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ABSTRACT

Background: Antisocial behavior (ASB) in childhood and adolescence is indexed by the
diagnosis of conduct disorder (CD) and is associated with high rates of comorbid mental
disorders, such as anxiety, depression, alcohol and drug dependence, as well as maltreatment.
Elevated levels of psychopathic traits further complicate the clinical picture of adolescents
with CD. Those who persist with severe ASB into adulthood will meet criteria for antisocial
personality disorder (ASPD). Others will continue to display less severe ASB, and thereby
not meet the diagnostic criteria for ASPD, but will experience a wide range of adverse
outcomes, including persisting comorbid mental disorders and impaired psychosocial
adjustment. Many studies have explored neural abnormalities associated with ASB, yet there
are several key gaps in the extant literature: (I) Females with ASB have rarely been studied.
(1) There has been no study of adult women who presented CD as adolescents, but who did
not progress to ASPD. (I11) Past studies have typically excluded CD participants with
comorbid disorders (making them unrepresentative of clinical cases) or failed to take account
of these disorders when examining neural correlates of ASB. (IVV) No study has taken account
of childhood maltreatment. (IV) There has been no study of associations of brain connectivity
and subsyndromal psychopathic traits in females.

Method: Three groups of young adult women, aged on average 24 years, completed clinical
assessments and magnetic resonance imaging: women who consulted for substance misuse as
adolescents and who were enrolled in a longitudinal study (n=44), sisters of ex-clients also
enrolled in the longitudinal study (n=31), and newly recruited healthy women (n=24).
Clinical data (diagnoses, psychopathic traits and other measures) from past waves and the
current wave of data collection were used to characterize participants. Measures of brain
structural connectivity (integrity of white matter tracts connecting specific regions) and
functional connectivity (correlated resting-state activity between regions and Graph Theory
topology) were investigated in four studies.

Results: The women who had presented CD in adolescence presented high levels of lifetime
comorbid anxiety and depression disorders, alcohol and drug dependence, childhood
maltreatment, higher levels of psychopathic traits than in the general population, and poor
psychosocial functioning and more aggressive behavior than the healthy women. Three main
findings emerged: (1) CD prior to age 15 was associated with abnormalities of white matter
integrity in adulthood despite low rates of progression to ASPD (Study I and II). These
abnormalities were similar to those reported in previous studies featuring male or mixed-sex
samples with CD and/or ASPD. (2) Most of the differences in white matter integrity between
young adult women with a history of CD and healthy peers were explained by comorbid
lifetime mental disorders and maltreatment (Study I and I1). (3) Psychopathic traits were
associated with unique structural and functional connectivity abnormalities (Study I11 and
V).



Conclusions: We show for the first time that young women who presented CD as
adolescents were characterized by structural connectivity abnormalities, despite not
presenting ASPD but showing several indices of ASB. Even subsyndromal psychopathic
traits presented by these women had unique connectivity correlates. Our findings emphasize
the importance of treating CD in adolescence, as well as the comorbid mental disorders, and
assessing and stopping maltreatment, so as to ensure a healthy transition to adulthood. Future
studies investigating the neural correlates of CD, ASB in general, and psychopathic traits,
need to take account of comorbid disorders and maltreatment.
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1 INTRODUCTION

From a behavioristic point of view, the probability of an individual engaging in a certain
behavior in a certain context is the product of the probability of first appearance of that
behavior, and of the subsequent reinforcing and punishing consequences perceived as
contingent on that behavior. Human behaviors, both simple and complex, are thus shaped by
constant, never-ending learning, which will alter not only the probabilities of reoccurrence of
those behaviors, but also the opportunities to learn other behaviors. Throughout development,
both internal and external contingencies will change, such that some behaviors that were
previously rewarded cease being so, and vice versa. Together, these observations can
accommodate the robust empirical findings that behavior patterns, such as those associated
with mental disorders, typically onset early in development (childhood and adolescence), and
that some will persist with this behavior pattern into adulthood, while others will not.

This is certainly the case for antisocial behavior (ASB), a term referring to any harmful,
inconsiderate behavior that conflicts with contextual norms. This includes aggression, defined
as an approach behavior with the intent of inflicting some kind of harm (physical or non-
physical) upon another individual. Prospective, longitudinal studies conducted in several
different countries show the dramatic stability of ASB. Physical aggression peaks in
toddlerhood (around age 2-4) and while most children desist after that, a small group of
individuals will continue to display physical aggression and other forms of ASB into
adolescence and adulthood. Other children will react to behaviors being punished by
engaging in functionally equivalent ones that are not punished in the same way, such as
indirect aggression (Barker et al., 2007; C6té et al., 2007).

It is well recognized that among antisocial children, there are subtypes that present distinct
clinical profiles, neural correlates, and outcomes (Hodgins et al., 2009a; Stadler et al., 2010).
Recent evidence shows that this heterogeneity, in terms of comorbid internalizing problems
and on levels of callous-unemotional traits (CU), can be identified as early as age 3 years
and remains stable into adolescence (Fanti and Kimonis, 2017). This heterogeneous group of
children with early-onset ASB, along with a group who presents adolescent-limited (or
adolescent-delayed-onset; see below) ASB (Fontaine et al., 2009), will meet criteria for the
diagnosis of conduct disorder (CD) as they grow older, and some of them will meet criteria
for antisocial personality disorder (ASPD) at age 18 if this behavior persists into adulthood.
CU traits are considered to be the antecedents of adult psychopathic traits. Even those who do
not go on to meet ASPD criteria will continue to present indices of ASB and psychosocial
maladjustment (Breslau et al., 2012; Odgers et al., 2008), but less is known about this group
who are the focus of this thesis. Robust evidence shows that ASB is more common among
males than females in all age groups, which is reflected in higher prevalence rates of CD and
ASPD diagnoses in males. Additionally, males present higher levels of psychopathic traits
than females (Strand and Belfrage, 2005). This difference in prevalence and severity is
reflected in relatively little research having been devoted to antisocial females (Berkout et al.,
2011).



This thesis focuses on a sample of females who met CD criteria in adolescence, yet very few
of whom met ASPD criteria in adulthood. As is typical of CD, these women were
characterized by elevated levels of psychopathic traits, comorbid mental disorders, and many
had experienced childhood maltreatment. This thesis aimed to further understanding of neural
abnormalities shown by these women and to determine whether the abnormalities were
associated with prior CD, comorbid substance use disorders, anxiety and depression
disorders, maltreatment, and/or psychopathic traits. The goal was to provide evidence that
would inform prevention and treatment strategies.

The thesis focused on a sample of women recruited at the only clinic for adolescent substance
misuse in a large Swedish urban area. Most of the women were either ex-clients or sisters of
clients, who were enrolled in a follow-up study since adolescence. This sample was chosen
since assessments at baseline (study entry) showed that half of the female ex-clients of the
clinic presented CD (Hodgins et al., 2007). Further, studies of earlier clients of the same
clinic followed to age 50 showed very negative outcomes through adulthood. One study
included all n=1992 clients who consulted from 1968 to 1971. They were compared to
n=1992 individuals randomly selected from the Swedish population, matched for sex, age,
and birthplace. As compared to the general population women, women who had been
treated at the clinic showed a seven-fold increase in risk of premature death, an almost two-
fold increase in risk of physical illnesses requiring hospitalization, a six-fold increase in
risk of mental disorders, a six-fold increase in the risk of schizophrenia, an 11-fold increase
in the risk of substance misuse, an almost five-fold increase in the risk of a criminal
conviction, and a three-fold increase in risk of poverty (Hodgins et al., 2009b, 2016). These
findings, as well as those on CD, highlight the importance of investigating this population
S0 as to prevent and treat persistent ASB and other negative outcomes.

1.1 ANTISOCIAL BEHAVIOR
1.1.1 Diagnoses of antisocial behavior

1.1.1.1 Conduct disorder

According to diagnostic criteria, CD indexes a repetitive and persistent pattern of ASB,
including aggression towards people and animals, destruction of property, deceitfulness and
stealing, and serious violations of age-appropriate rules and norms. Most of the scientific
literature that is reviewed, and this thesis, used criteria from the fourth version of the
Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association,
2000), which were unchanged in the fifth version (American Psychiatric Association, 2013),
with the exception of the addition of a novel specifier (discussed below). Prevalence
estimates of CD in boys are typically reported in the range of 6-16% and in girls, 2-9% (Nock
et al., 2006), although numbers as low as 1-2.1% for boys and 0.5-0.8% for girls have also



been reported (Maughan et al., 2004; Wichstrgm et al., 2011). Gender ratios thus tend to fall
in-between 2:1 and 4:1.

The presentation of CD differs somewhat between boys and girls. In general, females present
less physical aggression than males, with trivial or no sex differences in non-physical,
relational aggression (Card et al., 2008). This well-established sex difference in the
prevalence of physical aggression is not specific to CD, and emerges as early as in 17 month
old toddlers (Baillargeon et al., 2007). Distribution patterns of CD also differ: in boys,
number of conduct problems follows a decreasing exponential distribution, while in girls, this
distribution is more bimodal in nature, with larger peaks at both the low and high end (Tiet et
al., 2001). Consistent with the robust sex-difference in prevalence of CD (Berkout et al.,
2011) and physical aggression in general, this suggest that while CD is overall less common
in girls (i.e. more cases of no or few conduct problems), the girls that do meet criteria present
symptoms that are as severe as those observed among boys.

Diagnostic criteria for CD are met if three or more symptom criteria, out of a possible 15, are
present within the last 12 months. The large number of criteria ensures that the population of
children/adolescents with CD is heterogeneous disorder as there are 32,647 possible unique
combinations of 3 to15 symptoms. However, there is of course no reason to believe that
clustering of individual symptoms would occur by chance; quite the opposite. One latent
class analysis performed on a large population sample revealed four clusters of CD
symptoms: one less severe class characterized by rule violations, one class characterized by
deceit and theft, one class by aggression, and one severe class (Breslau et al., 2012). These
latent classes are strikingly similar to those reported in past research on a separate sample
(Nock et al., 2006).

Diagnostically, however, no direct consideration is taken of symptom profiles, beyond an
indirect severity rating based on how much harm is inflected on others. Rather, since the
DSM-1V, the CD diagnosis has included a specifier based on age of onset (American
Psychiatric Association, 2000). This specifier was based on research suggesting that age of
onset determines developmental trajectories and outcomes: a minority present childhood-
onset ASB (before age 10) which interacts with a criminogenic environment to result in life-
course-persistent ASB, while the majority of antisocial individuals present adolescence-onset,
often adolescence-limited ASB, caused by a temporary maturity gap and social learning from
deviant peers (Moffitt, 1993). Since its release, concerns have been raised that this age-of-
onset-specifier does not directly capture the presumed diversity in causal pathways
(Scheepers et al., 2011). Taxometric analyses have shown that the difference between the two
onset-patterns is dimensional, rather than categorical in nature (Walters, 2011) and
neuroimaging studies have shown that the two subgroups are more similar than different
(Fairchild et al., 2011; Passamonti et al., 2010), suggesting that other specifiers may have
greater clinical utility and predictive power. The DSM-5 introduced an additional specifier of
limited prosocial emotions (American Psychiatric Association, 2013). This specifier aims to
capture the subgroup of youths whose ASB is associated with callousness, shallow affect,



lack of remorse, and instrumental aggression (Buitelaar et al., 2013). These traits are referred
to as callous-unemotional (CU) traits, or the childhood antecedents of (affective)
psychopathic traits, and are discussed in detail in section 1.1.1.3 below.

1.1.1.2 Antisocial Personality Disorder

The diagnosis of antisocial personality disorder (ASPD) can be made at age 18 or later if CD
was present prior to age 15. As the name implies, ASPD is a personality disorder (DSM axis
I1), while CD is a clinical disorder (DSM axis 1), meant to reflect the fact that if the ASB
continues into adulthood, it is considered persistent enough to be categorized as a disorder of
personality. ASPD is unique among personality disorders in that it includes a diagnostic
criteria of there being signs of another disorder, CD, prior to age 15 (American Psychiatric
Association, 2013). This requirement reflects the robust literature showing the early onset and
stability of ASB. With regards to symptoms, these largely mimic those of CD, indexing a
range of ASB including deception, violation of social norms and laws, and aggression. Unlike
CD though, where CU/psychopathic traits are included as a specifier, the diagnosis of ASPD
includes lack of remorse as a symptom. Approximately half of adolescents with CD will meet
criteria for ASPD as young adults, more men than women (Loeber et al., 2002; Myers et al.,
1998) and more of those with childhood-onset (Moffitt et al., 2008). Additionally, latent
trajectory analyses have revealed a childhood-limited CD group which do not meet ASPD
criteria as adults (Odgers et al., 2008), on which there has been very little research.
Population prevalence of ASPD in the US is estimated to 6.8% among men and 0.8% in
women (Swanson et al., 1994), while in Norway prevalence is estimated to 1.3% among men
and 0.2% in women (Torgersen et al., 2001). In prison samples, 47% of men and 21% of
women met ASPD criteria (Fazel and Danesh, 2002).

1.1.1.3 CU-traits and psychopathy

Approximately one-half of adolescents with CD present elevated CU traits, and while it is
possible to score high on CU traits without meeting CD criteria, such individuals present
elevated conduct problems, emotional problems and negative social impact (Rowe et al.,
2010). Congruently, high CU traits in children without conduct problems have been
associated with increased rates of subsequent self-reported delinquency in the years that
follow (Frick et al., 2005), and criminal convictions (Hodgins et al., 2013), strengthening the
case that CU traits are inherently linked to ASB. CD with CU traits is associated with earlier-
onset, more severe and stable ASB (Frick and Nigg, 2012) and worst treatment outcomes in
traditional treatment programs that do not specifically address CU traits (Hawes et al., 2014).

Among boys, it has been shown that conduct problems accompanied by high levels of CU
traits are more genetically heritable than conduct problems without high levels of CU (Viding
et al., 2005, 2008). Further, emerging evidence shows that CU traits are stable from age 3 to
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mid-adolescence (Fanti and Kimonis, 2017; Klingzell et al., 2016), and that psychopathic
traits measured in adolescence are stable into early adulthood (Hemphéld et al., 2015). CU
traits, not CD or conduct problems, are associated with impairments in reversal learning, i.e.
failure to learn from changing contingencies, resulting in persistent responses despite positive
or negative punishment now being contingent on that behavior (Budhani et al., 2006). This is
congruent with treatment research showing that among CD children, those with high CU
traits respond equally well to reinforcement strategies (e.g. praise), but less so to punishment
strategies (e.g. time-out), and had overall poorer treatment outcomes (Hawes and Dadds,
2005).

In adults, CU and interpersonal traits, along with ASB, are incorporated into the personality
disorder of psychopathy, the gold standard measure of which (in psychiatric and forensic
settings) is the Psychopathy Checklist-Revised (PCL-R) (Hare, 2003). The PCL-R is a semi-
structured interview, conducted by a trained clinician using a scoring checklist featuring two
factors, each consisting of two facets. Factor 1 consists of the interpersonal and affective
facets (corresponding to CU traits) that are unique to the psychopathy construct, and factor 2
of lifestyle and antisocial facets, which overlap with ASPD and CD criteria. The syndrome of
psychopathy is defined as a total score of more than 30 points in the US. Only 10% of
prisoners met criteria for the syndrome of psychopathy, while remaining prisoners are
expected to have low-medium scores on the PCL (Coid et al., 2009b). However, despite
psychopathy often being described as a categorical construct, each psychopathy facet is
dimensional rather than categorical in nature (Guay et al., 2007) and are present at lower
levels in the general population, with an estimated 1% of the household population having
scores high enough to meet criteria (Coid et al., 2009a).

1.1.2 Trajectories and outcomes of antisocial behavior

Both childhood- and adolescent-onset CD has been shown to be a precursor of a wide range
of problems in adulthood, including academic failure, unemployment, criminality, substance
use disorders, as well as a variety of other mental disorders (Frick and Nigg, 2012; Odgers et
al., 2007, 2008). Women with CD or a history of CD have children at a younger age than
other women (Jaffee, 2002), and their offspring are at elevated risk for conduct problems.
This results from non-optimal parenting (Jaffee et al., 2006), assortative mating (Krueger et
al., 1998), and the transmission of genes that confer vulnerability for ASB (Rhee and
Waldman, 2002; Viding et al., 2008).

There is evidence to suggest that ASB onset, trajectories, and outcome patterns differ
somewhat between males and females, with the childhood-onset, persistent form being more
prevalent in boys, and there being an adolescence-delayed-onset group in females (Fontaine
et al., 2009). This latter group is characterized by risk factors common to the early-onset
group (such as physical maltreatment), yet refrains from more severe ASB during childhood
(presumably due to norms discouraging displays of physical aggression in females), and
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experiences substantial adjustment problems as adults. Distinguishing this group from the
early-onset-persistent and adolescent-limited groups is made difficult by a number of
limitations of past research. Primarily, the use of global ASB measures and measures limited
to physical aggression (which is overall less prevalent in females) means that ASB onset in
childhood and ASB persistence in adulthood may have been under-estimated among females,
obscuring sub-groups based on trajectories (Fontaine et al., 2009). This is consistent with
evidence showing that even adolescents engaging in ASB who do not meet diagnostic
criteria for ASPD in adulthood are likely to continue to display ASB along with poorer-than-
average psychosocial functioning in adulthood (Breslau et al., 2012; Odgers et al., 2008).
This evidence also suggests that neural abnormalities associated with CD in adolescence may
persist into adulthood despite not progressing to ASPD.

1.1.3 Comorbid mental disorders

Almost all clinical cases of CD will meet criteria for at least one comorbid mental disorder,
most prominently substance use disorders (SUDs), anxiety disorders, attention-deficit
hyperactive disorder (ADHD), and depression. Findings from pooled meta-analyses of CD
samples suggest comorbidity odds ratios (95% confidence intervals) of 10.7 (7.7-14.8) for
comorbid ADHD, 6.6 (4.4-11.0) for comorbid depression, and 3.1 (2.2-4.6) for comorbid
anxiety (Angold et al., 1999). More recent population surveys in both younger (Wichstrgm et
al., 2011) and older children with CD (Costello et al., 2003) have shown similar estimates.
Comorbidity rates of SUDs are even more striking, with adjusted odds ratios of 8.4 (5.4-13.9)
for any substance abuse and 15 (8.6-26.2) for any substance dependence (Roberts et al.,
2007).

Several studies have explored reasons for the high rate of comorbid mental disorders among
children/adolescents with CD. In the case of comorbid SUDs, the evidence is converging that
CD generally precedes use-onset and the onset of SUDs (Kuperman et al., 2001; Sartor et al.,
2007). Both disorders have also independently been linked to certain personality traits, such
as novelty seeking (Hemphald et al., 2013). A majority will have developed a SUD by young
adulthood (Kim-Cohen et al., 2003). Evidence for directionality with affective disorders is
mixed, yet primarily supports an indirect association such that CD leads to psychosocial
maladjustment, which leads to depression (Burke et al., 2005), or that the two disorders share
common risk factors (Fergusson et al., 1996). With regards to anxiety disorders, the extant
literature suggests common mechanisms. These include hyper-sensitivity to threat through
hostile attention bias and autonomic hyper-arousal (Bubier and Drabick, 2009).

Not only is the prevalence of comorbid externalizing and internalizing disorders elevated
among children/adolescents with CD as compared to typically developing children, but CD in
childhood/adolescence is also a precursor of both externalizing and internalizing disorders in
adulthood (Kim-Cohen et al., 2003), in addition to ASPD (Copeland et al., 2009). Even adults
who do not progress to ASPD show increased rates of mental disorders (Goodwin and
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Hamilton, 2003). CD is also a well-established precursor of schizophrenia, and this subgroup
shows distinct structural and functional brain abnormalities (Schiffer et al., 2013, 2017).
Thus, it is important to assess and take account of comorbid mental disorders when studying
children/adolescents with CD.

1.1.4 Childhood maltreatment

There is a well-established association between CD and childhood maltreatment, with
significant, adjusted odds ratios ranging from 1.6 to 2.4 compared to those without CD (Afifi
etal., 2011). The traditional view held that physical abuse by parents had a causal impact on
the child’s cognitive development (Gould et al., 2012) and onset of ASB (Jaffee et al., 2004),
the former mediated by the impact of early stress on the brain (Pechtel and Pizzagalli, 2011)
and the latter mediated by social learning of the perceived necessity and rewarding
consequences of violence (Dodge et al., 1995). Adolescents with CD show on average half a
standard deviation lower performance 1Q and almost one standard deviation lower verbal 1Q
than healthy peers (Isen, 2010), supporting the account that maltreatment leads to both
cognitive deficits and ASB.

Recently, the view that maltreatment causes cognitive deficits has been challenged by robust
evidence showing that pre-exposure deficits largely explain post-exposure deficits (Danese et
al., 2016). The association between maltreatment and CD, on the other hand, appears
reciprocal: not only does maltreatment increase the risk of later ASB, both ASB also
increases the risk of maltreatment (Lansford et al., 2011; Pardini et al., 2008; Serbin et al.,
2015; Shaffer et al., 2013). These findings emphasize the importance of not only of assessing
maltreatment in youths with ASB, but also show that for research purposes, both cross-
sectional designs and after-onset recruitment strategies risk confusing the directionality of
findings between CD and maltreatment.

Girls with CD are at particular risk for sexual abuse. While odds of having being been
sexually abused are higher among CD girls than in community girls, the odds are similar to
those found in other mental disorder groups, and the directionality is unknown (Maniglio,
2014). There is however evidence to suggest that the presentation of CD increases the risk of
being sexually abused by peers through involvement in high-risk situations, e.g. heavy
drinking in the presence of delinquent peers (Maniglio, 2015).

1.1.5 Summary: Antisocial behavior in youths and adults

It is well recognized that antisocial children, adolescents and adults constitute a
heterogeneous population, differing in age of onset and persistence of ASB, severity of
psychopathic traits, and prevalence of comorbid mental disorders and experience of
maltreatment (Hodgins et al., 2009a; Stadler et al., 2010). This heterogeneity makes CD and
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ASPD difficult disorders to study, yet disentangling the impact of two or more concurrent
conditions is often of high clinical importance. For example, disentangling adverse
trajectories and outcomes specific to one of the disorders may inform clinical decisions about
which condition to treat first, if no integrated treatment is available or suitable. The same is
true when attempting to study neural correlates of CD/ASPD. As will become apparent below
in a review of neuroimaging studies on antisocial youth and adults, the clinical heterogeneity
of CD/ASPD has not been fully recognized in most of the extant neuroimaging literature. The
majority of neuroimaging studies have recruited clinically unrepresentative samples with no
or few comorbid disorders or not assessed comorbid disorders. Although the former approach
has the advantage of increased specificity, the applicability of findings from these samples to
real-world cases is questionable, limiting translational efforts. It also fails to further
understanding of the mechanisms underlying each disorder or the identification of
mechanisms that may be common to specific combinations of disorders.

Another aspect to bear in mind when reviewing the extant neuroimaging literature is that they
exclusively included either adolescents presenting ASB, or adults whose ASB was persistent
and severe enough to meet ASPD criteria or score high on psychopathy measures. There has
been no study of the adults who met CD criteria but who did not progress to ASPD. This
presents a key knowledge gap in the literature. Finally, there has been very little research on
antisocial females.

1.2 NEUROIMAGING OF INDIVIDUALS WITH ANTISOCIAL BEHAVIOR

The hypothesis that ASB and other behaviors are associated with variations of the structure
and functioning of the brain— an axiom of modern clinical neuroscience — took root in the 18"
century with the development and dissemination of phrenology. An unquestionable
pseudoscience by today’s standards, phrenological theory was nonetheless correct in asserting
that the brain has specific regions that are associated with mental phenomena and overt
behaviors. The 19" century saw the case of Phineas Gage, a railroad worker who in the year
1848 survived having a one-meter tamping iron accidently shot through his skull and brain.
Although the exact nature and extent of the impact has been questioned, the damage was
thought to have caused changes in his personality and cognitive abilities (Van Horn et al.,
2012), suddenly making Gage fitful, explosive, impulsive, emotionally labile, and socially
inept.

The first neuroimaging studies of antisocial individuals were published in the late 1980s and
early ‘90s (Bassarath, 2001). Guided by neuropsychological studies showing that damage to
the prefrontal and temporal cortices and subcortical areas could induce symptoms resembling
ASB — as in the case of Phineas Gage — the first studies to use magnetic resonance imaging
(MRI) techniques focused on these regions. Since the first rudimentary studies studying
manually segmented prefrontal cortex volumes (Raine et al., 2000), advances in image
acquisition and analysis techniques, as well as more detailed, theory-driven characterization
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of the imaged samples, have led to novel insights into the neural mechanisms promoting
ASB.

Today, the absolute majority of neuroimaging research is conducted using magnetic
resonance imaging (MRI). In brief, MRI works by using strong scanner magnets (typically
1.5 or 3 Tesla) to create a magnetic field that align otherwise randomly arranged protons of
the body in one specific direction. Radiofrequency currents are then applied in pulses,
causing the protons to spin out of equilibrium and emitting a specific radio frequency.
Protons in different types of tissues (e.g. bone, gray matter, white matter and cerebrospinal
fluid) will have different relaxation times, meaning that these different tissues can be
distinguished on the resulting image. MRI provides excellent anatomical contrast, is non-
invasive, and does not require any costly, burdensome and toxic radioactive agents. Still,
scanner availability, operators training requirements, constraints inherent to the scanner
environment, logistic challenges and scanning costs mean that MR is far from a ubiquitous
research tool.

For these reasons, neuroimaging studies of individuals presenting mental disorders have
historically, and still are, plagued by a reliance on small and often extreme samples (Schnack
and Kahn, 2016). The fact that participant variance exists both within studies (overlooked
characteristics) and between studies (different homogenous samples), along with the
multitude of analysis options available, are some of the reasons why the neuroimaging
literature on children/adolescents with CD and adults with ASB is inconsistent, and at times,
contradictory (Hodgins et al., 2009a). The scarcity of detailed, theory-driven analyses has
arguably amplified this problem in the field of ASB. The following section detailing past
neuroimaging research on ASB therefore begins by focusing on robust findings from meta-
analyses of grey matter structure and function, and discusses in detail the few studies that
have focused on disentangling the impact of comorbid conditions and sex differences.

1.2.1 Morphometric studies

There are more than 50 studies investigating structural brain abnormalities observed in
individuals presenting ASB, using techniques such as automated VVoxel-Based Morphometry
(VBM) (Ashburner and Friston, 2000) and cortical thickness analysis (Fischl and Dale,
2000). An early meta-analysis of results of VBM studies of individuals with ASB of all ages,
with and without psychopathic traits, revealed that compared to healthy peers, individuals
presenting ASB (87% males) displayed reduced gray matter volumes in the right lentiform
nucleus (putamen and globus pallidus), left insula, left frontopolar cortex, as well as increased
volumes of the right fusiform gyrus, right inferior and superior parietal lobule, right cingulate
and right postcentral gyrus (Aoki et al., 2014). A later meta-analysis (Rogers and Brito, 2015)
of studies that used VBM contrasting youth with conduct problems (83% males) to typically
developing peers revealed reduced gray matter volumes in the left amygdala, insula, inferior
frontal gyrus, anterior cingulate cortex (ACC), and temporal pole, of which the volume
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reduction in the left insula-amygdala cluster was specific to childhood-onset CD. Post-hoc
analyses revealed that severity of CU traits was associated with lower reductions of amygdala
volumes, a higher proportion of males was associated with decreased amygdala volumes, and
a wider sample age range was associated with greater amygdala volume reductions (Rogers
and Brito, 2015).

Meta-analyses are pivotal in making sense of the large variation in findings across multiple
studies. This is especially the case in the study of ASB: as detailed above, among both adult
and adolescents, comorbid mental disorders and childhood maltreatment are more common
than among healthy peers. Minor changes in recruitment practices regarding these factors can
have a large impact on results since these conditions are independently associated with
structural abnormalities of gray matter. For example, meta-analyses have revealed robustly
reduced volumes of the inferior frontal gyrus associated with depression (Zhao et al., 2014),
stimulant dependence (Ersche et al., 2013), childhood maltreatment (Lim et al., 2014), and
anxiety (Shang et al., 2014). Amygdala reductions are associated with childhood
maltreatment (Lim et al., 2014), comorbid depression and anxiety (Bora et al., 2012) and
depression (Zhao et al., 2014). ACC reductions are associated with alcohol dependence (Xiao
et al., 2015), stimulant dependence (Ersche et al., 2013), anxiety (Radua et al., 2010; Shang et
al., 2014), and depression (Bora et al., 2012; Du et al., 2012). Insula reductions are associated
with childhood maltreatment (Lim et al., 2014), alcohol dependence (Xiao et al., 2015),
stimulant dependence (Ersche et al., 2013), and anxiety (Shang et al., 2014).

These findings emphasize the importance of considering comorbid mental disorders and
history of maltreatment when studying the neural correlates of ASB. Failure to do so may
result in neural abnormalities being incorrectly associated with a specific disorders. The
samples included in the above-mentioned meta-analysis of volumetric abnormalities in CD
were often recruited so as to present no (Fahim et al., 2011), or few comorbid disorders
(Dalwani et al., 2011; Fairchild et al., 2011, 2013; Huebner et al., 2008; Olvera et al., 2014;
Sterzer et al., 2007; Stevens and Haney-Caron, 2012). Typically, these studies either
statistically adjusted the group comparison for the cofounder of interest (Dalwani et al., 2011,
Fairchild et al., 2011, 2013; Michalska et al., 2015), or ran post-hoc analyses to investigate if
the confounders were independently associated with brain volumes, either across the brain
(Huebner et al., 2008), or confined to the regions implicated in the group comparison (Sterzer
etal., 2007). In the volumetric studies on CD, ADHD has been the primary confounder of
interest. There is strong evidence to suggest that these two disorders, despite often being
pooled under the common flag of externalizing disorders, have very different neural
correlates, with ADHD being a disorder of the “cool” cognitive circuitry and CD being a
disorder of the “hot” affective circuitry (Rubia, 2011). Unsurprisingly, most findings on
volumetric abnormalities associated with CD remained significant after adjusting for ADHD
symptoms, and in the mentioned meta-analysis, comorbid ADHD was not associated with
brain volumes (Rogers and Brito, 2015). Little research has investigated the confounding
effects of other common comorbid mental disorders. None of the studies included in the
meta-analysis measured maltreatment.
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Arguably, the strongest evidence for the impact of confounders comes from studies that
recruited 2 x 2 groups that differed on both ASB and a confounder, allowing investigations of
both main effects of each condition, and interaction effects. One such study compared four
groups of men: violent offenders with and without SUDs and non-offenders with and without
SUDs. The violent offenders compared with non-offenders, presented larger gray matter
volumes in the amygdala bilaterally, the left nucleus accumbens, and the right caudate head
and with less gray matter in the left insula. By contrast, the men with SUDs exhibited less
gray matter in the orbitofrontal cortex, ventromedial prefrontal cortex, and premotor cortex
than did men without SUDs, but there were no regional interaction effects (Schiffer et al.,
2011). These results are consistent with a recent VBM study, performed on the same larger
female sample as the studies in this thesis, that used multiple regression to statistically adjust
for comorbid disorders and found that volumetric abnormalities of the superior temporal
gyrus, lingual gyrus, hippocampus and ACC, in women with a history of CD compared to
healthy women, could be explained by comorbid disorders and history of maltreatment
(Budhiraja et al., 2017).

These findings highlight the importance of considering the heterogeneity of the population
presenting ASB and disentangling the neural correlates of comorbid disorders and
maltreatment. In addition to comorbid mental disorders and maltreatment, ASB population
heterogeneity also stems from differences in levels of CU traits in children and adolescents
and interpersonal-affective psychopathic traits in adults. Earlier studies typically first ran
between-group comparisons to find clusters distinguishing antisocial from comparison
groups, and then investigated psychopathy correlates of these clusters (Craig et al., 2009;
Hoppenbrouwers et al., 2013; Sundram et al., 2012). While informative, this is obviously not
an optimal way to disentangle subgroups since analyses are restricted to regions already
shown to be common to any potential subgroup. Here too can the recruitment of 2 x 2 groups,
differing both on ASB and the confounder, provide valuable information on the impact of
heterogeneity. For example, one VBM study divided male violent offenders with ASPD into
subgroups with and without the syndrome of psychopathy. Results showed that the OFC and
temporal pole volume reductions were specific to the offenders with psychopathy, and that
the offenders with ASPD and not the syndrome of psychopathy did not differ from healthy
peers (Gregory et al., 2012). Intriguingly, a later neuropsychological study on the same
sample revealed that the two groups of violent offenders with ASPD showed similar
impairments in verbal working memory and reversal learning compared to the healthy non-
offenders (De Brito et al., 2013), suggesting that the same subgroup-specific patterns of
abnormalities cannot be assumed across brain and behavior.

Additional evidence emphasizing the importance of considering psychopathic traits derives
from studies investigating volumetric correlates of specific facets and factors of psychopathy
among both offenders and community samples. In a mixed-sex sample of young healthy
adults, boldness traits were positively associated with insula volumes, meanness traits
positively associated with lateral OFC and striatum volumes, and negatively associated with
amygdala volume, as was disinhibition (Vieira et al., 2014). In a mixed-sex adult sample of
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individuals in treatment for substance misuse, PCL-R antisocial and lifestyle facet scores
correlated negatively with volume in the middle temporal gyrus and insula, affective facet
scores correlated negatively with superior temporal gyrus volumes and claustrum,
interpersonal score correlated negatively with volumes of the middle temporal gyrus, middle
occipital gyrus and lingual gyrus. ACC volume was positively associated with both
interpersonal and antisocial facet scores, putamen and temperoparietal junction volumes were
positively associated with affective facet scores, and precuneus volumes were positively
associated with antisocial facet scores (Cope et al., 2012). In a sample of adolescent
offenders, the interaction between CD symptoms and CU trait scores were associated with
insula abnormalities, such that there was a significant positive association between volume
and CU traits only in adolescents low on CD symptoms. Amygdala volumes were positively
associated with CD symptoms and negatively associated with CU traits when modeled
simultaneously (Cohn et al., 2016).

Another source of heterogeneity in the extant literature is sex. There is a striking scarcity of
neuroimaging studies investigating structural abnormalities in antisocial females, or sex x
ASB interaction effects (the latter showing that the difference between healthy and
individuals with ASB are different between sexes). There are some exceptions. For example,
one study first compared female adolescents with CD with healthy females and observed
reduced volumes in the insula and striatum, as well as in the OFC and precuneus and
increased volumes in the OFC at a less stringent statistical threshold, among those with CD.
Next, the samples of females and males with CD and the samples with healthy females and
males were combined and the CD and healthy participants were compared. Sex x CD
interaction effects were found in the insula, such that males with CD presented increased
insula volumes compared to healthy males, while females with CD presented decreased
insula volumes compared to healthy teenage girls. A main effect of sex on striatal, ACC,
OFC and amygdala volumes emphasizes the importance of studying sex x CD interaction
effects, rather than simply comparing males and females with CD (Fairchild et al., 2013). Sex
x ASB interaction effects have also been associated with abnormalities in the superior
temporal gyrus, with a stronger negative correlation between CD symptoms and volume in
girls compared to boys. However, this latter study did not replicate other volumetric
abnormalities associated with CD, either in males or females (Michalska et al., 2015).
Another study failed to find a sex x psychopathy interaction, although there were negative
associations between psychopathy total scores and volumes of the OFC, parahippocampal
cortex, temporal poles and hippocampus (Cope et al., 2014). In sum, there is evidence both
for and against sex differences in volumetric abnormalities associated with ASB in
adolescents. There has been no comparable study in adults, presenting a key knowledge gap.

1.2.2 Task-based fMRI

Although the association between brain structure and function is complex, there is robust
evidence from experimental studies showing that repeatedly engaging in a behavior
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functionally localized to a specific region of the brain (e.g. motor skill with the motor cortex)
leads to increases in the volume of the associated brain region, which coincides with
functional changes (Dayan and Cohen, 2011). Vice-versa, pre-existing structural differences
are associated with different types of behaviors, and may result from non-behavioral impact
(e.g. trauma, toxins, etc.).

With regards to ASB, a recent meta-analysis (Alegria et al., 2016) of 24 functional MRI
(fMRI) studies contrasted brain activity across a range of experimental conditions (e.g. task A
> no task), comparing n=338 antisocial youths with ASB to n=298 healthy peers (80% males
in both groups). Results showed that teenagers with ASB showed reduced activity among in
the ACC (more pronounced in the males), medial PFC and caudate. The teenagers with
psychopathic traits as compared to healthy peers, showed reduced activity in a cluster
covering the thalamus, hypothalamus, striatum and OFC, and increased activity in the
dorsolateral PFC and caudate. In emotional processing tasks specifically, antisocial youth
showed reduced activity in the fusiform gyrus and middle frontal gyrus.

Surprisingly, in this meta-analysis, results did not show that amygdala activity of teenagers
with ASB differed from that of the healthy teenagers (Alegria et al., 2016). Differential
amygdala activity in response to emotion-evoking stimuli in antisocial youth and adults with
and without CU/interpersonal-affective traits is by far the most replicated finding from fMRI
studies, and once again emphasizes the need to consider heterogeneity in samples of persons
presenting ASB. Studies of specific subgroups (conduct problems and high or low levels of
CU traits) (Viding et al., 2012b) and studies using multiple regression techniques (Carré et
al., 2013; Dotterer et al., 2017; Harenski et al., 2014; Lozier et al., 2014; Sebastian et al.,
2012), have both found that in affective conditions, CU/interpersonal-affective traits are
associated with reduced amygdala activity, and that ASB without these traits is associated
with increased amygdala activity. Specific correlates of CU/interpersonal-affective traits have
also been reported in community samples. One study of young men found that ASB
(controlling for CU traits) was related to decreased activity in the striatum during reward
anticipation, to decreased activity in the middle frontal gyrus during both reward and loss
anticipation, to decreased activity in the inferior parietal lobe activity during loss anticipation,
and that CU traits (controlling for ASB) were associated with reduced middle occipital gyrus
activity during reward anticipation (Murray et al., 2017). In a mixed-sex sample of young
adults, amygdala reactivity to fearful faces was found to be negatively correlated with the
interpersonal psychopathy facet, while amygdala reactivity to angry faces was positively
associated with the lifestyle facet (only in men). The difference in striatum activity between
positive as compared to negative feedback was negatively associated with the lifestyle facet,
and that among women only, the affective facet was positively associated with striatum
reactivity (Carré et al., 2013).

In addition to heterogeneity related to psychopathic traits, task-based fMRI studies of
individuals presenting ASB have not taken account of comorbid mental disorders. In
particular, this appears to be the case for comorbid anxiety disorders. Meta-analyses have
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revealed robust hyper-activation of the amygdala and insula in response to negative stimuli
across different anxiety disorders, with additional hyperactivity in the parahippocampal
gyrus, fusiform gyrus, inferior frontal gyrus and more being specific social anxiety disorder
(Brlhl et al., 2014; Etkin and Wager, 2007). Social anxiety disorder is the anxiety disorder
most similar to ASB as both disorders are characterized by symptom provocation by social
stimulus (Sareen et al., 2004). Most task-based fMRI studies of CD have excluded
participants with comorbid anxiety disorders, making the samples unrepresentative of clinical
CD cases (Finger et al., 2008; Finger and Marsh, 2011; Herpertz et al., 2008; Marsh et al.,
2008, 2011, 2013, Rubia et al., 2008, 2009a, 2009b, 2010, White et al., 2012a, 2012b, 2014).
These studies have not taken subsyndromal anxiety into account. Others have allowed
anxiety disorder comorbidity or anxiety symptoms and adjusted analyses group comparisons
for these confounders (Lockwood et al., 2013; O’Nions et al., 2014; Sebastian et al., 2012,
2014).

In summary, converging evidence from both structural and functional MRI studies suggest
that the amygdala, along with the ACC, PFC and fusiform gyrus, constitute the primary
candidates for grey matter abnormalities in antisocial youths and adults. Structural and
functional grey matter abnormalities likely vary among those with and without high levels of
CU traits, may vary between males and females, and there is ample evidence to suggest that
comorbid mental disorders and exposure to maltreatment may confound these associations.

1.2.3 White matter studies

Grey matter, however, constitutes only 55% of the brain’s total volume (Luders et al., 2002).
Neuronal cell bodies in cortical and subcortical grey matter are interconnected by myelinated
axons forming the white matter layers of the brain. While having the appearance of a
homogenous mass on standard MRI images, many axons with similar origin and destination
will run alongside each other, constituting the major tracts (fasciculi) of the brain. These
white matter pathways, along with smaller tracts, enable processing across spatially distinct
grey matter regions. It is possible to quantify and compare white matter volumes in the same
way as with grey matter, as done in one study that reported reduced volumes in the superior
frontal lobe, ACC, superior temporal gyrus and precuneus, and increased volumes in the
middle frontal gyrus, in CD boys with psychopathic tendencies compared to healthy peers
(De Brito et al., 2011). However, given the nature of white matter and its organization into
tracts, measuring tract properties rather than regional volumes of indistinguishable tracts, is
more informative.

Tract properties can be measured using Diffusion Tensor Imaging (DTI), an MRI technique
that can estimate tract properties (such as structural integrity and myelination) by measuring
the thermal (Brownian) motion of water molecules along different directions, both along and
perpendicular to the principle vector. Common DT metrics include fractional anisotropy
(FA), a proxy measure of organizational coherence; axial diffusivity (AD), a proxy measure
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of structural organization and integrity; and radial diffusivity (RD), a proxy measure of
myelination (see Section 3.1.1 below for details). Such metrics form the basis for structural
connectivity: how spatially distinct brain regions are connected structurally to one another by
white matter tracts.

The early findings of abnormal grey matter volumes of the OFC and amygdala motivated
Craig et al. (2009) to examine the white matter tract connecting these two regions, the
uncinate fasciculus (UF) (Von Der Heide et al., 2013). In their sample of adult males with the
syndrome of psychopathy they observed reduced FA in the right UF compared to age and 1Q
matched healthy males. No differences were observed in two control tracts: the inferior
longitudinal fasciculus and the inferior front-occipital fasciculus. Moreover, the FA values in
both the left and right UF correlated significantly with PCL behavioral factor scores (Craig et
al., 2009).

Uncinate abnormalities have since been replicated in a number of studies, in both antisocial
adults and adolescents, although there is now robust evidence implicating other major tracts
as well (Waller et al., 2017). Of these other tracts, the cingulum is of particular interest due to
its role in connecting the ACC to the posterior cingulate cortex (PCC), forming a key
circuitry of the Default Mode Network resting-state functional network found to be abnormal
among offenders with the syndrome of psychopathy (see Section 1.2.4 below). The fusiform
gyrus is connected to the temporal pole and PFC by the inferior longitudinal fasciculus (ILF)
and inferior fronto-occipital fasciculus (IFOF), respectively, making these tracts potentially of
interest. Finally, the corpus callosum (CC) is also of interest. The CC is the primary enabler
of interhemispheric communication and is thus a key structure in all higher-order processing.
Abnormalities of all these tracts have been reported in both adults and youth presenting ASB.
Findings are summarized in Table 1 below.

Importantly, the findings summarized above include only positive findings. Negative findings
are common not only in voxelwise whole-brain studies (where every tract is investigated;
starred in table above), but also in tracts-of-interest studies. For example, in both Craig et al.
(2009), Sarkar et al. (2013) and Motzkin et al. (2011), the ILF and IFOF were used as
comparisons tracts to show that FA abnormalities were specific to the uncinate, thus
providing null findings of the former two tracts. Every whole-brain voxelwise study that did
not find abnormalities of a specific tract can be considered a null finding. However, in white
matter studies, different analysis techniques (such as atlas-derived voxelwise probability
maps versus manual dissection with tractography) have different sensitivities to differences in
certain tracts (such as the uncinate that is intertwined with the IFOF and ILF; see Section
3.1.1. below). Due to small sample sizes and effect sizes, some tract differences may also not
survive the stringent correction for multiple comparisons employed in voxelwise studies.
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Table 1. Summary of past white matter findings in a selection of tracts

[100% &7 (Craig et al., 2009)

Reduced FA compared to HC in
overlapping cluster and negative
correlation with PCL:R factor 2 [100% ']
(Sundram et al., 2012)*

Reduced FA in psychopathic vs non-
psychopathic offenders [100% J']
(Motzkin et al., 2011)

Reduced FA in overlapping cluster in
psychopathic offenders vs HC and
negative correlation with PCL:R factor 1
[100% ] (Hoppenbrouwers et al., 2013)*

Negative correlation between FA and
interpersonal PCL:R facet scores in
offenders [100% A7 (Wolf et al., 2015)

Negative correlation with factor-
unspecific psychopathy measure in
community sample [100% &' (Sobhani et
al., 2015)

Tract Antisocial adults Antisocial youths
Uncinate Reduced FA compared to HC and Negative correlation between CU traits

. negative correlation with PCL:R factor 2 | and FA [53% J; ages: 10-17] (Breeden et
fasciculus

al., 2015)

Reduced FA and AD in overlapping
cluster in CD compared to HC [61% &
ages: 12-18] (Haney-Caron et al., 2014)*

Increased FA and positive correlation with
both CU and behavioral traits [100% J;
ages: 12-19] (Sarkar et al., 2013)

Positive correlation with FA and negative
with RD with grandiose-manipulative
traits in overlapping cluster [86% '; ages:
12-20] (Pape et al., 2015)*

Higher FA compared to HC [100% &';
mean age: 18] (Passamonti et al., 2012)*

Sex x gender interaction between CD
symptoms and RD in overlapping cluster
[48% J&'; mean age: 10] (Decety et al.,
2015)*

Increased FA in CD boys compared to
HC, yet no differences in UF FA between
girls with and without CD [51% J; ages:
13-16] (Zhang et al., 2014a).

Decreased FA compared to HC [0%
mean age: 16] (Menks et al., 2016)*

Cingulum

Reduced FA and negative correlation with
PCL:R factor 1 scores [100% & (Sethi et
al., 2014)

Reduced FA and AD in overlapping
cluster in CD compared to HC [61% &;
ages: 12-18] (Haney-Caron et al., 2014)*

Negative correlation between RD and
grandiose-manipulative traits in
overlapping cluster [86% 3 (Pape et al.,
2015)*

Increased FA and decreased MD
(cingulate part) and decreased FA
(hippocampal part) [0% & (Menks et al.,
2016)*

Inferior
longitudinal

Reduced FA in overlapping cluster [100%
341 (Sundram et al., 2012)*

Positive correlation with FA and negative
with RD with grandiose-manipulative
traits in overlapping cluster [86% J; ages:
12-20] (Pape et al., 2015)*
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fasciculus

C

Reduced FA and AD in overlapping
cluster in CD compared to HC [61% J;
ages: 12-18] (Haney-Caron et al., 2014)*

Inferior fronto-
occipital
fasciculus

U

Decreased FA in overlapping clusters in
psychopathic offenders vs HC [100% &)
(Hoppenbrouwers et al., 2013)*

Reduced FA and increased MD in
overlapping cluster and negative
correlation with PCL:R factor 2 and total
scores [100% A7 (Sundram et al., 2012)*

Positive correlation with FA and negative
with RD with grandiose-manipulative
traits [86% ('; ages: 12-20] (Pape et al.,
2015)*

Reduced FA and AD in overlapping
cluster in CD compared to HC [61% &
ages: 12-18] (Haney-Caron et al., 2014)*

Corpus
callosum

D

Reduced FA and increased MD in
overlapping cluster and negative
correlation with PCL:R factor 2 and total
scores [100% A7 (Sundram et al., 2012)*

Increased FA [100% ¢; mean age 15]
(Zhang et al., 2014b)*

Reduced AD in overlapping cluster [61%
d'; ages: 12-18] (Haney-Caron et al.,
2014)*

Positive correlation with FA and negative
with RD with grandiose-manipulative
traits [86% J; ages: 12-20] (Pape et al.,
2015)*

Increased AD [48% &'; mean age: 10]
(Decety et al., 2015)*

Increased FA and decreased MD [0% ]
(Menks et al., 2016)*

*Whole-brain study. HC: Healthy comparison participants. MD: mean diffusivity = (AD+RD)/2.

The lack of consistency in findings across studies is likely primarily due to sample
characteristics. Most white matter tracts (including the UF) continue to develop until age 30
(Lebel et al., 2008), making the wide age range in some adolescent studies problematic. This
may also explain the often inverse association between increases or decreases in FA observed
in adolescents and adults with ASB, compared to age-matched healthy peers. This is
supported by the thus-far only longitudinal VBM study of CD, showing abnormal cortical
development associated with different ASB trajectories (Oostermeijer et al., 2016). Further,
although pubertal stage has been linked to white matter development independent of age
(Asato et al., 2010), and early onset of puberty is related to ASB (Williams and Dunlop,
1999), only one of the CD studies has taken pubertal development into account when
matching CD and healthy participants (Menks et al., 2016). Together, these age-related
factors may account for some of the variation in findings of white matter abnormalities
associated with ASB.

Another factor that may explain contradictory results in studies of ASB is sex. Some samples
include only males, a few only females, and others both males and females. The few studies
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that have investigated sex differences, or all-female samples, are thus of particular interest.
Using a 2 x 2 sampling technique (boys and girls, CD and no CD), one study reported an FA
difference between CD and healthy adolescents in boys but not girls (Zhang et al., 2014a). A
sex x CD interaction was investigated in one study and revealed stronger associations
between CD symptoms and greater AD or RD in the ILF, uncinate, and other tracts in girls
(Decety et al., 2015). These two contradictory findings are likely due to sampling techniques,
although a lack of detailed information on sample characteristics make it difficult to draw
conclusions. Severity of CD symptoms differ in males and females, with females following a
more bimodal exponential decreasing distribution than boys (Tiet et al., 2001). Thus, care
must be taken in recruiting CD participants that are matched across gender on severity.
Interestingly, the only study to include an all-female sample found FA and mean diffusivity
abnormalities of the corpus callosum, uncinate, and cingulum associated with CD (Menks et
al., 2016), consistent with findings in males. This particular CD sample presented increased
levels of CU traits and the expected high comorbid rates of SUDs and ADHD, qualifying it as
a more severe sample compared to the study that found no difference between CD and
healthy females, which excluded participants with comorbid mental disorders including
SUDs (Zhang et al., 2014a). In addition, the healthy group in the latter study presented an
average conduct disorder score in the top 15% according to population norms.

The evidence is inconclusive as to whether and how psychopathic traits are related to specific
white matter integrity abnormalities. Based on two early findings in male offenders (Craig et
al., 2009; Sundram et al., 2012), a Dual-Network hypothesis was formulated stating that the
behavioral factor of psychopathy was related to uncinate integrity and the amygdala-OFC
circuit, while the interpersonal-affective factor was related to cingulum integrity and the
DMN, as was found in one study on male offenders (Sethi et al., 2014). This hypothesis has
limited support, since there is equal evidence to suggest that uncinate integrity is associated
with the interpersonal-affective factor in both adults (Hoppenbrouwers et al., 2013; Wolf et
al., 2015) and adolescents (Breeden et al., 2015; Pape et al., 2015; Sarkar et al., 2013). One
additional study on a community adult all-male sample found a negative association between
uncinate integrity and a composite psychopathy measure, but did not distinguish between the
two factors (Sobhani et al., 2015). Support for cingulum integrity correlating with
interpersonal-affective scores is limited (Pape et al., 2015; Sethi et al., 2014), with at least one
study of male offenders showing no association (Wolf et al., 2015), despite several studies
associating DMN abnormalities with this factor specifically (see below).

Finally, studies differ on whether or not they took account of comorbid mental disorders.
While some studies specifically excluded participants with any comorbid disorders (Haney-
Caron et al., 2014; Hoppenbrouwers et al., 2013; Sethi et al., 2014; Sobhani et al., 2015;
Zhang et al., 2014a, 2014b), others have included participants with one comorbid disorder,
e.g. SUDs (Craig et al., 2009; Motzkin et al., 2011; Sarkar et al., 2013; Sundram et al., 2012)
or ADHD (Menks et al., 2016; Passamonti et al., 2012; Sarkar et al., 2013), and adjusted
group comparisons for this particular comorbid disorder. All the common comorbid disorders
characterizing clinical cases of CD have independently been associated with many of the
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same white matter abnormalities observed among individuals with ASB, including different
SUDs (Bagga et al., 2014; Harris et al., 2008; Liao et al., 2010; Luciana et al., 2013;
McQueeny et al., 2009; Moeller et al., 2005; Tobias et al., 2010), anxiety (Ayling et al.,
2012), depression (Liao et al., 2013) and ADHD (van Ewijk et al., 2012). Strikingly, none of
the reviewed studies in Table 1 even measured childhood maltreatment, despite robust
evidence showing that maltreatment is associated with white matter integrity of the corpus
callosum, cingulum, uncinate and other tracts that have been associated with ASB (McCrory
et al., 2010), even in the absence of comorbid mental disorders (Huang et al., 2012; Lu et al.,
2013; Paul et al., 2008) and even in cases of only verbal abuse (Choi et al., 2009). Thus,
maltreatment is likely a potential, but unrecognized, source of variability in the extant
neuroimaging literature on ASB.

1.2.4 Default Mode Network and resting-state networks

Functional connectivity refers to patterns of correlated activity (as measured by fMRI) over
time across different regions (van den Heuvel and Hulshoff Pol, 2010), typically investigated
during task-absent resting-state conditions (Song et al., 2011). Synchronized activity patterns
across anatomically distinct grey matter regions are considered indicative of common
information processing, which occurs also at rest. Several robust resting-state networks have
been identified, the most prominent of which is the Default Mode Network (DMN), typically
defined to encompass the medial PFC, angular gyrus, inferior parietal lobule, PCC, and less
consistently, also the precuneus, and hippocampus, bilaterally (Andrews-Hanna, 2012). The
DMN is most active at rest and partially deactivates during explicit task engagement
(Anticevic et al., 2012), making it conceptually difficult to infer what mental processes are
associated with DMN resting-state activity. The internal mentation hypothesis proposes that
the DMN activity is the correlate of common mind wandering, involving mental imagery
based on memories and future plans (Andrews-Hanna, 2012). DMN activity has also been
associated with related processes such as introspection, social cognition and empathy (Li et
al., 2014; Whitfield-Gabrieli and Ford, 2012).

Since these mental processes are disturbed in some constellation and direction in all mental
disorders, DMN abnormalities are likely a sensitive, but unspecific neural correlate of mental
health problems. Indeed, DMN abnormalities have been associated with mental disorders
including schizophrenia, depression, anxiety, autism spectrum disorders, ADHD (Broyd et
al., 2009) and alcohol dependence (Chanraud et al., 2011). Disorder-specific, regional hypo-
and hyperactivation patterns may distinguish disorders in concordance with their defining
symptoms and the regional correlates of these (Whitfield-Gabrieli and Ford, 2012), even
among, for example, different anxiety disorders (Peterson et al., 2014). However,
connectivity differences between explicitly induced mental states, and the presumed naturally
occurring characteristic mental states, make it difficult to draw conclusions, e.g. in the case of
rumination and depression (Berman et al., 2014).
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Studies of resting-state connectivity have focused on a broader antisocial and psychopathy
phenotype in an effort to determine whether DMN abnormalities are associated with
CU/interpersonal-affective traits, or ASB. The Dual Network hypothesis (Sethi et al., 2014)
states the former, and that uncinate integrity and functional abnormalities of the amygdala-
OFC circuit are associated with the ASB factor. However, as with contradictory studies of
white matter integrity of the cingulum (connecting the ACC-PCC part of the DMN) (Sethi et
al., 2014; Wolf et al., 2015), there is evidence both for and against this hypothesis, as well as
inconclusive evidence. Behaviorally, activity in the DMN is associated with introspection,
social cognition and empathy, all domains in which persons with ASB and high levels of CU
or psychopathy interpersonal facet scores show difficulties (Bird and Viding, 2014).

One early study featuring male prison inmates reported that PCL-R factor 1 scores were
uniquely associated with DMN activity, while factor 2 scores were uniquely associated with
activity of the frontoparietal attention network and visual network (Juarez et al., 2013).
Network activity was unrelated to 1Q and SUDs, yet networks were extracted during a low-
intensity oddball fMRI task, and not resting-state. Additional support for the factor-specificity
of DMN abnormalities comes from another study of male prison inmates, reporting that
DMN deactivation during a Go/No-Go task was attenuated in the precuneus-PCC region in
high-psychopathy versus low-psychopathy offenders, and that the activation in this region
was correlated with PCL-R factor 1 but not factor 2 scores (Freeman et al., 2014). High
frequency power of the DMN was found to correlate with PCL-R factor 1 but not factor 2
scores in a sample of male juvenile delinquents, although no associations with network
spatial maps were found (Thijssen and Kiehl, 2017). One study of juvenile offenders found
that resting-state DMN activity in the medial polar PFC correlated positively with CU traits,
and that at a less stringent statistical threshold, impulsive-irresponsible traits were positively
associated with frontoparietal network activity in the inferior frontal gyrus, and with salience
network activity in the amygdala (Cohn et al., 2015). Finally, one study of male prison
inmates suggests that the two psychopathy factors may correlate with distinct connectivity
abnormalities within the DMN: while PCL-R factor 1 scores correlated negatively with
connectivity between the inferior parietal lobule and frontal and PCC regions, factor 2 scores
correlated positively with connectivity between medial PFC and both frontal and posterior
regions (Philippi et al., 2015).

Evidence contradicting a unique association between CU/interpersonal-affective traits and
DMN abnormalities comes from a study of male adolescents with CD and healthy peers. The
CD group was found to display decreased connectivity between the medial PFC and PCC,
which survived correction for SUDs and ADHD, yet connectivity was not associated with
any of the psychopathy factors and did not differentiate adolescent-onset from childhood-
onset CD subgroups (Broulidakis et al., 2016).

Finally, several studies provide support implicating abnormalities of the DMN in the broader
ASB phenotype, yet are inconclusive as to associations with specific psychopathy factors.
One study of male adolescents with CD and SUDs reported reduced DMN activity during a
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risk-taking decision task in several frontal regions, the lingual gyrus and middle temporal
gyrus, which survived adjustment for depression and ADHD, and additionally, increased
activity in the cuneus-precuneus when not adjusting for these comorbid disorders (Dalwani et
al., 2014). No attempt was made, however, to determine whether there were unique
associations with CD and with SUDs. Another study of a CD sample, this time specifically
recruited to present no comorbid mental disorders, observed reduced DMN activity in the
PCC-precuneus and superior temporal gyrus which was unrelated to impulsivity (Zhou et al.,
2015). This later null finding is consistent with DMN abnormalities being associated with
CU/interpersonal-affective traits and not behavioral traits (that include impulsivity).
However, these results are difficult to interpret given the unrepresentative sample, and since
the two psychopathy factors are typically inter-correlated, this a weak correlation in
unadjusted analyses would be expected. Another study found reduced medial PFC to PCC
resting-state connectivity in male offenders with high psychopathy scores compared to
healthy men, but no analyses estimated associations of connectivity with specific factor
scores (Pujol et al., 2012).

Finally, two studies investigated functional network topology (see Section 3.1.2. below) in
the same sample of young men with ASPD and no comorbid mental disorders, compared to
healthy peers. These studies reported increased clustering coefficients, decreased
betweenness centrality, and aberrant connectivity between DMN nodes and nodes of other
networks (Tang et al., 2016), as well as increased path length, decreased modularity, and
decreased efficiency in the ASPD group (Jiang et al., 2016), but no attempts were made to
correlate any graph theory measure with specific psychopathy factor scores.

In sum, DMN abnormalities in individuals presenting ASB have been investigated primarily
in male offenders, often with overlapping samples, focusing on unique correlations with
psychopathy factors, and relying on a wide variety of analysis methods (see Section 3.1.2. for
details) that make synthesizing findings difficult. Nonetheless, most studies do suggest that
DMN abnormalities are more strongly associated with the CU/interpersonal-affective traits
than ASB, consistent with the hypothesized functions of the DMN and the impairments in
these traits associated with CU/interpersonal-affective traits specifically.

1.2.5 Summary: Neuroimaging of individuals with antisocial behavior

A number of conclusions can be drawn from the above compilation of neuroimaging findings
of adults and adolescents with ASB:

1. Abnormalities of grey and white matter structures and of brain functioning
indicate that the amygdala-OFC and ACC-PCC circuits, as well as the fusiform
gyrus and insula, are associated with ASB both in adolescence and adulthood.

2. There is considerable evidence to suggest that comorbid mental disorders and
experience of maltreatment in childhood, which are more common among
adolescents and adults with ASB, confound associations of ASB with neural
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abnormalities since each of these disorders, and maltreatment, are independently
associated with neural abnormalities.

Few previous neuroimagining studies of ASB have assessed and taken account of
these commonly comorbid disorders, and maltreatment. Consequently, the neural
abnormalities that have been associated with ASB may, in fact, be related to these
comorbid disorders and maltreatment. Further, some previous studies have not
taken account of CU/interpersonal-affective psychopathic traits, which appear to
have unique and specific functional correlates, and perhaps also structural
correlates.

Most research on ASB has focused on males. There is a scarcity of studies on
females presening ASB. Some studies suggest that the neural correlates of ASB
are similar in the two sexes, others indicate that there may be differences.



2 THESIS AIMS AND HYPOTHESES

2.1 OVERALL

CD presents a challenge both to clinicians and scientists as it is usually accompanied by
comorbid mental disorders, experiences of maltreatment, and elevated levels of psychopathic
traits. Few studies have investigated brain connectivity abnormalities among females
presenting ASB and none have systematically attempted to disentangle connectivity
abnormalities associated with CD from those associated with exposure to maltreatment,
current and lifetime mental disorders, and psychopathic traits. Whether connectivity
abnormalities associated with CD are present in adulthood, even in the absence of a diagnosis
of ASPD, is presently not known. However, evidence of the persistence of ASB and related
psychosocial adjustment difficulties lead us to hypothesize that such abnormalities would
characterize young adult women who had presented CD as adolescents. The overall aim of
the studies included in this thesis was to fill these key knowledge gaps, constituting important
contributions to the literature by:

A. Studying neural connectivity abnormalities among young women who had presented
CD as adolescents — an important population that has received very little attention in
past research.

B. Studying neural connectivity abnormalities in a clinical sample with high external
validity.

C. Showing that adolescent ASB is associated with neural correlates that persist into
adulthood.

Four studies were designed and executed to answer four research questions not explored in
the extant literature:

I. Do young adult women with a history of CD show white matter structural
abnormalities compared to healthy peers, and to what degree can any abnormality be
attributed to comorbid mental disorders and to maltreatment?

Il. Is attenuated amygdala-OFC functional and structural connectivity associated with
CD or comorbid anxiety disorders in females?

I, Are specific facets of psychopathy dimensionally associated with white matter
integrity of the uncinate, cingulum or across the brain, in females with subsyndromal
scores?

IV.  Are specific factors of psychopathy dimensionally associated with local or global
resting-state functional topology or inter-region connectivity, in females with
subsyndromal scores?

Extended background to each study, including specific aims and hypotheses, are presented
below.
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2.2 STUDY |

Past structural connectivity studies of children/adolescents with CD almost exclusively
featured all-male, or mixed-sex CD samples with no or few comorbid mental disorders. No
study had taken account of maltreatment. Consequently, the samples in previous research
were unrepresentative of clinical cases of CD. The aim of Study | was to explore, for the first
time, whether young adult women with a history of CD presented structural connectivity
abnormalities and whether abnormalities were associated with CD, comorbid mental
disorders, or experience of maltreatment. We hypothesized that the women with CD would
show widespread, anatomically non-specific decreased white matter integrity compared to
healthy peers, but that adjustment of group comparisons for comorbid mental disorders and
maltreatment would render most initial findings insignificant.

2.3 STUDY I

Informed by the results of Study I showing a large confounding effect of anxiety disorders on
the whole-brain comparison of white matter integrity between women with prior CD and
healthy women, Study Il was designed to disentangle the confounding effect of anxiety
disorders on structural and functional amygdala-OFC connectivity. Past research has shown
this circuit to be important for emotion regulation and threat perception, and impairments of
this circuitry have been observed in both individuals with CD and those with anxiety
disorders. To our dismay, we were unable to create a group of females with CD and not
anxiety disorders. By the average age of 24 years, of the n=17 female ex-clients with CD who
did not present anxiety disorders at study entry in mid-adolescence, all but n=6 had developed
an anxiety disorder in the subsequent seven years. Consequently, we compared women with
CD plus an anxiety disorder to women with only anxiety disorders and women with neither
disorder, and explored group-specific correlates. We hypothesized that the CD with anxiety
disorders and anxiety-only groups would show similarly reduced structural integrity of the
uncinate fasciculus and reduced functional connectivity between the amygdala and OFC,
compared to women with neither CD nor an anxiety disorder, with no difference between the
two groups. Further, we hypothesized that although connectivity would be reduced in both
groups, the trait correlates of this attenuation would differ between groups, consistent with
the fact that CD women engage in both approach and avoidance behavior in response to
threat, while the anxiety-only women engage only in avoidance.

2.4 STUDY Il

The aim of Study Il was to test whether the Dual Network model of psychopathic traits
applied to females with subsyndromal levels of these traits. Based on findings in male
offenders with high trait levels, this model states that cingulum integrity would be uniquely
associated with the interpersonal-affective factor of psychopathy, while the behavioral factor
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would be uniquely associated with uncinate integrity (Sethi et al., 2014). The model has
received partial support in the extant literature (Pape et al., 2015; Sethi et al., 2014; Wolf et
al., 2015), and although several studies have found neural correlates of subsyndromal
psychopathic traits, these also suggest that there are sex differences (Carré et al., 2013). The
fact that women show less physical aggression, resulting in lower behavioral factor scores
(Strand and Belfrage, 2005), may render the model inapplicable to females. Whether the
model applies to subsyndromal trait levels was also unknown. In Study 11, we investigated
these questions in a large sample of women with varying levels of psychopathic traits.
Unrestricted, whole-brain analyses were also performed to identify additional white matter
correlates of psychopathic traits.

2.5 STUDY IV

This study tested the predictions made by the Impaired Integration Theory of psychopathy
(Hamilton et al., 2015) that psychopathic traits are associated with regionally abnormal, but
globally preserved, neural topology with disrupted integration of different neural networks
impeding information processing, resulting in impaired learning and the characteristic
cognitive, affective and behavioral aspects of psychopathic traits. Like the Dual Network
hypothesis, the Impaired Integration Theory is based almost exclusively on findings from
adult male offenders. To what degree this theory applies to females with subsyndromal traits
was unknown. Using graph theory to estimate network topology in terms of nodes (grey
matter structures) and edges (correlations of resting-state activity), we tested the specific
predictions from the Impaired Integration Theory. Unlike previous studies of topology and
psychopathic traits, the present study adjusted analyses for comorbid mental disorders
(anxiety, depression, alcohol and drug dependence), as well as 1Q.
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3 METHODS

3.1 CONNECTIVITY NEUROIMAGING

The human brain consists of more than 100 billion neurons forming a complex network at
both the micro (cellular) and macro level (structurally), referred to as brain connectivity. This
network can be viewed as a collection of nodes, inter-connected by edges. In MRI studies,
where the imaging resolution is on the scale of mm?®, these nodes are typically defined as
anatomically distinct grey matter regions, e.g. the amygdala, OFC, precuneus, ACC, etc.

Figure 1. Simple schematic of connectivity approach.

Most neuroimaging research focuses on the activity or structural properties of such nodes. In
brain connectivity studies, it is the edges, or the topology that emerges from the constellation
of edges, that is of interest. Connectivity is thus the study of how different regions of the
brain are connected. Both structural and functional aspects of connectivity are of interest,
with structural connectivity referring to the white matter pathways that connect distinct grey
matter regions, and functional connectivity referring to patterns of correlated activity between
distinct grey matter regions. The former can be studied using Diffusion Tensor Imaging, and
the latter using functional MRI. These two techniques, and available analysis methods, will
now be discussed in turn.

3.1.1 Diffusion Tensor Imaging

Using modern MRI techniques such as Diffusion Weighted Imaging (DW1), white matter
tracts can be imaged and reconstructed non-invasively and in vivo (Taylor, 2003). As in all
MRI techniques, a scanned brain is divided into a three-dimensional grid pattern of voxels. In
DWI, individual voxels are typically 2 x 2 x 2 mm large, meaning that an average brain will
consist of hundreds of thousands of voxels. Using MRI principles, DWI measures the random
thermal (Brownian) motion of water molecules. Diffusion along a myelinated axon is
hindered perpendicular to its longitudinal axis by structures such as the axolemma and
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neurofilaments, resulting in the parallel diffusion being proportionally greater. In Diffusion
Tensor Imaging (DT]I), diffusion in at least six non-collinear directions is measured for each
voxel and used to fit a tensor, a three-dimensional ellipsoid, with measure of magnitude
(eigenvalues) and orientation (eigenvectors) for each dimension. See Figure 2. A voxel is
isotropic if the diffusion is similar in all three dimensions, as is the case in the cerebrospinal
fluid, for example. In white matter, the principle eigenvalue, referred to as Axial Diffusivity
(AD), corresponds to the direction of the tract covered by that voxel, while the average of the
second and third eigenvalues is referred to as Radial Diffusivity (RD). Fractional Anisotropy
(FA) is another popular metric in DTI and corresponds to the square root of the sum of
squares of the diffusivity differences, divided by the square root of the sum of squares of the
diffusivities. Hence, an FA value of 0 corresponds to equal diffusion in all directions
(isotropy), while an FA value of 1 (the maximum possible value) corresponds to diffusion
along only one dimension (anisotropy). Although interpretations should be made with caution
(Wheeler-Kingshott and Cercignani, 2009), AD, RD and FA metrics are considered to index
different biological substrates: AD is believed to index axonal structure (tortuosity, thinning
or loss), RD myelination, and FA being a measure of coherent directionality, interpreted as a
proxy measure of structural integrity (Jones et al., 2013).

Figure 2. Tensor model used for DWI data

Isotropic Anisotropic
AM=A2=A3 A > A2 > A3

Limitations of the tensor model to accurately capture the complexity of fiber patterns
becomes apparent when considering that tensor-fitting is performed on a voxel level, often in
the range of 2 mm?. If a voxel includes crossing, bended, kissing, twisting or fanning fibers,
or is adjacent to gray matter or cerebrospinal fluid, the AD, FA and RD values will not
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accurately represent the actual fiber constitution. More advanced reconstruction techniques
such as spherical deconvolution have been developed to resolve these issues, yet these require
more advanced acquisition protocols and produce less interpretable fiber metrics (Dell’acqua
etal., 2010).

After pre-processing such as motion-correction and removal of distorted slices, tensor-fitted
DWI data is typically analyzed in one of two ways, both relying on voxelwise maps of a DTI
metric (e.g. FA) for each subject. DTI maps are either kept on a voxelwise level for inter-
subject normalization and comparisons with e.g. Tract-Based Spatial Statistics (Smith et al.,
2006), or the spatial information inherent in the voxelwise DTI maps is used to reconstruct
the tracts that run along a section of the brain, so called tractography. See Figure 3 for
examples.

Figure 3. Example DTI voxelwise maps and corresponding tractome

Example from one thesis participants. Top section (A) shows AD, RD and FA maps, respectively from left to
right. Image intensity does not compare across images. Bottom section (B) shows same participant’s tractome
from axial, sagittal and coronal view, respectively from left to right. Green tracts run anterior-posterior, blue
tracts run superior-inferior and red tracts run left-right.
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3.1.1.1 Tract-Based Spatial Statistics

Statistical analyses of any kind of voxelwise maps require normalization such that any given
voxel (and the information contained therein) is anatomically comparable across subjects. In
VBM analyses of grey matter, this is achieved by aligning all individual brains to a common,
standardized template, and then smoothing the data to improve misalignment issues on the
resulting normalized density maps. These can then be used for statistical comparisons,
typically mass-univariate in nature where each voxel is treated as a separate variable across n
subjects, corrected for multiple comparisons by adjusting the p-value cluster extent thresholds
(i.e. k adjacent voxels required for cluster to be considered significant).

Figure 4. Stages of TBSS analysis
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Unpublished images from analysis pipeline of Study I.
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Although the same analysis pipeline could in theory be directly applied to DTI-derived brain
maps, this has until recently been considered inappropriate due to the complexity of
normalizing white matter. The primary reason is that peripheral, smaller tracts display great
individual variability in size, trajectories and location, much more so than grey matter gyri
and subcortical structures. Smoothing, which in VBM is used to ameliorate registration
misalignments issues and render the data more Guassian distributed, is also problematic when
using DTI maps since it increases partial volume effects, in addition to generic arbitrary
choice of smoothing extent. The Tract-Based Spatial Statistics (TBSS) method resolves these
Issues by estimating a thinned, thresholded mean FA “skeleton” representing the center of the
most prominent white matter tracts, common to all subjects. Individual DTI metrics are then
projected onto the skeleton so that skeleton voxels represent the local center of the nearest
tract (Smith et al., 2006). The TBSS method thus trades some anatomical coverage and
specificity for increased normalization validity (Bach et al., 2014).

Since the data collection for this thesis began, novel registration procedures not requiring
skeletonization have been proposed and show initial promise (Schwarz et al., 2014).
Nonetheless, more than 10 years since its first release, TBSS remains a popular analysis
method for DWI data. At time of writing, the technical paper serving as a reference has over
2,542 citations in Web of Science in total, with 300-400 new citations per year, and a rising
trend, in the last five.

3.1.1.2 Tractography

Tractography is a modeling technique used to reconstruct white matter tract pathways in 3D
(a tractome) from voxelwise data by estimating curvature of streamlines through continuous
tracking of the principle eigenvector of adjacent voxels (Catani et al., 2002). This can be done
either deterministically or probabilistically. Deterministic tracking involves reconstructing
one path from a seed voxel to the next until stopping criteria are met (typically angle and FA
thresholds) (Mori et al., 1999), while probabilistic involves reconstructing several paths from
a seed voxel to the next through (semi-) random direction selection and iterating this process
hundreds or thousands of times to obtain probabilistic maps of streamlines (Parker et al.,
2003). Deterministic tractography allows for fast reconstruction of the major white matter
tracts of the brain, while probabilistic tractography is superior in reconstructing the full
tractome but is computationally very demanding (time-requiring). Both deterministic and
probabilistic tractography can be run either on specific seed-to-seed, or whole-brain.

Traditionally, tractomes have been reconstructed and analyzed in native, non-normalized
space, requiring manual dissection techniques (Dell’acqua and Catani, 2012). This involves a
trained operator manually overlaying regions of interest (ROIs), based on known
neuroanatomy and taking individual variability of tract pathways into account, and applying
logical operators (NOT, AND, OR and XOR gates) to selected ROIs in order to isolate
specific tracts. Using this method, tracts that intersect in certain regions can be isolated based
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on their trajectories, and spurious tracts removed. See Figure 5 below for a 2D schematic
representation. Structural integrity proxy measures (e.g. FA, AD and RD), averaged across
the tract or specific segments of the tract, can then be extracted.

Manual dissection techniques are labor intensive, require operator knowledge of
neuroanatomy, and, like all manual techniques, are vulnerable to subjective biases
(Dell’acqua and Catani, 2012). The latter can be alleviated through blinded dissections and
the application of strict dissection protocols. Although automated dissection techniques have
been developed (Yendiki et al., 2011), manual dissection by a trained operator is still
considered a gold standard choice (Budisavljevic et al., 2015; D’Anna et al., 2016), especially
for tracts with complex, intertwined curvature.

Figure 5. Schematics of manual dissection technigue

Green tract: Aand B notb
Blue tract: Band C
Orange tract: Aand C

[ AN

Lines are individual streamlines (thin line denotes reconstruction artefact), delineated into tracts by common
trajectories, as defined by ROIs. Schematic roughly corresponds to the three major limbic tracts of the brain
(viewed from side, left is anterior and right is posterior): the uncinate fasciculus (A-C) running from the
temporal pole into the PFC, the inferior longitudinal fasciculus (C-B) running from the temporal pole to the
occipital cortex, and the inferior fronto-occipital fasciculus running from the PFC to the occipital cortex.

3.1.1.3 Methods used in thesis

See Table 2 for a summary of the advantages and disadvantages of TBSS and tractography.
TBSS was used in Study | and 111, and tractography in Studies Il and I11. Analysis methods
were chosen based on study objectives and a priori hypotheses. In Study I, TBSS was chosen
since recent evidence suggested widespread, region-nonspecific abnormalities of white matter
integrity among individuals presenting CD (Haney-Caron et al., 2014). In Study I, the focus
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was on amygdala-OFC connectivity specifically (both functional and structural). Since the
direct fiber pathway between these two regions, the uncinate fasciculus, intersects with the
inferior longitudinal fasciculus in the temporal pole and with the inferior fronto-occipital
fasciculus in the PFC, tractography was considered necessary to accurately delineate this
tract. The uncinate fasciculus was investigated (in a larger sample) also in Study Ill, along
with the dorsal section of the cingulum bundle (Sethi et al., 2014). The dorsal cingulum runs
superior to the corpus callosum along an anterior-posterior trajectory, and can be clearly
delineated from the TBSS skeleton. Therefore, manual masking of the TBSS skeleton to
delineate the combined left and right cingulum was used. Study 111 also employed whole-
brain TBSS.

Table 2. Comparison of the advantages and disadvantages of TBSS and tractography

TBSS Tractography

- Inter-subject normalization and
standardization not required, but
possible

- Tract and segment metrics are
interpretable and meaningful

- Allows whole-brain, voxelwise analyses
when a specific tracts are not of interest

- Easy to perform and few choices of
settings that may introduce bias

8 - High sensitivity i . 2
= (assuming appropriate within-tract or
-segment distributions)
- Congenial with functional
connectivity and easy to integrate
- Allows analyses of tract shapet
- Specificity reduced by skeletonization and i ManL.JaI dlsse.ctlo_n 1S I_abor-mtenswe
. and risks subjective bias
projection procedure .
- Tensor-based reconstruction can result
- Only skeleton voxels common to all ) .
n - . in spurious tracts, broken tracts and
c participants included N .
8 - Voxel findings can be hard to interpret and other artefacts}

- Provides tract- or segment-averages
that may lack meaning if within-tract
or —segment distributions are skewed

require further analyses

+ Analysis of tract shape is a novel, thus far rare analysis technique, where the shape itself is of interest, rather
than the metrics of the voxels captured by the shape. Shape is analyzed by projecting 3D information into 2D
space using an Isomap algorithm, a nonlinear dimensionality reduction technique, metrics from which can be
easily analyzed using standard general linear models, e.g. to compare patient and healthy participants (Sun et al.,
2017).

1 This problem can be alleviated to a great extent by using more advances image acquisition methods (e.g. High
Angular Resolution Diffusion Imaging, HARDI) and reconstruction techniques (e.g. Spherical Deconvolution).
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3.1.2 Resting-state fMRI

Although it has long been known that there is spontaneous, intrinsic resting-state brain
activity, as detectable by electroencephalogram and positron emission tomography, the first
study to image and analyze resting-state activity using fMRI was not published until 1995
(Biswal et al., 1995). All fMRI techniques rely on detecting the blood oxygen level dependent
signal: firing neurons require more energy in the form of sugar and oxygen, and the
subsequent release of oxygen from the blood (the hemodynamic response) causes a change in
the ratio of oxygenated to deoxygenated blood, which have different magnetic susceptibilities
and can thus be differentiated with MRI. The blood oxygen level dependent signal value is
thus inherently relative and lacks a meaningful interpretation by itself, hence the reliance in
task-based fMRI studies on statistical contrasts, e.g. activity during task as compared to
during no-task. When no such task contrasts are available, as in resting-state conditions,
different analyses methods are required to make sense of the data. In the year 1995, Biswal et
al. (1995) initiated the new field of rs-fMRI research by turning their attention to the
spatiotemporal coherence in the data. They found that low-frequency oscillations in cortical
motor regions were synchronized across hemispheres, suggesting a network organization.
Years later, Greicius et al. (2003), inspired by a wealth of research showing greater ACC and
PCC activation when inversing the traditional task > no-task contrast, found that there was
indeed a network formed around these two nodes, active at rest and attenuated during tasks
(Greicius et al., 2003). This was referred to as the Default Mode Network (DMN).

Since these seminal studies, two primary ways of analyzing resting-state data (which can be
combined) have emerged: voxelwise analysis with independent component analysis (ICA),
and seed region-based analyses (Lee et al., 2013). Briefly, ICA decomposes resting-state data
into temporal and spatial components, functional networks, the resulting spatial connectivity
maps of which can be compared using voxelwise statistics (Beckmann et al., 2009). There are
ten or so networks that can be reliably and robustly identified using this method (Franco et
al., 2013), including the DMN and the fronto-parietal network (van den Heuvel and Hulshoff
Pol, 2010).

These networks can be delineated also using a seed-based approach, as in the pioneering
studies, by selecting a ROl prominent in a particular network (e.g. the PCC of the DMN),
extracting the average timeseries from this seed and using it as a regressor to find voxels with
correlated activity (Franco et al., 2013). An alternative approach is to forgo voxel-level
analyses and ICA-derived networks to instead focus on inter-region functional connectivity,
which entails dividing the brain into multiple ROIs and extracting timeseries from each. The
primary benefits of this approach include more interpretable metrics of connectivity, and both
conceptual and statistical compatibility with structural connectivity (Skudlarski et al., 2008).
Inter-region functional connectivity was investigated in Studies Il and IV of this thesis.
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3.1.2.1 Inter-region connectivity

By extracting timeseries from multiple ROIs and computing all possible ROI-to-ROI
correlations of activity over the timeseries, a connectivity matrix can be compiled. See Figure
6 for an example. In theory, such a connectivity matrix could be computed containing all the
brains voxels, k, generating (k?-k)/2 unique correlations. The number of voxels will vary with
imaging resolution, but is typically on the scale of hundreds of thousands. A k=100,000 voxel
brain would thus have 4,999,950,000 unique correlations to examine. The obvious risk of
false positives due to multiple comparisons notwithstanding, there is no a priori reason to
believe that a higher temporal resolution in this case would convey more meaningful
information: any voxel includes up to millions of neurons, and voxels adjacent to one another
are more likely to show correlated activity for the simple reason that brain is divided into
functionally and anatomically defined subregions, such as specific gyri and subcortical
structures.

Figure 6. Example of raw inter-region connectivity matrix
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Correlations matrix of raw r values between time series of 90 regions, clustered using the complete linkage
technique. Unpublished data from Study IV.
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The primary methodological question pertaining to inter-region connectivity analysis is
therefore what spatial resolution and division pattern to choose when extracting the timeseries
used to compute correlations. There is no single answer to this question (Rubinov and Sporns,
2010). If regions are too large (e.g. dividing the brain into lobes), within-region variance will
be large and the region-average will not be interpretable. If regions are too small, boundaries
risk being arbitrary and artificial, resulting in superfluous regions, increased risk of false
positives and overly conservative multiple comparison correction. Both anatomy-based and
data-driven approaches to division exist, each with pros and cons. Anatomy-based
approaches divide the brain’s grey matter regions based on established anatomical
boundaries, resulting in ROIs that correspond to atlas definitions. A popular alternative is the
90 region Automatic Anatomical Labeling (AAL) atlas (Tzourio-Mazoyer et al., 2002),
covering both cortical and subcortical regions. Advantages of this anatomy-based division is
high interpretability and consistency with research that has used this anatomy atlas for
localization in voxelwise maps. The major disadvantage is that a perfect overlap between the
ROI and the actual center of neural activity cannot be guaranteed. Data-driven approaches to
division also exist, wherein spatiotemporal clustering is used to define ROIs based on their
activity pattern, performed either on the data itself or on meta-analyses (Power et al., 2011).
Having considered the advantages and disadvantages of each approach, both Studies Il and
IV used anatomically-defined ROIs, since both of these studies tested specific hypothesis on
specific structures.

3.1.2.2 Graph theory

Although the bulk of neuroscience is still very much focused on specific structures of the
brain and the functions considered localized thereto, there is increasing interest in studying
the brain not just as a collection of inter-connected structures, but as an actual network
(Bullmore and Sporns, 2009). Graph theory is a network science approach that involves
constructing networks based on mathematically defined nodes and edges. In neuroscience,
nodes are typically grey matter structures, while edges are defined as either a structural (white
matter) connection, or correlated timeseries, between two nodes. Edges may be either binary
or weighted, as per the definition used, and are usually thresholded in some way. If there is
meaningful causal information contained in the edges, these are classified as directed,
although such applications are still uyncommon in neuroscience due to the difficulties in
inferring causal relationships from neuroimaging (Rubinov and Sporns, 2010).

The number of edges of a node (as per the threshold used) is referred to as the degrees of that
node. In naturally occurring networks, be they neural, social acquaintances, internet sites or
flightpaths, some nodes will have higher degrees than others and nodes will tend to cluster
according to some parameter. In such cases, the resulting network topology displays
smallworldness: a phenomenon describing a network in which several highly intra-connected
clusters are inter-connected by hubs that primarily connect to other hubs, which in turn
connect to a cluster of inter-connected nodes. This kind of topology is efficient in that it
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ensures a short path length between any two nodes, even if they belong to different clusters.
Robust evidence shows that the brain has a smallworld structural and functional topology,
featuring the insula, ACC, precuneus/PCC, and inferior parietal lobule (van den Heuvel and
Sporns, 2013) as hubs. See Figure 7 for an example topology.

Figure 7. Example brain topology
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Nodes defined according to the same 90 region AAL atlas used in Studies Il and 1V. Weighted edges defined
according to the example included in the BrainNet Viewer software (Xia et al., 2013), thresholded at >0.5 for
visualization purposes.

A large number of graph theoretical measures have been developed to index different aspects
of topology, which in turn can be correlated with abilities such as working memory (Stevens
et al., 2012), spatial orientation (Arnold et al., 2014), and intelligence (van den Heuvel et al.,
2009; Langer et al., 2012; Li et al., 2009). Topology has also been associated with clinical
phenomena such as trait anxiety (Markett et al., 2016) and personality (Beaty et al., 2016).
Topology measures can be calculated for both specific nodes and across the whole network,
with higher-order measures being derived from the degrees of the nodes. The betweenness
centrality of a node, for example, refers to the fraction of all shortest paths in the network that
pass through any given node, while global measures such as the clustering coefficient,
characteristic path length, and Louvain modularity refer to the percentage of fully connected
triplets divided by the total number of triplets, the average number of steps along the shortest
path between all possible pairs of nodes, and the density of edges inside communities
compared to edges outside communities, respectively.

43



Since graph theory measures are built on connectivity matrices, the same methodological
caveats apply here (primarily choice of division). Additional analysis considerations apply
specifically to graph theory:

1. Whether or not to binarize edges based on an arbitrary threshold.

2. Whether to threshold edges based on an arbitrary threshold.

3. Whether to treat negative correlations between nodes, which have no meaningful
biological interpretation, either as they are, as absolute values, or to set to zero.

The decision to analyze edges as either binary or weighted variables should be based on an
interpretation of whether the strengths of the edges are reliable and can be meaningfully
interpreted. In structural graph theory, where edges are typically defined by the number of
streamlines passing from one region to another and/or the average FA value of these
streamlines, limitations of reconstruction and tractography methods (see Section 3.1.1) mean
that the sensitivity of binary edges are often preferred over the (hypothetical) specificity of
weighted edges. In functional graph theory, where edges are defined statistically based on the
correlations of timeseries, differences in weighting are typically considered robust and
meaningful. For this reason, in Study IV of this thesis, weighted edges were analyzed.

The second methodological decision concerns the choice of thresholding for network
formation. Relative thresholding (preserving only the x percent strongest connections) is
recommended in order not to have the topology obscured by weak associations that likely
reflect spurious connections, a particular risk in functional connectomics where ROI
boundaries may not perfectly reflect the true anatomical center of activation (Rubinov and
Sporns, 2010). The thresholding limit is however arbitrary. For this reason, graph theory
software such as GraphVar require the user to apply several different network formation
thresholds and any statistical modeling is then applied to all threshold versions (Kruschwitz et
al., 2015). This was done in Study IV.

The third methodological decision is how to treat negative correlations between nodes. Such
negative correlations have no plausible biological explanation and likely reflect a
synchronization phase delay corresponding to the shortest path length between the two anti-
correlated nodes (Chen et al., 2011). For Study IV, we used the option that sets these negative
correlations to zero, since this postulates the weakest assumptions. Opting instead to treat
these values as are would assumed that negative correlations can be meaningfully interpreted,
while opting instead to treat these values as absolute would require an assumption that
negative and positive values can be interpreted similarly despite emerging from different
mechanisms (Chen et al., 2011).

3.2 THESIS STUDIES

Four studies were conducted on a same sample of n=99 women, a majority of whom were
enrolled in a prospective, longitudinal study, who completed clinical assessments and resting-
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state fMRI1 and DWI. Imaging data were collected between 2012-07-03 and 2014-02-04, and
combined (when available) with data from previous assessment waves.

3.3 ETHICS

All waves of data collection, including the current that featured MRI, were approved by the
Ethical Review Board in Stockholm (DNR: 2008/1934-31/3, 2012/698-32, 2012/1412-32),
and its antecedent, the Karolinska Hospital Research Ethics Committee (DNR: 03-543).
When participants were younger than 18 years, parents provided written consent for
participation at each wave. Once participants reached 18 years of age, they themselves
provided written consented at each wave of data collection. For their participation in the latest
follow-up wave that included MRI, participants were compensated with 1600 kronor in gift
certificates.

Although the ex-clients were recruited from a clinical setting, all research data were collected
independently of clinical practice: there have been no transfers of diagnoses and participation
in research was not recorded in official medical record. At each wave of data collection,
participants completed clinical interviews. If the participant presented a mental disorder that
could benefit from treatment, this was discussed with the participant and self-referral
information was provided. At prior follow-up waves, if a participant younger than age 18 or a
parent reported on-going maltreatment, this was discussed with parents and a referral made to
social services with the parents if possible, if not without them.

Two times prior to undergoing an MRI brain scan, all potential participants were questioned
about standard contraindications to MRI and not scanned if any were present. MRI data was
collected by operators trained in MRI safety. Participants were told that they could abort the
scan at any time. MRI images were reviewed within days by a clinical radiologist to
determine whether any condition requiring medical intervention was present. Such a
condition was identified in one participant who was excluded from all analyses. Participants
were informed prior to scan that they could not undergo the MRI if they were intoxicated or
had recently used alcohol or illicit drugs. Objective measures of alcohol and drug use were
collected immediately prior to the scan.

3.4 PARTICIPANTS

The four studies constituting this thesis recruited participants from a prospective cohort study
of males and females who were ex-clients at the only clinic for adolescents misusing
substances in a large, Swedish urban center in 2003-2004, along with their siblings and sisters
(Hodgins et al., 2007, 2010, 2014). This thesis focused exclusively on the women. At the
fourth and latest follow-up assessment, approximately 78-84 months after study entry, the ex-
clients and sisters were assessed and scanned. Women with a past history of brief psychotic
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disorder, psychosis not otherwise specified, delusional disorder, schizophrenia,
schizoaffective disorder, schizophreniform disorder, were excluded. One participant meeting
lifetime criteria for bipolar Il was excluded from Study | that focused on the women meeting
CD criteria. Five women in the total sample met lifetime criteria for anorexia nervosa and
n=2 for bulimia nervosa. Women who were pregnant or breast-feeding at time of initial
invitation were invited to participate at a later date.

For the imaging studies, in addition to the ex-clients and sisters, a group of healthy women of
the same age with no history of ASB, mental disorders, or maltreatment was recruited. All
participants from the three recruitment groups (ex-clients, sisters of ex-clients, and healthy
women) who were assessed and scanned before 2014-02-04 were eligible for inclusion in the
final sample. N=9 participants were removed due to low-quality DWI data (see section 3.7.2
below), leaving n=99 participants available for structural connectivity analyses. Of these, n=1
was removed from functional connectivity analyses due to low-quality fMRI data (see section
3.8.2 below).

From this sample of n=99 women, individual participants were selected for each study based
on study aims. Study 111 included all women. Study IV included all but the healthy women
and two ex-clients with missing PCL-R data. In Study I, women who met CD criteria as
adolescents, women meeting a maximum of one lifetime CD criteria, and healthy women
were included. In Study Il, women who met CD criteria and who also presented a lifetime
anxiety disorder, women who presented a lifetime anxiety disorder but never met CD criteria,
and women who never met criteria for either CD or an anxiety disorder (and were not healthy
women), were included. See Figure 8 below.

Figure 8. Participant inclusion plot
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3.5 PROCEDURE

Ex-clients and sisters were contacted by mail and telephone and invited to participate in a
new follow-up assessment that included a brain scan. Healthy women responded to
advertisements on company and public bulletin boards, and on the internet. All participants
were screened for MRI contradictions on the telephone prior to scheduling. Ex-clients and
sisters were scheduled for a single assessment occasion at the Karolinska University Hospital
Solna that included both clinical assessment and MRI (almost exclusively in that order).
Because healthy women completed additional measurements, and since their inclusion was
conditional on their assessment results (e.g. 1Q not being too high), assessment and MRI
occurred on two separate occasions, roughly one or two weeks apart.

3.6 CLINICAL MEASURES

3.6.1 Diagnoses

Diagnoses were made at each wave using validated clinician-rated, semi-structured
instruments, either the Kiddie-Schedule for Affective Disorders and Schizophrenia for
School-Age Children (Kaufman et al., 1997) if below 18 years at the time, or the Structured
Clinical Interview for DSM-1V (First et al., 2002) if older. At the cohort baseline and the one-
year follow-up, 15 and 12 cases (respectively) were used to assess inter-rater reliability,
which was found to be consistently high (kappa > 0.8 for all diagnoses and both occasions).
Comorbid disorders of interest in this thesis were alcohol dependence, drug dependence and
major depression disorder, and any anxiety disorder.

Since ADHD is neither included in the diagnostic interview manual that was used in the latest
follow-up waves (First et al., 2002), nor was assessed at any time using a validated self-report
measure (Kessler et al., 2005), a binary indication proxy measure was constructed by
searching for a self-reported diagnosis of ADHD or self-reported use of methylphenidate at
any available wave. For the ex-clients and sisters, diagnoses from National Swedish Health
Register from the last wave were also available and used as additional indicators.

3.6.2 Medication

Current psychoactive medication (either anxiolytic, antidepressant, sedative, stimulant, or
antipsychotic) was extracted from the self-reported Life History Calendar (Freedman et al.,
1988), and categories collapsed to form a single binary variable.

3.6.3 Self-rating scales

Current anxiety symptoms were scored using the Beck Anxiety Inventory (Beck et al., 1988),
providing a numeric total score for analyses. Participants reported handedness using the
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Edinburgh Handedness Inventory (Oldfield, 1971). Because the distribution of the canonical
laterality index was severely skewed, percentage left-handedness is reported.

3.6.4 Intelligence

Verbal and performance intelligence (VIQ and P1Q) were estimated using the VVocabulary
and Block design subtests of the Wechsler Adult Intelligence Scale 111 (Wechsler, 1997),
administered by a clinical psychologist either prior to scanning (healthy participants) or at the
last assessment. Normalized scale scores were used as metrics. One ex-client had missing
data on both these measures; in neuroimaging analyses that do not allow for missing data,
whole-sample median imputation was used.

3.6.5 Physical abuse and sexual abuse

Physical abuse was defined as severe or extreme physical abuse, self-reported at any wave, as
defined by the Conflict Tactics Scale (Straus et al., 1996): hit with a fist or kicked hard, hit on
a part of the body other than the bottom with a hard object, thrown or knocked down, grabbed
around the neck and choked, beaten up, hit repeatedly very hard, burned, or threatened with a
gun or knife. Sexual abuse was defined as at any wave self-reporting being forced to have sex
against his/her will by a person in position of authority, by offering alcohol or drugs, or by
physical violence, on the Sexual and Physical Abuse Questionnaire (Kooiman et al., 2002),
Sexual Experience Survey (Koss and Oros, 1982), or MacArthur Community Violence
Instrument (Steadman et al., 1998).

3.6.6 Psychopathic traits

The ex-clients and sisters were assessed using the PCL-R (Hare, 2003) at the last follow-up
wave, approximately 18-24 months prior to scan, while the healthy women were assessed
prior to scan using the Psychopathy Checklist: Screening Version (PCL:SV), as is
recommended for non-clinical samples (Hart et al., 1995). Both are semi-structured
interviews, scored by trained interviewers. Although the PCL-R and PCL:SV have the same
facet and factor structure, they are not item- and score-equivalent. Hence, for study 11 that
featured all women, PCL-R scores were translated to PCL:SV scores using a validated
psychometric procedure (Cooke et al., 1999). For Study IV that featured only the ex-clients
and sisters, the original PCL-R scores were used.

3.6.7 Psychosocial functioning

Four aspects of psychosocial functioning were defined and analyzed, all self-reported:
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1. Having completed secondary education (gymnasium) at time of scan (binary
variable).

2. Full-time occupation (work, education, job-training or parental leave) during 11 of the
last 12 months, as recorded by the Life History Calendar (Freedman et al., 1988).

3. Having a child (binary variable).

4. Self-reported aggressive behavior in the last 6 months, as per the MacArthur
Community Violence Instrument (Steadman et al., 1998). Used both as a continous
and binary variable.

3.6.8 Sample characteristics

Sample characteristics are presented in Table 3 below, by recruitment group. Of note,
recruitment group was not used as the independent variable in any analysis in any thesis
study. Sample characteristics by the independent variable of interest in each respective study
are presented in that study.

3.7 STRUCTURAL CONNECTIVITY ANALYSIS

3.7.1 Acquisition

DWI images were collected using a 3-Tesla GE MR750 MRI scanner using a single-shot,
echo planar imaging, twice-refocused, spin-echo diffusion pulse sequence, enhanced by slice-
selective gradient reversal, and an eight-channel array coil. Images were acquired across 60
noncollinear directions with a gradient strength-duration of b=1000 s/mm?, and eight initial
b=0 directions, with an acquisition matrix of 116 x 116 and a 2 mm? isotropic voxel
resolution. Echo time was 81.6 ms and repetition time 7600 ms.

3.7.2 Pre-processing

Raw DWI images were quality-controlled and pre-processed using DTIPrep (Oguz et al.,
2014). DTIPrep automatically identifies and remove low-quality volumes, and corrects the
remaining volumes for motion and eddy-currents. This is done by rigid body and affine
(respectively) registration to a mean of the b=0 images. The gradient direction table is then
adjusted for these corrections (Soares et al., 2013). The resulting images were visually
screened for any remaining artefacts. Remaining preprocessing was done using the FSL
software package (Jenkinson et al., 2012; Smith et al., 2004). This included standard-value
skull stripping (Smith, 2002) and tensor-fitting using the dtifit tool and the weighted least-
square method. This generated individual FA, AD and RD maps, the most common DTI
metrics in extant literature (Soares et al., 2013).
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Table 3. Participant characteristics by recruitment group

A Ex- C. Healthy

clients B. Sisters women
Variable (n=44) (n=31) (n=24) Statistics
Age at scan, M (SD) 24.9 (1.98) 24.28 (4.49) | 22.95(3.43) F(2,96)=2.73, p=0.071
% Left-handed 4.5% 6.5% 0% Fisher exact p=0.55
Verbal 1Q, M (SD) 8.35 (2.34) 9.55 (2.53) 9.46 (1.56) F(2,95)=3.24, p=.043,

A=B=C

Performance IQ, M (SD) | 9.21 (2.70) 11.36 (3.16) | 9.92 (1.69) F(2,95)=5.93, p=.004, A<B
Lifetime maximum CD 3.52 (3.41) 1.13(2.47) 0.0 (0.0) F(2,96)=15.49, p<0.001,
symptoms met, M (SD) A>(B=C)
% Alcohol dependence, 0% 0% 0% Not available
current
% Alcohol dependence, 36.4% 19.4% 0% Fisher exact p=0.001
lifetime
% Drug dependence, 4.5% 0% 0% Fisher exact p=0.501
current
% Drug dependence, 34.1% 9.7% 0% Fisher exact p<0.001
lifetime
% Major depression, 6.8% 0% 0% Fisher exact p=0.329
current
% Major depression, 68.2% 25.8% 0% Fisher exact p<0.001
lifetime
% Any anxiety disorderf, | 29.5% 6.5% 0% Fisher exact p=0.001
current
% Any anxiety disorderf, | 81.8% 54.8% 0% Fisher exact p=0.001
lifetime
% Physical abuse 39.5% 13.8% 0% Fisher exact p<0.001
% Sexual abuse 59.1% 32.3% 0% Fisher exact p<0.001
PCL:SV Interpersonal 0.98 (1.05) 0.32 (0.54) 0.13 (0.34) F(2,96)=11.47, p<0.001,
facet, M (SD) A>(B=C)
PCL:SV Affective facet, 1.11 (1.32) 0.52 (1.09) 0.13 (0.34) F(2,96)=7.02, p=0.001,
M (SD) A>C
PCL:SV Antisocial facet, | 1.46 (1.13) 1.10 (1.27) 0.5 (0.89) F(2,96)=5.59, p=0.005,
M (SD) A>C
PCL:SV Lifestyle facet, 1.61 (1.59) 0.68 (1.25) 0.13 (0.34) F(2,96)=11.56, p<0.001,
M (SD) A>(B=C)
Anxiety symptoms (BAI 8.28 (8.79) 5.84 (4.70) 5.13 (4.55) F(2,96)=2.06, p=0.134
score), M (SD)
% Completed secondary 65.9% 71.0% 79.2% Fisher exact p=0.516
education at time of scan
% Full-time occupation 54.8% 85.7% 100% Fisher exact p<0.001
% Having a child 45.5% 30.0% 13.0% Fisher exact p=0.026
% Recent aggressive 25.0% 32.3% 8.3% Fisher exact p=0.100

behavior

1 Anxiety disorders include: agoraphobia, generalized anxiety disorder, anxiety disorder not-otherwise-specified,
obsessive compulsive disorder, panic disorder, post-traumatic stress disorder, social phobia, specific phobia and

substance-induced anxiety disorder. Post-hoc pair-wise tests are Bonferroni-adjusted.
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3.7.3 TBSS

For TBBS analyses, the standard processing pipeline was followed. This included aligning all
FA images into FMRIB58 standard space using the FSL-FNIRT nonlinear registration tool,
creating a mean FA images and generating an FA skeleton with the standard lower FA
threshold of 0.2. All individual FA maps were then projected onto this skeleton. As is
recommended, the registration, skeletonization and projection used in the FA procedure were
used to calculate corresponding AD and RD skeletons for analyses.

All voxelwise TBSS statistical analyses were performed using the non-parametric randomize
tool (Winkler et al., 2014) and general linear modeling. In brief, randomize performs a pre-
defined number of random permutations of shuffled data to build a null-distribution to test
against, making only very weak assumptions about the data, unlike parametric approaches. In
all studies and all statistical contrasts, we used familywise error (FWE) correction to correct
for multiple comparisons (contrast-wise) and threshold-free cluster enhancement. The later
avoids arbitrary choices of cluster-extent thresholds by calculating voxelwise cluster-like
local spatial support (Smith and Nichols, 2009).

3.7.4 Uncinate tractography

To reconstruct individual tractomes, preprocessed DWI data were independently tensor-fitted
using the Diffusion Toolkit software and whole-brain tractography performed in native space
using the interpolated streamline algorithm, an angle threshold of 34° and an FA interval of
0.2—1. Manual dissections of the left and right uncinate were then performed on blinded data
by the thesis author (trained on the method) according to a strict and validated dissection
protocol. This protocol entailed placing a spherical ROl in the temporal pole covering all
streamlines originating in this region, and then placing second AND-gated ROI in the OFC
extending into the external capsule. This method properly captured the two branches of the
uncinate: one terminating in the ventro-lateral OFC, and one terminating in the anterior-
medial OFC (Thiebaut de Schotten et al., 2012). Size and positions of all ROls were
manually tuned to ensure all streamlines were captured. Reconstruction artefacts such as
spurious tracts were manually removed using NOT-gated ROIs. VVoxelwise tract maps were
saved and used to extract DTI metrics for statistical analyses.

3.8 FUNCTIONAL CONNECTIVITY ANALYSIS

3.8.1 Acquisition

Resting-state fMRI data were collected using the same GE MR750 scanner, with 90° flip-
angle, 2500 ms repetition time, 30 ms echo time, and slice thickness of 3 mm. During
acquisition, participants were instructed to stay awake and focus on a white crosshair
presented on a black background, viewable via a mirror above their head. This approach was
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chosen over eyes-closed and eyes-open (non-fixated) alternatives since it improves reliability
of DMN connectivity (Patriat et al., 2013) and reduces the likelihood of participants falling
asleep during acquisition (Tagliazucchi and Laufs, 2014). If the scanner software detected
substantial movement during acquisition, the acquisition was re-started. For registration
purposes, high-resolution (1 mmd) fast-spoiled T1-weighted anatomical images were also
acquired, 176 slices axially, with a 12° flip-angle.

3.8.2 Pre-processing

Pre-processing of resting-state data was performed using the CONN toolbox (Whitfield-
Gabrieli and Nieto-Castanon, 2012) running on SPM12. The standard preprocessing pipeline
was used, including slice timing correction, realignment (motion correction), anatomical co-
registration, tissue segmentation, direct normalization into MNI space, 8 mm Gaussian
smoothing, and band-pass filtering (0.008—0.09 Hz, after nuisance regression). Nuisance
regressors included the six realignments parameters, and five principal components from
white matter and cerebrospinal fluid signals (respectively) derived from principal component
based noise correction. Volumes exceeding 0.5 mm frame-wise displacement or three
standard deviations global signal intensity change were regressed out. For both inter-region
connectivity and graph theory analyses, seed regions were defined according to the 90 ROI
Automated Anatomical Labeling atlas (Tzourio-Mazoyer et al., 2002). Pre-processed time
series from these ROIs were extracted and used for further calculations.

3.8.3 Inter-region connectivity

For Study I, the standardized beta coefficients from the interhemispheric amygdala~OFC
connectivity regressions were extracted and compared across groups. For Study 1V, all
connectivity analyses were performed using the GraphVar (version 1.02) software
(Kruschwitz et al., 2015). First, 90 x 90 correlation matrices for each individual and ROI-pair
were constructed and r-to-z transformed. Negative correlations were set to zero and no
thresholding was applied. Regression analyses were performed covering the entire matrix,
using the False Discovery Rate method to correct for multiple comparisons, and confounders
treated as nuisance variables (i.e. regressed out prior to primary analyses).

3.8.4 Graph theory

Next, in Study IV, the inter-region connectivity matrices were used to compute weighted
network topology. Multiple network formation thresholds of 0.2—0.5 were used and only
subsequent findings robust across at least two thresholds were considered significant. As in
the inter-region analysis, negative correlations were set to zero. Networks were constructed to
include all nodes and was analyzed on two levels: global topology, and local topology in a
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subset of k=13 x 2 (bilateral) nodes in the larger network, selected a priori to correspond to
the nodes of the networks implicated in the IIT of psychopathy. Several measures of topology
of these nodes and the global network were calculated, ranging from low-level measures such
as degrees and strength, to modularity and clustering coefficient, covering different aspects of
network integration and segregation.
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4 SUMMARY OF RESULTS

4.1 STUDY I

Study I (Lindner et al., 2016) aimed to determine whether young adult women with a history
of CD presented abnormalities of white matter integrity. Additionally, the study aimed to
determine whether abnormalities were associated with CD, lifetime comorbid mental
disorders, or maltreatment. Study | included three groups of participants: n=28 women with a
history of CD, a clinical comparison group composed of n=15 women who had no history of
CD but with similar prevalence of comorbid mental disorders (lifetime diagnoses of alcohol
dependence, drug dependence, any anxiety disorder and any depression disorder) and
maltreatment as the women with prior CD, and n=24 healthy women with no history of
maltreatment or mental disorders. Whole-brain TBSS was performed on voxelwise AD, FA
and RD maps. The first contrast revealed widespread reductions in AD, covering most major
tracts, among the CD women compared to the healthy women. Statistically adjusting for each
confounder removed 14-82% of the previous significant voxels, with only a fraction (8.6%)
of the previous significant voxels surviving correction for each and every confounder. These
surviving voxels were primarily located in the body and genu (including the forceps minor)
of the corpus callosum, with additional voxels covering the cingulum, and the intersection of
the left corona radiate and inferior fronto-occipital fasciculus. Next, the CD women were
compared to the clinical comparison group, restricting the analyses to the conjunction mask
of voxels that survived corrections in the previous stage. The CD women showed reduced FA
in the body and genu of the corpus callosum (including the forceps minor).

4.2 STUDY I

Study Il extended the findings from Study | by focusing specifically on the structural and
functional amygdala-OFC circuitry and the impact of comorbid anxiety disorders
specifically. Three groups of women were compared on structural and functional
connectivity: n=23 with a history of both CD and anxiety disorders, n=30 with a history of
anxiety disorders and not CD, and n=17 with neither disorder. Although there was a CD-only
group among the ex-clients at the cohort baseline, almost all went on to develop an anxiety
disorder during the follow-up period, such that no CD-only group was available. Results
showed that the women with CD and anxiety disorders and those with anxiety disorders
showed similarly reduced AD of the uncinate fasciculus compared to the women with neither
disorder. The group difference survived correction for 1Q, lifetime history of depression,
alcohol and drug dependence, and exposure to maltreatment. Post-hoc analyses revealed that
uncinate integrity was positively associated with harm avoidance traits among the women
presenting only anxiety disorders, and with the interaction of poor anger control and anxiety
symptoms among those with CD and anxiety disorders. The three groups did not differ on
functional connectivity, but regardless of group membership, women with a current anxiety
disorder showed reduced connectivity.
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4.3 STUDY Il

Study 111 (Lindner et al., 2017) examined linear associations between psychopathic traits and
white matter integrity, both across the brain and in the uncinate fasciculus and cingulum
specifically, testing the predictions of the Dual Network model. To achieve a wide range of
psychopathy scores, n=99 women (ex-clients, sisters and healthy women) were included. We
found that right uncinate AD was negatively associated with the interpersonal facet of
psychopathy, while cingulum integrity was not associated with any facet. Whole-brain
analyses with TBSS revealed that both affective and lifestyle facets were negatively
correlated with white matter integrity adjacent to the fusiform gyrus, and the interpersonal
facet correlated negatively with the integrity of the fornix. Findings survived correction for
the other facet scores, and age, verbal and performance 1Q.

4.4 STUDY IV

Extending the findings of Study Ill, Study IV investigated functional network topology
abnormalities associated with psychopathic traits, testing the predictions from the Impaired
Integration Theory of psychopathy. Graph theoretical measures of topology on both a local
and global level, as well as the raw connectivity matrices, were examined in n=73 women
(ex-clients and sisters) presenting a range of psychopathic traits. In partial support of the
theory, psychopathy total and factor scores were associated with local, but not global,
topology. The implicated nodes were either hubs or belonged to the DMN. Associations with
the connectivity matrix were also found, primarily positive associations in limbic and
paralimbic regions. These associations were independent of comorbid mental disorders,
medication, and 1Q.
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5 DISCUSSION

The thesis aimed to further the understanding of structural and functional connectivity
abnormalities characterizing young adult women who presented ASB as adolescents, and to
disentangle the correlates of CD from those of comorbid mental disorders, maltreatment, and
psychopathic traits. Four studies were conducted. Below is first a brief summary and
discussion of the principal findings, followed by discussions on the clinical implications of
the findings. A discussion of the strengths and weaknesses of the studies follows, as does a
brief presentation of topics for future research.

5.1 SUMMARY AND DISCUSSION OF KEY FINDINGS

The results of this thesis provide new, valuable insights into connectivity abnormalities
associated with CD, the comorbid mental disorders that are commonly present with CD,
maltreatment, and psychopathic traits. The studies showed for the first time that:

1. Among young adult women, a history of adolescent CD was associated with
abnormalities of white matter integrity, despite very low rates of progression to
ASPD.

2. These abnormalities were similar to those previously observed among male and
mixed-sex samples with ASB.

3. However, most, but not all, connectivity abnormalities initially found when
comparing women with prior CD and healthy peers could be attributed to comorbid
mental disorders and maltreatment.

4. Subsyndromal psychopathic traits in females were associated with unique structural
and functional regional connectivity and topology abnormalities.

These key findings are discussed in turn below.

5.1.1 Adult correlates of adolescent ASB: Persistence?

Studies | and Il showed that white matter structural abnormalities were present among young
adult women who had presented CD, very few of whom progressed to meet ASPD criteria.
There were however several indications of the persistence of ASB, including failure to
complete secondary school, lack of employment, giving birth at a young age, and elevated
rates of aggressive behavior. This is an important finding given that typically, only half of
adolescents with CD go on to meet criteria for ASPD in adulthood (Loeber et al., 2002;
Myers et al., 1998), yet most show poor adult outcomes nonetheless (Breslau et al., 2012;
Odgers et al., 2008). Notably, previous neuroimaging research on adults presenting ASB have
focused exclusively on the one half who persist with ASB into adulthood. This means that
these past studies did not examine individuals with prior CD who failed to meet diagnostic
criteria for ASB at age 18 or later.
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However, without repeated neuroimaging through childhood and adolescence, it is impossible
to ascertain the age at which the neural abnormalities that were observed in young adulthood
had initially emerged. While this does constitute a substantial caveat of the interpretation, our
findings should be interpreted within the context of the extant literature. The reduced
structural integrity of the corpus callosum observed in Study I among the women with prior
CD was previously reported in several samples of adolescents with ASB (Decety et al., 2015;
Haney-Caron et al., 2014; Menks et al., 2016; Zhang et al., 2014b). Corpus callosum
structural abnormalities are, in fact, one of the most robust neural correlates of CD. Further,
the corpus callosum abnormality observed among the women with prior CD in Study | was
robust to adjustment for comorbid disorders, one of which, anxiety disorders, showed
substantial stability over time, as indicated by a greater prevalence at time of scan. In light of
previous evidence, it may be that the corpus callosum abnormality that was identified among
the women with prior CD was present at least by mid-adolescence. Regardless of when it
emerged, this abnormality of the corpus callosum is associated with the ASB presented in
adolescence.

Study Il showed that the women with prior CD also presented reduced AD of the uncinate
fasciculus compared to peers without a history of CD. As indicated by the findings of Study I,
this reduced integrity was also observed among the women with a history of anxiety disorders
but no CD. Uncinate integrity was inversely related to current anxiety symptoms, although
this correlation was weak and primarily driven by those with prior CD and poor anger
control, a proxy measure of poor emotion regulation. These findings suggest that the uncinate
abnormality observed among adolescents with CD (but not uniquely so) also persists into
adulthood, as may the corpus callosum abnormality. The fact that no correlation was
observed between structural connectivity and corresponding functional connectivity, and that
reduced functional connectivity was observed only in women presenting a current anxiety
disorder, supports a hypothesis that the uncinate abnormality is primarily a remnant of
disturbed neural development during adolescence that is only weakly associated with current
functioning. Adolescence is a crucial period for white matter development, with both the
uncinate and corpus callosum not maturing until after adolescence (Asato et al., 2010), and
distinct trajectories of development in girls and boys (Schmithorst et al., 2008). Future
longitudinal investigations beginning in childhood, featuring repeated neuroimaging, careful
clinical characterization, and samples that include both boys and girls are required to draw
more definite conclusions.

5.1.2 Female ASB: Do neural abnormalities differ from those presented by
males?

It is beyond the scope of this thesis to investigate whether connectivity abnormalities
associated with CD, psychopathy and comorbid mental disorders differ between males and
females. Since there are considerable sex-differences in both structural and functional
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connectivity in healthy brains, addressing this question would require investigations of
(similar) males and females with ASB, and healthy males and females.

Nonetheless, cautious comparisons with the extant literature can be made given similarities of
measurements and analyses, although differences in sample characteristics must be taken into
account. The higher prevalence of ASB and the higher levels of psychopathic traits among
males as compared to females (Berkout et al., 2011; Strand and Belfrage, 2005), and
established sex differences in both the functional (Satterthwaite et al., 2015) and structural
connectome (Ingalhalikar et al., 2014), and specifically in fronto-temporal regions of interest
in studies of ASB (Gur et al., 2002), support the hypothesis that some, not all, of the neural
correlates of ASB differ among males and females. Contrary to our hypothesis, the neural
correlates of prior CD and psychopathic traits that we observed among females were similar
to those previously reported in male and mixed-sex samples of men presenting ASB.
Importantly though, a lack of consistency in the extant literature, differences in sample
characteristics other than sex, and failure to account for these in past studies, means that
caution is warranted in comparing findings.

Our finding that corpus callosum integrity, particularly the anterior parts constituting the
forceps minor, was reduced in women with a history of CD concurs with past findings in
male offenders (Sundram et al., 2012), female adolescents with CD (Menks et al., 2016) and
a mixed-sex sample of adolescents with CD (Haney-Caron et al., 2014); and concurs with
inverse direction (increased integrity) with findings in male adolescents with CD (Zhang et
al., 2014b) and mixed-sex adolescents with CD (Decety et al., 2015). Our finding that
uncinate integrity correlated negatively with interpersonal psychopathic traits concurs with
findings in adult male offenders, both on an exact facet-level (Wolf et al., 2015) and at the
less specific factor-level (Hoppenbrouwers et al., 2013). It also concurs on a factor-level with
findings in mixed-sex (Breeden et al., 2015) and among male adolescents (Sarkar et al.,
2013), and in the opposite direction (positive correlation), on a facet-level with findings in a
sample of adolescents 86% of whom were male (Pape et al., 2015). Our finding that uncinate
integrity was reduced in women with a history of CD is consistent with one past study
featuring an all-female adolescent sample (Menks et al., 2016) and inconsistent with one past
study reporting a uncinate abnormality in boys with CD, but not girls with CD, compared to
sex-matched peers (Zhang et al., 2014a). Our finding is consistent with findings in mixed-sex
CD samples (Haney-Caron et al., 2014), and in the opposite direction, in males (Passamonti
etal., 2012). Due to a lack of a CD-only group in Study Il however, we cannot exclude the
possibility that the uncinate abnormality was driven by comorbid anxiety disorders, despite
the post-hoc analyses suggesting otherwise. Likewise, the previous null finding in women
(Zhang et al., 2014a) featured an unrepresentative CD sample without any comorbid mental
disorders.

The difference in the direction of the structural abnormalities of the uncinate and corpus
callosum abnormalities often observed in adolescents (increased FA and AD) and those
observed among adults (decreased FA and AD) is consistent with the finding that the
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uncinate and corpus callosum are not fully developed until early adulthood (Asato et al.,
2010) and that ASB is a disorder of neural development. Consequently, the differences in the
mean age and age spans of the adolescents included in the relevant studies (ranging from
M=10 to M=18) likely affect the results (Waller et al., 2017). Again, without longitudinal
investigations that include repeated neuroimaging featuring also typically developing
adolescents, this neurodevelopmental hypothesis is speculative, but indirectly well-supported.

Considering the findings from Studies I, 11, and 111 in light of the extant literature, suggests
that white matter abnormalities may be specific to the presentation of ASB, which differs by
sex, rather than sex itself. The corpus callosum is a pivotal structure constituting the primary
enabler of inter-hemispheric communication, thereby enabling higher-order mental processes
that are reliant on the integration of lateralized functions, such as aspects of social cognition
(Symington et al., 2010). Congruently, impairments in social cognition characterize children
with CD (Oliver et al., 2011). The associated impaired inter-hemispheric connectivity may
drive a different presentation of ASB than that which is driven by threat-hyperreactivity and
anger, promoting physical aggression and associated with amygdala hyperactivity and
reduced PFC down-regulation (Dotterer et al., 2017; Hyde et al., 2014; Lozier et al., 2014;
Viding et al., 2012b). According to this hypothesis, almost all adolescents and adults
presenting ASB will present corpus callosum abnormalities, since all subtypes of CD based
on onset and trajectory pattern show reduced social cognition (Oliver et al., 2011). Yet only
those who additionally show severe anger-driven aggression would present uncinate
abnormalities. If this reasoning is correct, it would explain why uncinate abnormalities are
more prominent in samples with a higher proportion of males, since women in general
present less physical aggression then men (Card et al., 2008). If however, the females in any
given sample present severe CD symptoms, or multiple comorbid disorders, the same
uncinate abnormality may be present in these females as observed in males.

It should be noted however that uncinate integrity appears to be unrelated to trait anger and
aggressive behavior in healthy males (Beyer et al., 2014). Further, abnormalities of this tract
do not appear to characterize individuals with intermittent explosive disorder (Lee et al.,
2016), a disorder characterized by explosive, brief outbursts of anger and impulsive
aggression but not broader and persistent ASB. Thus, uncinate abnormalities may only
characterize those with more general emotion regulation difficulties, manifesting for example
as comorbid anxiety. This interpretation is in line with the post-hoc findings of Study 11
showing that there was a negative correlation between state anxiety and uncinate integrity
only in the women who also presented poor anger control. Additional seemingly
contradictory evidence comes from Study Il and the finding that uncinate integrity was
associated with PCL-R facet 1 indexing interpersonal psychopathic traits, and not with facet 4
indexing ASB. The most parsimonious interpretation is that the uncinate serves several
functions based on common lower-level attributes (such as integration of affective and
cognitive processing). Emotion regulation is typically seen as a top-down mechanism (the
OFC down-regulating amygdala activity), while affective reinforcement learning, that also
relies on the amygdala-OFC circuit (Blair, 2008), is a bottom-up mechanism (the amygdala
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relaying affective information to update contingencies and outcome expectancies in the OFC,
and the ventromedial PFC in particular). Impairments in either top-down or bottom-up
communication may result, at least in part, from reduced uncinate integrity. Until future
research featuring careful neuropsychological characterization is conducted, this account
remains speculative.

The scarcity of previous research investigating functional network topological properties
associated with psychopathic traits, and differences in analysis techniques, makes it hard to
draw conclusions as to whether these associations differ between males and females. The
Impaired Integration Theory was based on findings from adult male offenders with very high
levels of psychopathic traits. Our findings were however broadly consistent with this theory
(Hamilton et al., 2015), that suggests that psychopathy is associated with preserved global
topology, but abnormal topology characteristics in specific nodes, particularly in hubs. See
section 5.1.4 below for further discussion on the applicability of the 11T in our sample.

5.1.3 The importance of assessing and taking account of comorbid mental
disorders
As every clinician knows, in mental health settings, comorbidity is the norm and not the
exception. This is especially the case with CD and ASPD. This thesis studied a clinical
sample of females with high rates of comorbid SUDs, affective and anxiety disorders, and
childhood maltreatment were similar to those reported in other clinical samples (Armstrong
and Costello, 2002; Spatz Widom et al., 2006). Psychopathic trait scores were elevated
compared to general population estimates, but lower than in forensic samples (Hart et al.,
1995). Considering that psychopathic traits, maltreatment and the comorbid mental disorders
have all been independently associated with matter integrity abnormalities, and resting-state
connectivity, there is an obvious need to take these factors into account.

A confounder is defined as parameter that is associated both with the predictor (e.g. CD) and
outcome (e.g. white matter integrity) that unadjusted for, may lead to erroneous conclusions
about the associations between the predictor and outcome, when the association is actually
driven partially or fully by the confounder. In this thesis, three approaches were taken to
handle confounders. These approaches are borrowed from epidemiological research, an area,
like our own, where randomization can seldom be used to truly control for confounders.
These three approaches are:

1. Restriction: In this thesis, only women were studied, in order to exclude any
confounding effect of sex, as suggested by several studies showing main effects of
sex, and sex x ASB interaction effects in antisocial samples (Decety et al., 2015;
Fairchild et al., 2013; Zhang et al., 2014a)

2. Statistical adjustment: Using multiple regression techniques, the independent impact
of any predictor on the outcome can be modeled while holding the other predictors
constant.
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3. Matching: By creating groups that are matched on all parameters except those of
interest, the confounding effect is weakened.

These methods have distinct advantages and disadvantages (Rothman, 2012). In Study I,
which like all studies was restricted to female participants, a stepwise procedure was used to
control for the confounding effects of lifetime comorbid mental disorders and maltreatment:
first, unadjusted analyses were run. Second, the group contrast was re-run confined to the
brain regions showing significant group differences between CD and healthy women in the
first stage, yet this time statistically adjusting for the confounders. Third, confining the
analysis to the surviving brain regions, CD women were compared to a clinical comparison
group matched on the confounders. This stepwise procedure revealed that of the widespread
reductions in AD observed in comparisons of the women with prior CD and healthy women
(covering 13 469 voxels), only a small fraction (68 voxels) survived both the statistical
adjustment and matching procedures. A volumetric study performed on an overlapping
sample showed similar results: none of the increases and decreases of gray matter volume
initially shown to characterize young adult women with a history of CD compared to healthy
peers, survived correction for internalizing and externalizing disorders and maltreatment
(Budhiraja et al., 2017). Study 1l also featured a clinical comparison group, matched on all
but the variable of interest (CD). Statistical adjustment was also used. Using this procedure,
we showed that the uncinate abnormality previously believed to be specific to CD, was also
associated with anxiety disorders, or even with subclinical anxiety symptoms. Together, these
findings emphasize the importance of measuring possible confounders and taking them into
account when studying neural correlates in clinical samples.

Our findings also pose the question of whether past findings on neural correlates of ASB are
really related to ASB, or some confounder. Importantly, even studies that have explicitly
excluded participants with comorbid mental disorders may have included participants with
subclinical depression and anxiety symptoms that have been associated with uncinate
integrity (Baur et al., 2012; Hayakawa et al., 2012; Modi et al., 2013), for example.
Importantly, almost no imaging study of CD or ASB has even measured childhood
maltreatment, despite knowledge that maltreatment is more common in youth and adults with
ASB, and despite reports of robust structural and functional abnormalities associated with
maltreatment (Lim et al., 2014; McCrory et al., 2011), even in samples presenting no adult
mental disorders (Paul et al., 2008), and samples presenting only verbal but no physical
parental abuse (Choi et al., 2009). Interestingly, structural abnormalities of the corpus
callosum is one of the most well-replicated neural correlates of childhood maltreatment, with
some evidence of sex differences (McCrory et al., 2010). These abnormalities are primarily
located in the midline and posterior sections, unlike the anterior sections found to be
independently associated with CD in Study I.

Special considerations likely apply to the confounding effects of alcohol use. Adolescents
with CD begin consuming alcohol at an earlier age and drink more and more frequently into
adulthood (Kim-Cohen et al., 2003; Kuperman et al., 2001; Roberts et al., 2007; Sartor et al.,
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2007). There is now strong evidence from longitudinal studies that alcohol and other
substance use affects white matter integrity (Bava et al., 2013; Jacobus et al., 2013; Luciana
et al., 2013). Hence, cross-sectional measures of heavy alcohol use, e.g. a DSM-1V diagnosis
of alcohol dependence (used in this thesis) or standardized self-reports of recent consumption
(Bush et al., 1998), may not adequately capture the full impact of the accumulated hazardous
alcohol consumption over time. Instead, longitudinal consumption data from onset,
preferably prospective but rather suboptimal retrospective reports than none, along with latent
growth modeling techniques that can estimate individual trajectories of consumption and
corresponding area under the curve (i.e. accumulated consumption), would arguably provide
a better measure of the confounding effect of substance use, assuming linear neurotoxic effect
of a hazardous alcohol consumption.

5.1.4 Neural correlates of subsyndromal psychopathic traits

Psychopathic traits in adolescence predict adverse adult outcome over and above CD
symptoms (Hemphala and Hodgins, 2014) and are associated with worst treatment outcomes
(Hawes and Dadds, 2005), emphasizing the need to assesses these traits in children and
adolescents presenting ASB. Although historically designed as a categorical construct,
psychopathic traits are increasingly recognized as dimensional in nature (Edens et al., 2006;
Guay et al., 2007; Murrie et al., 2007). Earlier studies often categorized offenders into
subgroups according to whether they scored below or above the PCL-R total score cutoff
(Harenski et al., 2010; Kiehl et al., 2001; Ly et al., 2012; Motzkin et al., 2011), yet with
increasing recognition that it is scores on the interpersonal-affective factor that distinguishes a
subgroup with a different clinical (Viding et al., 2012a) and neural presentation (Dotterer et
al., 2017; Hyde et al., 2014; Lozier et al., 2014; Viding et al., 2012b), attention has shifted
towards instead distinguishing subgroups based on this factor, as done in recent intervention
(Baskin-Sommers et al., 2015) and neuroimaging studies.

To what degree past neuroimaging findings in male offenders with high total scores would
agree with findings in community females with subsyndromal trait levels, was uncertain.
Few neuroimaging studies have investigated neural correlates of subsyndromal traits in non-
forensic samples. Overall, these studies have shown that the correlates of specific traits
(facets) are indeed similar across severity levels. This includes the distinct amygdala hyper-
hypo association with interpersonal-affective versus behavior traits (Carré et al., 2013; Hyde
et al., 2014), insula functional abnormalities during anticipated guilt (Seara-Cardoso et al.,
2016), structural abnormalities of the amygdala, OFC and striatum (Vieira et al., 2014) and
uncinate fasciculus integrity (Sobhani et al., 2015), congruent with findings in offenders
(Craig et al., 2009; Glenn et al., 2010; Glenn and Yang, 2012; Kiehl et al., 2001; Yang and
Raine, 2009).

Our findings too, are similar to those reported in youths and adults with ASB and high
psychopathy scores. In Study 11, we found psychopathic traits to be associated the fornix, the
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uncinate fasciculus and fusiform gyrus white matter. The fornix primarily serves to connect
the hippocampus with the rest of the brain. Structural hippocampal abnormalities have been
found in offenders with high psychopathy scores (Boccardi et al., 2010; Laakso et al., 2001,
Raine et al., 2004) and may reflect either the reinforcement learning deficit observed among
youths and adults with ASB and interpersonal-affective traits (Budhani et al., 2006; Budhani
and Blair, 2005), and/or possibly DMN abnormalities frequently reported in samples with
ASB, albeit never specifically located to the hippocampus (Broulidakis et al., 2016; Cohn et
al., 2015; Dalwani et al., 2014; Juarez et al., 2013; Philippi et al., 2015; Pujol et al., 2012;
Thijssen and Kiehl, 2017; Zhou et al., 2015).

As discussed above, the association between uncinate integrity and interpersonal
psychopathic traits found in Study Il was the same as the association found in adult male
offenders (Wolf et al., 2015) and other studies implicating the uncinate specifically in the
presentation of interpersonal-affective, rather than behavioral psychopathic traits. Our finding
that fusiform white matter integrity correlated with both affective and lifestyle traits is
consistent with robust structural (Aoki et al., 2014) and functional (Alegria et al., 2016) meta-
analytic findings in youths and adults with ASB, although the association with specific
psychopathy factors was not investigated in those meta-analyses.

Strikingly, the whole-brain analysis conducted in Study Il did not reveal any association
between the behavioral facet scores of the PCL and corpus callosum integrity. Since CD
symptoms overlap with the items covered by these two facets (particularly facet four,
Antisocial), finding both CD and behavioral facet scores to be associated with the same
neural abnormality would be harmonious. The fact that distinct correlates of CD and
behavioral psychopathic traits were found, likely stems from clinical heterogeneity allowed
by the CD construct. At the extreme end, CD criteria can be met by an adolescent (<13 years
old) that is frequently truant from school and often stays out at night and runs away from
home without parental approval, assuming such behaviors causes a clinically significant
impairment. This adolescent would, despite meeting CD criteria, score low on the Lifestyle
and Antisocial PCL facets, that index more severe ASB. Since the women in our sample
presented low facet scores and low rates progression from CD to ASPD, unique correlates of
a CD diagnosis and PCL facet scores respectively are not unexpected.

The explicit goal of Study IV was to test the applicability of the Impaired Integration Theory
(I1T) of psychopathy, built mostly on findings in male offenders (Hamilton et al., 2015). This
theory unifies cognitive and affective perspectives of psychopathy and relates
neuropsychological impairments and behaviors to specific topology abnormalities. The T
predicts that psychopathic individuals (i.e. scoring high on both factors) will present low
between-network integration and stronger within-network connections, resulting in increased
modularity and decreased efficiency. In its current form, the 1T assumes a categorical
psychopathy construct. To what degree the predicted topology abnormalities are linearly
associated with subsyndromal psychopathic traits, or even to what degree the T is
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applicable to females given the sex difference in presentation (Strand and Belfrage, 2005),
was unknown.

The results of Study IV are complex, yet are largely congruent with the predictions of the IIT.
Importantly, neither psychopathy total or factor scores were associated with global topology
abnormalities. The HT is ambiguous in whether global topology abnormalities are to be
expected, stating both that the topology is likely to be different but preserved, and that the
topology is characterized by increased modularity and decreased efficiency. Whether the
latter is at network (global) or subnetwork level remains unspecified. Study IV did find
regional topology abnormalities, particular in DMN and hub structures, as predicted by the
IIT. These were both in the direction predicted by the IIT — such as decrease edge strength of
the left inferior parietal lobule — and in the opposite direction — such as the increased
betweenness centrality of the right inferior parietal lobule. The latter may reflect a
compensatory mechanism to accommodate other topology abnormalities, yet without
longitudinal neuroimaging, this interpretation remains speculative. To our knowledge, Study
IV is the first study to explore functional topology abnormalities within an 11T framework.
Regardless of how well our findings in females with subsyndromal psychopathic traits concur
with the predictions of the 11T, we demonstrate that subsyndromal traits do have regional, but
not global topology correlates.

In sum, this thesis shows for the first time that even subsyndromal psychopathic traits are
associated with brain connectivity abnormalities in females — abnormalities that largely
mirror those found in samples with more severe ASB. These findings add to the growing
body of evidence showing that these traits need to be considered in both research and clinical
settings.

5.2 CLINICAL IMPLICATIONS

The results of this thesis have several clinical implications. First, neural abnormalities were
observed among women who had presented CD as adolescents, the great majority of whom
did not present ASPD, but who did present several indices of ASB (educational attrition,
unemployment, aggression), emphasizing the importance of providing effective, evidence-
based treatment during adolescence. A previous study on the cohort from which the sample
for the imaging studies was drawn showed that treatment-as-usual failed to prevent the
persistence of SUDs into adulthood (Hodgins et al., 2014). This study, however, did not
investigate the persistence of ASB. CD is however a strong predictor of adult SUDs (Kim-
Cohen et al., 2003), suggesting that treatment-as-usual was equally unsuccessful in
preventing the persistence of ASB and related impairments in adult psychosocial adjustment,
although may have been successful in preventing the progression to ASPD. This remains
unexplored, however. Recently, there have been several trials of behavioral parent training
programs in a Swedish context, revealing good efficacy in reducing conduct problems in both
self-referred community samples (Kling et al., 2010) and in clinical samples (Axberg and
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Broberg, 2012), as well as when delivered over the internet (Enebrink et al., 2012). Whether
Swedish implementations of these programs are effective in reducing persisting ASB and
associated comorbid mental disorders over longer periods of time, remains unexplored. The
wide range of serious, adverse, adult outcomes reported in this thesis and in past studies on
adolescents from the same clinic (Hodgins et al., 2009b) emphasize the need to provide
effective treatment as early as possible. Given the high rates of mental health comorbidity and
exposure to maltreatment typically presented by adolescents with CD, treatment efforts
should ideally address the full clinical picture.

Another clinical implication of this thesis pertains to psychopathic traits. Until recently, it
was widely considered controversial to claim that children presented CU traits from an early
age (Dadds et al., 2005). Since then, accumulating evidence has shown that these traits are
highly heritable, onset early and are life-course persistent, and associated with ASB even at
less severe levels. (Viding et al., 2012a). This resulted in the novel DSM-5 specifier of
limited prosocial emotions (opposite-worded as to avoid stigmatizing). This thesis adds to the
growing body of evidence emphasizing the need to carefully assess youth with ASB for
psychopathic traits, by showing that in females, even at a subsyndromal level, these traits
have specific neural correlates that are different from those uniquely associated with CD, and
that correlates differ between different facets and different factors of psychopathy.
Importantly though, in both Study 111 and IV, we investigated and found linear associations,
not categorical. This is consistent with taxometric analyses showing that both psychopathic
traits (Guay et al., 2007; Murrie et al., 2007) and the associated neural abnormalities (Walters
et al., 2015) are dimensional, rather than categorical, in nature. Whether there is clinical
utility in having categorical diagnostic constructs, and whether pros outweighs cons over
having purely dimensional ones, are long-standing, controversial and unresolved topics in
psychiatry (Widiger and Samuel, 2005), not addressed in this thesis.

This thesis also provides some indirect evidence for novel therapeutic strategies to reduce CD
and psychopathic traits. The results of Study Il support the hypothesis that anxiety disorders
and CD share a common substrate of threat hyperreactivity, manifesting as the same uncinate
abnormality, and that this is distinct from the responses that distinguish the two disorders
(avoidance in anxiety; avoidance and approach in CD). Cognitive behavior therapy for
anxiety disorders, which is highly effective in both adults and children (Hofmann and Smits,
2008; James et al., 2015), targets both the behavioral avoidance and the threat perception
(Craske et al., 2014). Parent training programs, however, typically only involve contingency
management aimed at reinforcing desired behaviors and ceasing to reinforce undesired
behaviors (Forehand et al., 2013), with little attention paid to the underlying cognitive biases
and conditioned responses that likely promote frustration and anger. Whether treatment
efficacy for CD can be improved by incorporating such aspects remains to be evaluated.
Indirect support for the common substrate hypothesis of CD and anxiety disorders comes
from studies showing that children with both anxiety and conduct problems show the same
improvement from anxiety treatment as children with only anxiety (Kendall et al., 2001,
Rapee, 2003), and from one innovative study showing that an anxiety treatment program was
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as effective in treating both anxiety and aggressive behavior as a treatment program covering
both (Levy et al., 2007).

Study 1V tested the applicability of the Impaired Integration Theory (I1T) (Hamilton et al.,
2015) of psychopathy to females with subsyndromal traits. Results were largely in line with
the specific predictions of the IIT concerning global versus regional abnormalities and hubs
showing abnormalities consistent with reduced integration between networks. The T raises
the possibility that psychopathic traits, which in the past have been considered treatment-
resistant in adulthood (Salekin et al., 2010), may be modifiable by therapies specifically
designed to promote information integration, e.g. cognitive training. As would be expected,
such treatments have been shown to promote changes in brain connectivity (Roman et al.,
2017). One recent proof-of-concept supports the hypothesis that cognitive remediation
therapy tailored to the presumed underlying cognitive-affective impairment, leads to
improvements (Baskin-Sommers et al., 2015). Using the two factors of the PCL-R, offenders
scoring high on factor 2 of the PCL-R were categorized as either psychopathic or
externalizing based on a median-split of factor 1 scores. Psychopathic offenders were
hypothesized to benefit from only cognitive training aimed at improving attention to context,
while externalizing offenders were hypothesized to benefit from only cognitive training
aimed at affective cognitive control. Each group was then split and randomized to one
treatment, either the appropriate or inappropriate based on their grouping. Results revealed
that as hypothesized, the psychopathic group benefitted only from attention-to-context
training and the externalizing group benefitted only from affective cognitive control training,
with improvements in performance on cognitive tasks (Baskin-Sommers et al., 2015).
However, this first proof-of-concept study did not assess changes in interpersonal-affective
traits and real-life ASB, nor was neuroimaging used to assess changes in amygdala hypo-
versus hyper-reactivity. Nonetheless, the results reveal the value of carefully considering
subtypes of ASB and designing novel tailored interventions aimed at remedying the deficits
found to characterize that respective subtype in neuropsychological and neuroimaging
research.

5.3 FUTURE RESEARCH

Longitudinal studies of well-characterized cohorts have been key in furthering our
understanding of the cognitive, affective and behavioral aspects of ASB and associated
conditions (Fergusson and Horwood, 2001). So too have cross-sectional neuroimaging
studies furthered our understanding of the neural underpinnings of ASB and psychopathic
traits. However, there is a striking scarcity of longitudinal neuroimaging research in this field,
despite the robust evidence of the early onset and persistence of ASB, and the consensus
present in the literature that ASB is a disorder of abnormal neural developmental (Raine,
2011). At time of writing this thesis, there is only one published longitudinal neuroimaging
study of individuals with CD, showing that three subgroups, defined by trajectories of
conduct problems over time, differed as to the development of cortical thickness in the
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dorsolateral PFC, ACC and hippocampus (Oostermeijer et al., 2016). The studies included in
this thesis featured longitudinal clinical data but cross-sectional neuroimaging data, thereby
complementing past cross-sectional research and allowing novel conclusions as to the
developmental nature of CD and neural outcomes in young adulthood. Such studies,
however, are a poor substitute for longitudinal, prospective investigations that include
neuroimaging at different ages. The primary advantage of such a design would be to
document the onset and development of neural abnormalities and their association with the
onset and development of clinical symptoms. This will be important in order to design novel
therapies that target disorder mechanisms.

Longitudinal neuroimaging data will also be required to show whether successful treatment
of CD normalizes neural abnormalities present before treatment. In social anxiety disorder,
emerging evidence suggests that cognitive behavioral therapy normalizes amygdala volume
and reactivity (Mansson et al., 2016) and increases uncinate structural integrity (Steiger et al.,
2016). Whether something similar would be observed after successful treatment of CD with
behavioral parent training (Fagan and Benedini, 2016; Michelson et al., 2013; Serketich and
Dumas, 1996), remains unknown.

Future cohort studies should ideally recruit participants of a much younger age than has been
done in the past. Although the mean age of CD onset is 12 years (Afifi et al., 2011), there is
now robust evidence that childhood aggression can be predicted as early as in 6 months old
infants (Hay et al., 2014; Wagner et al., 2016), and that when reaching toddlerhood,
trajectories into adolescence can be accurately distinguished (Fanti and Kimonis, 2017). For
research purposes, when the aim is to disentangle the causal impact of one factor (e.g.
maltreatment) on subsequent ASB, longitudinal assessments should ideally start prior to onset
of serious ASB, given that parental practices and conduct problems in children show a
bidirectional impact (Lansford et al., 2011; Pardini et al., 2008; Serbin et al., 2015; Shaffer et
al., 2013), as do engagement in social deviant contexts, e.g. socializing with delinquent peers
(Miller et al., 2009). Recent research has also shown that the neurocognitive impairments
observed in children after exposure to maltreatment can largely be explained by pre-exposure
impairments (Danese et al., 2016). By not longitudinally assessing the important
characteristics before and from actual onset, cohort studies risk confusing causality. From a
clinical perspective, engaging children in treatment at an earlier age may also increase the
efficacy and be preventive (Petitclerc and Tremblay, 2009), even in the case of heritable CU
traits (Hyde et al., 2016).

Finally, there is a need for more research on antisocial females (Berkout et al., 2011). The
increased prevalence of CD and ASB in males, at least in the moderate severity range (Tiet et
al., 2001), along with the preference in the field of neuroimaging for non-complex cases with
little comorbidity, has resulted in an underrepresentation of females in neuroimaging samples,
even when considering the prevalence gender ratio of 4:1 (see e.g. Table 1 in the Background
section). The established sex differences in symptom presentation (Card et al., 2008) and
onset- and trajectory-patterns (Fontaine et al., 2009), the female-specific outcomes of early
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pregnancy and intergenerational transfer of ASB through non-optimal parenting practices
(Jaffee, 2002; Jaffee et al., 2006), as well as the initial evidence for sex differences in the
neural correlates (Decety et al., 2015; Fairchild et al., 2013; Rogers and Brito, 2015; Zhang et
al., 2014a), all emphasize the need for more studies on females with ASB to further our
understanding of psychological and neural mechanisms driving ASB in females, in order to
create better diagnostic instruments that capture the characteristics with high clinical utility,
and to create a new generation of more effective therapies that prevent the onset and
persistence of ASB.

5.4 THESIS STRENGTHS AND LIMITATIONS

The limitations and strengths of each thesis study are discussed in the respective study.
Overall strengths of this thesis include a large, all-female sample, well-characterized in terms
of clinical presentation over time. Diagnoses and psychopathic traits were assessed using gold
standard, clinician-rated instruments — the former at multiple occasions. As discussed above,
the lack of longitudinal neuroimaging means that persistence of neural abnormalities can only
be inferred, not investigated. The same with abnormalities of neural development trajectories.

Although longitudinal clinical data was available, data collection began in mid-adolescence,
when the ex-clients came in contact with the clinic, after the onset of multiple clinical
symptoms (ASB, SUDs and more) and exposure to maltreatment. This means that the data is
ill-suited by design for studying the causal effect of one problem domain on another, or even
the sequence of disorder onsets. Nonetheless, the advantage of having longitudinal clinical
data was made apparent in Study 11, where we could show that although there were n=17
females with CD but no anxiety disorder at cohort baseline (Hodgins et al., 2011), n=11 went
on to develop an anxiety disorder by the latest follow-up.

Another limitation pertains to the lack of neuropsychological data on the thesis sample. The
neuroimaging findings presented in this thesis suggest that our sample show impaired social
cognition, emotion regulation, threat perception, and/or reversal learning, and that these
impairments are associated with the connectivity abnormalities found. Since no measures of
these domains were collected, the assumed mediating role of these impairments in explaining
the association between ASB and connectivity abnormalities remains speculative.

Finally, there is no ideal strategy to disentangle neural associations of inter-related conditions
(De Brito et al., 2009). Regression models featuring inter-related, non-randomly assigned
independent variables risk multicollinearity. Group matching may introduce new, unobserved
confounding. For these reasons, in this thesis, we used a combination of statistical adjustment
and group matching to disentangle connectivity abnormalities associated with adolescent CD,
comorbid mental disorders, maltreatment and psychopathic traits.
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6 CONCLUSIONS

The results of this thesis show that adolescent conduct disorder is associated with both
structural and functional brain connectivity abnormalities in young adulthood in women,
despite low rates of ASB persistence severe enough to warrant a diagnosis of antisocial
personality disorder. Most of the brain-wide abnormalities of white matter integrity
(structural connectivity) in women with a history of CD compared to healthy women could be
explained by lifetime histories of comorbid mental disorders and exposure to maltreatment,
common to clinical cases of CD. Abnormalities of the anterior corpus callosum (including the
forceps minor) were found to be specific to a history of CD. Women with a history of CD, all
of whom also had a history of anxiety disorders, also presented lower white matter integrity
of the uncinate fasciculus tract connecting the amygdala and orbitofrontal cortex. The same
uncinate integrity reductions was however also found in women with a history of only
anxiety disorders. Trait correlates of the same uncinate integrity reduction did however differ
between the two groups.

Subsyndromal psychopathic traits in young adult women were found to have unique
associations with structural and functional connectivity. Interpersonal traits were negatively
associated with uncinate fasciculus and fornix integrity, and both affective and lifestyle traits
were negatively associated with white matter integrity adjacent to the fusiform gyrus.
Psychopathic traits were not associated with global resting-state functional topology, but trait
scores were found to correlate with topology indices in hub structures and nodes belonging to
the Default Mode Network.

These findings were largely consistent with previously reported findings in all-male or
mixed-sex samples of antisocial adolescents and adults. Our findings emphasize the need to
measure and take into account comorbid mental disorders, exposure to maltreatment, and
psychopathic traits when studying clinical samples characterized by antisocial behavior.
Finally, our findings show the importance of providing effective, evidence-based treatment of
antisocial behavior and comorbid mental disorders in adolescence, in order to prevent the
persistence of antisocial behavior, mental disorder, psychosocial maladjustment, and
associated neural abnormalities.

69



7 ACKNOWLEDGEMENTS

I’ve had the good fortune of working with a lot of great people during my PhD years — people
who have supported and/or inspired me in different ways and that | wish to acknowledge:

My supervisors (in order of first appearance): Jari Tiihonen, Jussi Jokinen, Sheilagh Hodgins,
and Ivanka Savic — thank you for teaching me the ropes of psychiatric neuroimaging research
and for your confidence and support in letting me grow as a researcher in whatever direction |
desired.

My PhD mentor and frequent boss, Per Carlbring: thanks for cultivating my research interest
back in 2012 and supporting me ever since.

Marisa da Silva and Kerstin Annerborn, former research coordinators at Maria Ungdom:
without your recruitment and administrative superpowers | would not have had any
participants to scan. My eternal gratitude!

All the co-authors on my papers: thanks to Johan Westerman for organizing and making the
cohort data accessible, and to Par Flodin for working with me on the resting-state data.
Thanks also to Peter Larm and Rouslan Sitnikov for your valuable contributions.

Fellow lab members and PhD students Meenal Budhiraja and Dave Checknita: thanks for all
our valuable discussions on our exciting research topic!

A shout-out to my class mates in Nationella forskarskolan i klinisk psykiatri: Martin, Eva,
Max, Naira, Martina, Johan B, Johan A, Orestis and Xenofon. | had a great time with all of
you! Thanks also to Nitya Jayaram-Lindstrdm and Johan Reutfors for arranging
Forskarskolan, and to Matteo Bottai for being a statistics deity and an amazing teacher.

Another shout-out to my former colleges at Stockholm University: Alexander M, David,
Lotta, Alexander R, Ekaterina, Jonas, Rikard, Markus, Ewa and everyone else | had the
pleasure of working with during my two years at the Department of Psychology. And to my
new clinical colleges at the eStdd unit at Stockholm Center for Dependency Disorders:
Magnus, Miriam, Rosette and Mikael. Another round of thanks to Kerstin Annerborn, now
head of clinic, for giving me all the flexibility | needed to combine research and clinical work
during these last six months.

Thanks to every soul who has ever posted a dumb question about statistics, bash scripting,
ggplot syntax or what-have-you on Stack Overflow, the FSL mailing list or elsewhere on the
Internet so that | needn’t. (Not every time, anyways).

My parents, Tord and llse: you gave me the best possible start in life and | have learned so
much from you. Thanks for everything. And thanks in particular for using contingency
management to get teenage me hooked on the natural positive reinforcers of learning new
stuff.

70



To my darling wife, Ina, who has been with me since day one of this journey: you are the
center of my world and I could not imagine having done all this without you. My love and
gratitude.

To my son Wilhelm: at an age of just 10 months, your only current interest with books seems
to be to tear them down from the bookcase and trying to eat them. | hope that the many left-
over copies of this thesis will bring you much joy in that endeavor, and hope that it will
compensate somewhat for your dad spending so much time in his office these last few
months. When you grow older, | hope that you see those (bite-marked) thesis copies as proof
that diligence and curiosity will get you anywhere.

A final thank you to my late grandmother, Leena Sopenlehto, for the inspiration to pursue a
PhD. You are greatly missed.

71



8 REFERENCES

Afifi, T. O., McMillan, K. a, Asmundson, G. J. G., Pietrzak, R. H., and Sareen, J. (2011). An examination of the
relation between conduct disorder, childhood and adulthood traumatic events, and posttraumatic stress
disorder in a nationally representative sample. J. Psychiatr. Res. 45, 1564-72.
d0i:10.1016/j.jpsychires.2011.08.005.

Alegria, A. A., Radua, J., and Rubia, K. (2016). Meta-Analysis of fMRI Studies of Disruptive Behavior
Disorders. Am. J. Psychiatry 173, 1119-1130. doi:10.1176/appi.ajp.2016.15081089.

American Psychiatric Association (2000). Diagnostic and statistical manual of mental disorders: DSM-IV-TR.
Fourth. American Psychiatric Association doi:10.1176/appi.books.9780890423349.5847.

American Psychiatric Association (2013). Diagnostic and statistical manual of mental disorders (5th ed.).
Arlington, VA: American Psychiatric Publishing.

Andrews-Hanna, J. R. (2012). The Brain’s Default Network and Its Adaptive Role in Internal Mentation.
Neurosci. 18, 251-270. doi:10.1177/1073858411403316.

Angold, A., Costello, E. J., and Erkanli, A. (1999). Comorbidity. J. Child Psychol. Psychiatry. 40, 57-87.
Available at: http://www.ncbi.nlm.nih.gov/pubmed/15283950.

Anticevic, A., Cole, M. W., Murray, J. D., Corlett, P. R., Wang, X.-J., and Krystal, J. H. (2012). The role of
default network deactivation in cognition and disease. Trends Cogn. Sci. 16, 584-592.
doi:10.1016/j.tics.2012.10.008.

Aoki, Y., Inokuchi, R., Nakao, T., and Yamasue, H. (2014). Neural bases of antisocial behavior: a voxel-based
meta-analysis. Soc. Cogn. Affect. Neurosci. 9, 1223-31. doi:10.1093/scan/nst104.

Armstrong, T. D., and Costello, E. J. (2002). Community studies on adolescent substance use, abuse, or
dependence and psychiatric comorbidity. J. Consult. Clin. Psychol. 70, 1224-1239. doi:10.1037//0022-
006X.70.6.1224.

Arnold, A. E. G. F., Protzner, A. B., Bray, S., Levy, R. M., and laria, G. (2014). Neural Network Configuration
and Efficiency Underlies Individual Differences in Spatial Orientation Ability. J. Cogn. Neurosci. 26,
380-394. doi:10.1162/jocn_a_00491.

Asato, M. R., Terwilliger, R., Woo, J., and Luna, B. (2010). White matter development in adolescence: a DTI
study. Cereb. cortex 20, 2122-31. doi:10.1093/cercor/bhp282.

Ashburner, J., and Friston, K. J. (2000). Voxel-based morphometry--the methods. Neuroimage 11, 805-21.
doi:10.1006/nimg.2000.0582.

Axberg, U., and Broberg, A. G. (2012). Evaluation of “The Incredible Years” in Sweden: The transferability of
an American parent-training program to Sweden. Scand. J. Psychol. 53, 224-232. do0i:10.1111/j.1467-
9450.2012.00955.x.

Ayling, E., Aghajani, M., Fouche, J.-P., and van der Wee, N. (2012). Diffusion tensor imaging in anxiety
disorders. Curr. Psychiatry Rep. 14, 197-202. doi:10.1007/s11920-012-0273-z.

Bach, M., Laun, F. B., Leemans, A., Tax, C. M. W., Biessels, G. J., Stieltjes, B., et al. (2014). Methodological
considerations on tract-based spatial statistics (TBSS). Neuroimage 100, 358-369.
doi:10.1016/j.neuroimage.2014.06.021.

Bagga, D., Sharma, A., Kumari, A., Kaur, P., Bhattacharya, D., Garg, M. L., et al. (2014). Decreased white
matter integrity in fronto-occipital fasciculus bundles: relation to visual information processing in alcohol-
dependent subjects. Alcohol 48, 43-53. doi:10.1016/j.alcohol.2013.10.009.

Baillargeon, R. H., Zoccolillo, M., Keenan, K., C6té, S., Pérusse, D., Wu, H.-X., et al. (2007). Gender
differences in physical aggression: A prospective population-based survey of children before and after 2
years of age. Dev. Psychol. 43, 13-26. doi:10.1037/0012-1649.43.1.13.

Barker, E. D., Séguin, J. R., White, H. R., Bates, M. E., Lacourse, E., Carbonneau, R., et al. (2007).
Developmental Trajectories of Male Physical Violence and Theft. Arch. Gen. Psychiatry 64, 592.
doi:10.1001/archpsyc.64.5.592.

72



Baskin-Sommers, A. R., Curtin, J. J., and Newman, J. P. (2015). Altering the Cognitive-Affective Dysfunctions
of Psychopathic and Externalizing Offender Subtypes With Cognitive Remediation. Clin. Psychol. Sci. 3,
45-57. d0i:10.1177/2167702614560744.

Bassarath, L. (2001). Neuroimaging studies of antisocial behaviour. Can. J. Psychiatry. 46, 728-32.
doi:10.1177/070674370104600805.

Baur, V., Hanggi, J., and Jancke, L. (2012). Volumetric associations between uncinate fasciculus, amygdala, and
trait anxiety. BMC Neurosci. 13, 4. doi:10.1186/1471-2202-13-4.

Bava, S., Jacobus, J., Thayer, R. E., and Tapert, S. F. (2013). Longitudinal changes in white matter integrity
among adolescent substance users. Alcohol. Clin. Exp. Res. 37 Suppl 1, E181-9. doi:10.1111/j.1530-
0277.2012.01920.x.

Beaty, R. E., Kaufman, S. B., Benedek, M., Jung, R. E., Kenett, Y. N., Jauk, E., et al. (2016). Personality and
complex brain networks: The role of openness to experience in default network efficiency. Hum. Brain
Mapp. 37, 773-779. doi:10.1002/hbm.23065.

Beck, A. T., Epstein, N., Brown, G., and Steer, R. A. (1988). An inventory for measuring clinical anxiety:
psychometric properties. J. Consult. Clin. Psychol. 56, 893-897.

Beckmann, C., Mackay, C., Filippini, N., and Smith, S. (2009). Group comparison of resting-state FMRI data
using multi-subject ICA and dual regression. Neuroimage 47, S148. doi:10.1016/5S1053-8119(09)71511-3.

Berkout, O. V., Young, J. N., and Gross, A. M. (2011). Mean girls and bad boys: Recent research on gender
differences in conduct disorder. Aggress. Violent Behav. 16, 503-511. doi:10.1016/j.avb.2011.06.001.

Berman, M. G., Misic, B., Buschkuehl, M., Kross, E., Deldin, P. J., Peltier, S., et al. (2014). Does resting-state
connectivity reflect depressive rumination? A tale of two analyses. Neuroimage 103, 267-279.
doi:10.1016/j.neuroimage.2014.09.027.

Beyer, F., Minte, T. F., Wiechert, J., Heldmann, M., and Kramer, U. M. (2014). Trait Aggressiveness Is Not
Related to Structural Connectivity between Orbitofrontal Cortex and Amygdala. PLoS One 9, e101105.
doi:10.1371/journal.pone.0101105.

Bird, G., and Viding, E. (2014). The self to other model of empathy: Providing a new framework for
understanding empathy impairments in psychopathy, autism, and alexithymia. Neurosci. Biobehav. Rev.
47,520-532. doi:10.1016/j.neubiorev.2014.09.021.

Biswal, B., Zerrin Yetkin, F., Haughton, V. M., and Hyde, J. S. (1995). Functional connectivity in the motor
cortex of resting human brain using echo-planar mri. Magn. Reson. Med. 34, 537-541.
d0i:10.1002/mrm.1910340409.

Blair, R. J. . (2008). The amygdala and ventromedial prefrontal cortex: functional contributions and dysfunction
in psychopathy. Philos. Trans. R. Soc. B Biol. Sci. 363, 2557-2565. doi:10.1098/rsth.2008.0027.

Boccardi, M., Ganzola, R., Rossi, R., Sabattoli, F., Laakso, M. P., Repo-Tiihonen, E., et al. (2010). Abnormal
hippocampal shape in offenders with psychopathy. Hum. Brain Mapp. 31, 438-47.
doi:10.1002/hbm.20877.

Bora, E., Fornito, A., Pantelis, C., and Ycel, M. (2012). Gray matter abnormalities in Major Depressive
Disorder: A meta-analysis of voxel based morphometry studies. J. Affect. Disord. 138, 9-18.
doi:10.1016/j.jad.2011.03.049.

Breeden, a L., Cardinale, E. M., Lozier, L. M., VanMeter, J. W., and Marsh, a a (2015). Callous-unemotional
traits drive reduced white-matter integrity in youths with conduct problems. Psychol. Med. 45, 3033-46.
doi:10.1017/S0033291715000987.

Breslau, J., Saito, N., Tancredi, D. J., Nock, M., and Gilman, S. E. (2012). Classes of conduct disorder symptoms
and their life course correlates in a US national sample. Psychol. Med. 42, 1081-9.
doi:10.1017/S003329171100198X.

De Brito, S. a., Hodgins, S., Mccrory, E. J. P., Mechelli, a., Wilke, M., Jones, a.P., etal. (2009). Structural
Neuroimaging and the Antisocial Brain: Main Findings and Methodological Challenges. Crim. Justice
Behav. 36, 1173-1186. doi:10.1177/0093854809342883.

De Brito, S. a, McCrory, E. J., Mechelli, A., Wilke, M., Jones, a P., Hodgins, S., et al. (2011). Small, but not
perfectly formed: decreased white matter concentration in boys with psychopathic tendencies. Mol.

73



Psychiatry 16, 476—7. doi:10.1038/mp.2010.74.

De Brito, S. a, Viding, E., Kumari, V., Blackwood, N., and Hodgins, S. (2013). Cool and hot executive function
impairments in violent offenders with antisocial personality disorder with and without psychopathy. PLoS
One 8, e65566. doi:10.1371/journal.pone.0065566.

Broulidakis, M. J., Fairchild, G., Sully, K., Blumensath, T., Darekar, A., and Sonuga-Barke, E. J. S. (2016).
Reduced Default Mode Connectivity in Adolescents With Conduct Disorder. J. Am. Acad. Child Adolesc.
Psychiatry 55, 800-808.e1. doi:10.1016/j.jaac.2016.05.021.

Broyd, S. J., Demanuele, C., Debener, S., Helps, S. K., James, C. J., and Sonuga-Barke, E. J. S. (2009). Default-
mode brain dysfunction in mental disorders: a systematic review. Neurosci. Biobehav. Rev. 33, 279-96.
doi:10.1016/j.neubiorev.2008.09.002.

Brihl, A. B., Delsignore, A., Komossa, K., and Weidt, S. (2014). Neuroimaging in social anxiety disorder—A
meta-analytic review resulting in a new neurofunctional model. Neurosci. Biobehav. Rev. 47, 260-280.
doi:10.1016/j.neubiorev.2014.08.003.

Bubier, J. L., and Drabick, D. A. G. (2009). Co-occurring anxiety and disruptive behavior disorders: The roles of
anxious symptoms, reactive aggression, and shared risk processes. Clin. Psychol. Rev. 29, 658-669.
doi:10.1016/j.cpr.2009.08.005.

Budhani, S., and Blair, R. J. R. (2005). Response reversal and children with psychopathic tendencies: success is
a function of salience of contingency change. J. Child Psychol. Psychiatry 46, 972-981.
doi:10.1111/j.1469-7610.2004.00398 ..

Budhani, S., Richell, R. a, and Blair, R. J. R. (2006). Impaired reversal but intact acquisition: probabilistic
response reversal deficits in adult individuals with psychopathy. J. Abnorm. Psychol. 115, 552-558.
doi:10.1037/0021-843X.115.3.552.

Budhiraja, M., Savic, I., Lindner, P., Jokinen, J., Tiihonen, J., and Hodgins, S. (2017). Brain structure
abnormalities in young women who presented conduct disorder in childhood/adolescence. Cogn. Affect.
Behav. Neurosci. 17, 869-885. doi:10.3758/s13415-017-0519-7.

Budisavljevic, S., Kawadler, J. M., Dell’Acqua, F., Rijsdijk, F. V, Kane, F., Picchioni, M., et al. (2015).
Heritability of the limbic networks. Soc. Cogn. Affect. Neurosci. 11, 746-57. doi:10.1093/scan/nsv156.

Buitelaar, J. K., Smeets, K. C., Herpers, P., Scheepers, F., Glennon, J., and Rommelse, N. N. J. (2013). Conduct
disorders. Eur. Child Adolesc. Psychiatry 22 Suppl 1, 49-54. doi:10.1007/s00787-012-0361-y.

Bullmore, E., and Sporns, O. (2009). Complex brain networks: graph theoretical analysis of structural and
functional systems. Nat. Rev. Neurosci. 10, 186-98. doi:10.1038/nrn2575.

Burke, J. D., Loeber, R., Lahey, B. B., and Rathouz, P. J. (2005). Developmental transitions among affective and
behavioral disorders in adolescent boys. J. Child Psychol. Psychiatry. 46, 1200-10. d0i:10.1111/j.1469-
7610.2005.00422.x.

Bush, K., Kivlahan, D. R., McDonell, M. B., Fihn, S. D., and Bradley, K. A. (1998). The AUDIT alcohol
consumption questions (AUDIT-C): an effective brief screening test for problem drinking. Ambulatory
Care Quality Improvement Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch. Intern.
Med. 158, 1789-1795.

Card, N. a, Stucky, B. D., Sawalani, G. M., and Little, T. D. (2008). Direct and Indirect Aggression During
Childhood and Adolescence: A Meta-Analytic Review of Gender Differences, Intercorrelations, and
Relations to Maladjustment. Child Dev. 79, 1185-1229. doi:10.1111/j.1467-8624.2008.01184.x.

Carré, J. M., Hyde, L. W., Neumann, C. S., Viding, E., and Hariri, A. R. (2013). The neural signatures of distinct
psychopathic traits. Soc. Neurosci. 8, 122-35. doi:10.1080/17470919.2012.703623.

Catani, M., Howard, R. J., Pajevic, S., and Jones, D. K. (2002). Virtual in Vivo Interactive Dissection of White
Matter Fasciculi in the Human Brain. Neuroimage 17, 77-94. doi:10.1006/nimg.2002.1136.

Chanraud, S., Pitel, A. L., Pfefferbaum, A., and Sullivan, E. V. (2011). Disruption of functional connectivity of
the default-mode network in alcoholism. Cereb. Cortex 21, 2272-2281. doi:10.1093/cercor/bhq297.

Chen, G., Chen, G., Xie, C., and Li, S.-J. (2011). Negative functional connectivity and its dependence on the
shortest path length of positive network in the resting-state human brain. Brain Connect. 1, 195-206.
doi:10.1089/brain.2011.0025.

74



Choi, J., Jeong, B., Rohan, M. L., Polcari, A. M., and Teicher, M. H. (2009). Preliminary evidence for white
matter tract abnormalities in young adults exposed to parental verbal abuse. Biol. Psychiatry 65, 227-34.
doi:10.1016/j.biopsych.2008.06.022.

Cohn, M. D., Pape, L. E., Schmaal, L., van den Brink, W., van Wingen, G., Vermeiren, R. R. J. M., et al. (2015).
Differential relations between juvenile psychopathic traits and resting state network connectivity. Hum.
Brain Mapp. 0. doi:10.1002/hbm.22779.

Cohn, M. D., Viding, E., McCrory, E., Pape, L., van den Brink, W., Doreleijers, T. A. H., et al. (2016). Regional
grey matter volume and concentration in at-risk adolescents: Untangling associations with callous-
unemotional traits and conduct disorder symptoms. Psychiatry Res. Neuroimaging 254, 180-187.
doi:10.1016/j.pscychresns.2016.07.003.

Coid, J., Yang, M., Ullrich, S., Roberts, A., and Hare, R. D. (2009a). Prevalence and correlates of psychopathic
traits in the household population of Great Britain. Int. J. Law Psychiatry 32, 65—73.
doi:10.1016/.ijlp.2009.01.002.

Coid, J., Yang, M., Ullrich, S., Roberts, A., Moran, P., Bebbington, P., et al. (2009b). Psychopathy among
prisoners in England and Wales. Int. J. Law Psychiatry 32, 134-141. doi:10.1016/.ijlp.2009.02.008.

Cooke, D. J., Michie, C., Hart, S. D., and Hare, R. D. (1999). Evaluating the Screening Version of the Hare
Psychopathy Checklist--Revised (PCL:SV): An item response theory analysis. Psychol. Assess. 11, 3-13.
doi:10.1037//1040-3590.11.1.3.

Cope, L. M., Ermer, E., Nyalakanti, P. K., Calhoun, V. D., and Kiehl, K. A. (2014). Paralimbic gray matter
reductions in incarcerated adolescent females with psychopathic traits. J. Abnorm. Child Psychol. 42, 659—
668. doi:10.1007/s10802-013-9810-4.

Cope, L. M., Shane, M. S., Segall, J. M., Nyalakanti, P. K., Stevens, M. C., Pearlson, G. D., et al. (2012).
Examining the effect of psychopathic traits on gray matter volume in a community substance abuse
sample. Psychiatry Res. - Neuroimaging 204, 91-100. doi:10.1016/j.pscychresns.2012.10.004.

Copeland, W. E., Shanahan, L., Costello, E. J., and Angold, A. (2009). Childhood and Adolescent Psychiatric
Disorders as Predictors of Young Adult Disorders. Arch Gen Psychiatry 66, 764—772.
doi:10.1001/archgenpsychiatry.2009.85.

Costello, E. J., Mustillo, S., Erkanli, A., Keeler, G., and Angold, A. (2003). Prevalence and development of
psychiatric disorders in childhood and adolescence. Arch. Gen. Psychiatry 60, 837-44.
doi:10.1001/archpsyc.60.8.837.

Craig, M. C., Catani, M., Deeley, Q., Latham, R., Daly, E., Kanaan, R., et al. (2009). Altered connections on the
road to psychopathy. Mol. Psychiatry 14, 946-53, 907. doi:10.1038/mp.2009.40.

Craske, M. G., Treanor, M., Conway, C. C., Zbozinek, T., and Vervliet, B. (2014). Maximizing exposure
therapy: An inhibitory learning approach. Behav. Res. Ther. 58, 10-23. doi:10.1016/j.brat.2014.04.006.

C6té, S. M., Vaillancourt, T., Barker, E. D., Nagin, D., and Tremblay, R. E. (2007). The joint development of
physical and indirect aggression: Predictors of continuity and change during childhood. Dev.
Psychopathol. 19, 37-55. doi:10.1017/S0954579407070034.

D’Anna, L., Mesulam, M. M., Thiebaut de Schotten, M., Dell’Acqua, F., Murphy, D., Wieneke, C., et al. (2016).
Frontotemporal networks and behavioral symptoms in primary progressive aphasia. Neurology 0, 1393-
1400. doi:10.1212/WNL..0000000000002579.

Dadds, M. R., Fraser, J., Frost, A., and Hawes, D. J. (2005). Disentangling the underlying dimensions of
psychopathy and conduct problems in childhood: a community study. J. Consult. Clin. Psychol. 73, 400—
10. doi:10.1037/0022-006X.73.3.400.

Dalwani, M. S, Tregellas, J. R., Andrews-Hanna, J. R., Mikulich-Gilbertson, S. K., Raymond, K. M., Banich,
M. T., et al. (2014). Default mode network activity in male adolescents with conduct and substance use
disorder. Drug Alcohol Depend. 134, 242-250. doi:10.1016/j.drugalcdep.2013.10.009.

Dalwani, M., Sakai, J. T., Mikulich-Gilbertson, S. K., Tanabe, J., Raymond, K., McWilliams, S. K., et al. (2011).
Reduced cortical gray matter volume in male adolescents with substance and conduct problems. Drug
Alcohol Depend. 118, 295-305. doi:10.1016/j.drugalcdep.2011.04.006.

Danese, A., Moffitt, T. E., Arseneault, L., Bleiberg, B. A., Dinardo, P. B., Gandelman, S. B., et al. (2016). The
Origins of Cognitive Deficits in Victimized Children: Implications for Neuroscientists and Clinicians. Am.

75



J. Psychiatry, appi.ajp.2016.1. doi:10.1176/appi.ajp.2016.16030333.

Dayan, E., and Cohen, L. G. (2011). Neuroplasticity Subserving Motor Skill Learning. Neuron 72, 443-454.
doi:10.1016/j.neuron.2011.10.008.

Decety, J., Yoder, K. J., and Lahey, B. B. (2015). Sex differences in abnormal white matter development
associated with conduct disorder in children. Psychiatry Res. - Neuroimaging 233, 269-277.
doi:10.1016/j.pscychresns.2015.07.009.

Dell’acqua, F., and Catani, M. (2012). Structural human brain networks: hot topics in diffusion tractography.
Curr. Opin. Neurol. 25, 375-83. d0i:10.1097/WCO.0b013e328355d544.

Dell’acqua, F., Scifo, P., Rizzo, G., Catani, M., Simmons, A., Scotti, G., et al. (2010). A modified damped
Richardson-Lucy algorithm to reduce isotropic background effects in spherical deconvolution.
Neuroimage 49, 1446-58. doi:10.1016/j.neuroimage.2009.09.033.

Dodge, K. A., Pettit, G. S., Bates, J. E., and Valente, E. (1995). Social information-processing patterns partially
mediate the effect of early physical abuse on later conduct problems. J. Abnorm. Psychol. 104, 632—43.
Available at: http://www.ncbi.nlm.nih.gov/pubmed/8530766.

Dotterer, H. L., Swartz, J. R., Hariri, A. R., and Williamson, D. E. (2017). Amygdala reactivity predicts
adolescent antisocial behavior but not callous-unemotional traits. Dev. Cogn. Neurosci. 24, 84-92.
doi:10.1016/j.dcn.2017.02.008.

Du, M. Y., Wu, Q. Z, Yue, Q., Li, J., Liao, Y., Kuang, W. H., et al. (2012). Voxelwise meta-analysis of gray
matter reduction in major depressive disorder. Prog. Neuro-Psychopharmacology Biol. Psychiatry 36, 11—
16. d0i:10.1016/j.pnpbp.2011.09.014.

Edens, J. F., Marcus, D. K., Lilienfeld, S. O., and Poythress, N. G. (2006). Psychopathic, not psychopath:
taxometric evidence for the dimensional structure of psychopathy. J. Abnorm. Psychol. 115, 131-44.
doi:10.1037/0021-843X.115.1.131.

Enebrink, P., Hogstrém, J., Forster, M., and Ghaderi, A. (2012). Internet-based parent management training: A
randomized controlled study. Behav. Res. Ther. 50, 240-249. doi:10.1016/j.brat.2012.01.006.

Ersche, K. D., Williams, G. B., Robbins, T. W., and Bullmore, E. T. (2013). Meta-analysis of structural brain
abnormalities associated with stimulant drug dependence and neuroimaging of addiction vulnerability and
resilience. Curr. Opin. Neurobiol. 23, 615-624. doi:10.1016/j.conb.2013.02.017.

Etkin, A., and Wager, T. D. (2007). Functional Neuroimaging of Anxiety: A Meta-Analysis of Emotional
Processing in PTSD, Social Anxiety Disorder, and Specific Phobia. Am. J. Psychiatry 164, 1476-1488.
doi:10.1176/appi.ajp.2007.07030504.

van Ewijk, H., Heslenfeld, D. J., Zwiers, M. P., Buitelaar, J. K., and Oosterlaan, J. (2012). Diffusion tensor
imaging in attention deficit/hyperactivity disorder: A systematic review and meta-analysis. Neurosci.
Biobehav. Rev. 36, 1093-1106. doi:10.1016/j.neubiorev.2012.01.003.

Fagan, A. A., and Benedini, K. M. (2016). How Do Family-Focused Prevention Programs Work? A Review of
Mediating Mechanisms Associated with Reductions in Youth Antisocial Behaviors. Clin. Child Fam.
Psychol. Rev. 19, 1-25. doi:10.1007/s10567-016-0207-0.

Fahim, C., He, Y., Yoon, U., Chen, J., Evans, A., and Pérusse, D. (2011). Neuroanatomy of childhood disruptive
behavior disorders. Aggress. Behav. 37, 326-37. doi:10.1002/ab.20396.

Fairchild, G., Hagan, C. C., Walsh, N. D., Passamonti, L., Calder, A. J., and Goodyer, I. M. (2013). Brain
structure abnormalities in adolescent girls with conduct disorder. J. Child Psychol. Psychiatry. 54, 86-95.
doi:10.1111/j.1469-7610.2012.02617 .

Fairchild, G., Passamonti, L., Hurford, G., Hagan, C. C., von dem Hagen, E. a H., van Goozen, S. H. M., et al.
(2011). Brain structure abnormalities in early-onset and adolescent-onset conduct disorder. Am. J.
Psychiatry 168, 624—33. doi:10.1176/appi.ajp.2010.10081184.

Fanti, K. A., and Kimonis, E. (2017). Heterogeneity in externalizing problems at age 3: Association with age 15
biological and environmental outcomes. Dev. Psychol. 53, 1230-1241. doi:10.1037/dev0000317.

Fazel, S., and Danesh, J. (2002). Serious mental disorder in 23000 prisoners: A systematic review of 62 surveys.
Lancet 359, 545-550. doi:10.1016/S0140-6736(02)07740-1.

Fergusson, D. M., and Horwood, L. J. (2001). The Christchurch Health and Development Study: review of

76



findings on child and adolescent mental health. Aust. N. Z. J. Psychiatry 35, 287-296. doi:anp902 [pii].

Fergusson, D. M., Lynskey, M. T., and Horwood, L. J. (1996). Origins of comorbidity between conduct and
affective disorders. J. Am. Acad. Child Adolesc. Psychiatry 35, 451-60. doi:10.1097/00004583-
199604000-00011.

Finger, E. C., Marsh, A. A., Mitchell, D. G., Reid, M. E., Sims, C., Budhani, S., et al. (2008). Abnormal
ventromedial prefrontal cortex function in children with psychopathic traits during reversal learning. Arch
Gen Psychiatry 65, 586-594. doi:10.1001/archpsyc.65.5.586.

Finger, E., and Marsh, A. (2011). Disrupted reinforcement signaling in the orbitofrontal cortex and caudate in
youths with conduct disorder or oppositional defiant disorder and a high level of. Am. J. ... 168, 152-62.
doi:10.1176/appi.ajp.2010.10010129.

First, M. B., Spitzer, R. L., Miriam, G., and Williams, J. B. W. (2002). Structured Clinical Interview for DSM-
IV-TR Axis | Disorders, Research Version, Patient Edition (SCID-I/P). New York: Biometrics Research,
New York State Psychiatric Institute.

Fischl, B., and Dale, A. M. (2000). Measuring the thickness of the human cerebral cortex from magnetic
resonance images. Proc. Natl. Acad. Sci. 97, 11050-11055. doi:10.1073/pnas.200033797.

Fontaine, N., Carbonneau, R., Vitaro, F., Barker, E. D., and Tremblay, R. E. (2009). Research review: A critical
review of studies on the developmental trajectories of antisocial behavior in females. J. Child Psychol.
Psychiatry Allied Discip. 50, 363-385. d0i:10.1111/j.1469-7610.2008.01949.x.

Forehand, R., Jones, D. J., and Parent, J. (2013). Behavioral parenting interventions for child disruptive
behaviors and anxiety: What’s different and what’s the same. Clin. Psychol. Rev. 33, 133-145.
doi:10.1016/j.cpr.2012.10.010.

Franco, A. R., Mannell, M. V, Calhoun, V. D., and Mayer, A. R. (2013). Impact of Analysis Methods on the
Reproducibility and Reliability of Resting-State Networks. Brain Connect. 0.
doi:10.1089/brain.2012.0134.

Freedman, D., Thornton, A., Camburn, D., Alwin, D., and Young-demarco, L. (1988). The life history calendar:
a technique for collecting retrospective data. Sociol. Methodol. 18, 37-68. Available at:
http://mww.ncbi.nIm.nih.gov/pubmed/12282712.

Freeman, S. M., Clewett, D. V, Bennett, C. M., Kiehl, K. a, Gazzaniga, M. S., and Miller, M. B. (2014). The
Posteromedial Region of the Default Mode Network Shows Attenuated Task-Induced Deactivation in
Psychopathic Prisoners. Neuropsychology 29, 493-500. doi:10.1037/neu0000118.

Frick, P. J., and Nigg, J. T. (2012). Current issues in the diagnosis of attention deficit hyperactivity disorder,
oppositional defiant disorder, and conduct disorder. Annu. Rev. Clin. Psychol. 8, 77-107.
doi:10.1146/annurev-clinpsy-032511-143150.

Frick, P. J., Stickle, T. R., Dandreaux, D. M., Farrell, J. M., and Kimonis, E. R. (2005). Callous—Unemotional
Traits in Predicting the Severity and Stability of Conduct Problems and Delinquency. J. Abnorm. Child
Psychol. 33, 471-487. doi:10.1007/s10648-005-5728-9.

Glenn, A. L., Raine, A., Yaralian, P. S., and Yang, Y. (2010). Increased volume of the striatum in psychopathic
individuals. Biol. Psychiatry 67, 52-8. doi:10.1016/j.biopsych.2009.06.018.

Glenn, A. L., and Yang, Y. (2012). The potential role of the striatum in antisocial behavior and psychopathy.
Biol. Psychiatry 72, 817-22. doi:10.1016/j.biopsych.2012.04.027.

Goodwin, R. D., and Hamilton, S. P. (2003). Lifetime comorbidity of antisocial personality disorder and anxiety
disorders among adults in the community. Psychiatry Res. 117, 159-66. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/12606017.

Gould, F., Clarke, J., Heim, C., Harvey, P. D., Majer, M., and Nemeroff, C. B. (2012). The effects of child abuse
and neglect on cognitive functioning in adulthood. J. Psychiatr. Res. 46, 500-506.
doi:10.1016/j.jpsychires.2012.01.005.

Gregory, S., Ffytche, D., Simmons, A., Kumari, V., Howard, M., Hodgins, S., et al. (2012). The antisocial brain:
psychopathy matters. Arch. Gen. Psychiatry 69, 962—72. doi:10.1001/archgenpsychiatry.2012.222.

Greicius, M. D., Krasnow, B., Reiss, A. L., and Menon, V. (2003). Functional connectivity in the resting brain: a
network analysis of the default mode hypothesis. Proc. Natl. Acad. Sci. U. S. A. 100, 253-8.

7



d0i:10.1073/pnas.0135058100.

Guay, J.-P., Ruscio, J., Knight, R. A., and Hare, R. D. (2007). A taxometric analysis of the latent structure of
psychopathy: evidence for dimensionality. J. Abnorm. Psychol. 116, 701-16. doi:10.1037/0021-
843X.116.4.701.

Gur, R. C., Gunning-Dixon, F., Bilker, W. B., and Gur, R. E. (2002). Sex differences in temporo-limbic and
frontal brain volumes of healthy adults. Cereb. Cortex 12, 998-1003. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/12183399.

Hamilton, R. K. B., Hiatt Racer, K., and Newman, J. P. (2015). Impaired integration in psychopathy: A unified
theory of psychopathic dysfunction. Psychol. Rev. 122, 770-791. doi:10.1037/a0039703.

Haney-Caron, E., Caprihan, A., and Stevens, M. C. (2014). DTI-measured white matter abnormalities in
adolescents with Conduct Disorder. J. Psychiatr. Res. 48, 111-20. doi:10.1016/j.jpsychires.2013.09.015.

Hare, R. D. (2003). The Hare Psychopathy Checklist-Revised. 2n ed. Toronto: Multi-Health Systems.

Harenski, C. L., Edwards, B. G., Harenski, K. A., and Kiehl, K. a (2014). Neural correlates of moral and non-
moral emotion in female psychopathy. Front. Hum. Neurosci. 8, 1-10. doi:10.3389/fnhum.2014.00741.

Harenski, C. L., Harenski, K. A., Shane, M. S., and Kiehl, K. A. (2010). Aberrant neural processing of moral
violations in criminal psychopaths. J. Abnorm. Psychol. 119, 863-874. doi:10.1037/a0020979.

Harris, G. J., Jaffin, S. K., Hodge, S. M., Kennedy, D., Caviness, V. S., Marinkovic, K., et al. (2008). Frontal
white matter and cingulum diffusion tensor imaging deficits in alcoholism. Alcohol. Clin. Exp. Res. 32,
1001-13. doi:10.1111/j.1530-0277.2008.00661.x.

Hart, S. D., Cox, D., and Hare, R. D. (1995). Manual for the Psychopathy Checklist: Screening Version (PCL:
SV). Toronto: Multi-Health Systems.

Hawes, D. J., and Dadds, M. R. (2005). The treatment of conduct problems in children with callous-unemotional
traits. J. Consult. Clin. Psychol. 73, 737-41. doi:10.1037/0022-006X.73.4.737.

Hawes, D. J., Price, M. J., and Dadds, M. R. (2014). Callous-unemotional traits and the treatment of conduct
problems in childhood and adolescence: a comprehensive review. Clin. Child Fam. Psychol. Rev. 17, 248—
67. doi:10.1007/s10567-014-0167-1.

Hay, D. F., Waters, C. S., Perra, O., Swift, N., Kairis, V., Phillips, R., et al. (2014). Precursors to aggression are
evident by 6 months of age. Dev. Sci. 17, 471-480. doi:10.1111/desc.12133.

Hayakawa, Y. K., Sasaki, H., Takao, H., Mori, H., Hayashi, N., Kunimatsu, A., et al. (2012). Structural brain
abnormalities in women with subclinical depression, as revealed by voxel-based morphometry and
diffusion tensor imaging. J. Affect. Disord. 144, 263-268. doi:10.1016/j.jad.2012.10.023.

Von Der Heide, R. J., Skipper, L. M., Klobusicky, E., and Olson, I. R. (2013). Dissecting the uncinate fasciculus:
disorders, controversies and a hypothesis. Brain 136, 1692—707. doi:10.1093/brain/awt094.

Hemphéld, M., Gustavsson, J. P., and Tengstrém, A. (2013). The validity of the Health-Relevant Personality
Inventory (HP5i) and the Junior Temperament and Character Inventory (JTCI) among adolescents referred
for a substance misuse problem. J. Pers. Assess. 95, 398-406. doi:10.1080/00223891.2012.735301.

Hemphéld, M., and Hodgins, S. (2014). Do psychopathic traits assessed in mid-adolescence predict mental
health, psychosocial, and antisocial, including criminal outcomes, over the subsequent 5 years? Can. J.
Psychiatry. 59, 40-9.

Hemphéld, M., Kosson, D., Westerman, J., and Hodgins, S. (2015). Stability and predictors of psychopathic
traits from mid-adolescence through early adulthood. Scand. J. Psychol. 56, 649-658.
doi:10.1111/sjop.12257.

Herpertz, S. C., Huebner, T., Marx, ., Vloet, T. D., Fink, G. R., Stoecker, T, et al. (2008). Emotional processing
in male adolescents with childhood-onset conduct disorder. J. Child Psychol. Psychiatry. 49, 781-91.
doi:10.1111/j.1469-7610.2008.01905.x.

van den Heuvel, M. P., and Hulshoff Pol, H. E. (2010). Exploring the brain network: a review on resting-state
fMRI functional connectivity. Eur. Neuropsychopharmacol. 20, 519-34.
doi:10.1016/j.euroneuro.2010.03.008.

van den Heuvel, M. P., and Sporns, O. (2013). Network hubs in the human brain. Trends Cogn. Sci. 17, 683—

78



696. doi:10.1016/j.tics.2013.09.012.

van den Heuvel, M. P., Stam, C. J., Kahn, R. S., and Hulshoff Pol, H. E. (2009). Efficiency of functional brain
networks and intellectual performance. J. Neurosci. 29, 7619-24. do0i:10.1523/JNEUROSCI.1443-
09.20009.

Hodgins, S., Barbareschi, G., and Larsson, A. (2011). Adolescents with conduct disorder: does anxiety make a
difference? J. Forens. Psychiatry Psychol. 22, 669-691. doi:10.1080/14789949.2011.617539.

Hodgins, S., de Brito, S., Simonoff, E., Vloet, T., and Viding, E. (2009a). Getting the phenotypes right: an
essential ingredient for understanding aetiological mechanisms underlying persistent violence and
developing effective treatments. Front. Behav. Neurosci. 3, 44. doi:10.3389/neuro.08.044.2009.

Hodgins, S., Larm, P., Ellenbogen, M., Vitaro, F., and Tremblay, R. E. (2013). Teachers’ Ratings of Childhood
Behaviours Predict Adolescent and Adult Crime among 3016 Males and Females. Can. J. Psychiatry 58,
143-150. doi:10.1177/070674371305800304.

Hodgins, S., Larm, P., Molero-Samuleson, Y., Tengstrém, a, and Larsson, a (2009b). Multiple adverse
outcomes over 30 years following adolescent substance misuse treatment. Acta Psychiatr. Scand. 119,
484-93. d0i:10.1111/j.1600-0447.2008.01327 ..

Hodgins, S., Larm, P., and Westerman, J. (2016). Individuals developing schizophrenia are hidden among
adolescent substance misusers. Psychol. Med. 46, 3041-3050. doi:10.1017/S0033291716001781.

Hodgins, S., Lévenhag, S., Rehn, M., and Nilsson, K. W. (2014). A 5-year follow-up study of adolescents who
sought treatment for substance misuse in Sweden. Eur. Child Adolesc. Psychiatry 23, 347-60.
d0i:10.1007/s00787-013-0456-0.

Hodgins, S., Oliver, B. R., Tengstrém, A., and Larsson, A. (2010). Adolescents who consulted for substance
misuse problems: outcomes 1 year later. Nord. J. Psychiatry 64, 189-95.
doi:10.3109/08039480903389002.

Hodgins, S., Tengstrom, A., Bylin, S., Gdranson, M., Hagen, L., Janson, M., et al. (2007). Consulting for
substance abuse: mental disorders among adolescents and their parents. Nord. J. Psychiatry 61, 379-86.
doi:10.1080/08039480701643423.

Hofmann, S. G., and Smits, J. A. J. (2008). Cognitive-behavioral therapy for adult anxiety disorders: a meta-
analysis of randomized placebo-controlled trials. J. Clin. Psychiatry 69, 621-32.
doi:10.4088/JCP.v69n0415.

Hoppenbrouwers, S. S., Nazeri, A., de Jesus, D. R., Stirpe, T., Felsky, D., Schutter, D. J. L. G., et al. (2013).
White matter deficits in psychopathic offenders and correlation with factor structure. PLoS One 8, e72375.
doi:10.1371/journal.pone.0072375.

Van Horn, J. D., Irimia, A., Torgerson, C. M., Chambers, M. C., Kikinis, R., and Toga, A. W. (2012). Mapping
connectivity damage in the case of Phineas Gage. PL0S One 7, e37454.
doi:10.1371/journal.pone.0037454.

Huang, H., Gundapuneedi, T., and Rao, U. (2012). White matter disruptions in adolescents exposed to childhood
maltreatment and vulnerability to psychopathology. Neuropsychopharmacology 37, 2693-701.
d0i:10.1038/npp.2012.133.

Huebner, T., Vloet, T. D., Marx, ., Konrad, K., Fink, G. R., Herpertz, S. C., et al. (2008). Morphometric brain
abnormalities in boys with conduct disorder. J. Am. Acad. Child Adolesc. Psychiatry 47, 540-7.
doi:10.1097/CHI.0b013e3181676545.

Hyde, L. W., Byrd, A. L., Votruba-Drzal, E., Hariri, A. R., and Manuck, S. B. (2014). Amygdala reactivity and
negative emotionality: divergent correlates of antisocial personality and psychopathy traits in a community
sample. J. Abnorm. Psychol. 123, 214-24. doi:10.1037/a0035467.

Hyde, L. W., Waller, R., Trentacosta, C. J., Shaw, D. S., Neiderhiser, J. M., Ganiban, J. M., et al. (2016).
Heritable and Nonheritable Pathways to Early Callous-Unemotional Behaviors. Am. J. Psychiatry,
appi.ajp.2016.1. doi:10.1176/appi.ajp.2016.15111381.

Ingalhalikar, M., Smith, A., Parker, D., Satterthwaite, T. D., Elliott, M. a, Ruparel, K., et al. (2014). Sex
differences in the structural connectome of the human brain. Proc. Natl. Acad. Sci. U. S. A. 111, 823-8.
d0i:10.1073/pnas.1316909110.

79



Isen, J. (2010). A meta-analytic assessment of Wechsler’s P>V sign in antisocial populations. Clin. Psychol. Rev.
30, 423-435. doi:10.1016/j.cpr.2010.02.003.

Jacobus, J., Squeglia, L. M., Bava, S., and Tapert, S. F. (2013). White matter characterization of adolescent
binge drinking with and without co-occurring marijuana use: a 3-year investigation. Psychiatry Res. 214,
374-81. doi:10.1016/j.pscychresns.2013.07.014.

Jaffee, S. R. (2002). Pathways to adversity in young adulthood among early childbearers. J. Fam. Psychol. 16,
38-49.

Jaffee, S. R., Belsky, J., Harrington, H., Caspi, A., and Moffitt, T. E. (2006). When parents have a history of
conduct disorder: how is the caregiving environment affected? J. Abnorm. Psychol. 115, 309-19.
doi:10.1037/0021-843X.115.2.309.

Jaffee, S. R., Caspi, A., Moffitt, T. E., and Taylor, A. (2004). Physical Maltreatment Victim to Antisocial Child:
Evidence of an Environmentally Mediated Process. J. Abnorm. Psychol. 113, 44-55. doi:10.1037/0021-
843X.113.1.44.

James, A. C., James, G., Cowdrey, F. A., Soler, A., and Choke, A. (2015). “Cognitive behavioural therapy for
anxiety disorders in children and adolescents,” in Cochrane Database of Systematic Reviews, ed. A. C.
James (Chichester, UK: John Wiley & Sons, Ltd), 1-108. doi:10.1002/14651858.CD004690.pub4.

Jenkinson, M., Beckmann, C. F., Behrens, T. E. J., Woolrich, M. W., and Smith, S. M. (2012). FSL. Neuroimage
62, 782-90. doi:10.1016/j.neuroimage.2011.09.015.

Jiang, W., Shi, F., Liao, J., Liu, H., Wang, T., Shen, C., et al. (2016). Disrupted functional connectome in
antisocial personality disorder. Brain Imaging Behav., 1-14. doi:10.1007/s11682-016-9572-z.

Jones, D. K., Kndsche, T. R., and Turner, R. (2013). White matter integrity, fiber count, and other fallacies: the
do’s and don’ts of diffusion MRI. Neuroimage 73, 239-54. doi:10.1016/j.neuroimage.2012.06.081.

Juarez, M., Kiehl, K. a, and Calhoun, V. D. (2013). Intrinsic limbic and paralimbic networks are associated with
criminal psychopathy. Hum. Brain Mapp. 34, 1921-30. doi:10.1002/hbm.22037.

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., et al. (1997). Schedule for Affective
Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-PL): initial
reliability and validity data. J. Am. Acad. Child Adolesc. Psychiatry 36, 980-8. doi:10.1097/00004583-
199707000-00021.

Kendall, P. C., Brady, E. U., and Verduin, T. L. (2001). Comorbidity in childhood anxiety disorders and
treatment outcome. J. Am. Acad. Child Adolesc. Psychiatry 40, 787—794. doi:10.1097/00004583-
200107000-00013.

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E., et al. (2005). The World Health
Organization Adult ADHD Self-Report Scale (ASRS): a short screening scale for use in the general
population. Psychol. Med. 35, 245-56.

Kiehl, K. a, Smith, a M., Hare, R. D., Mendrek, A., Forster, B. B., Brink, J., et al. (2001). Limbic abnormalities
in affective processing by criminal psychopaths as revealed by functional magnetic resonance imaging.
Biol. Psychiatry 50, 677-84.

Kim-Cohen, J., Caspi, A., Moffitt, T. E., Harrington, H., Milne, B. J., and Poulton, R. (2003). Prior juvenile
diagnoses in adults with mental disorder: developmental follow-back of a prospective-longitudinal cohort.
Arch. Gen. Psychiatry 60, 709-717. doi:10.1001/archpsyc.60.7.709.

Kling, A., Forster, M., Sundell, K., and Melin, L. (2010). A Randomized Controlled Effectiveness Trial of
Parent Management Training With Varying Degrees of Therapist Support. Behav. Ther. 41, 530-542.
d0i:10.1016/j.beth.2010.02.004.

Klingzell, 1., Fanti, K. A., Colins, O. F., Frogner, L., Andershed, A. K., and Andershed, H. (2016). Early
Childhood Trajectories of Conduct Problems and Callous-Unemotional Traits: The Role of Fearlessness
and Psychopathic Personality Dimensions. Child Psychiatry Hum. Dev. 47, 236-247. doi:10.1007/s10578-
015-0560-0.

Kooiman, C. G., Ouwehand, A. W., and ter Kuile, M. M. (2002). The Sexual and Physical Abuse Questionnaire
(SPAQ). A screening instrument for adults to assess past and current experiences of abuse. Child Abuse
Negl. 26, 939-53.

80



Koss, M. P., and Oros, C. J. (1982). Sexual Experiences Survey: A research instrument investigating sexual
aggression and victimization. J. Consult. Clin. Psychol. 50, 455-457. d0i:10.1037/0022-006X.50.3.455.

Krueger, R. F., Moffitt, T. E., Caspi, A., Bleske, A., and Silva, P. A. (1998). Assortative mating for antisocial
behavior: developmental and methodological implications. Behav. Genet. 28, 173-86. Available at:
http://www.ncbi.nIm.nih.gov/pubmed/9670593.

Kruschwitz, J. D., List, D., Waller, L., Rubinov, M., and Walter, H. (2015). GraphVar: A user-friendly toolbox
for comprehensive graph analyses of functional brain connectivity. J. Neurosci. Methods 245, 107-115.
doi:10.1016/j.jneumeth.2015.02.021.

Kuperman, S., Schlosser, S. S., Kramer, J. R., Bucholz, K., Hesselbrock, V., Reich, T., etal. (2001).
Developmental Sequence From Disruptive Behavior Diagnosis to Adolescent Alcohol Dependence. Am. J.
Psychiatry 158, 2022—2026. doi:10.1176/appi.ajp.158.12.2022.

Laakso, M. P., Vaurio, O., Koivisto, E., Savolainen, L., Eronen, M., Aronen, H. J., et al. (2001). Psychopathy
and the posterior hippocampus. Behav. Brain Res. 118, 187-93. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/11164516.

Langer, N., Pedroni, A., Gianotti, L. R. R., Hanggi, J., Knoch, D., and Jancke, L. (2012). Functional brain
network efficiency predicts intelligence. Hum. Brain Mapp. 33, 1393-406. doi:10.1002/hbm.21297.

Lansford, J. E., Criss, M. M., Laird, R. D., Shaw, D. S., Pettit, G. S., Bates, J. E., et al. (2011). Reciprocal
relations between parents’ physical discipline and children’s externalizing behavior during middle
childhood and adolescence. Dev. Psychopathol. 23, 225-238. d0i:10.1017/S0954579410000751.

Lebel, C., Walker, L., Leemans, a, Phillips, L., and Beaulieu, C. (2008). Microstructural maturation of the
human brain from childhood to adulthood. Neuroimage 40, 1044-55.
doi:10.1016/j.neuroimage.2007.12.053.

Lee, M. H., Smyser, C. D., and Shimony, J. S. (2013). Resting-State fMRI: A Review of Methods and Clinical
Applications. Am. J. Neuroradiol. 34, 1866-1872. doi:10.3174/ajnr.A3263.

Lee, R., Arfanakis, K., Evia, A. M., Fanning, J., Keedy, S., and Coccaro, E. F. (2016). White Matter Integrity
Reductions in Intermittent Explosive Disorder. Neuropsychopharmacology, 1-7.
d0i:10.1038/npp.2016.74.

Levy, K., Hunt, C., and Heriot, S. (2007). Treating Comorbid Anxiety and Aggression in Children. J. Am. Acad.
Child Adolesc. Psychiatry 46, 1111-1118. doi:10.1097/chi.0b013e318074eh32.

Li, W., Mai, X., and Liu, C. (2014). The default mode network and social understanding of others: what do brain
connectivity studies tell us. Front. Hum. Neurosci. 8, 74. doi:10.3389/fnhum.2014.00074.

Li, Y., Liu, Y., Li, J., Qin, W,, Li, K., Yu, C., et al. (2009). Brain anatomical network and intelligence. PLoS
Comput. Biol. 5, €1000395. doi:10.1371/journal.pcbi.1000395.

Liao, Y., Huang, X., Wu, Q., Yang, C., Kuang, W., Du, M., et al. (2013). Is depression a disconnection
syndrome? Meta-analysis of diffusion tensor imaging studies in patients with MDD. J. Psychiatry
Neurosci. 38, 49-56. doi:10.1503/jpn.110180.

Liao, Y., Tang, J., Ma, M., Wu, Z., Yang, M., Wang, X., et al. (2010). Frontal white matter abnormalities
following chronic ketamine use: a diffusion tensor imaging study. Brain 133, 2115-22.
doi:10.1093/brain/awqg131.

Lim, L., Radua, J., and Rubia, K. (2014). Gray matter abnormalities in childhood maltreatment: a voxel-wise
meta-analysis. Am. J. Psychiatry 171, 854-63. doi:10.1176/appi.ajp.2014.13101427.

Lindner, P., Budhiraja, M., Westerman, J., Savic, 1., Jokinen, J., Tiihonen, J., et al. (2017). White matter
correlates of psychopathic traits in a female community sample. Soc. Cogn. Affect. Neurosci.
doi:10.1093/scan/nsx070.

Lindner, P., Savic, |., Sitnikov, R., Budhiraja, M., Liu, Y., Jokinen, J., et al. (2016). Conduct disorder in females
is associated with reduced corpus callosum structural integrity independent of comorbid disorders and
exposure to maltreatment. Transl. Psychiatry 6, e714. doi:10.1038/tp.2015.216.

Lockwood, P. L., Sebastian, C. L., McCrory, E. J., Hyde, Z. H., Gu, X., De Brito, S. a, et al. (2013). Association
of callous traits with reduced neural response to others’ pain in children with conduct problems. Curr.
Biol. 23, 901-5. doi:10.1016/j.cub.2013.04.018.

81



Loeber, R., Burke, J. D., and Lahey, B. B. (2002). What are adolescent antecedents to antisocial personality
disorder? Crim. Behav. Ment. Health 12, 24-36. Available at:
http://www.ncbi.nIm.nih.gov/pubmed/12357255.

Lozier, L. M., Cardinale, E. M., VanMeter, J. W., and Marsh, A. a (2014). Mediation of the relationship between
callous-unemotional traits and proactive aggression by amygdala response to fear among children with
conduct problems. JAMA psychiatry 71, 627—36. doi:10.1001/jamapsychiatry.2013.4540.

Lu, S., Wei, Z., Gao, W., Wu, W., Liao, M., Zhang, Y., et al. (2013). White matter integrity alterations in young
healthy adults reporting childhood trauma: A diffusion tensor imaging study. Aust. N. Z. J. Psychiatry 47,
1183-90. doi:10.1177/0004867413508454.

Luciana, M., Collins, P. F., Muetzel, R. L., and Lim, K. O. (2013). Effects of alcohol use initiation on brain
structure in typically developing adolescents. Am. J. Drug Alcohol Abuse 39, 345-55.
doi:10.3109/00952990.2013.837057.

Ly, M., Motzkin, J. J. C., Philippi, C. L. C,, Kirk, G. R., Newman, J. P., Kiehl, K. a, et al. (2012). Cortical
Thinning in Psychopathy. Am. J. Psychiatry, 1-7. doi:10.1176/appi.ajp.2012.11111627.

Llders, E., Steinmetz, H., and Jancke, L. (2002). Brain size and grey matter volume in the healthy human brain.
Neuroreport 13, 2371-4. doi:10.1097/01.wnr.0000049603.85580.da.

Maniglio, R. (2014). Prevalence of sexual abuse among children with conduct disorder: a systematic review.
Clin. Child Fam. Psychol. Rev. 17, 268-82. doi:10.1007/s10567-013-0161-z.

Maniglio, R. (2015). Significance, Nature, and Direction of the Association Between Child Sexual Abuse and
Conduct Disorder. Trauma, Violence, Abus. 16, 241-257. doi:10.1177/1524838014526068.

Markett, S., Montag, C., Melchers, M., Weber, B., and Reuter, M. (2016). Anxious personality and functional
efficiency of the insular-opercular network: A graph-analytic approach to resting-state fMRI. Cogn. Affect.
Behav. Neurosci., 1-11. doi:10.3758/s13415-016-0451-2.

Marsh, A. a, Finger, E. C., Fowler, K. a, Adalio, C. J., Jurkowitz, I. T. N., Schechter, J. C., et al. (2013).
Empathic responsiveness in amygdala and anterior cingulate cortex in youths with psychopathic traits. J.
Child Psychol. Psychiatry. doi:10.1111/jcpp.12063.

Marsh, A. a, Finger, E. C., Fowler, K. a, Jurkowitz, I. T. N., Schechter, J. C., Yu, H. H., et al. (2011). Reduced
amygdala-orbitofrontal connectivity during moral judgments in youths with disruptive behavior disorders
and psychopathic traits. Psychiatry Res. 194, 279-86. doi:10.1016/j.pscychresns.2011.07.008.

Marsh, A. a, Finger, E. C., Mitchell, D. G. V, Reid, M. E., Sims, C., Kosson, D. S., et al. (2008). Reduced
amygdala response to fearful expressions in children and adolescents with callous-unemotional traits and
disruptive behavior disorders. Am. J. Psychiatry 165, 712—20. doi:10.1176/appi.ajp.2007.07071145.

Maughan, B., Rowe, R., Messer, J., Goodman, R., and Meltzer, H. (2004). Conduct disorder and oppositional
defiant disorder in a national sample: developmental epidemiology. J. Child Psychol. Psychiatry. 45, 609—
21

McCrory, E., De Brito, S. A., and Viding, E. (2010). Research review: The neurobiology and genetics of
maltreatment and adversity. J. Child Psychol. Psychiatry Allied Discip. 51, 1079-1095.
doi:10.1111/j.1469-7610.2010.02271.x.

McCrory, E., De Brito, S. a, and Viding, E. (2011). The impact of childhood maltreatment: a review of
neurobiological and genetic factors. Front. psychiatry 2, 48. doi:10.3389/fpsyt.2011.00048.

McQueeny, T., Schweinsburg, B. C., Schweinsburg, A. D., Jacobus, J., Bava, S., Frank, L. R., et al. (2009).
Altered white matter integrity in adolescent binge drinkers. Alcohol. Clin. Exp. Res. 33, 1278-85.
doi:10.1111/j.1530-0277.2009.00953 .

Menks, W. M., Furger, R., Lenz, C., Fehlbaum, L. V., Stadler, C., and Raschle, N. M. (2016). Microstructural
White Matter Alterations in the Corpus Callosum of Girls With Conduct Disorder. J. Am. Acad. Child
Adolesc. Psychiatry 4, 23-35. doi:http://dx.doi.org/10.1016/j.jaac.2016.12.006.

Michalska, K. J., Decety, J., Zeffiro, T. A., and Lahey, B. B. (2015). Association of regional gray matter
volumes in the brain with disruptive behavior disorders in male and female children. Neurolmage Clin. 7,
252-257. doi:10.1016/j.nicl.2014.12.012.

Michelson, D., Davenport, C., Dretzke, J., Barlow, J., and Day, C. (2013). Do Evidence-Based Interventions

82



Work When Tested in the “Real World?” A Systematic Review and Meta-analysis of Parent Management
Training for the Treatment of Child Disruptive Behavior. Clin. Child Fam. Psychol. Rev. 16, 18-34.
doi:10.1007/s10567-013-0128-0.

Miller, S., Loeber, R., and Hipwell, A. (2009). Peer Deviance, Parenting and Disruptive Behavior Among Young
Girls. J. Abnorm. Child Psychol. 37, 139-152. doi:10.1007/s10802-008-9265-1.

Modi, S., Trivedi, R., Singh, K., Kumar, P., Rathore, R. K. S., Tripathi, R. P., et al. (2013). Individual
differences in trait anxiety are associated with white matter tract integrity in fornix and uncinate fasciculus:
preliminary evidence from a DTI based tractography study. Behav. Brain Res. 238, 188-92.
d0i:10.1016/j.bbr.2012.10.007.

Moeller, F. G., Hasan, K. M., Steinberg, J. L., Kramer, L. a, Dougherty, D. M., Santos, R. M., et al. (2005).
Reduced anterior corpus callosum white matter integrity is related to increased impulsivity and reduced
discriminability in cocaine-dependent subjects: diffusion tensor imaging. Neuropsychopharmacology 30,
610-7. doi:10.1038/sj.npp.1300617.

Moffitt, T. E. (1993). Adolescence-limited and life-course-persistent antisocial behavior: a developmental
taxonomy. Psychol. Rev. 100, 674-701.

Moffitt, T. E., Arseneault, L., Jaffee, S. R., Kim-Cohen, J., Koenen, K. C., Odgers, C. L., et al. (2008). Research
review: DSM-V conduct disorder: research needs for an evidence base. J. Child Psychol. Psychiatry. 49,
3-33. d0i:10.1111/j.1469-7610.2007.01823.x.

Mori, S., Crain, B. J., Chacko, V. P., and van Zijl, P. C. (1999). Three-dimensional tracking of axonal
projections in the brain by magnetic resonance imaging. Ann. Neurol. 45, 265-9.

Motzkin, J. C., Newman, J. P., Kiehl, K. a, and Koenigs, M. (2011). Reduced prefrontal connectivity in
psychopathy. J. Neurosci. 31, 17348-57. doi:10.1523/JNEUROSCI.4215-11.2011.

Murray, L., Shaw, D. S., Forbes, E. E., and Hyde, L. W. (2017). Reward-Related Neural Correlates of Antisocial
Behavior and Callous-Unemotional Traits in Young Men. Biol. Psychiatry Cogn. Neurosci.
Neuroimaging. doi:10.1016/j.bpsc.2017.01.0009.

Murrie, D. C., Marcus, D. K., Douglas, K. S., Lee, Z., Salekin, R. T., and Vincent, G. (2007). Youth with
psychopathy features are not a discrete class: a taxometric analysis. J. Child Psychol. Psychiatry. 48, 714—
23. d0i:10.1111/j.1469-7610.2007.01734.x.

Myers, M. G., Stewart, D. G., and Brown, S. A. (1998). Progression From Conduct Disorder to Antisocial
Personality Disorder Following Treatment for Adolescent Substance Abuse. Am. J. Psychiatry 155, 479—
485. doi:10.1176/ajp.155.4.479.

Mansson, K. N. T., Salami, A., Frick, A., Carlbring, P., Andersson, G., Furmark, T., et al. (2016).
Neuroplasticity in response to cognitive behavior therapy for social anxiety disorder. Transl. Psychiatry 6,
€727. doi:10.1038/tp.2015.218.

Nock, M. K., Kazdin, A. E., Hiripi, E., and Kessler, R. C. (2006). Prevalence, subtypes, and correlates of DSM-
IV conduct disorder in the National Comorbidity Survey Replication. Psychol. Med. 36, 699—710.
doi:10.1017/S0033291706007082.

O’Nions, E., Sebastian, C. L., McCrory, E., Chantiluke, K., Happ??, F., and Viding, E. (2014). Neural bases of
Theory of Mind in children with autism spectrum disorders and children with conduct problems and
callous-unemotional traits. Dev. Sci. 17, 786—796. doi:10.1111/desc.12167.

Odgers, C. L., Caspi, A., Broadbent, J. M., Dickson, N., Hancox, R. J., Harrington, H., et al. (2007). Prediction
of differential adult health burden by conduct problem subtypes in males. Arch. Gen. Psychiatry 64, 476—
484. doi:10.1001/archpsyc.64.4.476.

Odgers, C. L., Moffitt, T. E., Broadbent, J. M., Dickson, N., Hancox, R. J., Harrington, H., et al. (2008). Female
and male antisocial trajectories: from childhood origins to adult outcomes. Dev. Psychopathol. 20, 673—
716. doi:10.1017/S0954579408000333.

Oguz, |., Farzinfar, M., Matsui, J., Budin, F., Liu, Z., Gerig, G., et al. (2014). DTIPrep: quality control of
diffusion-weighted images. Front. Neuroinform. 8, 4. doi:10.3389/fninf.2014.00004.

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia
9, 97-113. Available at: http://www.ncbi.nlm.nih.gov/pubmed/5146491 [Accessed November 6, 2012].

83



Oliver, B. R., Barker, E. D., Mandy, W. P. L., Skuse, D. H., and Maughan, B. (2011). Social cognition and
conduct problems: a developmental approach. J. Am. Acad. Child Adolesc. Psychiatry 50, 385-94.
doi:10.1016/j.jaac.2011.01.006.

Olvera, R. L., Glahn, D. C., Donnell, L. O., Bearden, C. E., Soares, J. C., Winkler, A. M., et al. (2014). Cortical
Volume Alterations in Conduct Disordered Adolescents with and without Bipolar Disorder. J. Clin. Med.
3, 416-431. doi:10.3390/jcm3020416.

Oostermeijer, S., Whittle, S., Suo, C., Allen, N. B., Simmons, J. G., Vijayakumar, N., et al. (2016). Trajectories
of adolescent conduct problems in relation to cortical thickness development: a longitudinal MRI study.
Transl. Psychiatry 6, e841. doi:10.1038/tp.2016.111.

Pape, L. E., Cohn, M. D., Caan, M. W. A., van Wingen, G., van den Brink, W., Veltman, D. J., et al. (2015).
Psychopathic traits in adolescents are associated with higher structural connectivity. Psychiatry Res.
Neuroimaging 233, 474-480. doi:10.1016/j.pscychresns.2015.07.023.

Pardini, D. A, Fite, P. J., and Burke, J. D. (2008). Bidirectional Associations between Parenting Practices and
Conduct Problems in Boys from Childhood to Adolescence: The Moderating Effect of Age and African-
American Ethnicity. J. Abnorm. Child Psychol. 36, 647-662. doi:10.1007/s10802-007-9162-z.

Parker, G. J. M., Haroon, H. A., and Wheeler-Kingshott, C. A. M. (2003). A framework for a streamline-based
probabilistic index of connectivity (PICo) using a structural interpretation of MRI diffusion measurements.
J. Magn. Reson. Imaging 18, 242-54. doi:10.1002/jmri.10350.

Passamonti, L., Fairchild, G., Fornito, A., Goodyer, I. M., Nimmo-Smith, I., Hagan, C. C., et al. (2012).
Abnormal anatomical connectivity between the amygdala and orbitofrontal cortex in conduct disorder.
PL0S One 7, e48789. doi:10.1371/journal.pone.0048789.

Passamonti, L., Fairchild, G., Goodyer, I. M., Hurford, G., Hagan, C. C., Rowe, J. B., et al. (2010). Neural
abnormalities in early-onset and adolescence-onset conduct disorder. Arch. Gen. Psychiatry 67, 729-38.
doi:10.1001/archgenpsychiatry.2010.75.

Patriat, R., Molloy, E. K., Meier, T. B., Kirk, G. R., Nair, V. A., Meyerand, M. E., et al. (2013). The effect of
resting condition on resting-state fMRI reliability and consistency: A comparison between resting with
eyes open, closed, and fixated. Neuroimage 78, 463-473. doi:10.1016/j.neuroimage.2013.04.013.

Paul, R., Henry, L., Grieve, S. M., Guilmette, T. J., Niaura, R., Bryant, R., et al. (2008). The relationship
between early life stress and microstructural integrity of the corpus callosum in a non-clinical population.
Neuropsychiatr. Dis. Treat. 4, 193-201.

Pechtel, P., and Pizzagalli, D. A. (2011). Effects of early life stress on cognitive and affective function: an
integrated review of human literature. Psychopharmacology (Berl). 214, 55-70. doi:10.1007/s00213-010-
2009-2.

Peterson, A., Thome, J., Frewen, P., and Lanius, R. A. (2014). Resting-State Neuroimaging Studies: A New Way
of Identifying Differences and Similarities among the Anxiety Disorders? Can. J. Psychiatry 59, 294-300.
doi:10.1177/070674371405900602.

Petitclerc, A., and Tremblay, R. E. (2009). Childhood Disruptive Behaviour Disorders: Review of Their Origin,
Development, and Prevention. Can. J. Psychiatry 54, 222—-231. doi:10.1177/070674370905400403.

Philippi, C. L., Pujara, M. S., Motzkin, J. C., Newman, J., Kiehl, K. A., and Koenigs, M. (2015). Altered
Resting-State Functional Connectivity in Cortical Networks in Psychopathy. J. Neurosci. 35, 6068—-6078.
doi:10.1523/JNEUROSCI.5010-14.2015.

Power, J. D., Cohen, A. L., Nelson, S. M., Wig, G. S., Barnes, K. A., Church, J. A, et al. (2011). Functional
Network Organization of the Human Brain. Neuron 72, 665-678. doi:10.1016/j.neuron.2011.09.006.

Pujol, J., Batalla, 1., Contreras-Rodriguez, O., Harrison, B. J., Pera, V., Herndndez-Ribas, R., et al. (2012).
Breakdown in the brain network subserving moral judgment in criminal psychopathy. Soc. Cogn. Affect.
Neurosci. 7, 917-23. doi:10.1093/scan/nsr075.

Radua, J., van den Heuvel, O. a, Surguladze, S., and Mataix-Cols, D. (2010). Meta-analytical comparison of
voxel-based morphometry studies in obsessive-compulsive disorder vs other anxiety disorders. Arch. Gen.
Psychiatry 67, 701-711. doi:10.1001/archgenpsychiatry.2010.70.

Raine, A. (2011). An amygdala structural abnormality common to two subtypes of conduct disorder: a
neurodevelopmental conundrum. Am. J. Psychiatry 168, 569-71. doi:10.1176/appi.ajp.2011.11030416.

84



Raine, A., Ishikawa, S. S., Arce, E., Lencz, T., Knuth, K. H., Bihrle, S., et al. (2004). Hippocampal structural
asymmetry in unsuccessful psychopaths. Biol. Psychiatry 55, 185-191. doi:10.1016/S0006-
3223(03)00727-3.

Raine, A, Lencz, T., Bihrle, S., LaCasse, L., and Colletti, P. (2000). Reduced prefrontal gray matter volume and
reduced autonomic activity in antisocial personality disorder. Arch. Gen. Psychiatry 57, 119-27.

Rapee, R. M. (2003). The influence of comorbidity on treatment outcome for children and adolescents with
anxiety disorders. Behav. Res. Ther. 41, 105-112. doi:http://dx.doi.org/10.1016/S0005-
7967%2802%2900049-9.

Rhee, S. H., and Waldman, I. D. (2002). Genetic and environmental influences on antisocial behavior: A meta-
analysis of twin and adoption studies. Psychol. Bull. 128, 490-529. doi:10.1037//0033-2909.128.3.490.

Roberts, R. E., Roberts, C. R., and Xing, Y. (2007). Comorbidity of substance use disorders and other
psychiatric disorders among adolescents: Evidence from an epidemiologic survey. Drug Alcohol Depend.
88, S4-S13. doi:10.1016/j.drugalcdep.2006.12.010.

Rogers, J. C., and Brito, S. A. De (2015). Cortical and Subcortical Gray Matter Volume in Youths With Conduct
Problems A Meta-analysis. JAMA psychiatry i, 1-9. doi:10.1001/jamapsychiatry.2015.2423.

Roman, F. J., lturria-Medina, Y., Martinez, K., Karama, S., Burgaleta, M., Evans, A. C., et al. (2017). Enhanced
structural connectivity within a brain sub-network supporting working memory and engagement processes
after cognitive training. Neurobiol. Learn. Mem. 141, 33-43. do0i:10.1016/j.nlm.2017.03.010.

Rothman, K. J. (2012). “Epidemiology: An introduction,” in Epidemiology: An Introduction (Oxford Unvercity
pree), 124-147. doi:10.1136/jech.56.12.959-a.

Rowe, R., Maughan, B., Moran, P., Ford, T., Briskman, J., and Goodman, R. (2010). The role of callous and
unemotional traits in the diagnosis of conduct disorder. J. Child Psychol. Psychiatry. 51, 688-95.
doi:10.1111/).1469-7610.2009.02199.x.

Rubia, K. (2011). “Cool” inferior frontostriatal dysfunction in attention-deficit/hyperactivity disorder versus
“hot” ventromedial orbitofrontal-limbic dysfunction in conduct disorder: a review. Biol. Psychiatry 69,
€69-87. doi:10.1016/j.biopsych.2010.09.023.

Rubia, K., Halari, R., Cubillo, A., Mohammad, A. M., Scott, S., and Brammer, M. (2010). Disorder-specific
inferior prefrontal hypofunction in boys with pure attention-deficit/hyperactivity disorder compared to
boys with pure conduct disorder during cognitive flexibility. Hum. Brain Mapp. 31, 1823-1833.
d0i:10.1002/hbm.20975.

Rubia, K., Halari, R., Smith, A. B., Mohammad, M., Scott, S., and Brammer, M. J. (2009a). Shared and
disorder-specific prefrontal abnormalities in boys with pure attention-deficit/hyperactivity disorder
compared to boys with pure CD during interference inhibition and attention allocation. J. Child Psychol.
Psychiatry Allied Discip. 50, 669-678. d0i:10.1111/j.1469-7610.2008.02022.x.

Rubia, K., Halari, R., Smith, A. B., Mohammed, M., Scott, S., Giampietro, V., et al. (2008). Dissociated
functional brain abnormalities of inhibition in boys with pure conduct disorder and in boys with pure
attention deficit hyperactivity disorder. Am. J. Psychiatry 165, 889-97.
doi:10.1176/appi.ajp.2008.07071084.

Rubia, K., Smith, A. B., Halari, R., Matsukura, F., Mohammad, M., Taylor, E., et al. (2009b). Disorder-specific
dissociation of orbitofrontal dysfunction in boys with pure conduct disorder during reward and
ventrolateral prefrontal dysfunction in boys with pure ADHD during sustained attention. Am. J. Psychiatry
166, 83-94. doi:10.1176/appi.ajp.2008.08020212.

Rubinov, M., and Sporns, O. (2010). Complex network measures of brain connectivity: uses and interpretations.
Neuroimage 52, 1059-69. doi:10.1016/j.neuroimage.2009.10.003.

Salekin, R. T., Worley, C., and Grimes, R. D. (2010). Treatment of psychopathy: A review and brief introduction
to the mental model mpproach for psychopathy. Behav. Sci. Law 28, 235-266. doi:10.1002/bsl.928.

Sareen, J., Stein, M. B., Cox, B. J., and Hassard, S. T. (2004). Understanding Comorbidity of Anxiety Disorders
With Antisocial Behavior. J. Nerv. Ment. Dis. 192, 178-186. doi:10.1097/01.nmd.0000116460.25110.9f.

Sarkar, S., Craig, M. C., Catani, M., Dell’acqua, F., Fahy, T., Deeley, Q., et al. (2013). Frontotemporal white-
matter microstructural abnormalities in adolescents with conduct disorder: a diffusion tensor imaging
study. Psychol. Med. 43, 401-11. doi:10.1017/S003329171200116X.

85



Sartor, C. E., Lynskey, M. T., Heath, A. C., Jacob, T., and True, W. (2007). The role of childhood risk factors in
initiation of alcohol use and progression to alcohol dependence. Addiction 102, 216-225.
doi:10.1111/j.1360-0443.2006.01661.x.

Satterthwaite, T. D., Wolf, D. H., Roalf, D. R., Ruparel, K., Erus, G., Vandekar, S., et al. (2015). Linked Sex
Differences in Cognition and Functional Connectivity in Youth. Cereb. Cortex 25, 2383-94.
doi:10.1093/cercor/bhu036.

Scheepers, F. E., Buitelaar, J. K., and Matthys, W. (2011). Conduct Disorder and the specifier callous and
unemotional traits in the DSM-5. Eur. Child Adolesc. Psychiatry 20, 89-93. doi:10.1007/s00787-010-
0149-x.

Schiffer, B., Leygraf, N., Miller, B. W., Scherbaum, N., Forsting, M., Wiltfang, J., et al. (2013). Structural brain
alterations associated with schizophrenia preceded by conduct disorder: a common and distinct subtype of
schizophrenia? Schizophr. Bull. 39, 1115-28. doi:10.1093/schbul/shs115.

Schiffer, B., Miller, B. W., Scherbaum, N., Hodgins, S., Forsting, M., Wiltfang, J., et al. (2011). Disentangling
structural brain alterations associated with violent behavior from those associated with substance use
disorders. Arch. Gen. Psychiatry 68, 1039—49. doi:10.1001/archgenpsychiatry.2011.61.

Schiffer, B., Pawliczek, C., Miiller, B. W., Wiltfang, J., Briine, M., Forsting, M., et al. (2017). Neural
Mechanisms Underlying Affective Theory of Mind in Violent Antisocial Personality Disorder and/or
Schizophrenia. Schizophr. Bull. doi:10.1093/schbul/sbx012.

Schmithorst, V. J., Holland, S. K., and Dardzinski, B. J. (2008). Developmental differences in white matter
architecture between boys and girls. Hum. Brain Mapp. 29, 696-710. doi:10.1002/hbm.20431.

Schnack, H. G., and Kahn, R. S. (2016). Detecting Neuroimaging Biomarkers for Psychiatric Disorders: Sample
Size Matters. Front. Psychiatry 7. doi:10.3389/fpsyt.2016.00050.

Schwarz, C. G., Reid, R. I., Gunter, J. L., Senjem, M. L., Przybelski, S. A., Zuk, S. M., et al. (2014). Improved
DTI registration allows voxel-based analysis that outperforms Tract-Based Spatial Statistics. Neuroimage
94, 65-78. doi:10.1016/j.neuroimage.2014.03.026.

Seara-Cardoso, A., Sebastian, C. L., McCrory, E., Foulkes, L., Buon, M., Roiser, J. P., et al. (2016). Anticipation
of guilt for everyday moral transgressions: The role of the anterior insula and the influence of interpersonal
psychopathic traits. Sci. Rep. 6, 36273. doi:10.1038/srep36273.

Sebastian, C. L., McCrory, E. J., Dadds, M. R., Cecil, C. A. M., Lockwood, P. L., Hyde, Z. H., et al. (2014).
Neural responses to fearful eyes in children with conduct problems and varying levels of callous—
unemotional traits. Psychol. Med. 44, 99-109. doi:10.1017/S0033291713000482.

Sebastian, C. L., McCrory, E. J. P., Cecil, C. a M., Lockwood, P. L., De Brito, S. a, Fontaine, N. M. G., et al.
(2012). Neural responses to affective and cognitive theory of mind in children with conduct problems and
varying levels of callous-unemotional traits. Arch. Gen. Psychiatry 69, 814-22.
doi:10.1001/archgenpsychiatry.2011.2070.

Serbin, L. A., Kingdon, D., Ruttle, P. L., and Stack, D. M. (2015). The impact of children’s internalizing and
externalizing problems on parenting: Transactional processes and reciprocal change over time. Dev.
Psychopathol. 27, 969-986. doi:10.1017/S0954579415000632.

Serketich, W. J., and Dumas, J. E. (1996). The effectiveness of behavioral parent training to modify antisocial
behavior in children: A meta-analysis. Behav. Ther. 27, 171-186. doi:10.1016/S0005-7894(96)80013-X.

Sethi, A., Gregory, S., Dell’Acqua, F., Periche Thomas, E., Simmons, A., Murphy, D. G. M., etal. (2014).
Emotional detachment in psychopathy: Involvement of dorsal default-mode connections. Cortex., 1-9.
doi:10.1016/j.cortex.2014.07.018.

Shaffer, A., Lindhiem, O., Kolko, D. J., and Trentacosta, C. J. (2013). Bidirectional relations between parenting
practices and child externalizing behavior: A cross-lagged panel analysis in the context of a psychosocial
treatment and 3-year follow-up. J. Abnorm. Child Psychol. 41, 199-210. doi:10.1007/s10802-012-9670-3.

Shang, J., Fu, Y., Ren, Z., Zhang, T., Du, M., Gong, Q., et al. (2014). The common traits of the ACC and PFC in
anxiety disorders in the DSM-5: Meta-analysis of voxel-based morphometry studies. PLoS One 9.
doi:10.1371/journal.pone.0093432.

Skudlarski, P., Jagannathan, K., Calhoun, V. D., Hampson, M., Skudlarska, B. a, and Pearlson, G. (2008).
Measuring brain connectivity: diffusion tensor imaging validates resting state temporal correlations.

86



Neuroimage 43, 554-61. doi:10.1016/j.neuroimage.2008.07.063.

Smith, S. M. (2002). Fast robust automated brain extraction. Hum. Brain Mapp. 17, 143-55.
doi:10.1002/hbm.10062.

Smith, S. M., Jenkinson, M., Johansen-Berg, H., Rueckert, D., Nichols, T. E., Mackay, C. E., et al. (2006). Tract-
based spatial statistics: voxelwise analysis of multi-subject diffusion data. Neuroimage 31, 1487-505.
doi:10.1016/j.neuroimage.2006.02.024.

Smith, S. M., Jenkinson, M., Woolrich, M. W., Beckmann, C. F., Behrens, T. E. J., Johansen-Berg, H., et al.
(2004). Advances in functional and structural MR image analysis and implementation as FSL.
Neuroimage 23 Suppl 1, S208-19. doi:10.1016/j.neuroimage.2004.07.051.

Smith, S. M., and Nichols, T. E. (2009). Threshold-free cluster enhancement: addressing problems of smoothing,
threshold dependence and localisation in cluster inference. Neuroimage 44, 83-98.
doi:10.1016/j.neuroimage.2008.03.061.

Soares, J. M., Marques, P., Alves, V., and Sousa, N. (2013). A hitchhiker’s guide to diffusion tensor imaging.
Front. Neurosci. 7. doi:10.3389/fnins.2013.00031.

Sobhani, M., Baker, L., Martins, B., Tuvblad, C., and Aziz-Zadeh, L. (2015). Psychopathic traits modulate
microstructural integrity of right uncinate fasciculus in a community population. Neurolmage Clin. 8, 32—
38. d0i:10.1016/j.nicl.2015.03.012.

Song, X.-W., Dong, Z.-Y., Long, X.-Y., Li, S.-F., Zuo, X.-N., Zhu, C.-Z., et al. (2011). REST: a toolkit for
resting-state functional magnetic resonance imaging data processing. PLoS One 6, €25031.
doi:10.1371/journal.pone.0025031.

Spatz Widom, C., Marmorstein, N. R., and Raskin White, H. (2006). Childhood victimization and illicit drug use
in middle adulthood. Psychol. Addict. Behav. 20, 394-403. doi:10.1037/0893-164X.20.4.394.

Stadler, C., Poustka, F., and Sterzer, P. (2010). The heterogeneity of disruptive behavior disorders - implications
for neurobiological research and treatment. Front. psychiatry 1, 21. doi:10.3389/fpsyt.2010.00021.

Steadman, H. J., Mulvey, E. P., Monahan, J., Robbins, P. C., Appelbaum, P. S., Grisso, T., et al. (1998).
Violence by people discharged from acute psychiatric inpatient facilities and by others in the same
neighborhoods. Arch. Gen. Psychiatry 55, 393-401.

Steiger, V. R., Bruhl, A. B., Weidt, S., Delsignore, A., Rufer, M., J&ncke, L., et al. (2016). Pattern of structural
brain changes in social anxiety disorder after cognitive behavioral group therapy: a longitudinal
multimodal MRI study. Mol. Psychiatry, 1-8. doi:10.1038/mp.2016.217.

Sterzer, P., Stadler, C., Poustka, F., and Kleinschmidt, A. (2007). A structural neural deficit in adolescents with
conduct disorder and its association with lack of empathy. Neuroimage 37, 335—42.
doi:10.1016/j.neuroimage.2007.04.043.

Stevens, A. a, Tappon, S. C., Garg, A., and Fair, D. a (2012). Functional brain network modularity captures
inter- and intra-individual variation in working memory capacity. PLoS One 7, e30468.
doi:10.1371/journal.pone.0030468.

Stevens, M. C., and Haney-Caron, E. (2012). Comparison of brain volume abnormalities between ADHD and
conduct disorder in adolescence. J. Psychiatry Neurosci. 37, 389-98. doi:10.1503/jpn.110148.

Strand, S., and Belfrage, H. (2005). Gender differences in psychopathy in a Swedish offender sample. Behav.
Sci. Law 23, 837-50. doi:10.1002/bsl.674.

Straus, M. A., L., H. S., Boney-McCoy, S., and Sugarman, D. B. (1996). The Revised Conflict Tactics Scales
(CTS2): Development and Preliminary Psychometric Data. J. Fam. Issues 17, 283-316.
doi:10.1177/019251396017003001.

Sun, Z. Y., Houenou, J., Duclap, D., Sarrazin, S., Linke, J., Daban, C., et al. (2017). Shape analysis of the
cingulum, uncinate and arcuate fasciculi in patients with bipolar disorder. J. Psychiatry Neurosci. 42, 27—
36. doi:10.1503/jpn.150291.

Sundram, F., Deeley, Q., Sarkar, S., Daly, E., Latham, R., Craig, M., et al. (2012). White matter microstructural
abnormalities in the frontal lobe of adults with antisocial personality disorder. Cortex. 48, 216-29.
doi:10.1016/j.cortex.2011.06.005.

Swanson, M. C,, Bland, R. C., and Newman, S. C. (1994). Epidemiology of psychiatric disorders in Edmonton.

87



Antisocial personality disorders. Acta Psychiatr. Scand. Suppl. 376, 63-70.

Symington, S. H., Paul, L. K., Symington, M. F., Ono, M., and Brown, W. S. (2010). Social cognition in
individuals with agenesis of the corpus callosum. Soc. Neurosci. 5, 296-308.
doi:10.1080/17470910903462419.

Tagliazucchi, E., and Laufs, H. (2014). Decoding Wakefulness Levels from Typical fMRI Resting-State Data
Reveals Reliable Drifts between Wakefulness and Sleep. Neuron 82, 695-708.
doi:10.1016/j.neuron.2014.03.020.

Tang, Y., Long, J., Wang, W., Liao, J., Xie, H., Zhao, G., et al. (2016). Aberrant functional brain connectome in
people with antisocial personality disorder. Sci. Rep. 6, 26209. doi:10.1038/srep26209.

Taylor, W. (2003). Diffusion tensor imaging: background, potential, and utility in psychiatric research. Biol.
Psychiatry 3223, 201-207. doi:10.1016/S0006-3223(03)00813-8.

Thiebaut de Schotten, M., Dell’Acqua, F., Valabregue, R., and Catani, M. (2012). Monkey to human
comparative anatomy of the frontal lobe association tracts. Cortex 48, 82-96.
doi:10.1016/j.cortex.2011.10.001.

Thijssen, S., and Kiehl, K. A. (2017). Functional connectivity in incarcerated male adolescents with
psychopathic traits. Psychiatry Res. - Neuroimaging 265, 35-44. doi:10.1016/j.pscychresns.2017.05.005.

Tiet, Q. Q., Wasserman, G. A., Loeber, R., McReynolds, L. S., and Miller, L. S. (2001). Developmental and sex
differences in types of conduct problems. J. Child Fam. Stud. 10, 181-197.
doi:10.1023/A:1016637702525.

Tobias, M. C., O’Neill, J., Hudkins, M., Bartzokis, G., Dean, A. C., and London, E. D. (2010). White-matter
abnormalities in brain during early abstinence from methamphetamine abuse. Psychopharmacology (Berl).
209, 13-24. doi:10.1007/s00213-009-1761-7.

Torgersen, S., Kringlen, E., and Cramer, V. (2001). The prevalence of personality disorders in a community
sample. Arch. Gen. Psychiatry 58, 590-596. doi:10.1001/archpsyc.58.6.590.

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., Delcroix, N., et al. (2002).
Automated Anatomical Labeling of Activations in SPM Using a Macroscopic Anatomical Parcellation of
the MNI MRI Single-Subject Brain. Neuroimage 15, 273-289. doi:10.1006/nimg.2001.0978.

Viding, E., Blair, R. J. R., Moffitt, T. E., and Plomin, R. (2005). Evidence for substantial genetic risk for
psychopathy in 7-year-olds. J. Child Psychol. Psychiatry. 46, 592—7. doi:10.1111/j.1469-
7610.2004.00393.x.

Viding, E., Fontaine, N. M. G., and McCrory, E. J. (2012a). Antisocial behaviour in children with and without
callous-unemotional traits. J. R. Soc. Med. 105, 195-200. doi:10.1258/jrsm.2011.110223.

Viding, E., Jones, A. P., Frick, P. J., Moffitt, T. E., and Plomin, R. (2008). Heritability of antisocial behaviour at
9: do callous-unemotional traits matter? Dev. Sci. 11, 17-22. doi:10.1111/j.1467-7687.2007.00648.X.

Viding, E., Sebastian, C. L., Dadds, M. R., Lockwood, P. L., Cecil, C. a M., De Brito, S. a, et al. (2012b).
Amygdala response to preattentive masked fear in children with conduct problems: the role of callous-
unemotional traits. Am. J. Psychiatry 169, 1109-16. doi:10.1176/appi.ajp.2012.12020191.

Vieira, J. B., Ferreira-Santos, F., Almeida, P. R., Barbosa, F., Marques-Teixeira, J., and Marsh, A. A. (2014).
Psychopathic traits are associated with cortical and subcortical volume alterations in healthy individuals.
Soc. Cogn. Affect. Neurosci. 10, 1693-1704. doi:10.1093/scan/nsv062.

Wagner, N. J., Mills-Koonce, W. R., Propper, C. B., Willoughby, M. T., Rehder, P. D., Moore, G. A,, etal.
(2016). Associations between Infant Behaviors during the Face-To-Face Still-Face Paradigm and
Oppositional Defiant and Callous-Unemotional Behaviors in Early Childhood. J. Abnorm. Child Psychol.
44, 1439-1453. doi:10.1007/s10802-016-0141-0.

Waller, R., Dotterer, H. L., Murray, L., Maxwell, A. M., and Hyde, L. W. (2017). White-matter tract
abnormalities and antisocial behavior: A systematic review of diffusion tensor imaging studies across
development. Neurolmage Clin. 14, 201-215. doi:10.1016/j.nicl.2017.01.014.

Walters, G. D. (2011). The latent structure of life-course-persistent antisocial behavior: Is Moffitt’s
developmental taxonomy a true taxonomy? J. Consult. Clin. Psychol. 79, 96-105. doi:10.1037/a0021519.

Walters, G. D., Ermer, E., Knight, R. A, and Kiehl, K. A. (2015). Paralimbic biomarkers in taxometric analyses

88



of psychopathy: does changing the indicators change the conclusion? Personal. Disord. 6, 41-52.
d0i:10.1037/per0000097.

Wechsler, D. (1997). WAIS-II1 administration and scoring manual. San Antonio, TX: The Psychological
Corporation.

Wheeler-Kingshott, C. A. M., and Cercignani, M. (2009). About “axial” and “radial” diffusivities. Magn. Reson.
Med. 61, 1255-1260. doi:10.1002/mrm.21965.

White, S. F., Fowler, K. A,, Sinclair, S., Schechter, J. C., Majestic, C. M., Ping, D. S, et al. (2014). Disrupted
expected value signaling in youth with disruptive behavior disorders to environmental reinforcers. J. Am.
Acad. Child Adolesc. Psychiatry 53, 497-499. doi:10.1016/j.jaac.2013.12.023.

White, S. F., Marsh, A. A., Fowler, K. A., Schechter, J. C., Adalio, C., Pope, K., et al. (2012a). Reduced
Amygdala Response in Youths With Disruptive Behavior Disorders and Psychopathic Traits: Decreased
Emotional Response Versus Increased Top-Down Attention to Nonemotional Features. Am. J. Psychiatry
169, 750-758. doi:10.1176/appi.ajp.2012.11081270.

White, S. F., Williams, W. C., Brislin, S. J., Sinclair, S., Blair, K. S., Fowler, K. a, et al. (2012b). Reduced
activity within the dorsal endogenous orienting of attention network to fearful expressions in youth with
disruptive behavior disorders and psychopathic traits. Dev. Psychopathol. 24, 1105-16.
doi:10.1017/S0954579412000569.

Whitfield-Gabrieli, S., and Ford, J. M. (2012). Default mode network activity and connectivity in
psychopathology. Annu. Rev. Clin. Psychol. 8, 49-76. doi:10.1146/annurev-clinpsy-032511-143049.

Whitfield-Gabrieli, S., and Nieto-Castanon, A. (2012). Conn: a functional connectivity toolbox for correlated
and anticorrelated brain networks. Brain Connect. 2, 125-41. doi:10.1089/brain.2012.0073.

Wichstrem, L., Berg-Nielsen, T. S., Angold, A., Egger, H. L., Solheim, E., and Sveen, T. H. (2011). Prevalence
of psychiatric disorders in preschoolers. J. Child Psychol. Psychiatry. 6, 695-705. doi:10.1111/j.1469-
7610.2011.02514.x.

Widiger, T. A., and Samuel, D. B. (2005). Diagnostic categories or dimensions? A question for the Diagnostic
and statistical manual of mental disorders--fifth edition. J. Abnorm. Psychol. 114, 494-504.
doi:10.1037/0021-843X.114.4.494.

Williams, J. M., and Dunlop, L. C. (1999). Pubertal timing and self-reported delinquency among male
adolescents. J. Adolesc. 22, 157-171. doi:10.1006/jado.1998.0208.

Winkler, A. M., Ridgway, G. R., Webster, M. A., Smith, S. M., and Nichols, T. E. (2014). Permutation inference
for the general linear model. Neuroimage 92, 381-397. doi:10.1016/j.neuroimage.2014.01.060.

Wolf, R. C., Pujara, M. S., Motzkin, J. C., Newman, J. P., Kiehl, K. a, Decety, J., et al. (2015). Interpersonal
traits of psychopathy linked to reduced integrity of the uncinate fasciculus. Hum. Brain Mapp. 36, 4202-9.
doi:10.1002/hbm.22911.

Xia, M., Wang, J., and He, Y. (2013). BrainNet Viewer: A Network Visualization Tool for Human Brain
Connectomics. PLoS One 8, €68910. doi:10.1371/journal.pone.0068910.

Xiao, P., Dai, Z., Zhong, J., Zhu, Y., Shi, H., and Pan, P. (2015). Regional gray matter deficits in alcohol
dependence: A meta-analysis of voxel-based morphometry studies. Drug Alcohol Depend. 153, 22-28.
doi:10.1016/j.drugalcdep.2015.05.030.

Yang, Y., and Raine, A. (2009). Prefrontal structural and functional brain imaging findings in antisocial, violent,
and psychopathic individuals: a meta-analysis. Psychiatry Res. 174, 81-8.
d0i:10.1016/j.pscychresns.2009.03.012.

Yendiki, A., Panneck, P., Srinivasan, P., Stevens, A., Zéllei, L., Augustinack, J., et al. (2011). Automated
probabilistic reconstruction of white-matter pathways in health and disease using an atlas of the underlying
anatomy. Front. Neuroinform. 5, 23. doi:10.3389/fninf.2011.00023.

Zhang, J., Gao, J., Shi, H., Huang, B., Wang, X., Situ, W., et al. (2014a). Sex differences of uncinate fasciculus
structural connectivity in individuals with conduct disorder. Biomed Res. Int. 2014, 673165.
doi:10.1155/2014/673165.

Zhang, J., Zhu, X., Wang, X., Gao, J., Shi, H., Huang, B., et al. (2014b). Increased structural connectivity in
corpus callosum in adolescent males with conduct disorder. J. Am. Acad. Child Adolesc. Psychiatry 53,

89



466-475.e1. doi:10.1016/j.jaac.2013.12.015.

Zhao, Y.-J., Du, M.-Y., Huang, X.-Q., Lui, S., Chen, Z.-Q., Liu, J., et al. (2014). Brain grey matter abnormalities
in medication-free patients with major depressive disorder: a meta-analysis. Psychol. Med. 44, 2927-37.
doi:10.1017/50033291714000518.

Zhou, J., Yao, N., Fairchild, G., Cao, X., Zhang, Y., Xiang, Y. T., et al. (2015). Disrupted default mode network
connectivity in male adolescents with conduct disorder. Brain Imaging Behav., 995-1003.
doi:10.1007/s11682-015-9465-6.

90



