual
differences in the CDR have been found only for the first presentation of
the stimulus (e.g., Schalinski et al., 2013).

2.2.2. Physiological data recording and reduction

Stimuli control, data acquisition and reduction were accomplished
using VPM software (Cook, 2002). Ag/AgCl surface electrodes (Standard
Lead II) filled with hypertonic electrolyte paste provided 1000 sam-
ples/second electro-cardiograph analogical signals to a Coulbourn
V75-04 High Gain Bioamplifier, and then to a Coulbourn S81-02
generator and gated through a Coulbourn S82-24 audio-mixer ampli-
fier. Interbeat intervals were recorded to the nearest millisecond and
reduced offline into heart rate in beats per minute, in half-second bins.
Data for the 80-s recording period were transformed to averages for
every second, and HR change scores were computed by subtracting the
pretrial 15 s baseline average.

To facilitate statistical analysis without altering CDR topography, the
80 second-by-second HR change scores were reduced to ten values
corresponding to the medians of 10 progressively longer intervals (cf.
Vila et al., 2007): 20f 35,2 0f 55, 3 0of 7 s, and 3 of 13 s (from this point
on, M1 to M10). In this simplified representation of the CDR, M1 reflects
the first acceleration (A1), M2 to M4 the first deceleration (D1), M5 to
M8 the second acceleration (A2), and M9 to M10 the second decelera-
tion (D2; Vila et al., 2007). See Fig. 1a to illustrate the CDR pattern and
the corresponding medians. Additionally, we undertook a temporal
Principal Component Analysis (PCA; Dien, 2012) on the 80 sec-
ond-by-second HR change scores to verify the pattern conforming the
CDR and to derive its four components in a data-driven manner. This
approach has been widely applied to other psychophysiological mea-
sures (e.g., event-related potentials; Dien, 2012). In brief, temporal PCA

PPI-R Factor and Scale Scores Reliability, Means, Standard Deviations, and Ranges in the Overall Sample, and for Women and Men separately.

a Overdll (N = 156) Women (N = 96) Men (N = 60) Gender Comparison
M (SD) Min.-Max. M (SD) Min.-Max. M (SD) Min.-Max. t P

PPI-R Factors
Fearless Dominance .85 113.42 (16.05) 61-160 109.22 (15.51) 61-148 120.15 (14.66) 91-160 -4.37 <.0001
Impulsive Antisociality .90 144.90 (23.13) 72-206 139.50 (22.59) 72-206 153.55 (21.59) 107-201 -3.85 .0002
PPI-R Scales
Fearlessness .82 33.95 (8.49) 14-53 31.49 (8.28) 14-53 37.88 (7.31) 19-53 -4.90 <.0001
Social Influence .84 47.44 (8.61) 24-65 47.74 (9.21) 24-65 46.95 (7.59) 32-64 0.56 .579
Stress Immunity .84 32.04 (7.24) 15-51 29.99 (6.96) 15-46 35.32 (6.47) 21-51 -4.77 < .0001
Machiavellian Egocentricity .86 40.82 (9.69) 20-64 38.05 (9.66) 20-64 45.25 (7.99) 32-61 -4.83 <.0001
Rebellious Nonconformity .79 35.66 (7.81) 15-59 34.20 (7.60) 15-50 38 (7.63) 25-59 -3.04 .002
Blame Externalization .89 31.71(8.83) 15-58 31.77 (8.61) 15-58 31.60 (9.24) 18-56 0.12 907
Carefree Nonplanfulness .81 36.72 (7.64) 20-60 35.48 (7.82) 20-57 38.7 (6.97) 27-60 -2.61 .010
Coldheartedness .80 29.39 (6.73) 17-51 27.5 (5.61) 17-46 32.42 (7.29) 19-51 -4.74 <.0001

Note. PPI-R = Psychopathic Personality Inventory Revised (Lilienfeld & Widows, 2005); « = Cronbach’s alpha

Significant comparisons are highlighted in bold.
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Fig. 1. Cardiac Defense Response Pattern showing the First Accelerative Component (Orange Color), the First Decelerative Component (Purple Color), the Second
Accelerative Component (Blue Color), and the Second Decelerative Component (Yellow Color). (a) Heart Rate Changes Scores for Women (Solid Lines; N = 96) and
Men (Dotted Lines; N = 60) separately. (b) Temporal Factors of the Principal Component Analysis corresponding to the CDR Components. Note. CDR = Cardiac
Defense Response; A bpm = beats per minute change scores; M = Median; TF = Temporal Factor; A1 = First acceleration; D1 = First deceleration; A2 = Second
acceleration; D2 = Second deceleration.

computes the covariance between time points, which tends to be higher the covariance between the 80 second-by-second HR change scores
between time points involved in the same component than the other following the presentation of the white noise, with Promax rotation and
time points. Thus, this method allows to extract and quantify each Kaiser normalization using the ERP PCA Toolkit version 2.93 (Dien,
component in a more independent way from the influence of the other 2010). Based on Scree plot, 6 temporal factors were retained and
components. Following this, a temporal PCA was conducted to compute extracted for rotation. Fig. 1b represents the six extracted components,
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rescaled to HR change scores, which is achieved by multiplying the
factor loadings by the factor scores for each component. The A2 was
evident on the first temporal factor, D2 on the third, D1 on the fourth,
and A1 on the fifth. The output of the temporal PCA —temporal factor
scores— can be used as an estimate of each underlying component, and
are linearly related to the original scale (i.e., second-by-second HR
changes). These scores were therefore extracted for subsequent statis-
tical analyses to examine the consistency between the two procedures to
reduce the 80 second-by-second HR change scores. The CDR compo-
nents obtained by PCA fitted highly with its corresponding medians
(mean r between PCA components and its corresponding medians vs.
other medians: .72 vs. .26 for Al, .84 vs. .27 for D1, .82 vs. .39 for A2,
and .93 vs. .39 for D2). The temporal factors that were not selected (i.e.,
TF2 and TF6) showed mean rs < .59. Additionally, when appropriate,
the PCA derived A2 scores were also included in correlational analyses
with psychopathy traits to further explore significant effects on medians
composing the second acceleration of the CDR.

2.3. Procedure

The experimental session was conducted individually in a sound-
proofed and dimly lit room. Before the session, participants were
informed about the nature of the study and provided their written
informed consent. The PPI-R was completed anonymously in different
sessions of a maximum of 50 participants during the first semester of the
academic year, whereas the experimental session was conducted during
the second semester. This study was approved by the Ethical Committee
of the University and complied with ethical principles for human
research set in the Declaration of Helsinki.

2.4. Data analysis

Statistical analyses were performed using IBM SPSS Statistics 28
software. First, the CDR pattern was examined by conducting a 2
(Gender) x 10 (Median) repeated measures ANOVA. Significant effects
of gender on CDR were followed up by conducting independent t-tests
between men and women for each median.

Second, the effects of psychopathic traits on the CDR pattern were
examined by including concurrently PPI-R Fearless Dominance, PPI-R
Impulsive Antisociality, and PPI-R Coldheartedness scores as contin-
uous between-subjects factors in a repeated measures general linear
model (GLM) along with the discrete variables (Gender, Median) and
their interactions. Secondarily, when appropriate as indicated by sig-
nificant effects of Fearless Dominance or Impulsive Antisociality, we
further explored the contribution of its constituent scales by conducting
a 2 (Gender) x 10 (Median) repeated measures GLM in which corre-
sponding scale scores were included as continuous between-subjects
factors. To decompose significant gender interactions, analyses were

Table 2

Biological Psychology 181 (2023) 108617

conducted for men and women separately. Finally, significant PPI-R
scores x Median interactions were explored in depth using Pearson’s r
correlations. Analyses yielding hypothesized significant effects of psy-
chopathic traits on medians composing the second acceleration were
further corroborated by correlational analyses with scores on the A2
component obtained by PCA. Corresponding depictions of the top versus
bottom quartiles of the score distribution for significant psychopathic
traits were presented to illustrate the nature of the effects. For repeated
measures analyses, Greenhouse-Geisser correction was applied where
appropriate.

3. Results
3.1. Cardiac defense response and gender

Table 2 presents the descriptive statistics (means and standard de-
viations) for each CDR median. The 2 (Gender) x 10 (Median) repeated
measures ANOVA revealed a significant cubic effect of Median, F(1154)
=158.97, p <.001, ;13 =.508, which confirmed the presence of a
typical CDR pattern with a first acceleration at M1 followed by a first
deceleration reaching its minimum value at M4, and then a second ac-
celeration with maximum peak at M7 followed by a last deceleration
with a peak amplitude in M10. This pattern was consistent with previous
research (e.g., Delgado et al., 2009; Lopez et al., 2016; Ruiz-Padial et al.,
2005; Sanchez et al., 2009). Analyses also revealed a Gender x Median
interaction, F(9, 1386) = 3.90, p = .004, ’11% =.025, € = .43, reflecting
higher values in men than in women from M4 to M8, ts(154) > 2.02,
ps < .045, ds > 10.63. Fig. 1a illustrates these findings.

3.2. Cardiac defense response and psychopathic traits

Table 2 presents the descriptive statistics (means and standard de-
viations) for each CDR median. The GLM including concurrently PPI-R
Fearless Dominance, PPI-R Impulsive Antisociality, and PPI-R Cold-
heartedness scores revealed significant main effects of Median, F(9,
1332) =2.49, p=.008, ng =.017, e =.43, and Gender, F(1, 148)
=5.31, p=.023, r]g =.035 —with men showing higher heart rate
changes on average than women (3.43 vs. 1.33)—, and a significant
interaction Gender x PPI-R Fearless Dominance, F(1, 148) = 6.32,
p=.013, ng =.041. There were no other significant main (Fs < .11;
ps > .747, ’73 < .001) nor interaction effects (Fs < 1.65; ps > .164, ng <
.011). The effect of Gender on the PPI-R Fearless Dominance-CDR as-
sociation was pursued by conducting correlational analyses for men and
women separately. Higher fearless dominance scores were significantly
associated with lower CDR averages across medians in women, r (96)
= —.21, p = .034, with a trend in the opposite direction in men, r (60)
=.24;p =.062.

In order to further explore the role of scales conforming the PPI-R

Means and Standard Deviations for CDR Medians and the PCA Derived A2 in the Overall Sample, and for Women and Men separately.

Overdll (N = 156) Women (N = 96) Men (N = 60) Gender Comparison

CDR Medians M SD M SD M SD t p

M1 11.81 8.25 11.88 8.69 11.70 7.56 0.13 .897
M2 5.57 10.92 6.65 11.36 3.85 10.03 1.57 119
M3 -.09 11.43 -35 11.46 .34 11.48 -.37 713
M4 -2.41 10.88 -4.04 9.95 .20 11.85 -2.41 .017
M5 2.17 10.87 .27 10.81 5.21 10.35 -2.82 .005
M6 8.41 13.61 6.68 13.95 11.17 12.68 -2.02 .045
M7 8.63 13.13 6.75 12.92 11.65 13.01 -2.30 .023
M8 2.83 11.09 1.41 10.77 5.10 11.30 -2.04 .043
M9 -2.47 8.01 -3.07 8.25 -1.52 7.59 -1.18 242
Mi10 -5.18 7.04 -5.90 7.22 -4.04 6.66 -1.62 .108
PCA derived A2 .59 .99 .46 .96 .81 1.03 -2.17 .031

Note.

Significant comparisons are highlighted in bold.
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Fearless Dominance factor on the CDR, a 2 (Gender) x 10 (Medians)
GLM including PPI-R Fearlessness, Social Influence, and Stress Immu-
nity scores as continuous between-subjects factors was performed. In
addition to significant main effects of Median, F(9, 1332) = 3.10,
p =.001, % = .021, & = .44, and Gender, F(1, 148) = 5.47, p = .021, ;3
=.036, analyses revealed a significant Gender x Median x PPI-R
Fearlessness interaction, F(9, 1332) = 2.94,p = .002, ;13 =.019,e = .44,
with no other significant main effects or interactions, Fs < 2.28;
ps > .061, 2 < .015.

Effects of Gender on the Median x PPI-R Fearlessness interaction
were pursued by conducting analyses for men and women separately.
Both analyses revealed significant main effects of Median, Fs > 2.83,
ps < .027, ng = .046; for women, a significant Median x PPI-R Fear-
lessness interaction was also found, F(9, 846) = 3.10; p =.019, '71%
=.032, ¢ = .40 (p = .094 in men). Follow-up correlational analyses (see
Table 3) revealed significant bivariate associations between PPI-R
Fearlessness scores and CDR medians from M5 to M9 only in women.
To confirm that this result was not due to shared variance between scales
within the fearless dominance factor, partial correlational analyses were
conducted. After controlling for Stress Immunity and Social Influence
scores, the association between Fearlessness scores and medians corre-
sponding to the second accelerative component —i.e., M5 to M8—
remained significant, partial rs (96) > —.21, ps < .05. Fig. 2a illustrates
the nature of this finding, depicting the CDR pattern for women scoring
in the upper and lower quartiles on PPI-R Fearlessness scores. Factor
scores in the A2 component obtained in the PCA also correlated signif-
icantly with PPI-R Fearlessness scores in women, r (96) = —.28, p < .01
(see Fig. 2b), even after controlling for Stress Immunity and Social In-
fluence scores (see Table 3).

4. Discussion

This is the first study to examine individual differences in the af-
fective/interpersonal traits of psychopathy, operationalized by the PPI-
R, in relation to the CDR (and particularly its second accelerative
component), a measure of cue-specific defensive reactivity, in a mixed-

Table 3
Bivariate/Partial Correlations between PPI-R Scale Scores and CDR Medians and
the PCA Derived A2 in Women (N = 96) and Men (N = 60).

Fearlessness Social Influence Stress Immunity
CDR Women Men Women Men Women Men
Medians
M1 -.02/.01 -.24/- -.00/-.01 .01/ -17/- .03/
.24 .03 17 .05
M2 -.04/.02 .20/ -21%/- .14/ -.10/- 21/
.18 .21* .06 11 .16
M3 -.01/.05 .20/ -.13/-.14 .25/ -.07/- 17/
.16 .19 .08 .07
M4 -.07/-.03 .13/ -16/-.16 .26%/ -.09/- 13/
.09 .23 .10 .03
M5 -.21%/- .20/ -.02/.02 .26%/ -.04/- .25/
21% .16 17 .02 17
M6 -.25%/- 11/ .04/.09 .02/- -.08/- .15/
.25% .09 .04 .05 .14
M7 -.26%*%/- .15/ .08/.13 -.01/- -.08/- -.01/-
.28%* .16 .03 .04 .01
M8 -.31%%/- -.00/- -.05/.00 .15/ -12/- .06/
297 .03 .14 .08 .01
M9 -.23%/-.20 -11/- -13/-.10 .15/ -11/- .20/
.15 11 .09 17
M10 -13/-12 -.09/- -.08/-.06 .21/ -.03/- .19/
.13 17 .02 .14
PCA -.28%%/- .09/ .04/.09 .06/ -.09/- .00/-
derived .29%% .09 .05 .06 .03
A2
Note.

Significant correlations are highlighted in bold.
*p<.05, **p<.01
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gender undergraduate sample. The typical CDR pattern was obtained in
the overall sample, with men showing greater cardiac reactivity than
women in the second accelerative component (A2) of the CDR, consis-
tent with the only study examining gender differences in this cardiac
pattern (Vila et al., 1992). Regarding the association between compo-
nents of psychopathy and cardiovascular reactivity, PPI-R Impulsive
Antisociality and Coldheartedness scores were unrelated to CDR mea-
sures. Importantly, women scoring higher in PPI-R Fearless Dominance
showed a significantly lower CDR. Analyses at the scale level revealed,
more interestingly, that the hypothesized reduced A2 amplitude was
related exclusively to PPI-R Fearlessness scores in women; lower order
traits of psychopathy were unrelated to the CDR pattern in men. These
gender-specific findings suggest a differential pattern of cardiac reac-
tivity to dangerous physical cues as a function of trait fearlessness in
women, likely mediated by the sympathetic branch of the autonomic
nervous system (cf. Fernandez & Vila, 1989; Garrido et al., 2020; Reyes
del Paso et al., 1993, 1994; see also Vila et al., 2007), which could result
in a lessened readiness for a defensive fight or flight response.

Our results seem to support dual process models of psychopathy (cf.
Fowles & Dindo, 2009; Patrick & Bernat, 2009), positing that the low
reactivity of the neurobiological system that modulate responses to
threat is exclusively associated with the affective/interpersonal features
of psychopathy (Anderson et al., 2011; Benning et al., 2005; Esteller
et al., 2016; Lopez et al., 2013; Vanman et al., 2003), and not with its
externalizing traits, coming together well with prior studies which have
found diminished fear learning in participants without the second
accelerative component of the CDR (Lopez et al., 2009). A novel finding
of our study is that, at least in women, the fearless dominance compo-
nent of psychopathy seems to be associated with a general reduction in
defensive cardiac reactivity, while a diminished metabolic mobilization
for active defense —as indexed by a lower A2 component— was spe-
cifically related to PPI-R Fearlessness scores, and not to scores on the
other two PPI-R scales in the fearless dominance dimension, namely,
Stress Immunity and Social Influence. These scales index the capacity to
remain calm in pressure or anxiety-provoking situations and the ability
to be engaging and skillful in influencing others, respectively, whereas
PPI-R Fearlessness assesses the absence of fear when faced with physical
threats and the enjoyment of engaging in risky activities (Lilienfeld &
Widows, 2005). Therefore, the reduced mobilization of the organism’s
resources to give a defensive response to an unexpected aversive stim-
ulus appears to be better captured by a narrower assessment of the
fear/fearlessness dimension, rather than by the lack of distress in rela-
tion to threatening situations or social potency skills, which may not be
as central to understanding the diminished responsivity to initial threat
observed here.

In contrast to other psychophysiological measures, such as ASP,
which appear to function as indicators of a broad dimension of fear/
fearlessness but not of any facet in particular (see Kramer et al., 2012),
the second accelerative component of the CDR appears to be more
closely related to aspects of low fear to physical threats and preference
to engage in risky behaviors. These results highlight the need to consider
the complex interlinkages between personality dimensions and different
psychophysiological measures to gain insights into their underlying
mechanisms. For example, a study by Dindo & Fowles (2011) found that
reduced anticipatory skin conductance (SC) responses to loud noise
during the first trial of a countdown procedure were specifically related
to the fearlessness dimension —but not to the social influence or stress
immunity dimensions— of the PPI-R. In this regard, finding psycho-
physiological measures such as the A2 which appear to index a psy-
chological attribute more specifically (e.g., fearlessness) could
contribute to multi-method measurement models targeting narrower
symptom facets (Patrick et al., 2019), potentially leading to more precise
operationalizations of homogeneous dimensions linked to psychopathic
personality, which could, in turn, help in designing more effective
treatments for such problems.

In line with this, it may also be important to further consider the
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Fig. 2. Relationship between PPI-R Fearlessness and the Second Acceleration of the CDR in Women (N = 96). (a) Cardiac Defense Response Pattern in Women
Classified as a Function of PPI-R Fearlessness Scores (highest and lowest quartile values). (b) Top: PCA A2 Component in Women Classified as a Function of PPI-R
Fearlessness Scores (highest and lowest quartile values). Bottom: Scatterplot depicting the Correlation Between PPI-R Fearlessness scores and the PCA A2 Component

in Women. Note. A bpm = beats per minute change scores; ** p < .01.

possible implications of the CDR within the context of dimensional
models of psychopathology, such as the Hierarchical Taxononomy of
Psychopathology (HiTOP; Kotov et al., 2017). Given that alterations in
CDR patterns have been linked to problems and traits subsumed in the
internalizing spectrum of HiTOP (Watson et al., 2022) —such as anxiety
(Lopez et al., 2016), chronic worry (Delgado et al., 2009), or
post-traumatic stress disorders (Norte et al., 2019)— as well as to dis-
orders more specifically included in the fear subfactor—such as specific
phobias (Ruiz-Padial et al., 2002, 2005; Wannemueller et al., 2017)—,
studies assessing a broader range of symptoms and traits within this
spectrum —along with fearlessness tendencies— may prove useful to
better disentangle the potential relevance of this physiological correlate
to psychopathic traits compared to other internalizing problems and
traits.

Another question that remains to be explained is why the association
between fearless dominance/fearlessness and low defensive cardiac
reactivity is absent in men. The positive trend-level association found
between CDR and PPI-R Fearless Dominance scores would suggest
elevated reactivity for men scoring higher in fearless dominance
—perhaps driven by slight, non-significant positive correlations be-
tween scores on the scales conforming this factor and medians from M2
to M6 (see Table 3). This unexpected trend should be considered with
caution, as it is in need of further confirmation in larger samples of men.
Further, given that the evidence on individual differences in the CDR
pattern has been obtained in samples composed exclusively, or mostly,
of women, generalization of the results to men is uncertain. Indeed, the
only study on the CDR that used a balanced mixed-gender sample (Lopez
et al., 2016) found a relationship between A2 amplitude and trait anx-
iety only in women. Our findings offer similar results insofar as indi-
vidual differences in this defensive cardiac reflex are differentially
related to gender, unlike other psychophysiological measures of threat
sensitivity (e.g., Esteller et al., 2016; Kramer et al., 2012; Lopez et al.,
2013), which could be speculatively attributed to baseline differences in
the neural circuitry that modulates fear responses (see Davis, 1992;
Davis et al., 2010; LeDoux, 2000; Tovote et al., 2015). The central nu-
cleus of the amygdala is the main structure that receives the inputs, but
the outputs are projected to different subcortical areas to mediate

specific defensive reactions. For example, while the nucleus reticularis
pontis caudalis mediate startle responses, autonomic responses, such as
the CDR, are mediated by the lateral hypothalamus. Although more
research is needed to elucidate whether there are gender differences in
the functioning of these areas that could affect the way of responding
defensively, some evidence regarding connectivity have already been
found. The brain regions with which the amygdala communicates under
resting conditions are different in men and women, with women
showing connections between a more active left amygdala and hypo-
thalamus (for a review of gender differences in the human brain, see
Zaidi, 2010). Furthermore, it is known that the cardiovascular system
does not function identically in men and women, and from a clinical
standpoint, these gender differences could be affecting the prevention
and treatment of cardiovascular diseases. In fact, women present higher
mortality related to cardiovascular disease, largely because prevention,
diagnosis and treatment are based on basic research and clinical trials in
male samples (Humphries et al., 2017). This fact, and also our results on
gender-effects on fearlessness-related differences in A2 amplitudes,
highlight the relevance of incorporating gender in empirical studies on
cardiac reactivity to better understand human functioning and avoid
biased conclusions.

The present study has some limitations that might constrain the
generalizability of our findings and highlight directions for future
research. First, we used a homogeneous undergraduate sample, so future
research on larger samples of different types (clinical, criminal) and
more heterogeneous in age and educational level would be necessary to
examine the generalizability and robustness of our findings. Second, it
would be very enlightening to complement the psychophysiological
measure of defensive reactivity here employed with behavioral tests (e.
g., body motor reactions; Bastos et al., 2016; Volchan et al., 2017)
and/or self-report descriptions of defensive behaviors (Harrison et al.,
2015) in response to various threatening scenarios. This would allow
testing whether changes in the CDR pattern are accompanied by the
expected behavioral changes (i.e., the way of facing danger through
fight or flight responses) —which could provide further support for
interpreting the A2 as an indicator of readiness for active defense—, and
whether those defensive behaviors are related to individual differences
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in the fearlessness trait in the same way as the A2 component of the CDR.
To address this, it would be necessary to assess the convergence between
the A2 component —as a potential physiological correlate of respon-
sivity to initial threat— and other psychophysiological indicators of
threat reactivity —such as ASP or anticipatory SC in countdown tasks—
to work towards a more comprehensive multimodal measurement
model (Patrick, Iacono, et al., 2019) of individual differences in threat
sensitivity (Kramer et al., 2012; Vaidyanathan et al., 2009; Yancey et al.,
2016) that can also include indicators which are relevant to narrower
facets (e.g., behavioral fearlessness), and to understand their relevance
to psychopathic personality. Third, in order to avoid single measure
biases, it would also be useful to assess fearlessness with other available
operationalizations of these tendencies, such as total and facet scales
scores of the new Boldness Inventory (Patrick, Kramer et al., 2019) —the
dispositional trait from the triarchic model of psychopathy (Patrick
et al., 2009) most conceptually aligned with the fearless dominance
component of the PPI-R— or the Thrill-Adventure Seeking subscale of
the Sensation Seeking Scale (Zuckerman, 1979), to further confirm that
the A2 could be considered a suitable non-report indicator of the stim-
ulation seeking tendencies identified within structural models of
dispositional threat sensitivity (Kramer et al., 2012).

Despite these limitations, our study provides preliminary evidence
that the CDR acts as a general measure of reactivity to threat related to
the fearless dominance dimension of psychopathy, whereas the second
CDR acceleration functions as a more specific correlate of low defensive
reactivity specifically associated with psychopathic fearlessness in
women, highlighting a gender-specific differential defense cardiac
reactivity involving fear/fearlessness traits. This result underscores the
potential use of the A2 to better understand the physiological aspects of
psychopathic fearlessness tendencies and its differing manifestations
across genders.
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