Sethi et al.

‘Primary’ and ‘secondary’ variants of psychopathy in a volunteer sample are

associated with different neurocognitive mechanisms

Arjun Sethi®, Eamon McCrory?, Vanessa Puetz?, Ferdinand Hoffmann?, Annchen R. Knodt®,

Spenser R. Radtke®, Bartholomew D. Brigidi®, Ahmad R. Hariri®, Essi Viding®

AFFILIATIONS

a) Developmental Risk & Resilience Unit, Psychology & Language Sciences, University

College London, UK

b) Laboratory of NeuroGenetics, Department of Psychology & Neuroscience, Duke University,

Durham, North Carolina, USA

CORRESPONDING AUTHOR

Arjun Sethi: Developmental Risk & Resilience Unit, Psychology & Language Sciences,
University College London, WC1H OAP. Phone: +44 (0)207 679 5367, e-mail:

a.sethi@ucl.ac.uk.

WORD COUNTS: Abstract: 245, Body: 3,946, References 62, Figures: 1, Tables: 3,

Supplements: 1

SHORT TITLE: Primary and secondary psychopathy differ neurally

KEY WORDS: psychopathy; maltreatment; anxiety; fear; amygdala; fMRI



Sethi et al.

Introduction: Recent work has indicated that there at least two distinct subtypes of
psychopathy. Whilst ‘primary’ psychopathy is characterized by low anxiety and thought to
result from a genetic predisposition, ‘secondary’ psychopathy is characterized by high anxiety
and thought to develop in response to environmental adversity. Primary psychopathy is
robustly associated with reduced neural activation to others’ emotions and, in particular,
distress. However, it has been proposed that the secondary presentation has different

neurocognitive correlates.

Methods: Primary (n=50), Secondary (n=100) and Comparison (n=82) groups were drawn
from a large volunteer sample (n=1444) using a quartile-split approach across psychopathic
trait (affective-interpersonal) and anxiety measures. Participants performed a widely-utilized

emotional face processing task during fMRI.

Results: The Primary group showed reduced amygdala and insula activity to fear. The
Secondary group did not differ from Comparisons in these regions. Instead, they showed
reduced activity compared to Comparisons in several areas including the superior temporal
sulcus/inferior parietal lobe, thalamus, pallidum, and substantia nigra. Both groups with
psychopathic features also showed reduced activity in response to fear in the anterior
cingulate cortex (ACC). During anger processing, the Secondary group exhibited reduced

activity in the ACC in comparison with the Primary group.

Conclusions: Distinct neural correlates of fear processing characterize individuals with
primary and secondary psychopathic features. The reduced neural response to fear that
characterizes individuals with the primary variant of psychopathic traits is not observed in
those with the secondary presentation. The neurocognitive mechanisms underpinning

secondary psychopathy warrant further, systematic investigation.
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INTRODUCTION

Psychopathy is a personality disorder characterized by criminal and violent behavior (1-3).
What distinguishes individuals with psychopathy from their peers with disruptive behavior
disorders is their lack of empathy, shallow affect and callous treatment of others. This set of
interpersonal and affective traits are captured by Factor 1 of Hare’s Psychopathy Checklist —
Revised (PCL-R), which dissociates from a second factor (Factor 2) that captures a less
aetiologically specific range of antisocial behaviors and lifestyle factors, which are also shared
with other individuals with disruptive behavior disorders (4). Psychopathic traits as captured
both by Factor 1 and Factor 2 symptoms are continuously distributed in the population and
can also be reliably measured in volunteer samples with instruments that have specifically
been validated for that purpose (5-9). Individuals diagnosed with criminal psychopathy as well
as those with high levels of Factor 1 traits in volunteer samples show attenuated physiological
and neural responses to affective stimuli, including stimuli indexing other people’s distress
(10-14). This blunted reactivity to others’ distress is thought, at least in part, to explain why
individuals with high levels of Factor 1 traits find it unproblematic to aggress against other

people and do not readily empathise with their victims (15).

The original descriptions of psychopathy describe an individual with marked lack of anxiety
and consideration for others (16), and indeed, anxiety does appear at odds with the callous
and unempathetic presentation that Factor 1 traits describe. Yet accumulating evidence now
suggests that these traits (or at least behaviors that can look callous and unempathetic) may
co-occur with high levels of anxiety in some individuals (17, 18). Such individuals have been
described as presenting with a ‘secondary’ variant of psychopathy, in contrast with the
‘primary’ variant that occurs in the absence of clinically significant anxiety. This
primary/secondary distinction has also been drawn in youths presenting with callous-
unemotional traits, who are thought to be at risk of developing psychopathy later in life (19,
20). (Note, some studies have employed a different nosological use of ‘secondary’

psychopathy, where the term refers to individuals who present with Factor 2 (lifestyle/antisocial
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behaviors) but not Factor 1 traits of psychopathy e.g. (21). Here, we use the term ‘secondary’

psychopathy to refer to those individuals who present with psychopathic features and anxiety).

In both childhood and adulthood, those with a secondary presentation do not appear to present
with a simple combination of callous/unempathetic and anxious vulnerabilities, but rather show
distinct behavioral and psychiatric features not explained by either set of vulnerabilities alone
(20, 22-24). Such a secondary presentation has been linked to experiences of significant
childhood adversity (23), and is proposed to have a distinct aetiology from the primary,
putatively heritable, presentation (25). Secondary psychopathy has therefore been suggested
to represent a ‘behavioral phenocopy’ of primary callous and unempathetic traits - arising as
an adaptation to environmental adversity (25). In addition to a range of studies indicating
heightened levels of childhood maltreatment experience in the secondary group, epigenetic
evidence has also provided preliminary support for distinct aetiological pathways to callous-
unemotional (Factor 1 type) traits in primary and secondary subtype youths (26). Given the
potentially distinct aetiologies and profiles, it appears highly likely that the neural mechanisms
underpinning the primary and secondary presentations might differ, yet this has not been

investigated to date.

Blunted amygdala response to others’ distress, in particular fear, is recognised as a
characteristic neurocognitive deficit in primary psychopathy (13). It is thought that this reduced
capacity to affectively resonate with others’ distress is central to the callous and unempathetic
presentation of these individuals (15). However, Factor 1 behavioral presentation in secondary
psychopathy may arise from distinct (or partially overlapping) neural mechanisms. Given that
both anxiety and maltreatment are typically associated with hyper-responsivity to emotionally
evocative stimuli (27, 28) one would assume that individuals with a secondary presentation
would share such hyper-responsivity. That is, they would not be expected to share the pattern
of hypo-responsivity to emotionally evocative stimuli associated with primary psychopathy

presentation. In line with this, behavioral findings have suggested that individuals with



Sethi et al.

secondary psychopathy display greater attentional capture to others’ distress than individuals

with primary psychopathy (29).

For the first time, we directly compared amygdala response to fear in individuals with high
Factor 1 traits and low anxiety (‘Primary’ psychopathic presentation), individuals with high
Factor 1 traits and high anxiety (‘Secondary’ psychopathic presentation), and individuals who
did not have elevated levels of either trait/symptom domain, drawn from a large volunteer
sample with a wide range of behavioral presentation. We predicted that amygdala hypo-
reactivity would be related to the primary, but not secondary psychopathic presentation. We
also conducted exploratory analyses to investigate whether processing of anger differed in
these groups. Anger is a threat emotion with heightened salience to individuals with anxiety
and individuals with maltreatment histories (28, 30-32) and disruption to anger processing
(heightened amygdala response and lower prefrontal regulatory response) has been proposed
to explain increased threat reactive aggression sometimes seen in these populations (33).
Given the rich behavioral and psychiatric data available in this sample, we were also able to
replicate previous work (conducted in forensic and at-risk samples) regarding the

characteristic behavioral and psychiatric profile associated with secondary psychopathy.

METHODS AND MATERIALS

Participants

Participants were drawn from a dataset of 1144 individuals enrolled into the Duke
Neurogenetics Study (DNS), which assessed a range of behavioral and biological traits among
non-patient, young adult, student volunteers. Participants were excluded from the DNS in
cases of: a) medical diagnosis of cancer, stroke, diabetes requiring insulin treatment, chronic
kidney or liver disease, or lifetime history of psychotic symptoms, b) use of psychotropic
glucocorticoid, or hypolipidemic medication, or c) conditions affecting cerebral blood flow and
metabolism. Individuals were not excluded for past or present diagnosis for DSM-IV Axis 1 or

select Axis Il (antisocial and personality) disorders so that a broad range of behavioral
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phenotypes related to psychopathology could be assessed. However, none of the participants
were taking psychoactive medications for at least 14 days prior to their study enrolment. All
participants provided informed consent in accordance with Duke University guidelines, were

in good general health and met study inclusion criteria.

Measures

Measures used to create the groups: Psychopathic traits were measured using the Self-Report
Psychopathy — Short Form (SRP-SF) (8). The SRP-SF consists of 29 questions divisible into
four factors: Interpersonal, affective, lifestyle and antisocial. For the purposes of deriving
meaningful subgroups according to Factor 1 traits in this study, interpersonal and affective
scales were summed to provide a measure similar to Factor 1 of the PCL-R (4), the current
gold standard in assessing psychopathy. Similarly, lifestyle and antisocial facets were
summed in order to make a comparative measure to Factor 2 measure of the PCL-R. Anxious
disposition was assessed using the 20 question trait measure of the State and Trait Anxiety

Inventory (STAIT-T) (34).

Measures of cognitive ability, current functioning and lifetime diagnoses: 1Q was measured
using full scale scores from the Weschler Abbreviated Scale of Intelligence (WASI) (35).
Previous history of maltreatment was assessed using the Child Trauma Questionnaire (CTQ)
(36). Current functioning was assessed as follows: aggression was measured using the Buss
Perry Aggression Questionnaire (BPAQ) (37); anger was measured using the State-Trait
Anger Expression Inventory — trait subscale (STAXI) (38); and impulsivity was measured with
the Barratt Impulsiveness Scale (39); perception of own stress was measured with the
Perceived Stress Scale (PSS) (40); current anxious and depressive symptomatology were
measured with the Mood and Anxiety Symptom Questionnaire (MASQ) (41, 42); alcohol and
recreational drug use were assessed with the Alcohol Use Disorders Identification Test
(AUDIT) (43) and the Recreational Drug Use (RDU) questionnaire; The Mini-International
Neuropsychiatric Interview (MINI) (44) was used to assess lifetime diagnoses of alcohol
abuse, substance abuse, major depressive disorder (MDD), generalised anxiety disorder

6
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(GAD), bipolar disorder, post-traumatic stress disorder (PTSD), antisocial personality disorder

(APSD), borderline personality disorder (BPD), two year risk of suicidality.

Group definition

Previous studies examining psychopathy and anxiety in at-risk and forensic samples have
used median split or clustering approaches. To ensure that we captured participants with an
elevated psychopathic and anxious trait profile in this high-functioning volunteer sample we
adopted a quartile split approach using SRP interpersonal-affective (Factor 1) scores and
STAI-T scores to derive Primary, Secondary, and Comparison groups in this sample: i)
Comparison if scoring within the bottom quartile for both Factor 1 and anxiety measures
(n=82), ii) Primary if scoring within the top quartile for Factor 1 and the lower quartile for anxiety
(n=50), and iii) Secondary if scoring within the top quartile for both Factor 1 and anxiety

measures (n=100).

Task

We employed a widely adopted blocked perceptual face processing paradigm during which
subjects perform a match-to-sample of emotional or neutral faces during the task blocks and
geometric shapes during the control blocks. This paradigm has been shown to robustly elicit
amygdala reactivity over a wide variety of protocols and populations (45-50). Details for the

paradigm version used in the DNS are provided in the supplementary methods

fMRI Analysis

At the first level, regressors for each condition of interest were entered into the general linear
model (GLM) from which contrasts of interest (Fear>Shapes, Anger>Shapes) were derived.
Contrasts of interest were then individually entered into second level random-effects model to
assess group differences in a pairwise manner. Statistical maps were initially produced with
an uncorrected threshold of p<0.005. For whole brain analyses, a family-wise error (FWE)
correction of p < 0.05 at the cluster level was used to correct for multiple comparisons. To test

specific hypotheses about reactivity in the amygdala and OFC these regions of interest (ROls)
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were assessed using a voxel-wise small volume corrected FWE p<0.05. A bilateral amygdala
ROI was derived from the AAL atlas. A bilateral anterior insula ROl was derived from Deen et
al (51). The OFC ROI was a 12mm radius sphere (with areas of non-brain overlap removed)
centred on peak activation coordinates from a prior study that found differences in OFC anger
activity in individuals with impulsive aggression (52), and consistent with prior work examining
OFC activity to anger (53). Due to group differences in sex composition within each group all
fMRI analyses controlled for sex. Cohen’s d was calculated for cluster maxima from t statistic
maps as: d = 2t/Vdf, where t is the t statistic and df is the degrees of freedom associated

with the test.
Behavioral analysis

Binary logistic regressions were planned to analyse categorical data including prior psychiatric
diagnoses, however this was not possible in several instances due to complete/quasi-
complete separation of data in several variables. For consistency, all categorical data were
therefore analysed using chi square tests. Continuous data were analysed using ANOVAs. All
behavioral analyses were performed using SPSS v22

(http://www.ibm.com/software/products/en/spss-statistics).

RESULTS
Demographics, current functioning and lifetime psychiatric diagnoses

All demographic information is listed in Supplementary Table 1. Age did not significantly differ
between groups. There was a significant difference in the proportion of males and females
across groups (X?(2, 229) = 47.16, p < 0.001; % Female: 42% Secondary, 18% Primary, 75%
Comparison). There was a trend towards overall group difference in 1Q (F(2, 227)=2.68,
p=0.070), however group mean IQs were of highly similar levels (Group mean range: 120.57-

123.86, see Supplementary Table 1).

Psychopathy scores



Sethi et al.

In line with previous research, both Primary (p<0.001) and Secondary (p<0.001) groups had
higher levels of Factor 1 traits than the Comparison group but importantly did not differ from
each other (p=0.710). Both Primary and Secondary groups had higher scores than the
Comparison group on Factor 2 of the SRP (all p<0.001), and the Secondary group had higher

Factor 2 scores than the Primary group (p=0.028). See Supplementary Table 1 for more detail.

Internalising symptoms

The Primary group did not differ from the Comparison group on current symptomatology of
depression (p=1.000) or anxiety (p=1.000) or on diagnoses of major depressive disorder (p =
0.199) or generalised anxiety disorder (p=1.000). The Secondary group differed from both
Primary and Comparison groups on depressive and anxious symptoms (all p<0.001). The
Secondary group differed from the Primary (p=0.005) and Comparison (p<0.001) groups in
depression diagnoses. Additionally, the Secondary group had significantly more diagnoses of
generalised anxiety disorder than the Comparison group (p=0.014) with a trend to significance
when compared to the primary group (p=0.054). The Secondary group also showed higher
diagnoses of bipolar disorder compared to Comparison (p=0.001) and Primary (p=0.039)
groups, whilst the Primary and Comparison groups did not differ from each other (p=0.199).

See Supplementary Tables 2 and 3 for more detail.

Externalising symptoms

Both the Primary and Secondary group had greater alcohol (both: p<0.001) and substance
use (Primary: p=0.002; Secondary: p<0.001) than the Comparison group but did not differ
from each other (both: p=1.000). However, results examining lifetime DSM-IV diagnoses
differed from this, with the Secondary group more likely to have received a diagnosis of alcohol
(p =0.002) and substance abuse compared to Comparisons (p=0.009) and the Primary group
only being more likely to have a lifetime diagnosis of alcohol (p=0.015), but not substance
abuse (p = 0.299) compared to Comparisons. The primary and secondary groups did not differ

from each other in likelihood of alcohol (p=0.654) or substance abuse diagnoses (p=0.184).
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Similar to prior research, both Primary and Secondary groups differed from the Comparison
group on aggression, anger, and impulsivity measures (all p<0.001), but also differed from
each other (all p<0.001), with the Secondary group being most impaired on all measures. See

Supplementary Tables 2 and 3 for more detail.

Suicidality

The Secondary group had heightened risk of suicidality when compared to the Primary
(p=0.024) and Comparison (p<0.001) groups. The Primary group had a trend-wise risk of
increased suicidality compared to the Comparison group (p=0.068). See Supplementary

Tables 2 and 3 for more detail.

Maltreatment history

The Secondary group had more severe history of maltreatment than the Primary or
Comparison groups (both: p<0.001) who did not differ from each other (p=0.575). This pattern
was observed for each subscale of the CTQ except emotional neglect and sexual abuse
(Supplementary table 1). Both Primary (p=0.018) and Secondary (p<0.001) groups had
heightened emotional neglect compared to the Comparison group, though the Secondary
group still reported significantly higher levels of emotional neglect compared to the primary
group (p<0.001). The Secondary group reported higher levels of sexual abuse when
compared to Comparisons (p=0.024). The Primary group did not differ from either group

(Comparison: p=1.000; Secondary: p=0.389).

Neurocognitive differences

Neural responses to fear

Consistent with previous studies, in comparison with the Comparison group the Primary group
exhibited blunted responses to fearful facial expressions in the left amygdala (SVC:

prwe=0.044) with a trend in the right (SVC: prwe=0.122), as well as in the bilateral anterior
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insula (SVC: Left: prwe=0.012; Right: prwe=0.038; Table 1; Figure 1). By contrast, the
Secondary group showed no reductions in these regions when compared to the Comparison
group. The Primary group also showed trend-level reductions in fear responses compared to
the Secondary group within the right amygdala (SVC: prwe=0.055) and bilateral anterior insula

(SVC: Left: prwe=0.063; Right: prwe=0.070; Table 1; Figure 1).

In whole brain analyses the Primary group showed reduced activity in responses to fearful
facial expressions in clusters encompassing the insula bilaterally, as well as a frontal cluster
extending into the bilateral ACC, and the bilateral precuneus and surrounding regions within
the cuneus and cingulate cortex (Table 2; Figure 1). Whole brain analyses also confirmed
trends towards reduced activity within the bilateral insula in the Primary compared to the
Secondary group (Table 2; Figure 1). Whilst the Secondary group also showed reductions
within the ACC compared to the Comparison group, another cluster extending into the left
thalamus, bilateral substantia nigra/ventral tegmental area (SN/VTA) and pallidum was also

observed that was not seen when comparing Primary and Comparison groups.

Neural responses to anger

Whole brain analyses revealed reduced bilateral ACC activity in response to angry facial
expressions in the Secondary group compared to the Primary group (prwe<0.011; Table 3;
Figure 1). Even after SVC, there were no significant differences in OFC activity between any

groups during processing of anger.

DISCUSSION

Here, we provide novel evidence that individuals with secondary psychopathic features are
not identical to the primary variant in neural activity to emotional facial expressions.
Specifically, when processing fear secondary psychopathic features were associated with
reduced activity in the superior temporal sulcus/inferior parietal lobe, pallidum, SN/VTA, and

thalamus, while primary psychopathic features were associated with blunted activity in the
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amygdala and anterior insula. The primary and secondary variants did, however, exhibit some
overlap in their neurocognitive presentation, with reduced activity in the anterior cingulate
during fear processing observed in both groups in comparison with comparison participants.
Contrary to our predictions, we did not find any evidence of altered processing of anger in the

secondary psychopathy group when compared to controls.

In line with previous research in incarcerated and volunteer samples, we found that primary
psychopathic features are associated with blunted amygdala and insula activity to fear (13 for
a review). Importantly, our results extend this body of work to show that these particular
neurocognitive hallmarks are observed only in the primary variant. The hypo-active
neurocognitive profile in primary psychopathy is consistent with the ‘cold’ clinical presentation
of these individuals, who exhibit reduced empathy and correspondingly, a constellation of
interpersonal behaviors that show limited regard for others. However, the presence of Factor
1 traits in the absence of this neurocognitive profile in individuals with secondary psychopathy
suggest that they may arise via partly distinct mechanisms, though our data do not elucidate

what these may be.

Based on prior research we expected that individuals with secondary psychopathic features
would show increased neural activity to others’ distress. In prior studies, individuals with
secondary callous/unemotional traits have shown increased attentional capture to distressing
stimuli compared to their low anxiety counterparts (though it is noteworthy that in this sample
too, the secondary group did not differ from comparisons) (29), and higher startle modulation
to aversive images when compared to primary and comparison groups (54). The absence of
any differences between the secondary group and comparisons in amygdala activity to fear in
the present study are not what one might have expected given the startle modulation data by
Kimonis et al. (54). However, several methodological differences should be noted when
considering these findings. Firstly, previous studies have used distressing and aversive
(including threatening and victim related) scenes that are intended to elicit robust behavioral

responses, and may therefore represent more affectively salient stimuli than fearful facial
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expressions used in the present study. The use of fearful facial expressions afforded ready
comparability with prior data on psychopathy/psychopathic traits in adults and enabled us to
confirm that those with the primary variant presented in line with data from prior studies using
such stimuli. Further studies with a variety of paradigms will be important to more
comprehensively examine the neurocognitive deficits associated with the secondary variant.
Secondly, differences between these studies may also reflect sampling strategies. Both
previous studies used samples of juvenile offenders, contrasting to the approach we have
adopted with student volunteers, which is likely to have captured a less severe secondary
group. Though these factors may explain the inconsistencies between behavioral and neural
measures of emotional responsiveness, it is noteworthy that the behavioral and psychological
profile of the secondary subtype is highly consistent with prior studies, suggesting that we did
accurately capture primary and secondary groups. Another possibility is that whilst there is
increased behavioral emotional reactivity in secondary individuals, this is determined by some

other neural factor than amygdala hyper-activity.

Our analyses revealed several commonalities and differences in fear processing between the
two groups that may in part underpin the secondary presentation. Firstly, we show that both
primary and secondary variants showed reduced activity in the ACC during fear processing,
compared to the comparisons. The ACC has been variously associated with the acquisition,
expression and extinction of fear conditioning, as well as the regulation of emotional conflict
and the top down regulation of emotion (55). It may be that the reduced ACC activity reflects
an impairment in a common mechanism for both groups; however, it is equally possible that
ACC activity reflects different cognitive processes in the primary and secondary variants (e.g.
relative impairments in conditioning to vs. regulation of distress stimuli). This question needs
to be investigated systematically in the future and (for example) related to the
psychophysiological profile of the subtypes. Secondly, we show reduced activity in the
SN/VTA, pallidum, and thalamus in response to fear that was unique to the secondary group.

The VTA sends dopaminergic projections to the amygdala, where dopamine signalling plays

13
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an important role in the acquisition of fear responses (56). Similarly the thalamus has been
linked to the acquisition and expression of fear conditioning (57, 58). The role of pallidum in
such a model is less clear, though it sends extensive projections to the thalamus (59) and is
also linked to the amygdala (60). Although purely speculative, a possible explanation for the
presentation of Factor 1 traits in maltreated individuals may be abnormal development of fear
conditioning responses. Future studies may seek to address how different components of fear
conditioning are affected in primary and secondary psychopathy by using experimental
paradigms that afford inference regarding this. Thirdly, superior temporal
sulcus/temporoparietal junction activity was also observed to be hypoactive in the secondary
group. These regions have been tightly linked to perspective taking and inferring others mental
states and emotions (61), and may reflect another mechanism by which blunted affect to
others’ emotions could be instantiated in individuals with Factor 1 traits. However, future
studies are required to systematically examine how these processes are altered in secondary
psychopathy. Finally, we hypothesised that atypical or impaired anger processing within the
OFC may play a role in the development of callous aggressive behaviors in the secondary
group. We did not find evidence for this hypothesis in the current sample, but it would be

interesting to explore whether such a difference is observed in forensic or at-risk groups.

In line with prior research into primary and secondary variants of psychopathy (20, 22, 23, 29,
54, 62-64), our volunteer sample of individuals with high psychopathic personality traits
showed largely similar increases in externalising symptoms such as substance and alcohol
abuse when compared with comparison participants. However, the primary and secondary
groups differed significantly on several dimensions. Notably, the secondary group showed
markedly higher maltreatment history and internalising symptoms, as well as heightened
levels of suicidality and aggression, than either the primary or comparison groups. Although
the present work suggests a highly similar behavioral phenotype can be captured in volunteer
samples to those in offending settings, additional studies are required to replicate our

neurocognitive findings in forensic and vulnerable samples. Indeed, a study in forensic groups
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with high levels of maltreatment may provide a more stringent test of any effects of

maltreatment on brain function and reactive aggression.

Although our data suggest several possibilities about the neurocognitive mechanisms
underpinning Factor 1 traits in the presence of anxiety, it is important not to rely on reverse
inference and future studies must use methods that can directly interrogate a number of
different processes. For instance, hypoactive fear processing in the thalamus, SN/VTA and
ACC suggest abnormalities in fear conditioning may play a role in the development of Factor
1 traits in the presence of anxiety, possibly in response to environmental trauma. Assessing
how different aspects of fear conditioning are altered in primary and secondary individuals,

and particularly perhaps in response to maltreatment, is therefore warranted.

In conclusion, we provide novel evidence that individuals presenting with Factor 1 traits differ
in their neurocognitive presentation depending on the presence or absence of concurrent
anxiety. Whilst individuals with primary psychopathic features show blunted affective
responses to others distress that has come to be seen as a central neurocognitive phenotype
of psychopathy, this pattern is not observed in individuals with a secondary psychopathic
presentation. Whilst individuals high on Factor 1 traits appear to present with reduced ACC
activity to fear independent of anxiety levels, those with the high-anxiety secondary variant of
these traits appear to show additional abnormalities in circuitry that plays a role in fear learning
and regions associated with mentalization. We do not, however, find amygdala hyper-activity
to fear in the secondary group. Though this is unexpected, it is also not clear how such a
hyper-activity could be understood alongside the callous disregard for others that is
characterised by Factor 1 traits. Whilst future work will be required to directly assess any
mechanisms underpinning Factor 1 traits in the presence of anxiety, and whether these
mechanisms do, as proposed, stem for childhood maltreatment, the present study shows a

critical divergence in the neurocognitive presentation of these two groups.
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Figure 1. a) Reduced activity in the amygdala (far left), insula (middle left), ACC and PCC
(middle right), and dorsolateral prefrontal cortex (far right) in the Primary group compared
to the Comparison group during fear processing; b) Trendwise reduced activity in the
amygdala (/eft) and insula (right) in the Primary compared to Secondary group during fear
processing; ¢) Reduced activity in the superior temporal sulcus/inferior parietal lobe (far
left), ACC and PCC (middle left), thalamus and globus pallidus (middle right), and susbtantia
nigra (far right) in Secondary group compared to the Comparison group during fear
processing.
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Table 1. Significant anterior insula and amygdala (SVC) results for Fear > Shapes

p(FWE- Cohen’
k corr) sd z Xyz
Comparison >Primary
Left amygdala 34 0.044 0.56 3.18 '1242 2=
Left anterior insula :251 0.012 0.69 3.88 '1328 4-
0.029 064  3.62 '238 -16
0.054 061  3.42 '1324 6-
0.056 0.61 3.41 -44 6 -6
0.066 0.60 3.36 -44 -4 0
Right anterior insula 55 0.038 062 3.53 4604
Secondary>Primary
Right amygdala 26  0.055 0.52 3.10 304-18
0.082 0.49 2.95 302-24
Left anterior insula ;2 0.063 0.56 3.37 '238 -16
Right anterior insula 37 0.070 0.56 3.33 46 -2 -6
0.075 0.55 3.31 4604
Right anterior insula 13 0.099 0.53 3.21 422 -12
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Table 2. Significant whole brain results for Fear > Shapes

p(FWE-corr) k Cohen’'sd Z Xyz
Comparison >Primary
antfg%‘#gfﬁ:ei"st' L mid cingulate (MCC) g 5 1327 0.73 4.07 14 -68 24
0.67 3.76 -20-58 18
0.65 3.65 -6 -42 44
Right Precuneus ext. cuneus 0.065 472 0.73 4.07 16 -54 22
0.59 3.33 8 -64 20
0.53 2.99 10-46 6
Left insula ext. postcentral gyrus,
rolandic operculum, superior temporal 0.001 1150 0.72 4.03 -382-12
gyrus, amygdala
0.70 3.9 -56-18 18
0.64 3.62 -38-16 2
Right insula ext. rolandic operculum 0.008 746 0.72 4.02 38-160
0.63 3.53 4604
0.56 3.16 5846
sumarior oy X HRACC T 0,001 2279 069 388  -302036
0.68 3.82 83210
0.68 3.81 -4 3228
Secondary>Primary
inls:\:Jilgaht superior temporal gyrus ext. 0073 457 0.66 3.94 480 -12
0.55 3.31 4604
0.55 3.29 46 -8 -8
Left temporal pole ext. insula 0.086 436 0.64 3.8 -400-16
0.56 3.39 -504 -16
0.56 3.37 -38-16 2
Comparison >Secondary
L/R ACC ext. frontal pole <0.001 1863 0.62 4.08 -1252 -8
0.57 3.74 -4 368
0.54 3.55 -6 32-4
Right superior temporal sulcus, inferior
parietal, thalamus, bilateral SN/VTA, and  0.003 895 0.56 3.71 36 -20 2
pallidum
0.54 3.58 20-82
0.51 3.38 -6-16-10
cUmaapeol omboral gyrus ext1eft 0,030 571 053 348  -46-2810
0.52 3.44 -30-34 14
0.49 3.23 -42 -36 24
remiaee T Posterier cngulate, 0.015 659 052 344  2-4242
0.50 3.3 -8-48 20
0.47 3.13 8 -44 24
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Table 3. Whole brain results Anger > Shapes

p(FWE-corr) k Cohen’s d Xyz
Primary>Secondary
L/R ACC 0.011 740 0.68 4.04 -262624
0.61 3.64 83220
0.59 3.52 -143028
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