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ABSTRACT

Conduct Disorder (CD) is a childhood psychiatric disorder characterised by antisocial and
aggressive behaviours. The overarching aim of this thesis was to investigate potential sex
differences in the structural and functional neuroimaging correlates of empathy in CD. Studies
in chapters 5 and 6 showed that youths with CD had decreased structural covariance between
the anterior insula (Al) and thalamus compared to TD (typically developing) youths, but the
groups did not differ in grey matter volume and no interactions with sex were observed.
Studies in chapters 7 and 8 revealed that youths with CD exhibited reduced brain response in
the Al and cerebellum when viewing others in pain. A sex-by-group interaction was also
observed in the amygdala whereby females with CD had reduced brain response compared to
TD females, with no differences between males with CD and TD males. Youths with CD
exhibited decreased functional connectivity between the Al and the occipital lobe, but
increased connectivity between the cerebellum and amygdala compared to TD youths. These
findings suggest that structural and functional abnormalities in the Al are key features of both
males and females with CD, while only females exhibit functional abnormalities in the

amygdala when processing pain in others.
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CHAPTER 1. CONDUCT DISORDER AND EMPATHY::
CHARACTERISTICS, DEVELOPMENT, AND SEX
DIFFERENCES

1.1 General Introduction

Antisocial behaviour has a profound psychological and social impact on both the
individual committing such acts, and society at large. Thus, understanding and preventing
severe antisocial behaviour amongst youths and adults is an important challenge faced by
modern societies. Conduct Disorder (CD) is a common childhood psychiatric disorder with a
prevalence of approximately 10%, with an increased incidence in adolescence, meaning
adolescent-onset cases are more frequently observed and diagnosed compared to childhood-
onset. CD is characterised by “a repetitive and persistent pattern of behaviour by a child or
teenager in which the basic rights of others or major age-appropriate societal norms or rules
are violated” (p. 469, (American Psychiatric Association; APA, 2013). CD is known to have a
significant impact on individuals’ functioning, their family and interpersonal relationships,
and society. It is a known risk factor for delinquency and maladjustment to adulthood (Hill,
2003), and severe behavioural problems in youths can lead to more serious offending patterns
as they develop, which places a huge financial burden on society including educational and
judicial facilities (Scott, Knapp, Henderson, & Maughan, 2001). Indeed, by the time they are
28 years old, individuals diagnosed with CD before the age of 10 cost society ten times as
much as individuals who did not have conduct problems (CP) as children (Scott et al., 2001).
In the US, annual healthcare costs for children with CD are $10,000 more than healthcare
costs for healthy children (Merikangas, Nakamura, & Kessler, 2009), and estimates in the UK
report the overall care of a child referred for persistent antisocial behaviour costs at nearly

£6000 per annum (Romeo et al., 2006). Efforts to imprison and monitor parolees are



perceived as more expensive and time consuming than prevention strategies to identify early

risk factors and tailor intervention for youths with CD (Hill, 2003).

The prevalence and the costs associated with CD in our society have prompted researchers
and clinicians to investigate and identify developmental trajectories, predictors, and causes in
the hope of developing effective interventions and preventions. This chapter will discuss the
diagnosis of CD in terms of the most recent edition of the Diagnostic Statistical Manual
(DSM-5), (APA, 2013). First, a brief historical overview of the diagnosis will be provided,
followed by a description of the current diagnostic criteria as well as prevalence in
community, clinical, and forensic settings. The second section will focus on the clinical
presentation by focusing on the age of onset, level of callous-unemotional traits, sex

differences and comorbidities.

CD is a heterogeneous disorder with different subtypes. A subgroup of individuals with
CD also have high levels of callous-unemotional (CU) traits, otherwise referred to as the
limited prosocial emotions specifier in the DSM-5. CU traits include lack of remorse or guilt,
callousness-lack of empathy, lack of concern about performance in important activities, and
shallow affect (American Psychiatric Association, 2013). The characteristics of youths with
CD with high and low levels of CU traits will be discussed further in section 1.3.2.
Researchers and clinicians have established lack of empathy is a key feature associated with
CD, especially amongst youths with high levels of CU traits (Lahey et al., 1999), and it has
been proposed that the root of evil and wrong-doing in the world stems from an erosion of
empathy (Baron-Cohen, 2011). Empathy is one of the most important social constructs
bringing humanity together, whilst CD, in which there is a significant lack of empathy, is one
of the most common diagnoses found amongst youths in primary care settings (World Health

Orgnisation, 2008). There is a large literature on the functional and structural neural correlates



of CD using magnetic resonance imaging. However, more work is needed due to
discrepancies and inconsistencies, and the fact that relatively little is known about how sex
might influence the neural correlates of empathy in CD. Therefore, the aim of this thesis is to
replicate and extend previous findings via the investigation of sex differences in neural
correlates of CD, with a specific focus on empathy. Sex differences in structural neural
correlates will be reported, followed by structural covariance results derived from a priori
seed-based region of interest analyses. The following chapters will cover sex differences in
functional neuroimaging correlates of empathy and functional connectivity based on results
from an empathy for pain MRI paradigm. Group and sex differences between males and

females with CD and typically developing youths will be analysed.

1.2 Conduct Disorder

1.2.1 DSM Diagnostic Criteria

The DSM-5 describes CD as a childhood psychiatric problem that has an increased
incidence in adolescence (APA, 2013), and the International Classification of Diseases
version 10 (ICD-10) defines CD as a repetitive and persistent aggressive or nonaggressive
behaviour in which basic rights of others or social norms are violated (World Health
Organization, 1992). The primary diagnostic features of CD are severe externalising
behaviours including aggression to people or animals, destruction of property, deceitfulness
or theft, and serious violations of rules. To receive a diagnosis of CD, a child must present
with three out of 15 possible symptoms within the past 12 months, with one symptom present
within the past six months (APA, 2013; see Table 1.1). Common symptoms include lying
multiple times per week with the intention to manipulate or deceive others, truancy on more
than two occasions, staying out late or overnight without permission on multiple occasions,

and engaging in fighting or intimidating peers or adults. Individuals with CD often engage in



impulsive and risky activities and regularly have temper outbursts and/or defiant attitudes
toward authority figures (Loeber, Burke, Lahey, Winters, & Zera, 2000). These youths also
struggle with delayed gratification relative to typically developing (TD) youths, and they tend
to choose immediate rewards over larger, delayed rewards (White et al., 2014). CD can be
classified as mild, moderate or severe based on the type and severity of symptoms and the
level of harm to others (APA, 2013). A diagnosis is made when the disturbance in behaviour
causes clinically significant impairment in social, familial, academic, or occupational

functioning.



Table 1.1 DSM-5 Conduct Disorder Diagnostic Criteria

Symptoms Criteria
Aggression to 1. Often bullies, threatens or intimidates others
People and Animals 2. Initiates physical fights
3. Has used a weapon to cause serious harm to others
4. Has been physically cruel to people
5. Has been physically cruel to animals
6. Has stolen whilst confronting a victim
7. Has forced someone into sexual activity
Destruction of 8. Has engaged in fire setting with intention to damage
Property 9. Has deliberately destroyed property (other than fire setting)
Deceitfulness or 10. Has broken into a house, car or building
Theft 11. Lies to obtain goods or avoid obligations
12. Has stolen items of non-trivial value without confronting a
victim (shoplifting, forgery)
Serious Violation of 13. Stays out at night despite parental prohibitions, beginning
Rules before 13 years
14. Has run away from home overnight at least twice, or once
having stayed away for a lengthy period of time
15. Often truants from school, beginning before 13 years




1.2.2 Prevalence of CD in Community, Clinical, and Forensic Settings

CD has a prevalence of approximately 9.5% in the US (Nock, Kazdin, Hiripi, &
Kessler, 2006) and 5.8% in the UK (Green, McGinnity, Meltzer, Ford, & Goodman, 2005).
Rates of CD amongst males are twice those seen in females (Maughan, Rowe, Messer,
Goodman, & Meltzer, 2004). Discrepancies across countries may reflect a true difference, or
may reflect a difference in methodologies used to assess prevalence (De Brito & Hodgins,
2009). CD and associated disruptive behaviour disorders (DBD) are the most common reason
for child and adolescent referrals to mental health clinics; nearly 50% of child health referrals
are for DBD and 30% of referrals to paediatricians are for DBD (National Institute for Health
and Clinical Excellence, 2013). Furthermore, mental illness has been recognised in over half
(53%) of individuals in juvenile detention centres with 40% of those meeting diagnostic

criteria for DBD including oppositional defiant disorder (ODD) and CD (Shelton, 2001).

1.3 Clinical Presentation

1.3.1 Childhood-onset vs adolescent-onset

One of the major criticisms of the diagnosis of CD is that it primarily indexes overt
antisocial behaviour, which results in the identification of a highly heterogeneous group of
youths with different temperamental and behavioural characteristics (Blair, Peschardt,
Budhani, Mitchell, & Pine, 2006; Frick & Marsee, 2006). It has been proposed that these
differences reflect distinct developmental pathways to CD (Frick & White, 2008). In the
previous DSM version, DSM-4, this heterogeneity in CD was acknowledged for the first time,
with the age-based distinction between childhood-onset CD (i.e., presence of at least one
symptom before the age of 10) and adolescent-onset CD (i.e., absence of any symptom before

the age of 10). The age-based distinction has been well supported for both females and males,



particularly in terms of its predictive validity and its ability to identify the characteristic
problems of the two subtypes (Moffitt et al., 2008). Age of onset of CD predicts chronic
delinquency (Moffitt, 2006), and it is one of the best predictors of antisocial behaviour in
adulthood (Loeber, 1991). The younger the age of onset of CD is, the greater the number of
aggressive behaviours and the higher the level of functional impairment (Lahey et al., 1999).
Additionally, longitudinal evidence has shown children with the greatest number of antisocial
behaviours before the age of 10 are more likely to have difficulties functioning in society by
the time they near completion of adolescence and reach early adulthood (Fergusson,

Horwood, & Ridder, 2005; Moffitt, Caspi, Dickson, Silva, & Stanton, 1996).

More than two decades of research have identified important differences between youths
with childhood- and adolescent-onset CD. Those with childhood-onset CD have a higher
genetic predisposition for antisocial behaviour, more frequently present with family
dysfunction, antisocial parents, neurocognitive impairments such as lower 1Qs, and higher
levels of comorbidities such as hyperactivity and inattention disorders compared to youths
with adolescent-onset CD (Moffitt et al., 2008). These impairments are reflected in higher
levels of school difficulties and peer relation problems. The adolescent-onset subtype, by
contrast, tends to exhibit fewer difficulties in these areas (Moffitt et al., 2008). Research
suggests that risk-taking and rebellious behaviour increase during teenage years within the
general population and then decline in adulthood (Steinberg, 2004). However, youths with
adolescent-onset CD exhibit a higher frequency and severity of CD symptoms compared to
TD adolescents. Whilst childhood-onset CD is thought to have a neurocognitive basis, it has
been posited that adolescent-onset CD is primarily associated with formation of relationships
with other delinquent youths (Moffitt, 1993). This distinction has, however, recently been

criticised by (Fairchild, Van Goozen, Calder, & Goodyer, 2013) who suggested that



differences between the two subtypes are quantitative rather than qualitative. Specifically,
Fairchild and colleagues concluded that neurocognitive deficits are present in both subtypes
and that environmental factors act as moderators between a child’s predisposition and age of
onset (Fairchild, Van Goozen, et al., 2013). The age-of-onset specification highlights one CD

specifier, which is indicative of distinct profiles of youths with CD.

1.3.2 High vs. low callous-unemotional traits

Psychopathic traits are a central feature of the adult syndrome of psychopathy (Cleckley,
1982), and callous-unemotional (CU) traits are the equivalent amongst youths. Youths with
CD and high levels of CU traits (CD/HCU) are thought to be at an increased risk of
developing psychopathy in adulthood, compared to youths with CD and low levels of CU

traits (CD/LCU) (Blair, Leibenluft, & Pine, 2014; Frick, Ray, Thornton, & Kahn, 2014).

CU traits in late childhood and adolescence are positively correlated with psychopathy
scores in adulthood, even after controlling for childhood CD and other childhood risk factors
(Burke, Loeber, & Birmaher, 2002; Lynam, Caspi, Moffitt, Loeber, & Stouthamer-Loeber,
2007). Similar to CU traits, the adult personality disorder of psychopathy is associated with
lack of empathy and high levels of instrumental aggression. High levels of CU traits are
thought to be the antecedent of psychopathy, which is strongly associated with severe forms
of Antisocial Personality Disorder (ASPD) in adulthood (Blair, Leibenluft, & Pine, 2014). For
an adult to receive a diagnosis of ASPD, they must have received a diagnosis of CD before
the age of 15, and childhood-onset CD is an established risk factor for life course delinquency

(Moffitt, 2003).

There is overwhelming genetic and neurobiological evidence to support that HCU traits

identify a particularly problematic subgroup of youths with CD who show a more severe,



stable, and aggressive pattern of antisocial behaviour than other youths with CD, (Frick et al.,
2014), leading to the inclusion of the limited prosocial emotions CD specifier within DSM-5
(Pardini, Stepp, Hipwell, Stouthamer-Loeber, & Loeber, 2012; Vanwoerden, Reuter, & Sharp,
2016; APA, 2013). To qualify for this specifier, the individual has to meet full criteria for CD
as well as persistently present with two of the following four characteristics in multiple
relationships and settings over a minimum 12 month period: lack of remorse or guilt, callous
lack of empathy, unconcern about performance at school or work, and shallow or deficient
affect. Assessment of CU traits is currently done via questionnaires, primarily the Inventory
of Callous-Unemotional Traits (ICU, Frick 1995) parent-report or child self-report measure,
or the Youth Psychopathic Traits Inventory (YPI, Andershed et al 2002). There is not
currently a standardised clinical interview in place to assess CU traits amongst youths which
limits future scientific endeavours in regards to validity and replication of findings, meaning
research studies may report on CU or psychopathic traits based on different measurements
which can be confusing when attempting to interpret results. A standardised interview has
been recently created and is being tested for clinical use called the Clinical Assessment of
Prosocial Emotions (CAPE 1.1; Frick; 2013). This thesis will refer to CD as defined by a
research diagnosis from semi-structured clinical interviews via the Kiddie Schedule for
Schizophrenia and Affective Disorders Present and Lifetime versions (K-SADS; Kaufman,
Birmaher, Rao, 1996), with CU traits measured via child-report Youth Psychopathic Traits
Inventory (YPI) scores. A recent study examining the prevalence of this CU traits specifier
amongst youths reported that in a community sample 10%-32% of those with CD met the CU
specifier threshold, and these figures increased to 21%-50% of youths with CD from a clinical
sample (Kahn, Frick, Youngstrom, Findling, & Youngstrom, 2012). Interestingly, across both

community and clinic samples, between 2%-32% of youths without CD also met the



diagnostic threshold for the CU specifier, but those with CD/HCU showed consistently higher

rates of aggression and cruelty than those with CD/LCU (Kahn et al., 2012).

Youths with CD/HCU and CD/LCU show distinct temperamental and affective profiles.
Those with CD/HCU traits are insensitive to punishment but are more receptive to reward,
consistent with a preference for novel and dangerous activities and impulsive behaviour
(Blair, 2013; Frick & Marsee, 2006). In addition, they underestimate the likelihood of being
punished for their actions relative to youths with other behaviour problems (Pardini,
Lochman, & Frick, 2003). In contrast to youths with CD/LCU traits, those with CD/HCU
traits show a weaker response to distress cues in others (Blair & Frith, 2000; Blair, 1999;
Blair, Colledge, Murray, & Mitchell, 2001), and impairment in emotion recognition
(Fairchild, Van Goozen, Calder, Stollery, & Goodyer, 2009; Sharp, Vanwoerden, Van
Baardewijk, Tackett, & Stegge, 2015). There is also evidence that HCU traits are associated
with lower levels of anxiety and fear, especially when controlling for impulsivity and conduct
problems (Frick & Ellis, 1999; Pardini & Frick, 2013). By contrast, youths with CD/LCU
traits do not show comparable punishment or reward sensitivities, but have problems
regulating their emotions, displaying increased levels of anger and impulsivity (Frick &
Marsee, 2006; Frick et al., 2014b). They are also more attuned to negative stimuli (Viding,
Fontaine, & McCrory, 2012), and to the distress of others (Jones, Happé, Gilbert, Burnett, &

Viding, 2010).

Given those distinct profiles, it is unsurprising that youths with CD/HCU traits and those
with CD/LCU present with distinct patterns of antisocial and aggressive behaviour. The
association between an early (i.e. school-age and early adolescence) stable presentation of
antisocial behaviour and CU traits (Dandreaux & Frick, 2009; Frick & Viding, 2009; Rowe et

al., 2010) has been linked to higher levels of aggression (Cornell et al., 1996; Frick et al.,
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2003), over and above correlations with rule-breaking behaviours (e.g. Poythress, Dembo,
Wareham, & Greenbaum, 2006). In a sample of high-risk males, HCU traits predicted an
increased likelihood of violent and aggressive offending as an adult, even when controlling
for age of onset (Loeber et al., 2005). Furthermore, compared to antisocial youths with LCU
traits, those with HCU traits displayed a more varied and severe pattern of aggressive
behaviours, including instrumental and premeditated aggression, akin to those observed in
adult psychopathy at a younger age (Frick et al., 2003, Frick et al., 2014; Frick & Marsee,
2006). By contrast, youths with LCU traits have typically been found to be less aggressive,

displaying predominantly threat-based reactive aggression (Viding & McCrory, 2012).

In summary, these findings support the view that the presence of CU traits designates a
distinct group of children and adolescents who show a particularly severe, aggressive and
stable pattern of antisocial behaviour (Frick, Ray, Thornton, & Kahn, 2014a; Frick et al.,
2014b; Frick & White, 2008). Importantly, the positive association between CU traits and
severity of antisocial and aggressive behaviour has been observed for both males (Kruh,
Frick, & Clements, 2005) and females (Marsee & Frick, 2007), and in children as young as

two (Waller et al., 2012) and three years old (Hyde et al., 2013; Kimonis et al., 2006).

1.3.3 Sex Differences

There are well-documented sex differences in the prevalence of CD, which is more
frequently diagnosed in males (Maughan et al., 2004), with a sex ratio of about 2:5 females to
males (Moffitt & Caspi, 2001). The basis of these sex differences in the prevalence of CD
remains unclear. Originally thought of as cultural bias (Robins, 1991), there has been much
debate as to whether the diagnostic criteria for CD are tailored to fit predominantly overt
antisocial male behaviours (e.g. aggression, theft, vandalism, rule-breaking), rather than more
covert antisocial female behaviours (e.g. deceit, manipulation, bullying, lying, staying out
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late) (Leadbeater, Kuperminc, Blatt, & Hertzog, 1999; Moffitt et al., 2008). For instance,
amongst a community sample of young females with CD, the most common symptom
reported by parents was lying to deceive others (Hipwell et al., 2002). As most female
antisocial behaviour occurs in adolescence (Fontaine, Carbonneau, Vitaro, Barker, &
Tremblay, 2009; Moffitt & Caspi, 2001), some researchers suggest that age of onset in
females with CD is restricted to adolescence (Silverthorn & Frick, 1999). However, a more
recent longitudinal study has shown that whilst females are more prone to develop adolescent-
onset CD, they do in fact show both childhood and adolescent onset conduct problems
(Odgers et al., 2008). Puberty has been considered to have an influential role on the
development of CD, particularly early onset maturation (Keenan, Loeber, & Green, 1999).
Early maturity in females has been associated with more externalising problems and higher
rates of adolescent pregnancies (Lynne, Graber, Nichols, Brooks-Gunn, & Botvin, 2007). In
males with CD, increased levels of testosterone after onset of puberty have been associated
with adolescent-onset behaviours and group affiliation with delinquent peers (Rowe,
Maughan, Worthman, Costello, & Angold, 2004), suggesting adolescent-onset CD in boys is

primarily instigated by pubertal and hormonal changes.

CD in females has received increased attention recently following evidence documenting
increased rates of conduct problems and antisocial behaviour in the US and UK, and a
heightened number of arrests for crimes perpetrated by females in the past 10 years
(Collishaw, Maughan, Goodman, & Pickles, 2004; Hawkins, Graham, Williams, & Zahn,
2009). Future research focusing on CD in females is of critical importance given its impact on
social adjustment and implications for development of unhealthy interpersonal relationships
with partners and offspring (Keenan et al., 1999). For example, females with CD tend to

obtain lower levels of education, become a single parent at a younger age (Hill, 2003), or have
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antisocial partners and raise children with behaviour problems (Keenan et al., 1999). They are
also more likely to partake in risky activities, become targets for grooming and prostitution,
and are more susceptible to drug abuse and contracting sexually transmitted diseases

compared to TD females (Bardone et al., 1998; Pedersen & Mastekaasa, 2011).

Data from typically developing youths indicate that females show unique patterns of
aggression, showing more relational or social aggression (e.g., gossiping, spreading rumours,
and exclusion from social groups) than males (Crick & Grotpeter, 1995; Hipwell et al., 2002).
Females also tend to display direct or overt aggressive behaviour when they are younger, and
more indirect or covert aggressive behaviour during early adolescence; this switch in the type
of aggression typically occurs earlier in females than in males (Wolke, Woods, Bloomfield, &
Karstadt, 2001). Females with CP also present with lower levels of aggression and cause less
damage and physical harm to other people than males with CP (Moffitt, Caspi, Rutter, &
Silva, 2002). In forensic settings females held in juvenile detention centres tend to be more
relationally aggressive and less physically aggressive than males (Marsee & Frick, 2007).
Amongst these females, those with high levels of CU traits are more likely to exhibit
proactive aggressive behaviour in social situations than those with LCU traits, who tend to

exhibit reactive aggression socially (Marsee & Frick, 2007).

Aggressive, antisocial behaviours, are often observed less frequently amongst individuals
with higher levels of empathy or prosocial behaviours. This makes the understanding of

empathy and where it goes wrong amongst antisocial individuals an important endeavour.

1.4 Empathy

Empathy can be defined as the uniquely human ability to identify with another’s

experience or mental state, and consists of cognitive and affective components (Baron-Cohen,
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2011). Cognitive empathy refers to the ability to comprehend another’s thoughts and
intentions, which is often regarded as interchangeable with theory of mind (Baron-Cohen,
2001). Affective empathy is the ability to feel what another is feeling emotionally, and is
different from sympathy as one can experience sympathetic feelings without any impulse to
react in a helpful way whereas affective empathy inspires emotional reaction to an event
(Baron-Cohen, 2011). Feeling affective empathy is comparable to a mirroring phenomenon,
whilst sympathy merely implies a person can understand and have pity for another’s

misfortune. This thesis will focus on the described construct of affective empathy as such.

Several factors influence the manifestation of empathetic behaviours in daily life, and are
pertinent due to their influence on motivations behind basic cooperation and interaction
(Rumble, Van Lange, & Parks, 2010). Concepts such as in-group and out-group experiences
are important, in that group affiliation is known to influence empathy levels whereby
members of a same group show higher levels of empathy and protection for each other than
for members of another social group (Cikara, Bruneau, & Saxe, 2011). In-group and out-
group identities have been associated with how individuals respond to experimental
paradigms measuring empathic response. These phenomena will be reviewed further in the

following chapter.

Empathy is crucial for constructing prosocial behaviours and facilitates interpersonal
interactions useful for shared intentions and group functioning (Pfeifer, lacoboni, Mazziotta,
& Dapretto, 2008; Sturmer, Snyder, Kropp, & Siem, 2006). It can be related to altruism, or
selflessness and desire to help others without expectation. It is still debated whether true
altruism exists or if it’s motivated by egoism, or desire to be seen by others in a favourable
manner which would enhance social status, as altruistic behaviours can sometimes reduce the

wellbeing of an individual to enhance another’s wellbeing (Marsh et al., 2014). The
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subsequent sections will first discuss the development of empathy in TD youths and review
research investigating empathy in youths with CD. Next, sex differences in typically

developing youths and youths with CD will be discussed.

1.4.1 Cognitive and affective components underlying empathy

Investigation of the neural underpinnings of empathic response first requires an
understanding of the development of certain cognitive and affective components (Shamay-
Tsoory, 2011). Three cognitive mechanisms will be reviewed in this chapter including:
separate understanding of self and other; contagious emotional and somatic states; and
communication and interpretation of social cues (Decety & Meyer, 2008). Additionally, three
emotional, or affective, mechanisms of empathy will be reviewed in this chapter including:
affective sharing, empathic concern, and perspective taking (Decety & Cowell, 2015). Below,
these mechanisms underlying empathy will be discussed followed by neuroimaging correlates

of empathic response amongst healthy and conduct disordered individuals.

Understanding of self and others will be discussed first in consideration of development of
empathic behaviour, as this is one of the earliest behaviours to manifest among individuals.
This is due to empathy-related dependencies on limbic structures in the brain, which are the
first to mature anatomically (Singer, 2006). Children are conscious of their own emotional
states sometimes as early as two years of age when differences in levels of awareness of
mental states start to emerge (Decety & Jackson, 2004). This is evidenced by a study wherein
social behaviours were assessed amongst children ranging from low to high on empathy, and
results showed those with the highest levels of empathy were more socially sensitive and
aware of their own behaviours, as well as behaviours of others (Findlay, Girardi, & Coplan,

2006).
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Emotional and somatic states are socially contagious and used for basic communication
via functions such as facial expressions, eye contact, smiling, and even yawning (lacoboni,
2009; Itier & Batty, 2009; Wild, Erb, Eyb, Bartels, & Grodd, 2003; Yoon & Tennie, 2010).
While facial expressions themselves are not contagious, they have been deemed an important
channel for emotional communication (Dimberg, Andréasson, & Thunberg, 2011). Facial
expressions provide information to others regarding current emotional state including anger,
happiness, fear, and sadness. Empathy is associated with strength of facial mimicry, in that
higher levels of empathy are associated with enhanced ability to recognise and respond to
facial expressions (Balconi & Canavesio, 2016; Dimberg et al., 2011; Rymarczyk, Zurawski,
Jankowiak-Siuda, & Szatkowska, 2016). Eye contact has been described as one of the most
powerful tools for human interaction, and typically developing infants show preference for
mutual eye contact within the first few months of life, indicating a major foundation for
development of social skills and communication (Farroni, Csibra, Simion, & Johnson, 2002).
Furthermore, laughing, smiling, and yawning are unconscious primal actions, which are
highly contagious and have been associated with rudimentary interspecies empathic abilities
(Provine, 2005). Impairment in all of these socially beneficial communicative tools is evident
amongst adults and youths with antisocial behaviours and psychopathic traits (Dadds et al.,

2012; Marsh & Blair, 2008; Rundle, Vaughn, & Stanford, 2015).

The ability to communicate and interpret others’ behaviours, the third cognitive
mechanism mentioned, is noticeable as early as infancy (Kugiumutzakis, 1998), and mirroring
and mimicking of facial expressions, gaze, and gestures can be considered a precursor to
comprehension of more sophisticated abilities such as understanding others intentions, and
responding empathetically to stressful events (Meltzoff & Decety, 2003). Animal research

shows primates raised in isolated or neglectful environments are impaired at sending and
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receiving emotional expressions to others compared to those raised in social settings (Harlow,
1965), suggesting early child-parent interaction is crucial and can have lasting impact on
development of prosocial behaviours and empathy. Amongst humans, childhood neglect has
also been found as negatively correlated with empathy, self-control, and social confidence
(Dvir, Ford, Hill, & Frazier, 2014), and interestingly lower levels of empathy predict higher
psychopathy scores on the Psychopathy Checklist: Youth Version (PCL: YV) amongst
adolescents (Ometto et al., 2016). Also related to neglect, social exclusion has been found to
be associated with detachment, numbness, and reduction in sensitivity to both physical and

emotional pain (DeWall & Baumeister, 2006).

Another interesting discovery stemming from animal research is the mirror neuron system
(Gallese, Fadiga, Fogassi, & Rizzolatti, 1996), which includes the inferior parietal lobe, the
ventral premotor cortex, and the inferior frontal gyrus as key areas recruited during social
interaction and basic understanding of intention amongst macaques (Fabbri-Destro &
Rizzolatti, 2008). Scientists have considered the macaque neural architecture to be
homologous to that of the human brain (Passingham, 2009), and several neuroimaging studies
have since been conducted amongst humans, which has resulted in the identification of

regions of the brain associated with more sophisticated abilities, specifically empathy.

Emotional sharing, the first component involved in affective empathy, refers to detection
of another’s distress or discomfort (Decety & Cowell, 2014). The innate ability to be affected
by emotional arousal of another can be observed as early as infancy when newborns cry in
response to hearing another newborn cry (Geangu, Benga, Stahl, & Striano, 2010). Emotional
sharing is important evolutionarily as it can trigger protective responses and inspires concern
from in-group and out-group members which is the second component involved in affective

empathy (Decety & Cowell, 2014).
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Empathic concern is a highly important facet of affective empathy as humans depend on
each other for survival, particularly infants and youths who rely on parental care and concern
early in life (Decety, Norman, Berntson, & Cacioppo, 2012). Neurobiological systems
including the limbic system, autonomic nervous system, hypothalamic-pituitary-adrenal axis,
and associated hormonal systems involved in secretion of oxytocin and vasopressin are
associated with social bonding and attachment behaviours (Keverne & Curley, 2004). These
systems have been shown to be active when caring for or helping others, and they are also
active during perception of pain to self amongst healthy individuals. This indicates an overlap
in systems involved in both somatic and affective self-pain, and recruitment of these systems

whilst showing concern for others (Eisenberger, 2011).

The third component of affective empathy is perspective taking, which can also be
grouped with cognitive empathy due to the overlap of necessary skills and behaviours (Decety
& Cowell, 2015). Empathy is generally prosocial, but sometimes it can impede on group
coherence and functioning due to in-group bias. This means people who view themselves as
similar are more likely to share emotional states and display empathic concern for each other
(Castano, 2012). However, individuals who consider someone to be outside of their group or
social circle may have more trouble with feeling empathy for out-group members. Perspective
taking therefore breaks down barriers and allows for an individual to actively imagine himself
or herself in another’s situation, leading to empathic behaviours. Whilst perspective taking
can be challenging, healthy individuals are capable of this, and it is effective in reducing
conflict and facilitates prosocial interactions (Galinsky & Moskowitz, 2000). Neuroimaging
evidence including these cognitive and affective components of empathy will be covered in

the following chapter.
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To overview, empathy is an important social construct with distinct underlying cognitive
and emotional mechanisms. The healthy development of empathy begins as early as birth and
can influence an individual’s ability to perceive and attach to the environment, and has
important implications for appropriate social interaction. Certain individuals in the population
have empathy deficits, particularly children with a diagnosis of CD, indicating something has
gone awry. With advances in neuroscience technology and research, MRI techniques have
helped scientists explore neurobiological underpinnings of empathy and the next sections will
focus on structural and functional neural correlates of empathy amongst healthy and conduct

disordered individuals.

Normal distribution of empathising skills

% of population

Empathising skills

Figure 1.1 Normal distribution of empathising skills (adapted from Baron-Cohen, 2004)

1.4.2 Empathy in TD youths and youths with CD

Individuals in the general population vary in their empathising skills, with a small
percentage of people demonstrating low levels of empathy and a small percentage
demonstrating high levels, the average person demonstrates normal levels, just between the

two extremes (Baron-Cohen, 2004; Figure 1.1). Typically developing children show the
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ability to empathise as young as two or three years of age as self-serving behaviours lessen
and prosocial and caring behaviours become more apparent (Roth-Hanania, Davidov, &
Zahn-Waxler, 2011; Zahn-Waxler, Robinson, & Emde, 1992). This indicates that empathic
behaviours manifest early in life. Furthermore, twin studies show empathic traits are
moderately heritable (Knafo, Zahn-Waxler, Van Hulle, Robinson, & Rhee, 2008) which
provides evidence for a predisposition for empathic abilities. In comparison to TD youths, it
has been established that youths with CD have lower levels of empathy (Blair, Leibenluft, &
Pine, 2014; Kostic, Nesic, Stankovic, Zikic, & Markovic, 2016). CD involves infliction of
harm to individuals or society via relational or physical means. This suggests aberrant
affective abilities but intact cognitive abilities due to the recognition of how to gain something
from another by understanding their psychological or physical weaknesses and limitations
(Hare, Forth, & Hart, 1989). Animal literature supports this claim by showing deceitful
behaviours amongst bonobos toward interspecies members, indicating use of basic
intelligence and the ability to attribute motivations to others (Whiten & Byrne, 1988).
Understandably, empathy is negatively correlated with externalising behaviours and
aggression (de Kemp, Overbeek, de Wied, Engels, & Scholte, 2007), and instigation of
physical fights and cruelty is correlated with desire to, and enjoyment of, inflicting pain upon
others or displaying social dominance (Foulkes, McCrory, Neumann, & Viding, 2014).
Interestingly, one study has shown that while there was no consistent relationship between
empathy and aggression in younger children, a negative relationship was found between
empathy and aggression in adolescents (Lovett & Sheffield, 2007). Cruelty to humans and
animals, or moral transgressions, require a lack of remorse or guilt, which is also negatively
correlated with empathy (Decety & Cowell, 2014; Tangney, 1995), and are central features of

individuals with severe forms of CD and high levels of CU traits (Dadds, Turner, &
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McAloon, 2002). Males with CD have reduced empathic responsiveness toward expressions
of sadness and fear but not happiness compared to TD males, depending on situation or
context (de Wied, Gispen-de Wied, & van Boxtel, 2010). However, empathy—inhibiting
factors still need to be investigated in this population (de Wied et al, 2005). Additional
evidence exists to support deficits in affective but not cognitive empathy amongst youths with
CD and high levels of CU, based on data from an emotional affection video task (Schwenck et

al., 2012).

1.4.3 Empathy & CU traits

One of the defining features associated with high levels of CU traits is lack of empathy,
with a strong negative relationship existing between the two (Frick et al., 2014b; Pasalich,
Dadds, & Hawes, 2014). Higher levels of CU traits have also been associated with decreased
morality and feelings of guilt and increased proactive aggression (Scheepers, Buitelaar, &
Matthys, 2011). Adults with higher levels of empathy and prosocial behaviours have been
found to have opposite patterns of intentions and biological motivations for their actions
compared to those with high levels of psychopathic traits (Marsh et al., 2014). Furthermore
individuals with higher levels of psychopathic traits tend to devalue relationships and
prosocial behaviours (Foulkes, Seara-Cardoso, Neumann, Rogers, & Viding, 2014), and
higher levels of CU traits amongst youths are negatively related to empathic traits, as CU
traits manifest in narcissistic and selfish preferences (Foulkes, Seara-Cardoso, et al., 2014). A
review of neuroimaging findings underlying these mechanisms will be discussed in more
detail in the following chapter. Several theories have been posited as to why aberrant
empathic response is observed in this population, with speculation regarding the existence of
primary and secondary variants of CU traits. One theory posits CU traits comorbid with high

levels of anxiety develop in response to chronic exposure to trauma, which is known as the
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secondary variant (Kahn et al., 2013). This is supported by the fact that many children with
CD/LCU traits have been victims of abuse, neglect, or other personally invasive crimes,
especially from a young age (Kimonis et al., 2008), and in this case CU traits can be
considered a protective mechanism against environmental stressors. Furthermore, considering
the notion of “successful” psychopaths (Lilienfeld, Latzman, Watts, Smith, & Dutton, 2014),
the presence of some psychopathic or callous-unemotional traits could be beneficial to an
individual due to the learned preservation of emotional concern and reserved efforts toward
others, resulting in more resources being allocated to personal survival, wellbeing, and
prosperity. The other theory regarding CU traits is that CD / HCU traits comorbid with lower
levels of anxiety are referred to as the primary variant, and because these traits have been
identified in some children as early as three years of age (Hyde et al., 2013; Kimonis et al.,
2006), and remain stable even into adulthood (Frick et al., 2003; Frick & White, 2008), this

suggests neurobiological or genetic underpinnings (Blair, 2013).

1.4.4 Sex Differences in Empathy

Females have been stereotyped as the more empathetic sex of the two (Lennon &
Eisenberg, 1987), and within the general population females do indeed show greater levels of
empathy than males (Toussaint & Webb, 2005). Females have higher scores on self-reported
empathy (Baron-Cohen, 2004) and better performance on emotion recognition tasks than
males (Barrett, Lane, Sechrest, & Schwartz, 2000). Females are also better at spontaneously
empathising with others, whilst males have been described as better at systemising (Baron-
Cohen, 2004). Interestingly, amongst toddlers, males show more callousness whilst females
show higher levels of empathy suggesting females may develop empathic skills earlier than

their male counterparts.
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Relatively little research has been done on sex differences in empathy amongst youths
with CD and CU traits. Cognitive empathy is understood to be intact amongst males with high
levels of CU traits, but they struggle with affective empathy (Blair, 2001). More specifically,
males with higher levels of CU traits show impairments in cognitive empathy in younger
years and increase in their abilities after puberty (Dadds et al., 2009). Interestingly, Dadds et
al (2009) also found females with high levels of CU traits show higher levels of affective
empathy compared to males with high levels of CU traits, and it has been suggested there are
developmental differences in the association between CU traits and cognitive empathy related
to sex differences (Lui, Barry, & Sacco, 2016). More research is necessary to delineate sex
differences in components of empathy amongst individuals with CD and varying levels of CU

traits.

1.5 Overview/Upcoming Chapters

Chapter 1 has provided an overview of Conduct Disorder including diagnostic criteria,
clinical presentation, prevalence, and subgroups. Sex differences in CD were then discussed
followed by a review of empathy and callous-unemotional traits and their relationship to CD.
Chapter 2 will provide a selective literature review on relevant structural and functional MRI
correlates of CD, empathy, and sex differences. The succeeding chapters will overview
experimental findings from four separate research studies, which include a subsample from a
larger project (FemNAT-CD), with data analysed to address specific research questions for

this thesis.
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CHAPTER 2. STRUCTURAL AND FUNCTIONAL NEURAL
CORRELATES OF EMPATHY IN TYPICAL DEVELOPMENT
AND IN CONDUCT DISORDER

2.1 Neuroimaging correlates of affective empathy

2.1.1 Typically developing

The majority of functional MRI research on empathy has focused on responsivity to
viewing others in pain, or anticipation of others in painful situations (Bernhardt & Singer,
2012). Meta-analytic evidence from 32 studies suggests there are neural correlates associated
with empathy-evoking stimuli, comprising a network in the brain which primarily consists of
the bilateral anterior insular cortex and medial and anterior cingulate cortex (Lamm, Decety,
& Singer, 2011). Additional meta-analytic evidence supports the interplay of distinct
networks, whereby the dorsal anterior cingulate cortex is associated with the cognitive-
evaluative component of empathy, and the right anterior insula is associated with the
affective-perceptual component of empathy (Fan, Duncan, de Greck, & Northoff, 2011). The
unique interplay between the two regions is crucial for emotional and cognitive regulation
(Medford & Critchley, 2010). Overall, evidence suggests the primary regions in the brain
associated with empathy are the Al and the ACC, as they are commonly implicated in
empathy for pain research, indicating an affective component to the neural response to pain
(Lamm et al., 2011). The Al has been reported as necessary for empathic pain perception (Gu
etal., 2012). The insula is largely associated with perception and self-awareness, and
evidence has shown sharing emotionality involves extending first hand emotion (Craig,
2009). The ACC is also an area commonly implicated in empathy, as it is recruited during
social interaction with others (Lavin et al., 2013), and has an influence on cognitive responses

to emotional stimuli (Stevens, Hurley, & Taber, 2011). The ACC has been reported as an area
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where executive and regulatory processes interact, evidenced by activation during emotion
regulation in addition to attentional loading during cognitively demanding tasks (Medford &
Critchley, 2010). A thorough review on the neural basis of empathy describes that whilst the
perception of one’s self and vicarious representations of self are necessary for empathy,
different regions of the brain can be active simultaneously during empathic responsivity, and
social information and environmental cues can modulate neuronal arousal (Bernhardt &
Singer, 2012).

Areas hypothesised to be engaged in empathy, specifically limbic and paralimbic brain
structures, are amongst the first to develop in a typically developing individual (Singer, 2006).
Limbic structures are particularly vulnerable in the first few years of life, and abnormal
development can lead to aberrant neural connections and potential difficulties with healthy
social and emotional attachments (Joseph, 1999). Parent-child attachment, which involves
healthy interaction and bonding behaviours, has a large influence on development of these
brain structures. Early attachment difficulties have been linked to disruptive behaviours
amongst young children including problems with socialisation and empathy for others
(Theule, Germain, Cheung, Hurl, & Markel, 2016).

Furthermore, magnetoencephalography (MEG) results from a study including children,
adolescents, and adults (n=209) showed that early signs of empathy for others’ pain are
observed amongst children in brain regions associated with basic sensory processing, whereas
adolescents and adults process empathy for others’ pain in frontal brain regions associated
with a mature brain (Levy, Goldstein, Pratt, & Feldman, 2018). Thus, the results of that study
suggest that the ability to empathasise begins early in childhood alongside normal neural

network development and continues into adulthood when frontal regions, associated with
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more sophisticated higher-order processing abilities, reach full maturity, which in turn leads
to a better understanding of affect in others (Levy et al., 2018).

As mentioned in chapter 1, certain factors modulate empathic response, such as
perspective-taking instructions. For example, amongst healthy adults, instructed perspective-
taking has been associated with neural activation, in that imagining how someone else feels
yields positive correlations between BOLD response and questionnaire-based empathy levels
(Singer, 2004). Results from this study revealed that the higher a participant scored on an
empathy questionnaire, the more BOLD response to perceptions of their partner’s pain in the
ACC and left Al. Additionally, Jackson, Meltzoff, & Decety (2005) found significant BOLD
response in the ACC, Al, cerebellum, and thalamus during empathising with another’s pain,
but they did not find any correlations between empathy questionnaire scores and BOLD
response. Selective empathy, or the tendency to attribute emotional concern toward others
based on subconscious identification of similarities, has also been investigated via fMRI.
Selective empathy results show stronger responses among healthy adults when viewing a
loved one in pain compared to a stranger (Cheng, Chen, Lin, Chou, & Decety, 2010), and
reduced responses toward outsiders, especially in other ethnic groups (Xu, Zuo, Wang, &
Han, 2009). Also, reduced BOLD response has been observed while participants view
someone in pain who they considered to have treated them unfairly previously (Singer, 2006).

In line with findings from healthy adults, typically developing youths exhibit increased
BOLD response in both the insula, ACC, in addition to the somatosensory cortex,
supplementary motor area, and the periaqueductal grey when viewing individuals
experiencing pain inflicted both intentionally or unintentionally (Decety, Michalska, &
Akitsuki, 2008). Furthermore, Decety and colleagues showed that viewing an individual

intentionally causing harm to another is associated with increased response in additional areas
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including the temporoparietal junction, paracingulate, orbitofrontal cortices, and amygdala.
These data suggest substantial overlap between the network of regions recruited by adults and
youths when processing pain experienced by others.

Overall, most research on functional neural correlates of empathic responsivity has
focused on empathy for pain, and several factors can modulate neural responsivity influenced
by painful stimuli amongst healthy individuals. Furthermore, separate neural regions may be
recruited during empathy-related processing, including the Al and ACC, which demonstrates

the existence of an empathy network (Fan et al., 2011).

2.1.2 Conduct Disorder & CU Traits

In the last five years, an increasing number of fMRI studies have examined neural
correlates of various forms of empathy in youths with CD and conduct problems. Some of
these studies have investigated cognitive and affective components of empathy (e.g. O’Nions
et al., 2014; Sebastian et al., 2012), whereas the majority of studies have investigated empathy
for pain. Whilst cognitive empathy is intact, lack of affective empathy is a key feature
associated with antisocial behaviour, and it may have neurobiological underpinnings (Blair,
2001). Regarding responsivity to empathic stimuli, youths with conduct problems have shown
reduced activation whilst viewing pictures of strangers’ in painful, versus non-painful,
conditions in the Al, ACC, and inferior frontal gyrus (Lockwood et al., 2013), and
interestingly, conduct problem symptoms in their sample were positively correlated with ACC
response. Also, CU traits amongst participants in their sample were negatively associated with
response in the Al and ACC (Lockwood et al., 2013). A more recent study found increased
activation observed across all participants with CD symptoms and TD participants in the Al,
amygdala, and temporal pole during a perceived intentional harm condition relative to

unintentional harm to others (Michalska, Zeffiro, & Decety, 2016), which is consistent with
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previous findings. However, Michalska et al. incorporated a different paradigm than
Lockwood et al., in which participants viewed images of intentional and unintentional harm
shown in succession to resemble animation, and the sample included both males and females
unlike the male only sample in the Lockwood et al. paper. Participants in the Michalska et al.
sample were younger as well with an age range of 9-11 (Mage=10), whereas participants in the
Lockwood sample were 10-16 years of age (Mage=14). Within Lockwood et al.’s sample, the
number of CD symptoms and severity of CU traits in this sample modulated BOLD response,
in that a higher number of CD symptoms and greater severity of CU traits were associated
with lower levels of activation in the right posterior insula during the harm condition
compared to the no harm condition. Furthermore, there were negative correlations between
CD severity, CU traits severity and activation in the Al, ACC, and superior temporal sulcus
during the intentional harm condition. Very few studies have examined sex differences in
functional neural empathic responsivity amongst youths with CD. However, Michalska et al
(2016) observed sex-by-group interactions. The first implicated the right posterior superior
temporal gyrus during the intentional vs. unintentional harm condition, whereby higher
numbers of CP symptoms were associated with lower levels of BOLD response in females,
but this effect was not observed in the males. The second sex-by-group interaction was
observed in the posterior superior temporal sulcus and the middle frontal gyrus whereby
conduct problems were negatively associated with BOLD response amongst females, but not
males during the harm vs. no harm condition.

These studies are limited due to their samples consisting of youths with conduct problems,
as in the Lockwood paper, and CD symptoms rather than CD diagnoses as in the Michalska
paper. Results may be influenced by developmental maturation stage, or mean age of the

participants. Additionally, a key difference between the two studies is the limiting male only
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sample in the Lockwood paper, whereas a mixed sex sample was incorporated in the
Michalska paper, which could potentially have interesting influences on the results. Future
research should investigate neural underpinnings of empathic response amongst late
adolescent CD participants whilst further examining sex differences.

Interestingly, Decety, Michalska, Akitsuki, & Lahey (2009) studied a small sample of
youths with childhood-onset aggressive CD (n=8) compared to TD youths (n= 8) ranging
from 16-18 years of age, and BOLD response was stronger in youths with aggressive CD in
the Al, aMCC, somatosensory cortex, and periaqueductal grey whilst viewing images of
others in painful or potentially painful situations. Importantly, the authors have suggested the
areas found to have increased activation are part of the neural pain matrix. The pain matrix is
associated with empathy for others pain as indicated in Figure 2.1 (Decety, 2011).

Reduced empathy amongst individuals with psychopathy and youths with CD/HCU traits
has been thought to reflect amygdala dysfunction (Blair et al, 2014), and reduced responsivity
in the amygdala to aversive affective stimuli such as fearful faces suggests dampened
empathic abilities (Blair, 2008). Klapwijk et al. (2016) investigated empathic response in
youths with Autism Spectrum Disorder (ASD) and CD/HCU, and found that both clinical
groups had decreased BOLD response in the amygdala during emotional resonance, or
judgment of their own emotion. However, whilst youths with CD/HCU had decreased
responsivity in the Al and the inferior frontal gyrus during emotional resonance, youths with
ASD showed decreased response in the hippocampus compared to TD youths. Individuals
with ASD also show reduced activation in the vmPFC during facial recognition, indicating
impairment in cognitive empathy amongst youths with ASD, which is not present amongst
youths with CD/HCU (Klapwijk et al., 2016). It should however be noted that in this study

the authors suggest recognition of facial expressions is equivalent to theory of mind, which is
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not the typical measurement. Nevertheless, the authors argue these results provide evidence
for dysfunctional emotion processing in addition to differentiation between neural
mechanisms underlying CD/CU and ASD.

Furthermore, perspective-taking instructions have yielded interesting results amongst
youths with CU traits. Marsh et al. (2013) examined empathic response amongst youths with
CD and high levels of CU traits while participants were instructed to imagine pain to self or
pain to others, and results showed reduced BOLD response in the ACC, amygdala, and
putamen amongst youths with CD/HCU compared to TD youths. Interestingly, the reduced
amygdala activation was strongly associated with imagining pain to others compared to
imagining pain to self. Severity of CU traits was also negatively correlated with empathic
responsivity in the amygdala and ACC (Marsh et al., 2013).

Based on the studies reviewed, youths with CD and CP seem to have reduced empathic
responsivity to viewing others in pain overall, however early-onset aggressive CD seems to be
associated with increased empathic responsivity. CU traits and severity of CD symptoms also
seem to modulate results, and further research should replicate and expand upon these
findings with larger, mixed sex samples considering there is a dearth of research on sex
differences in CD. The next section will review connectivity and structural covariance
evidence on empathic response, drawing comparisons between healthy individuals and youths
with CD. Relevant findings from studies including CU traits and sex differences will also be

discussed.
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2.2 Neural Networks of Empathy

2.2.1 Typically developing

A good understanding of the normal development of the neural network implicated in
empathy is key to the study of the neural correlates of both antisocial and prosocial
behaviours (Decety, 2010). The key meta-analyses on the neural correlates of empathy have
focused on healthy adults and specifically excluded studies including patients and children.
Whilst data on healthy adults provides insight into the neural networks implicated in a mature
brain, information on how neural networks develop and function amongst youths is important,
particularly when attempting to understand dysfunction amongst clinical populations.
Evidence from one fMRI study suggests that healthy youths respond similarly to healthy
adults during empathy for pain paradigms (Decety et al., 2008). Overall, healthy youths
showed increased BOLD response in the insula, ACC, somatosensory motor area, and
periacquductal grey when viewing others in pain caused by accident. The same study showed
that processing pain inflicted intentionally to others was associated with increased BOLD
response in the amygdala, tempoparietal junction, medial and orbitofrontal cortices. Finally,
another study investigating neurodevelopment of empathy-related circuitry identified age-
related changes in the amygdala, insula, and supplementary motor area in a sample of healthy
individuals ranging from 7 to 40 years of age (Decety & Michalska, 2010).

fMRI analyses identify how neural regions differ in responsivity to various stimuli,
providing insight into structural and functional localisation. However, advances in
methodology have enabled investigation into functional connectivity of neural regions,
resulting in functional segregation (Friston, 2011). Functional connectivity provides
information regarding how specific regions and associated neural networks communicate,

which helps to explain abnormalities in neural circuitry, especially in clinical populations.
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Disruptions in one brain region may be influenced by another region, or may be mediated by
external stimuli (Stephan & Friston, 2010). Therefore, activity-dependent connectivity
analyses are beneficial to follow-up on fMRI analyses to identify how seed regions of interest
are interacting with other regions in the brain during experimental procedures. Research into
neural networks and connectivity of regions implicated in empathy has become increasingly
popular as knowledge on human brain mapping expands, and complexities of interconnected
regions associated with emotional responsivity have been explored.

Empathy for pain networks are dynamic, indicating the interaction of several networks,
specifically the sensorimotor, affective/salience network, and high-order frontal areas (Betti &
Aglioti, 2016). Resting state connectivity studies have shown the default mode network is
impaired among healthy individuals with lower levels of empathy: specifically lower
connectivity between the medial prefrontal cortex and the ACC (Kim et al., 2017). Based on
structural and functional localisation studies (Lamm et al., 2011), the Al and ACC have been
frequently identified in empathy-related studies, and therefore are typically included as seed
regions of interest in connectivity studies. The Al and ACC communicate with other brain
regions, evidenced by inter-individual functional connectivity and intra-individual
psychophysiological interaction (PPI) analyses indicating the Al has connectivity with the
midbrain and periaqueductal grey during pain to self, and the ACC has connectivity to the
superior temporal sulcus, posterior cingulate, and precuneus during pain to others (Zaki,
Ochsner, Hanelin, Wager, & Mackey, 2007). These findings were from a small sample of
healthy adults showing connectivity between the Al, ACC, and the dorsal medial prefrontal
cortex whilst viewing others in pain, implying an overlap in the operations of these separate
brain regions. This means brain regions are multifaceted and do not act independently with

only a singular purpose. However, increased connectivity was observed specifically in the Al
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to the midbrain and PAG during self-pain. These results indicate that the Al and ACC have
overlapping, yet distinct mechanisms in the role of empathic response to self and others.
Limitations of these findings should be considered, as a small sample size was used and self-
pain was administered via actual thermal physical stimuli whilst pain to others was merely
viewed via video. It has also been found that activity in the inferior frontal operculum, which
has been associated with empathy (Jabbi, Swart, & Keysers, 2007), is functionally connected
to the inferior frontal gyrus whilst viewing videos of emotional expressions based on PPI and

Granger causality modelling analyses (Jabbi & Keysers, 2008).

Structural covariance analyses have also been conducted on seed regions associated with
empathy. The Al and ACC have been identified as hubs within prefrontal, temporolimbic, and
midline structural covariance networks (Bernhardt, Klimecki, Leiberg, & Singer, 2014).
Although not many studies have reported sex differences associated with functional
connectivity or structural covariance correlates of empathy, structural covariance amongst a
healthy female specific sample (Mage=24) was investigated, and higher empathy scores were
associated with increased covariance of the dorsal Al to prefrontal and limbic regions,

however they did not show the same association with the ACC (Bernhardt et al., 2014).

2.2.2 Conduct Disorder & CU Traits

Resting state fMRI analyses on youths with CD have yielded results indicating decreased
connectivity in resting state networks including the anterior default mode network, the
somatosensory network, the lateral visual network, and the medial visual network, which
provides evidence for abnormal connectivity in low-level and high-order networks in youths
with CD (Lu et al., 2015). This sample consisted of adolescent males with pure CD, so
research on sex differences is still necessary. Zhou et al (2015) reported aberrant connectivity

within the default mode network, indicating youths with CD have reduced functional
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connectivity in the bilateral posterior cingulate cortex, bilateral precuneus, and right superior
temporal gyrus compared to TD youths (Zhou et al., 2015). Within their sample of youths
with CD (n=18) compared to TD (n=18) participants, those with CD had lower amplitude of
low-frequency fluctuations in the bilateral amygdala/parahippocampus, right insula, right
cuneus, and right lingual gyrus. CD participants in this sample also had higher amplitude of
low-frequency fluctuations in the right fusiform gyrus and right thalamus. Taken together,
these results provide evidence for abnormal connectivity in low-level and high-order networks
in youths with CD. Research on sex differences is still necessary, as these samples consisted
of males with CD.

There are also recent data on preadolescents (n = 123, age 9-11, 60 females) indicating
aberrant connectivity in youths with high levels of CU traits, particularly whilst viewing
others in harm (Yoder, Lahey, & Decety, 2016). CU traits were associated with reduced
functional connectivity between the ACC with the amygdala and the Al whilst viewing
pictorial stimuli of others in pain, however CD symptoms in the same sample were positively
correlated with insula connectivity to the temporoparietal junction (Yoder et al., 2016).
Surprisingly, despite the fact that about half of the sample included females, sex was not
included as a covariate of no interest and the influence of sex on the results was not
investigated.

Future research should further examine sex differences in connectivity and structural
covariance amongst youths with CD, as there are very few studies to date addressing these

factors.

2.3 Structural neural correlates of empathy

2.3.1 Typically developing
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Several different methodologies have been used to investigate the structural neural
correlates of empathy, and neuroscience evidence is strongly supported by lesion studies,
which reinforce neural network findings highlighting primary regions of interest indicative of
aberrant functional and structural integrity. Stroke and neurodegenerative disease patients
often have reductions in cognitive and emotional empathy, and right hemisphere damage has
been related to reductions in perspective-taking empathic processes post-stroke (Yeh & Tsai,
2014). Lesions in the medial prefrontal cortex, anterior insula, anterior cingulate cortex,
anterior temporal cortex, and amygdala are commonly associated with reduced empathic
abilities, consistent with functional MRI results (Hillis, 2014). Furthermore, the most
commonly occurring form of focal epilepsy, refractory mesial temporal lobe epilepsy, is
known to be associated with social cognition deficits, and lower levels of cognitive and
affective empathy have been correlated with smaller gray matter volume in the right mesial
temporal lobe amongst these patients (Toller et al., 2015). Morphometric methodologies have
enabled researchers to investigate individual differences in brain surface, shape, thickness,
folding, and volume associated with empathy. VVoxel-based morphometry (VBM) has been an
accessible and popular method for examining differences in brain atrophy between clinical
populations and controls (Mechelli, Price, Friston, & Ashburner, 2005; Whitwell, 2009).
Relevantly, VBM studies on healthy adults have shown affective empathy toward others is
negatively correlated with grey matter volume in the precuneus, inferior frontal gyrus, and
ACC, whereas self-oriented empathy was negatively correlated with GMV in the
somatosensory cortex, and positively correlated with the insula (Banissy, Kanai, Walsh, &
Rees, 2012). VBM studies have demonstrated grey matter differences in specific areas
associated with affective and cognitive empathy, indicating higher levels of affective empathy

are associated with greater grey matter density in the insula, whereas higher levels of
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cognitive empathy are associated with greater grey matter density in the medial cingulate
cortex/dorsolateral prefrontal cortex (Eres, Decety, Louis, & Molenberghs, 2015). Again, this
study promotes the multifaceted nature of empathy with the existence of distinct regions
related to certain aspects of empathy. Other neural areas involved in empathy include the
superior temporal cortex, inferior frontal cortex, and the amygdala (Carr, lacoboni, Dubeau,
Mazziotta, & Lenzi, 2003). Structural imaging studies reinforce functional imaging findings
to show impairments in certain regions are associated with impaired BOLD response in the
same regions.

Worthy of consideration, vicarious responsivity, especially empathic response, is
multifaceted, implying numerous factors influence the phenomenon. Therefore, context,
interpersonal relationship between individuals, instructed perspective-taking, and selective
empathy are all factors influencing empathic response that should be acknowledged
(Bernhardt & Singer, 2012). This is important due to the complexity of empathy, and fMRI
correlates of empathy will be influenced by these factors to a certain extent. The following
section will provide an overview of brain regions found to be impaired amongst youths with

CD and varying levels of CU traits.

2.3.2 Conduct Disorder & CU Traits

Structural MRI evidence has suggested there are neural abnormalities amongst youths with
CD, and the first VBM study on CD provided evidence for reduced GMV in the bilateral
anterior insula and the left amygdala in a small sample of youths with CD relative to controls
(Sterzer, Stadler, Poustka, & Kleinschmidt, 2007), and interestingly GMV in the Al was
positively correlated with empathy scores amongst youths in the CD group. Since that study,
meta-analytic evidence has provided support for structural deficits amongst youths with CD,

congregating evidence from 13 VBM studies explaining general reduction in amygdala, Al,
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ACC, fusiform gyrus, and prefrontal cortex (Rogers & Brito, 2016, but see also Raschele et
al., 2015). Despite the fact that data on CU traits were only available for 6 of the thirteen
studies, there was some tentative evidence that higher levels of CU traits were associated with
lower GMV reduction in the left putamen. These results are somewhat consistent with an
earlier study, which indicated increased grey matter concentration in the OFC and ACC and
increased GMV in bilateral temporal lobes amongst males with CP/HCU compared to TD
males (De Brito et al., 2009). By contrast, a more recent study reported reduced GMV in the
left OFC in youths with CP/HCU compared to those with CP/LCU (Sebastian et al., 2016).
In contrast to VBM, which provides a composite measure of GMV, surface-based
morphometry distinguishes amongst cortical thickness, surface area, and local gyrification, 3
cortical metrics that have been shown to have different etiologies and developmental
trajectories (Panizzon et al., 2009). Reduced cortical thickness, thinning, and decreased grey
matter densities have been identified in the cingulate, prefrontal, and insular cortices amongst
youths with disruptive behaviour disorders compared to TD youths (Fahim et al., 2011), and
(Hyatt et al., 2012) identified reduced cortical thickness amongst youths with CD in temporal
and parietal lobes, and reduced folding in the Al, ACC, OFC, temporal, frontal, and parietal
lobes compared to TD children. In addition to reduced volume in the amygdala and striatum,
children with CD have shown reduced cortical thickness in the superior temporal cortex and
ventromedial prefrontal cortex (Wallace et al., 2014). Interestingly, CU traits within this
sample were significantly correlated with reduced cortical thickness in the right temporal
gyrus. In a more recent study on a larger sample, CD diagnosis was associated with reduced
cortical thickness in the temporal gyrus, and CD symptom severity was associated with
reduced surface area in the OFC. Interestingly, increased cortical folding was revealed

amongst participants with childhood onset and not adolescent onset CD (Fairchild et al.,
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2015). No data are available on sex differences in brain structure amongst youths with CD,

leaving a gap that should be addressed.

2.3.3 Sex Differences in CD

There are only a few published structural MRI findings comparing females with CD to TD
females. Fairchild et al (2013) found lower GMV in females with CD compared to healthy
control females in the bilateral insula and right striatum. Furthermore, Dalwani et al (2015)
reported reduced GMV in the PFC, vmPFC, ACC, OFC, and striatum. However, this sample
consisted of females with comorbid CD and substance abuse, which makes the clinical group
results more difficult to interpret. Many studies have included mixed-sex samples, however
very few focus on specific analyses to examine sex differences due to small group sizes for
the female CD groups.
2.3.4 White matter tracts in typically developing youths and youths with CD
Whilst grey matter development can reveal important information about structural properties,
white matter tract microstructure provides insight into structural connectivity, measured via
Diffusion Tensor Imaging (DTI) (Bihan et al., 2001). Amongst typically developing youths,
DTI results indicate white matter anisotrophy changes are associated with ageing in a sample
of children and adolescents ranging from 6-19 years of age (Barnea-Goraly et al., 2005).
Specifically within this sample of 34 youths, fractional anisotrophy values increased in
prefrontal regions, the basal ganglia, thalamic pathways, visual pathways, and the corpus
callosum. Overall, typically developing youths show increased fractional ansitrophy during
development. A systematic review covering 22 different DTI studies throughout
neurodevelopment showed that antisocial behaviour amongst adults is associated with greater
diffusivity (poorer integrity) across many white matter tracts including uncinate fasciculus,

thalamic radiations, corpus callosum, cingulum, inferior fronto-occipital fasciculus, and
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corticospinal tract. The results were mixed in youths with antisocial behaviour, indicating
lower and higher diffusivity across white matter tracts (Waller, Dotterer, Murray, Maxwell, &
Hyde, 2017). However two recent studies obtained consistent results whereby both studies
showed that youths with CD are characterised by lower diffusivity (potentially reflecting
increased mylenation) in similar tracts as those observed among adults with antisocial
behaviour. Those effects were mostly explained by CU traits (Puzzo et al., 2017; Sethi et al.,

2018).

2.4 Conclusion, aim of thesis, and outline of remaining chapters

This chapter has reviewed structural and functional neuroimaging research on youths with
CD, including relevant literature on the influence of empathy. There was a specific focus on

findings relevant for youths with CD, CU traits, and any sex differences were reported.

The aim of this thesis is to investigate structural and functional neuroimaging correlates of
empathy amongst males and females with CD. Chapter 3 will review neuroimaging
methodologies, and chapter 4 will cover project design, assessment methods, and site
qualification. The subsequent chapters will discuss experimental findings from four different
analyses on the structural and functional neural correlates of empathy amongst male and
females youths with CD compared to TD male and female youths. Chapter 5 will review
structural MRI voxel-based morphometry (VBM) findings wherein | investigated structural
differences and regions of interest associated with empathy. Chapter 6 is an extension on
chapter 5, which will include an overview of structural covariance results based on seed
regions associated with empathy. Chapter 7 will review functional MR1 (fMRI) correlates of
responsivity to an empathy for pain task, and chapter 8 is an extension of the fMRI analyses

including functional connectivity psychophysiological interaction (PPI) results. Finally,
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chapter 9 will include a summary and discussion of all the experimental chapters in

relationship to the appropriate literature. Scientific and clinical implications will be discussed.
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CHAPTER 3. NEUROIMAGING METHODS

3.1 Introduction

The aim of this thesis is to investigate potential similarities and sex differences in the
neuroimaging correlates of empathy in youths with Conduct Disorder. Therefore, this chapter
will mostly cover the neuroimaging methodologies and steps used in this thesis, but will
briefly refer to others where relevant. Neuroimaging is widely recognised as a popular and
useful methodology for investigating biomarkers of psychiatric disorders (Malhi &
Lagopoulos, 2008).This thesis focused exclusively on structural and functional magnetic
resonance imaging (MRI) data. The following sections will review structural and functional

MRI methodologies and aims of specific approaches.

3.2 Structural neuroimaging

MRI can be used to investigate structural brain properties and is ideal for working with
humans due to its noninvasive nature. Alternatives exist within clinical settings such as
computerised tomography (CT), which uses x-ray radiation. However, MRI is advantageous
in research settings because it does not involve radiation exposure and instead utilises a
magnetic field and radio waves, which pose less risk to individuals in a scanner, and allows
for longer scanning sessions and the inclusion of children. Most researchers use 3 Tesla
scanners which produce more detailed anatomical images and increased signal-to-noise ratio
compared to scanners with lower field strength (Malhi & Lagopoulos, 2007). A variety of
methods are available for measuring the following structural properties of the brain: cortical
thickness, gyrification, grey matter volume, white matter volume, and total cranial size. These

structural properties of the brain can be investigated via voxel-based morphometry,
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deformation-based morphometry, and surface-based morphometry (May & Gaser, 2006).
Voxel-based morphometry is a fully automated technique and can be used to measure
differences in grey or white matter between groups. After extensive pre-processing
procedures including segmentation and creation of sample-specific tissue probability maps,
comparisons are made on standardised, spatially normalised brains at a voxel-wide basis
(Ashburner & Friston, 2000). Alternatively deformation-based or tensor-based morphometry
can be used to measure differences in brain shape rather than brain tissue after correction for
overall brain size. This involves deformation fields to locate which neuroanatomical areas
differ between subjects either globally, or at a voxel-wise basis. Surface-based morphometry
analyses involve extraction of the cortical surface to measure differences in physical
properties such as curvature and thickness after standardisation procedures (Greve, 2011).
Advances in software development have led to the widespread availability of packages such
as Statistical Parametric Mapping (SPM) (Friston, 2007), FMRIB Software Library (FSL)
(Jenkinson, Beckmann, Behrens, Woolrich, & Smith, 2012), Analysis of Functional
Neurolmages (AFNI) (Cox, 1996), and Free Surfer (Fischl, 2012). SPM and associated
methodological toolboxes were used for data analysis in this thesis to compare differences in
grey matter volume between youths with and without CD. This was in accordance with
previous research studies in the field investigating neuroanatomical differences between CD
and typically developing youths (e.g. Sterzer et al., 2007; De Brito et al., 2009; Sebastian et
al., 2016). Structural MRI studies often investigate regions of interest, which can be defined
either via manual tracing or through ROI definition using a toolbox such as aal PickAtlas
(Maldjian, 1994) in SPM. Unlike manual ROI tracing, automated morphometry allows for
examination of differences in several regions across the brain all within one analysis (Eckert

et al., 2005), and VBM is ideal for local regional differences due to the greater sensitivity
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compared to other techniques such as deformation based morphometry (Mechelli, Price, et al.,
2005).The rationale behind VBM, including advantages and disadvantages of the method, will

be reviewed in the following section.

3.2.1 Voxel based morphometry (VBM)

VBM is used to analyse structural MRI data where a comparison happens at a voxel-wise
level within specified brain tissue. During pre-processing of data, grey or white matter can be
extracted, which allows for group comparisons of local composition of the tissue type of
interest (Ashburner & Friston, 2000). VBM has been criticised as not sensitive enough due to
potential limitations such as misregistration (Bookstein, 2001) and displacement of tissue
during segmentation (Good et al, 2001), but to date it is one of the most statistically valid
ways to preserve and compare total grey matter between clinical groups (Ashburner &
Friston, 2001). There are ways to control for potential issues during pre-processing via use of
the Diffeomorphic Anatomical Registration Through Exponential Lie Algebra (DARTEL,;
Ashburner, 2007) and customised tissue probability maps, which greatly reduces chances of

the aforementioned errors.

3.2.2 Structural MRI Pre-processing

Pre-processing procedures ensure normalisation for statistical analyses and comparisons
between groups of subjects due to natural variation in shape and size of the human brain
(Mechelli et al., 2005). To account for individual differences, spatial normalisation must
therefore be done for imaging data to be in a standardised neuroanatomical space. Spatial
normalisation corrects for global variation across subjects so that differences in local
concentrations can be observed at a voxel-wise level (Mechelli et al., 2005). Figure 3.1 shows

a standard VBM pre-processing pipeline.
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As the brain consists of both grey and white matter in addition to cerebrospinal fluid,
segmentation must be done in order to extract the tissue of interest for analyses. This is
automated in VBM where a calculation is conducted to ascertain the probability of a voxel
being grey matter or white matter. Use of a custom tissue probability map helps with this
process, as the likelihood of a voxel being correctly categorised as grey or white matter is
enhanced when matching subject data with previously collected structural images from

individuals with the same age and gender (Mechelli et al., 2005).

Voxel-Based Morphometry

Pre-processing Overview

Original Normalized GM Segment Modulated GM Smoothed GM

L’ I—’ L* l—’

Template GM prior WM prior CSF prior Gaussian Kernel

Figure 3.1 VBM pre-processing pipeline



All T1 images were assessed for quality and categorised as good, fair or poor by two
independent raters (Roberta Clanton and Stephane De Brito). Poor scans refer to those with
ringing, blurring, distortion, or neuroanatomical abnormalities, whereas good scans refer to
those with clear details in brain regions and delineation of grey and white matter boundaries
and gyri (see Figure 3.2). Only good T1 images were included in the analysis, therefore all
participants included in this chapter. Images were then pre-processed using Statistical
Parametric Mapping (SPM12, Wellcome Department of Imaging Neuroscience, University
College London, UK) and Matlab (Mathworks, Natick, MA, USA). First, all scans were set to
the anterior-posterior (AC-PC) commissure line at the origin [0 0 0 mm]. Age and sex specific
tissue probability maps were then created with the template-o-matic toolbox (Wilke, Holland,
Altaye, & Gaser, 2008) to account for the variance in child participants. Next, via the VBM8
and DARTEL toolboxes in SPM12, images were segmented into grey and white matter, and
normalised with affine-only transformation. Grey matter segments were then smoothed with a
4mm Gaussian kernel. This size kernel was selected because DARTEL-based VBM analyses
are better suited for smaller kernel sizes, especially with larger groups; notably, a 2-4 mm

kernel has been suggested for use with groups over 50 participants (Shen & Sterr, 2013).
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Figure 3.2 Examples of varying degrees of movement artefacts in SMRI

3.2.3 Structural MRI data analysis

Using SPSS, effects of group, sex and site on overall GMV, white matter volume and
cerebrospinal fluid were examined with 2 (Group: CD vs TD) x 2 (Sex: Females vs Males) x
2 (Site: Birmingham vs Southampton) ANCOVAs with age and 1Q as covariates of no
interest. Significance level was set at p <.05. Follow-up post-hoc Bonferroni pair-wise

comparisons were used to compare means for any significant main effects or interactions.

VBM analyses of GMV were completed in SPM using a general linear model: a 2 (Group:
CD vs TD) x 2 (Sex: male vs female) x 2 (Site: Birmingham vs Southampton) full factorial
design was run using the smoothed gray matter images. Age and 1Q were included as
covariates of no interest. Using an absolute threshold of 0.1, regionally-specific between-

group differences in GMV were assessed. Additional analyses were conducted comparing TD
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youths to youths with CD/HCU traits and those with CD/LCU traits. Consistent with previous
studies (e.g., Sebastian et al., 2016), the HCU and LCU group were formed based on median
split (34) on the CU traits scores from the YPI questionnaire. Comparisons in GMV across the
three groups were conducted with a one-way ANOVA. Consistent with previous VBM work
on the FemNAT-CD sample (Rashle et al., 2018), a multiple regression with a sex-by-CU
traits interaction term (mean-centered CU scores multiplied by the dichotomous variable sex)
was conducted within the CD group only to examine whether sex and CU interacted to predict
GMV. Age, 1Q and sites were included as covariates of no interest. Using an absolute

threshold of 0.1, regionally-specific between-group differences in GMV were assessed.

Whole-brain and region of interest analyses were conducted. Regions of interest were
anatomically defined using the aal Atlas of the Wake Forest University PickAtlas (Maldjian,
Laurienti, Kraft, & Burdette, 2003) and included bilaterally: the amygdala, anterior insula,
anterior cingulate cortex, and ventromedial prefrontal cortex. For both whole-brain and ROI
analyses, the height threshold within SPM was set at p < 0.05 family-wise error (FWE)
corrected. For exploratory purposes, additional whole-brain analyses were also carried out
using a reduced height threshold of p < 0.001, uncorrected with extend threshold of k=10

voxels.

3.2.4 Structural covariance

Structural covariance refers to the correlation of grey matter density in specific brain regions.
Regional density can have an influence on other regions that are connected either functionally
or structurally (Alexander-Bloch, Giedd & Bullmore, 2013). Structural properties of the brain
are therefore complex, and this method enables to examine which regions are influenced by

the same mechanisms whilst reinforcing available data on network structural connectivity
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(Mechelli, Friston, Frackowiak, & Price, 2005). Structural covariance networks can provide
support for functional network integrity, in that investigation into how structural neural
networks co-vary can help explain how functional connections are formed and strengthened in
the brain (Alexander-Bloch, Giedd, & Bullmore, 2013; Mechelli, Friston, et al., 2005). It is
thought this is influenced by a combination of both genetic and environmental factors

(Alexander-Bloch, Giedd & Bullmore, 2013).

Global and region-specific grey matter volume matures throughout childhood and
adolescence, with some of the structural development necessary for large-scale functional
integration not fully complete until late adolescence (Zielinski, Gennatas, Zhou, & Seeley,
2010). More specific networks, such as the salience network and CEN have shown structural
covariance between regions is more advanced in late adolescence compared to early
childhood (Zielinski et al., 2010). These neural networks are discussed in more detail in

chapter 6, section 6.1.

3.2.5 Structural covariance pre-processing

Data were pre-processed within the VBMS8 toolbox in SPM12, and the GMV was extracted
via the segmented and smoothed VBM data used in chapter 5. MNI coordinates for seed
regions were then identified and entered into the MarsBar toolbox in SPM12 (Brett et al.,
2002). The seed regions included left anterior insula (x = -40, y = 22, z = 0), right anterior
insula (x =39, y = 23, z = -4), and anterior cingulate cortex (x = -2,y = 23, z = 40), based on
the MNI coordinates from meta-analytic evidence (Lamm et al., 2011). Consistent with
previous structural covariance studies using GMV data from VBM (e.g. Heinze et al., 2015;
Mechelli, Friston, et al., 2005), average regional grey matter volume intensities within the

three ROIs were extracted from each participant’s pre-processed VBM data using a 4mm
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sphere defined within the SPM Marsbar toolbox, and centered around the peak coordinates of

the three ROls.

3.2.6 Structural covariance data analysis

Three (one for each of the three seed regions) two-way (Group: CD vs TD; Sex: Males vs
Females) ANCOVAs models were created in SPM12, wherein the extracted grey matter
intensities from the seed regions were contrasted against the whole brain. Separation of group
and sex within the models, with a total of four groups, allowed investigation into possible
main effects of group (TD vs CD) in addition to possible sex-by-group interactions.
Covariates of no interest included global grey matter, age, 1Q, and scanning site. The height
threshold was set at p < 0.05, Family-Wise Error (FWE) corrected at whole-brain level, and

results were displayed on a mean structural image of all the participants.

3.3 Functional neuroimaging

There are several ways to examine neural function including resting state fMRI and task-
based fMRI (Huettel, Song, & McCarthy, 2004). Resting state fMRI provides insight into
whole brain functional activity and neural network connectivity, which shows how various
regions of the brain are interacting whilst an individual is at rest without immediate cognitive
or attentional demands to influence responsivity. Transference of signal between brain regions
during rest provides evidence for neural networks, or circuits, which are responsible for
similar processes. This is important because aberrant network connectivity can be an indicator

or biomarker for psychiatric disorders (Atluri, Padmanabhan, & Fang, et al., 2013).

By contrast, task-based functional MRI measures neural activation during a task designed to
evoke cognitive or affective processes in response to stimuli. Broadly, fMRI results do not

indicate changes in neuronal activity, but instead indicate changes in associated physiological
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activity through blood oxygenation level dependent (BOLD) response (Huettel et al., 2004).
BOLD refers to a contrast, and after several pre-processing steps, statistical parametric maps
are produced to identify “increased” or “decreased” responsivity in brain regions. fMRI
utilises a large magnetic field to measure a change in signal intensity reflecting deoxygenated
hemoglobin in the brain, which has magnetic properties. This happens whilst humans view or
undergo cognitively stimulating events, and is also known as the hemodynamic response
function (HRF). Following exposure to a stimulus, the HRF lasts approximately 20 seconds
and a peak response is usually observed after ~ 6 seconds. In MRI, the brain is divided into
3D pixels called voxels of several millimeters in size, each including millions of neurons.
There are close to 100 billion neurons in the human brain, and when neurons are stimulated,
glucose and oxygen are recruited via the bloodstream resulting in increased blood oxygen
level (Huettel et al., 2004). Therefore, when a group of participants show “increased BOLD”
response, this indicates that, on average, those participants experience a rush of oxygen in the
blood to a cluster of neurons in a similar location, and the deoxygenated hemoglobin with
magnetic properties is detected. A higher number of neurons recruited will result in an

increased response.

fMRI cannot provide any useful information regarding a single individual, so a larger sample
size of similar individuals is the only way to interpret any meaningful results. Due to the
neurobiology of HRF, there are several caveats when considering fMRI design (Friston,
Holmes, Poline et al., 1995; Henson, 2006). fMRI study design can have a large influence on
results, and paradigms can be analysed via blocks or event-related designs (Amaro & Barker,
2006). In clinical samples, a block design is generally preferred as it involves averaging the
BOLD response over a series of events and comparing it to other blocks of events, which

increases statistical power and allows a smaller margin of error (Carter, Heckers, Nichols,
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Pine, & Strother, 2008) . Event-related design requires precise timings across all participants
as it measures the peak BOLD response to seeing an event. If timings are precise across all
individuals, and there is no overlap in onset of a new event, this is fine. However, this is often
a challenge and events in the paradigm can be poorly placed, which can be challenging for
analysis because if new events are presented before 20 seconds, determining what the
participants are actually responding to may prove difficult. Additionally, after 20 seconds it
becomes a challenge to determine if a response is due to scanner drift, or external noise, or if
it is indeed a true response (Aguirre, 2010). It is also important to pre-process the data to a
high standard, and use appropriate statistical threshold to view results in order to balance risk
for type I and type Il errors (Lieberman & Cunningham, 2009). Whilst fMRI can provide
information on which regions are activated separately during a task, functional connectivity
shows how regions are transferring signals either during a task or during rest (Friston &

Buchel, 2004).

Time (s)

Figure 3.3 Time course of the hemodynamic response function

52



Based on previous studies, an empathy for pain fMRI task was used in this thesis. This task
has been well validated and used in previous studies on healthy adults (Gu et al., 2010) and

youths with conduct problems (e.g. Lockwood et al., 2013).

3.3.1 Functional MRI pre-processing

Several pre-processing steps and quality control methods were used in accordance with
typical fMRI analysis procedures to increase validity and standardisation of the data, taking
into account the influence of external noise and physiological artefacts such as influence of
data acquisition (e.g. scanner drift and thermal noise), and individual differences such as

amount of movement.

After discarding the first 5 dummy scans for each participant, the remaining functional
volumes were pre-processed within SPM12 (http://www:.fil.ion.ucl.ac.uk/spm/), using Matlab.
Voxel displacement maps were then created using the processed fieldmaps. To reduce the
influence of individual movement during scanning, all functional scans were realigned to the
reference scan in the time-series using rigid body transformation, producing a mean EPI for
each participant. Mean realigned and unwarped EPIs were co-registered to the original T1

anatomical scans to allow for the final stage of normalisation to MNI space.

The normalisation procedure registered images from all participants to the same coordinates
to ensure recognised voxels were the same regions for everyone. A customised tissue
probability map was created within the Template-O-Matic toolbox (Wilke et al., 2008) to help
account for the use of child data, which is an important step as previous fMRI studies on CD
have not always included a customised TPM, and this could contribute to a mismatch between
the recognised MNI coordinates and brain templates. The customised TPM accounted for age

and sex of the participants, and matched the participant data with other paediatric brains
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resulting in a specialised brain template to include in the next step, segmentation. All T1
images were segmented into grey and white matter using the VBMS8 toolbox (Gaser, 2009),
and individual native-space grey matter and white matter segments were normalised to the
TPM using affine registration. A Diffeomorphic Anatomical Registration Through
Exponential Lie Algebra (DARTEL; Ashburner, 2007) template was then created using the
segmented grey and white matter images. All pre-processed image volumes were smoothed
with a 6mm full-width/half-maximum kernel to increase signal-to-noise ratio (SNR), and final
smoothed unwarped images were used for the first and second level analyses. All EPI
volumes were also visually inspected, and any with excessive motion were discarded.
Excessive motion was deemed to be more than 20 volumes, or having greater than 10% of
volumes as outliers. To account for motion during scanning, artefact repair toolbox (ART;

http://www.nitrc.org /projects/ artifact_detect/) was used for each participant, with a threshold

of 1.5 mm. Any motion regressors detected by ART beyond 1.5 mm in terms of translation or

rotation were included as covariates in all participants’ first level GLM design.
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Figure 3.4 fMRI pre-processing pipeline

3.3.2 Functional MRI data analysis

Following pre-processing of fMRI data, subject-specific first level general linear models
(GLMs; Friston et al., 1994) were created consistent with block design including experimental
conditions of pain, no pain, and fixation. Contrast images were created at the first level to
assess the effect of ‘pain > no pain’ ‘no pain > pain’ ‘pain > fixation’ ‘no pain > fixation’.
Parameter estimates from each contrast were then used for second level analysis adopting a
full factorial 2 (Group: CD vs TD) x 2 (Sex: Females vs Males) x 2 (Scanning site:
Birmingham vs Southampton) design (ANCOVA) in SPM12, with age and 1Q entered as
covariates of no interest. After estimation of the models, results were then viewed at the

whole brain level in addition to hypothesised regions of interest (ROIs), which were
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anatomically defined using the aal Atlas of the Wake Forest University PickAtlas (Maldjian et
al., 2003). The ROIs included, bilaterally, the anterior insula, amygdala, anterior cingulate
cortex, orbitofrontal cortex, and ventromedial prefrontal cortex. ROIs were specified based on
previous research identifying differences between youths with and without conduct problems
during empathy-related tasks (e.g. Lockwood et al., 2013), and specific MNI coordinates

reported in Lockwood’s paper were used for the Al

3.3.3 Functional connectivity

fMRI analyses showed that compared to TD youths, those with CD had reduced activation in
the left Al and cerebellum when processing stimuli depicting painful stimulation in others. To
follow up on those results, functional connectivity between these regions of interest and the
whole brain were conducted. Functional connectivity analyses provide information regarding
interactions of neural regions and network organisation (Friston & Buchel, 2004). This is
consistent with the shift from functional localisation to functional integration in human brain
mapping, which has yielded a significant redirection of focus, and inclusion of connectivity in

current neuroimaging research (Friston, 2011).

Functional integration can be divided into the two categories of functional connectivity and
effective connectivity (Friston, 2011). Effective connectivity refers to the influence one brain
region has on another and describes coupling between regions based on activity-dependent
changes, whereas functional connectivity refers to correlations, but implies no information
regarding mediation or causality (Friston, 2011). There are different techniques to measure
functional connectivity, for example Granger Causality (Roebroeck, Formisano, & Goebel,
2005), Structural Equation Modeling (MclIntosh & Gonzalez-Lima, 1994), or Dynamic Causal

Modeling (Friston, Harrison, & Penny, 2003). This thesis used psychophysiological
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interaction (PPI), which provides information on interactions between two regions activated
simultaneously during fMRI (Friston et al., 1997; O’Reilly, Woolrich, Behrens, Smith, &
Johansen-Berg, 2012), rather than identifying functional localisation as fMRI studies do. The
connectivity between regions in the brain during the fMRI task (psychological term) and time
series information from the specified seed regions (physiological term) creates the
psychophysiological interaction of interest. The interaction term provides information
regarding connections between regions as well as how certain regions can alter connectivity in
a particular context such as a specific task’s condition (e.g., pain vs no pain stimuli);
(O’Reilly et al., 2012). PPI analyses are commonly used as a measure of functional
connectivity following fMRI results (Table 8.3), and therefore serve as a useful tool to
investigate task-based functional connectivity. However, in contrast to dynamic causal
modeling, which is used to measure effective connectivity to make predictions regarding seed
region input, PPI does not make such inferences (Friston et al., 2003). Finally, it is worth
noting that other imaging modalities such as resting state fMRI are useful to examine
connections during resting periods or non-activity related experiences, but these do not enable
researchers to investigate how experimental manipulation influences connectivity (Friston,

2011).

3.3.4 Functional connectivity pre-processing

fMRI results in this thesis revealed main effects of diagnosis (TD > CD/ pain > no pain) in the
cerebellum (x =-9, y = -60, z = -33) and left anterior insula (x = -33, y = 24, z = 3). These two
regions were used as seed regions for the PPI analysis. Several pre-processing steps and
quality control methods were used in accordance with typical fMRI analysis procedures to
increase validity and standarisation of the data, taking into account the influence of external

noise and physiological artifacts such as influence of data acquisition (e.g. scanner drift and
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thermal noise) and individual differences such as amount of movement. After discarding the
first 5 dummy scans for each participant, the remaining functional volumes were pre-
processed within SPM12 (http://www.fil.ion.ucl.ac.uk/spm/), using Matlab. VVoxel
displacement maps were then created using the processed fieldmaps. To reduce the influence
of individual movement during scanning, all functional scans were realigned to the reference
scan in the time-series using rigid body transformation, producing a mean EPI for each
participant. Mean realigned and unwarped EPIs were co-registered to the original T1
anatomical scans to allow for the final stage of normalisation to MNI space. The
normalisation procedure registered images from all participants to the same coordinates to

ensure recognised voxels were the same regions for everyone.

A customised tissue probability map was created within the Template-O-Matic toolbox
(Wilke et al., 2008) to help account for the use of child data, which is an important step as
previous fMRI studies on CD have not always included a customised TPM, and this could
contribute to a mismatch between the recognised MNI coordinates and brain templates. The
customised TPM accounted for age and sex of the participants, and matched the participant
data with other paediatric brains resulting in a specialised brain template to include in the next
step, segmentation. All T1 images were segmented into grey and white matter using the
VBMB8 toolbox (Gaser, 2009), and individual native-space grey matter and white matter
segments were normalized to the TPM using affine registration. A Diffeomorphic Anatomical
Registration Through Exponential Lie Algebra (DARTEL; Ashburner, 2007) template was
then created using the segmented grey and white matter images. All pre-processed image
volumes were smoothed with a 6mm full-width/half-maximum kernel to increase signal-to-
noise ratio (SNR), and final smoothed unwarped images were used for the first and second

level analyses. All EPI volumes were also visually inspected and those with excessive motion
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were discarded. Excessive motion was deemed to be more than 20 volumes, or having greater
than 10% of volumes as outliers. To account for motion during scanning, artifact repair

toolbox (ART; http://www.nitrc.org /projects/ artifact_detect/) was used for each participant,

with a threshold of 1.5 mm. Motion regressors from ART were included in each participant’s

first level GLM design.

3.3.5 Functional connectivity data analysis

Within the first level fMRI design, new F contrasts were created for the effects of interest
(pain, no pain, and fixation) for both seed regions (cerebellum and insula). Volumes of
interest (VOI), or Eigenvariates, including time series information regarding effects of interest
were then extracted from first level fMRI results for each participant with a sphere of 3 mm
placed around the VOI. The VOI for each participant was entered into the PPI toolbox in
SPM12 to generate new PPI regressors: ppi (psychophysiological interaction term), y (VOI,
including time-series BOLD information), and p (psychological term, including task-based
contrast information on pain > no pain). First level general linear models were then specified
for each participant, with the new regressors including ppi, y, and p. After estimation of all
first level designs, contrasts were created to look at the effect of the ppi interaction term. The
PPI regression contrasts were then entered into a second level two-sample t-test (TD vs. CD)
in SPM12 with age, 1Q, scanning site, and sex as covariates of no interest. Based on previous
results, ROIs were identified as the ACC, Al, amygdala, and thalamus. Exploratory analyses

were also conducted at the whole brain level.

3.4 Considerations for use of MRI in research on clinical populations

There are several advantages and disadvantages of using MRI when researching clinical

populations (Malhi & Lagopoulos, 2007). Benefits include identification of biomarkers, use
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of “gold standard” technology for biological evidence of psychiatric disorders, and reduction
in participant errors influencing results. Disadvantages include the relatively recent
introduction of MRI for research purposes, software and statistical applications, and

interpretation of results for clinical implications.

Firstly, psychiatric disorders are elusive because unlike many other medically recognised
disorders, the signs and symptoms are often not visible or do not have a standardised medical
test to categorise healthy or non-healthy. A substantial body of behavioural evidence exists to
provide support for mental health disorders. However, biomarkers are crucial as they help
determine cause of a disorder (Phillips, 2012). For example, when an individual has a broken
bone, an x-ray and physical exam can quickly help identify location of the problem, diagnosis,
and a specialised solution. Psychological biomarkers help clinicians to treat patients in a
similar way, as understanding the cause of an issue can lead to improved strategies for
prevention and intervention, even prior to adulthood (Venkatasubramanian & Keshavan,

2016).

Secondly, technological advancements have aided researchers and clinicians in identification
of biomarkers, and MRI is considered the “gold standard” for psychology research (Savitz,
Rauch, & Drevets, 2013). For many years psychologists had to depend on self-report and
behavioural evidence. However, scientific breakthroughs have enabled researchers to adopt
methods to measure biological evidence including heart rate and skin conductance signals,
MR images, and EEG signals. MRI is considered by some as the best tool available for insight

into the inner workings of the human brain (Linden & Fallgatter, 2009) .

Furthermore, MRI allows for less human interference. Although researchers may have to

correct for motion, which is often the largest external artifact, or lack of attention whilst in
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scanner, a MRI image is objective and the individual cannot bias an anatomical image of their
brain (Phillips, 2012). Whilst the above sections cover clear benefits of MRI to research
biomarkers amongst clinical populations, there are important limitations, which must be

carefully considered during analysis and interpretation of MRI data.

First, MRI is a relatively recent methodology for research in psychology. It has clear clinical
utility in hospital settings as it can show atrophy and identify blood flow complications in the
brain. However, only in the past two decades have scientists begun using MRI for
experimental research, and there is still plenty to investigate at a basic level, especially in
terms of statistical analyses, and what can be derived from fMRI results. fMRI results from
cross-sectional datasets only provide a limited amount of information, therefore it is important
to collect longitudinal data to systematically investigate functional responsivity (Madhyastha

etal., 2017) .

Statistical software packages for MRI data analysis have many versions (e.g. SPM 12), which
are based on complex algorithms and precise mathematics. This is often beyond the scope of
typical training a psychologist receives, making researchers in the life sciences dependent on
multi-disciplinary teams including physicists, engineers, and statisticians. This in itself is not
a limitation, but it is important to remember the complexity of statistical analyses on MRI
data. This variety of Statistical software packages for MRI data analysis can also account for
lack of replications and variations in results between studies investigating particular construct
or clinical group (Pauli et al., 2016). New software development and toolboxes will allow for
more valid replication of previous findings, and a more fine-grained approach, as has been the

case for the past decade.
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Finally, the largest limitation of MRI is the fact that MRI cannot be used as a clinical
diagnostic tool for psychiatric disorders (Weinberger & Radulescu, 2016). There is still a
significant amount of research yet to be conducted on MRI and interpretation of BOLD

response, particularly task-based fMRI, and whilst there have certainly been advancements i

n

regards to aberrant network connectivity and biomarkers, definitive clinical utility of MRI for

psychiatric groups is not yet possible.

3.5 Conclusions

This chapter has reviewed applications of structural and functional MRI for research on
psychiatric populations. First structural MRI was discussed, with details of VBM and
structural covariance including pre-processing and data analysis steps. Next, functional MRI
was discussed with a particular focus on fMRI and PPI analyses, which were used in this
thesis. Other methodological approaches were also briefly discussed, and methodological
considerations for use of MRI for research on psychiatric populations were covered. The
following four chapters will include studies focusing on the structural and functional MRI

data collected from youths with and without CD.
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CHAPTER 4. FEMNAT-CD: PROJECT DESIGN,
MEASUREMENTS, AND INDIVIDUAL CONTRIBUTION

4.1 Project Design

The Neurobiology and Treatment of Adolescent Female Conduct Disorder project, or

FemNAT-CD (http://www.femnat-cd.eu/), is a European multi-site study the aim of which is

to investigate potential sex differences amongst youths with CD by focusing on
neurobiological, psychophysiological, genetic, and environmental components, in addition to
treatment trails (Freitag, 2014). Across Europe there are six different work packages. In the
United Kingdom the University of Birmingham and the University of Southampton are
responsible for work package 6 (Fairchild & De Brito), which focuses on the functional and
structural neuroimaging correlates of CD using MRI techniques.

4.2 Individual Input

The initial design and grant proposal for the project were completed by researchers
leading the work packages at each site. As a PhD student, sponsored by the University of
Birmingham College of Life and Environmental Science, | began working on the project after
funding for the grant proposal was approved and as such | was not involved in the study
design. Once in post my input included initial contact with recruitment sources, creation of
scoring materials, and ordering of supplies. All data collection in Birmingham was completed
by myself and colleagues from the University of Birmingham, and colleagues from the
University of Southampton collected data in Southampton and Reading. Data sharing is
central to the project, which is why half of the data included in the thesis comes from the

University of Southampton.
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4.3 Ethics

Ethical approval by the National Health Service (NHS) Research Ethics Committee was
granted in January 2014, and data collection started on February of that year (NRES
Committee West Midlands —Edgbaston; REC reference 13/WM/0483). All individuals
included in the study under the age of 16 were required to provide assent, and also received
parental consent for participation. Individuals aged 16 and above provided consent for
themselves. Consent forms for the parents/caregivers were also obtained at the same time for
their own participation. Participants were informed they were entitled to discontinue at any

time.

4.4 Recruitment

All participants were recruited through a variety of sources in the community. Typically
developing youths were recruited through mainstream schools and local youth groups. Youths
with CD were recruited through Children and Adolescent Mental Health Services (CAMHS)
within the National Health Service (NHS), youth offending services, charities working with
at-risk youths, and schools for youths with social, emotional and behavioural difficulties.
Visits by the study team were conducted at the recruitment sites to describe the project to staff
and potential participants, during which information sheets and invitation letters were
provided for parents/caregivers of the youths. Birmingham data were collected by me and my
colleagues over the course of three sessions either at the participants’ home or at the
university. During the initial session, | obtained assent/consent from the participant and the
parent/caregiver where appropriate. | then administered an 1Q test, completed a semi-
structured interview with the participant, and carried out MRI screening. During the second
session, | collected questionnaire data from the participants, and the third session took place at

the Birmingham University Imaging Centre to collect MRI data, including structural and
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functional images. Participants, both youths and parents, were paid for taking part and the
youths were also given a printed image of their brain after completion of the scanning session.

4.5 Assessment measures

Phone screening was completed with the participants, or with the parent/caregiver for
youths under the age of 16, before scheduling an initial visit. During the phone screen age,
sex, and current school information was collected in addition to questions about current or
past mental illness, brain trauma, and eligibility to complete a MRI visit. Further screening
and assessments were completed at the participants’ homes or at the university to ensure all
participants met the inclusion criteria, and none of the exclusion criteria. Table 3.1 provides
information regarding inclusion / exclusion criteria for all participants. Inclusion criteria

included a full-scale 1Q 2 70, no current psychiatric illness for healthy controls, and no

history of externalising disorders (e.g. ODD, CD, and ADHD). Exclusion criteria for all
participants included a full 1Q < 70, presence of serious psychiatric or developmental
disorders including Autism, Bipolar, Schizophrenia, developmental disabilities, or genetic
disorders. Neurological disorders, history of traumatic brain injuries, and inability to speak or
understand English were also exclusion criteria. Female participants were also excluded if
there was any possibility they could be pregnant. Only one child per family was accepted into
the study to avoid any biases in the genetic analyses component of the FemNAT-CD study.
Substance / drug abuse was screened for via the K-SADs, and only typically developing
participants were excluded if they met thresholds for past or present substance abuse.
Meticulous screening and assessment of participants was a crucial element of the study as it
was a case-control study. Based on sample sizes from a previous study (Fairchild et al., 2013),
power calculations were conducted to predict number of necessary participants. The effect

size (f = .4) was calculated based on mean grey matter volume from the Al in the TD males
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and females and CD males and females. On this basis, a total sample of 76 (19 per group) is
required to detect group differences with 80% power and alpha set at .05. (analysis performed
using G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007). Measurements used included
semi-structured diagnostic interviews administered to both youths and parents, 1Q testing, and
self-report questionnaires assessing CU traits and empathy levels. The following sections will

review the assessment and measurement tools used in each experimental chapter of this thesis.
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Table 4.1 Inclusion and exclusion criteria

Criteria for all participants

Inclusion Exclusion

Aged 9-18 Monogenetic disorder, genetic syndrome (e.g.
fragile-X-syndrome, Down’s syndrome, Prader-

1Q>70 Willi-syndrome metabolic disorder)

No neurological disorders (e.g. cerebral palsy, motor History of or current clinical diagnosis of Autism

problems due to motor or metabolic disorder, current Spectrum Disorder (includes “Autism”, “Asperger

treatment for epilepsy) Syndrome”, “Pervasive development disorder
NOS”, “Atypical Autism”, and “Autism Spectrum

No traumatic brain injuries (defined as loss of Disorder”); Schizophrenia; Bipolar Disorder or

consciousness for more than 1 hour) Mania according to ICD-10, DSM-IV TD or DSM-
5 criteria

Only one sibling per biological family

Speaks English

Additional criteria for typically developing participants

Inclusion Exclusion

Not meeting current DSM-IV or DSM-5 criteria for
any psychiatric disorder as assessed with the K-SADS-

PL
Additional criteria for clinical participants
Inclusion Exclusion
Diagnosis of CD; Co-occurring psychiatric disorders Does not meet full threshold for CD or
are acceptable (Depression, Anxiety, PTSD, ADHD, externalising behaviours and/or only meets
ODD) thresholds for other psychiatric disorders; Current

substance abuse

Additional MRI exclusion criteria for all participants

Pregnancy or having recently given birth within last year
Metal embedded in body that cannot be removed (including piercings, braces, or ankle monitors)

History of claustrophobia (mock scanner available for participants to check comfortability prior to scanning
session)

Significant visual impairment (all participants should be able to see stimuli in scanner with normal vision or
corrected to normal vision)
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4.5.1. Kiddie Schedule for Affective Disorders and Schizophrenia - Present and Lifetime
version (K-SADS-PL; Kaufman et al, 1996)

The K-SADS was the main instrument used to assign participants to either the CD or TD
groups, and interviews typically lasted between one or two hours per participant. It is a well-
validated semi-structured diagnostic interview created for assessment of past and current
mental health disorder based on clinical thresholds according to DSM-IV criteria, wherein
both the child and the parent report child behaviour and symptomology (Kaufman, Birmaher,
Rao, 1996). DSM-5 classifications are used in research on clinical populations as many
journals publish internationally recognised research based on these criteria supported by the
APA. Importantly, the DSM has includes criteria on social consequences. Social impairments
found in mental disorders are often a catalyst for further investigation into etiology, and the
use of DSM criteria allows for this. Recently, mental health diagnoses have been shifting
toward dimensional rather than categorical classifications, especially in consideration of
personality disorders (Rutter, 2011), and advances in research have provided more
neurobiological support for classification of mental illness, e,g, the Research Domain Criteria
(RDoC) approach adopted by the NIH to provide evidence for biological indices of
symptomology (e.g. Blair, White, Meffert, & Hwang, 2014). Future versions of the DSM and
ICD will likely reflect these changes.

During the K-SADS semi-structured interview, participants are asked a series of screening
questions regarding present or past symptoms and experiences related to every possible
disorder. For each symptom within a disorder the individual is given a score of ‘3’ if the
symptom is present and reaches the identified clinical threshold, a ‘2’ if the symptom is
present but is sub-threshold, or a score of ‘1° if the symptom is not present. The symptoms are

scored for present, past 12 months, and lifetime. If the participant endorsed any of the
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symptoms with a ‘3 for diagnoses not central to the study design, the interviewer completed
the full K-SADS supplement for that specific disorder. However, full supplements for CD,
ODD, and ADHD were completed for all participants. Importantly, symptoms or disorders
can be endorsed by either the participant or the parent, meaning both interviewees do not have
to be in agreement about the presence or absence of a behaviour, and the highest score (i.e. ‘3’
versus ‘1°) will be marked as the determinate when both interviews are compared. After
comparing both interviews against one another, a summary is made using the highest scores,
and a final research diagnosis is assigned. Inter-rater reliability analyses showed 92.0%
agreement between two independent raters from a sub-sample of 16 participants from
Birmingham (n=8) and Southampton (n=8). Participant interviews were completed by myself
and other doctoral level trained colleagues, and the inter-rater reliability assessment was
completed by myself and a colleague at the Birmingham site. After completion of the
interviews, TD and youths with CD were separated into control or case groups respectively,
and participants who did not meet criteria were excluded. The summaries took up to half an
hour and were completed immediately after interviews concluded with both the child and the
parent, with a total time of ~1- 2.5 hours from start of interview to final decision regarding

diagnosis and inclusion.

4.5.2 Wechsler Abbreviated Scale of Intelligence first edition (WASI; Wechsler, 1999)

The WASI is a standardised measurement of 1Q and consists of four tests: vocabulary,
matrix reasoning, similarities, and block design. The two-subscales version (vocabulary and
matrix reasoning skills) of the WASI was used in this thesis to provide an estimate for full-
scale 1Q. This was in accordance with previous research for consistency and comparability of
various samples, as the WASI has been used in several publications focusing on the CD

population (e.g. Fairchild et al., 2009; White et al., 2014). The WASI is a valid measurement
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of estimated 1Q, and is significantly correlated with the full WISC with inter-correlations
ranging from .76-.87 on full, verbal, and performance scales (Scott, Austin, & Reid, 2007).
The vocabulary subscale of the assessment requires participants to define increasingly
difficult words, and are assigned ‘2°,°1’, or ‘0’ for the quality of their response. The matrix
reasoning subscale requires participants to choose the correct item to complete a pattern, and
receive ‘1” for correct or ‘0’ for incorrect. The responses are then summed and the raw scores
are converted to t-scores. Based on age and the t-score, a standardised 1Q score is assigned.
During both tests participants are given an unlimited response time although they generally
respond within 10-30 seconds. Overall this assessment lasts approximately 15 minutes per
participant. It is established 1Q scores do differ significantly between youths with and without
antisocial behaviour, and is a particularly robust finding amongst children with early-onset
antisocial behaviour compared to adolescent-onset (Moffitt, 1993). This could be due to a
combination of influences on genetics, neurobiology, and environment resulting in impaired
neuropsychological functioning (Koenen, Caspi, Moffitt, Rijsdijk, & Taylor, 2006; Moffitt,
1993). Furthermore, language deficits are common amongst behaviourally disordered

individuals (Moffitt, 1993).

4.5.3. The Inventory of Callous-Unemotional Traits (ICU; Frick, 2003)

The ICU is a parent-report questionnaire used to assess callous-unemotional traits in
children. Development of this scale was based on extension of psychopathy research on
adults, designed to specifically investigate the callous/unemotional facet of psychopathy
amongst children. Four items were chosen from the CU subscale of the Antisocial Process
Screening Device to create a foundation for the questionnaire (Frick & Hare, 2001). The ICU
can be separated into three subscales: callousness, uncaring, and unemotional. The

callousness subscale includes items such as “does not care who he/she hurts to get what
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he/she wants.” The uncaring subscale includes items such as “I try not to hurt others’
feelings” (an example of a reversed scored item), and the unemotional subscale includes items
such as “I hide my feelings from others”. This questionnaire has been well-validated across
different samples and cultures (Essau, Sasagawa, & Frick, 2006; Kimonis et al., 2008). The
ICU parent version is a likert-scale 24-item assessment of behaviours and responses range
from ‘0’ (not true at all) to ‘3’ (definitely true). Based on the four initial items used to
develop the measure, three positively worded items and three negatively worded items were
formulated resulting in the total of 24 items. Sub-scores are calculated for callousness,
uncaring, unemotional, and total score, and the maximum possible total score is 72. Both
parent and child versions were collected from the participants, however scores from the
parent-report questionnaires are the preferred choice as self-report questionnaire responses
tend to be more biased. The ICU has influenced inclusion of the “limited prosocial emotion”
specifier in the DSM-V, however there is not a standardised assessment used yet, which is
problematic for replication of results in research samples. The Clinical Assessment of
Prosocial Emotions (CAPE 1.1; Frick, 2013) is currently being piloted and can be then used
as a standardised clinical assessment of CU traits to meet DSM criteria for limited prosocial

emotions specifier.

4.5.4 Youth Psychopathic Traits Inventory (YPI; Andershed et al., 2002)

The YPI is a self-report measure of psychopathic traits in children and adolescents which
measures the following three dimensions of psychopathy: grandiose manipulative, callous-
unemotional, and impulsive irresponsible. These three dimensions are the key domains in
psychopathy amongst adults. This is a 50-item questionnaire with ten subscales: dishonest
charm, grandiosity, lying, manipulation, remorselessness, unemotionality, callousness, thrill-

seeking, impulsivity, and irresponsibility. Participants respond to items on a 4-point Likert
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scale, with options ranging from “does not apply at all” to “applies very well.” The
questionnaire is reliable, with internal consistency for the subscales ranging from .66-.82, and
is suitable for use with males and females within the community (Andershed et al, 2000) as
well as delinquent adolescents (Skeem & Cauffman, 2003). Limitations of the YPI include
bias from self-report, and since the questionnaire was originally designed for use with
adolescents, or youths aged 12 and over (Andershed et al, 2000), it may be more difficult for

younger participants under the age of 12 to resonate with and respond to the items.

4.5.5 Griffith Empathy Measurement (GEM; Dadds et al., 2008)

The GEM is a parent-report questionnaire for assessment of affective and cognitive
empathy levels in children (Dadds et al., 2008). The GEM is a likert-scale 23-item assessment
of empathic responses ranging from ‘-4’ (strongly disagree) to ‘4’ (strongly agree). A total
empathy score is calculated based on computing the sum of items from both affective and
cognitive subscales and dividing by total number of items, resulting in a mean score. This
measurement is based on Bryant’s Empathy Index for Children and Adolescents with changes
from self-report to parent-report (Bryant, 1982), and examples of items include affective
components such as “My child becomes sad when other children are sad” and cognitive
components such as “my child can’t understand why other people get upset”, which can be
divided into two factor or full item solutions. It has been validated and can be used across

different ages and genders (Dadds et al, 2008).

4.5.6 Interpersonal Reactivity Index (IRI; Davis 1980)

The IR is a 28 item self-report questionnaire to assess empathy via a multi-dimensional
approach with 4 subscales: perspective taking, fantasy, empathic concern, and personal
distress. Perspective-taking refers to the tendency to adopt the view of others, for example “I

sometimes find it difficult to see things from the other guy’s point of view”. Fantasy refers to
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the tendency to transpose themselves imaginatively into the feelings and actions of fictitious
characters in books, films, and plays, for example “I get really involved with the characters of
a novel” (FS). Empathic concern refers to the “other-oriented” feelings of sympathy and
concern for unfortunate others, for example “Sometimes I don’t feel very sorry for other
people when they are having problems” (EC). Personal distress refers to “self-oriented”
feelings of personal anxiety and unease in tense interpersonal settings, for example “When I
see someone who badly needs help in an emergency, I go to pieces” (PD). Each subscale
consists of 7 items, and responses are scored according to a 5-point Likert scale with options
ranging from “does not describe me well” to “describes me very well.” The subscales have
been proven reliable, with test-retest scores ranging from .62-.71 and internal reliability scores
ranging from .71-.77. Significant sex differences have been identified as females consistently
score higher than males on the four subscales (Davis, 1980; Tello et al., 2013).

4.6 Site qualification procedures: K-SADS and MRI

Both sites completed inter-rater reliability (IRR) assessments on the K-SADS interviews
to ensure comparability of diagnostic measurement. Eight participants agreed to have two
researchers in the room at once during the semi-structured interviews (three TD; five CD).
This included having both researchers score the interview responses simultaneously and
comparing results after for accuracy. There was a strong agreement between interviewers at
both Birmingham and Southampton (92%).

MRI scans were completed at two different sites: Birmingham University Imaging Centre
(BUIC) using a Phillips 3 Tesla scanner, and the Centre for Neuroscience and Neurodynamics
(CINN) at Reading University using a Siemens 3 Tesla scanner, with a 32-channel head coil
at both sites. Both sites had similar scanning parameters and underwent site qualification

procedures by on-site physicists to ensure comparability. These included quality assurance
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checks using an American College of Radiology (ACR) phantom, a Functional Biomedical
Informatics Research Network phantom, and a human volunteer. The ACR phantom is
designed to assess structural MRI sequences whereas the FBIRN is designed to assess
scanning stability during functional MRI sequences, providing information regarding scanner
drift, fluctuation in signal, signal-to-noise ratio and signal-to-fluctuation noise. The separate
data-sets underwent quality assurance by Ali Chowdhury, a MRI physicist at Birmingham
University Imaging Centre, whereby he adjusted parameters accordingly. MRI data
acquisition began once physicists from both locations approved the site qualification

procedures.

All participants underwent MRI screening assessments, and provided history of traumatic
brain injury, surgeries or operations, metal inserts or foreign artefacts in or on the body,
claustrophobia, and presence of removable piercings or tattoos. Participants recruited from the
youth offending service also had to be screened for presence of ankle tracking devices. If
participants successfully passed the MRI screening interview, they were invited for a scan
where structural and functional images were collected. All participants filled in paperwork
upon arrival to provide consent for scanning, and they were briefed on MRI safety
regulations. After removal of metal and personal items, a metal detector was used for an
additional check. Participants were also allowed to first spend time in a mock scanner to
ensure they were comfortable with the procedure. Before entering the scanner, participants
completed practice tasks on a laptop in the waiting area to ensure they understood fMRI task
instructions. Participants were advised of the procedure if they wished to leave the scanner at
any time, and they were instructed to move as little as possible and to not cross arms or legs.
All scans were completed by two individuals including one fully trained scanner operator and

one student operator. For continuity and rapport purposes, the participants were usually
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scanned by the same individuals who completed the K-SADS interview with them.
Throughout the scanning session, one of the operators spoke to the participant over the
intercom to ensure they were comfortable and paying attention. Participants were also given
reminders about task instructions. The scanning session typically lasted approximately 1.5-2

hours per participant.

4.7 Conclusion

This chapter reviewed the FemNAT-CD project, my individual contribution, assessment
measures, and site qualification procedures. As stated, | joined the project after initial design,
but all data included in this thesis was collected by myself and colleagues working on the
project. After initial screening, participants completed three sessions in total. However, only a
subset of the data collected is included in this thesis. The following chapters will cover
experimental analyses from a subsample of youths from the project to address sex differences

in neuroimaging correlates of CD and empathy.
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CHAPTER 5. GREY MATTER CORRELATES OF CONDUCT
DISORDER: INVESTIGATING POTENTIAL SEX
DIFFERENCES

5.1 Introduction

As discussed in the introductory chapters, behavioural and experimental studies on youths
have identified a number of impairments associated with CD. Recent neuroimaging research
has sought to discover neural correlates of these impairments. As discussed in chapter 2,
fMRI studies have shown that youths with CD exhibit abnormal BOLD response in a number
of brain regions during affective and cognitive processing (Alegria, Radua, & Rubia, 2016).
In particular, this research indicates that key features of CD such as difficulties with emotion
recognition based on facial expressions, reduced empathy, aggressive tendencies, as well as
decision-making and reward processing may have neurobiological underpinnings.
Hypoactivation in the amygdala in response to emotional faces, particularly fearful
expressions, has been found to be more pronounced amongst youths with CP compared to TD
youths (Jones, Laurens, Herba, Barker, & Viding, 2009; Passamonti et al., 2010). Evidence
exists to suggest youths with conduct problems have reduced empathy, indicated by decreased
BOLD response in regions associated with empathy, namely the anterior insula, anterior
cingulate cortex, and inferior frontal gyrus whilst viewing others in pain (Lockwood et al.,
2013). In contrast, other studies on youths with aggressive and more severe forms of CD have
reported these youths show increased activation in the pain matrix (insula, anterior cingulate
cortex) relative to TD youths (Decety et al., 2009). Support from meta-analyses, including
data from nine functional and eight structural imaging studies, suggests there are differences
in limbic, temporal, and prefrontal cortices between children with aggressive, disruptive

behaviours and TD children (Raschle et al., 2015). Additionally, a recent meta-analysis of 24

76



different fMRI studies on youths with disruptive behaviour disorders showed decreased
activation in the medial prefrontal cortex and the rostral and dorsal anterior cingulate, as well
as the ventral caudate, relative to TD youths (Alegria et al., 2016). These fMRI studies
provide useful insight into neural correlates of key features associated with CD.

Structural neural correlates of CD have since been explored within the key brain areas
identified in fMRI studies employing a variety of techniques. Early studies examining
structural correlates in youths with CD used manual tracing of regions of interest (ROI). For
example, Bussing, et al. (2002) reported that youths with ADHD and comorbid CD had
reduced grey matter volume in the posterior, superior, and inferior lobes of the vermis.
Another study showed that youths with CD had grey matter reductions in the temporal lobe
bilaterally (Kruesi, Casanova, Mannheim, & Johnson-Bilder, 2004). Other studies have
reported that reduced grey matter volume in the anterior cingulate cortex is associated with
aggressive and defiant behaviour amongst TD males, but not females (Boes, Tranel,
Anderson, & Nopoulos, 2008). Consistent with those findings, reduced GMV in the
ventromedial prefrontal cortex has been associated with low impulse control amongst
typically developing males when focusing on amygdala, ACC, and vmPFC as regions of
interest (Boes et al., 2009). However, manual tracing and automated ROI definition
techniques suffer from a number of limitations. First, because manual measurement of ROIs
is time-consuming, studies have generally relied on small samples. Second, these techniques
are associated with increased difficulty in replicating results across studies, as structural
region boundaries become increasingly challenging to define at different testing sites (Blair,
2009). Finally, these techniques require precise skill and knowledge regarding

neuroanatomical location, and regions of interest must be large enough to have clear borders,
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which is often not the case for very small structures such as the amygdala (Eckert et al.,
2008).

A more recent method used for the current study is VBM, which is a popular way to
conduct voxel-wise comparison of grey matter between groups (Ashburner & Friston, 2000).
It is a helpful tool to differentiate grey matter from white matter, and while it has been
criticised as not sensitive enough due to potential limitations such as misregistration
(Bookstein, 2001) and displacement of tissue during segmentation (Good et al, 2001), to date
it is one of the most statistically valid ways to preserve and compare total grey matter between
clinical groups (Ashburner & Friston, 2001). There are ways to control for potential issues
during pre-processing via use of the Diffeomorphic Anatomical Registration Through
Exponential Lie Algebra (DARTEL; Ashburner, 2007) and customised tissue probability
maps, which greatly reduces chances of the aforementioned errors. Unlike manual ROI
tracing, automated morphometry allows for examination of differences in several regions
across the brain all within one analysis (Eckert et al., 2005), and VBM is ideal for local
regional differences due to the greater sensitivity compared to other techniques such as
deformation based morphometry (Mechelli, Price, et al., 2005). The first published VBM
study showed that compared to TD youths, those with CD had reduced GMV in the left
amygdala and the anterior insula bilaterally, and that GMV in the anterior insula was
positively correlated with empathy scores (Sterzer et al., 2007). Additional studies have
identified reduced GMV in the left orbitofrontal cortex, amygdala, hippocampus, and bilateral
temporal lobes in youths with CD (Huebner et al., 2008). Based on three recent meta-analysis
results including grey matter volume studies, the regions that have been most consistently
identified as reduced in volume in youths with conduct problems are the amygdala, insula,

medial cingulate cortex, and temporal lobes (Raschle et al., 2015; Rogers & Brito, 2016).
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More recently a number of studies have relied on surface-based morphometry, another
whole-brain automated technique, which focuses on three different properties of the cortex:
cortical thickness, cortical folding, and surface area (Greve, 2011). A number of SBM studies
have shown that youths with CD exhibit: reduced cortical thickness in the temporal and
parietal lobes in addition to the superior sulcus; reduced surface area in the orbitofrontal
cortex; reduced gyrification in the insular cortex, orbitofrontal cortex, ventromedial prefrontal
cortex, anterior cingulate cortex, orbitofrontal cortex, and temporal cortex (Hyatt et al., 2012;
Wallace et al., 2014). Conversely, increased gyrification has found been in the insula amongst
youths with CD relative to TD youths (Fairchild et al., 2015). These studies suggest that
youths with CD have reduced cortical thickness and gyrification in regions generally
identified as abnormal according to SMRI and fMRI studies. Interestingly the Al, a key
region implicated in empathy (Gu et al., 2012), has repeatedly been identified in the literature
(Sterzer et al., 2007), but the results to date have been inconsistent regarding direction of the
effect. For example, Fairchild et al. found increased folding in the insula, whereas Hyatt et al.
(2012) found reduced folding in this area. This could be related to differences in age (range:
16-21 years, Mage = 18.5 compared to 12-18, Mage=16.2, respectively). Furthermore, these
previous studies included small sample sizes so replication is needed with larger, age-matched
samples.

Aside from small sample sizes, few studies have examined the influence of sex, with the
majority of previous SMRI studies on CD primarily focusing on males. However a number of
recent studies have provided preliminary evidence to suggest there may be sex differences
regarding structural neural correlates of CD and aggressive behaviour. For example, both
males and females with CD have shown reduced GMV in the amygdala compared to their TD

peers, but a significant sex-by-group interaction in the anterior insula has been observed,
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indicating that females with CD had reduced GMV bilaterally in the anterior insula compared
to healthy control females, while males with CD had increased GMV in the left
operculum/insula relative to healthy control males (Fairchild et al, 2013). Psychopathic traits
amongst incarcerated females have been associated with decreased GMV in the orbitofrontal
cortex, temporal poles, and hippocampus (Cope, Ermer, Nyalakanti, Calhoun, & Kiehl, 2014).
These findings are consistent with those on males with high levels of psychopathic traits
(Ermer, Cope, Nyalakanti, Calhoun, & Kiehl, 2013). Interestingly, Michalska et al (2014) did
not initially find any significant differences in GMV between CD and TD youths in a large
mixed sex sample (n= 53 males and 58 females). Furthermore, females with conduct
problems and comorbid substance abuse have been found to exhibit reduced GMV in key
decision-making areas such as the prefrontal cortex compared to healthy control females
(Dalwani et al., 2015).

Related studies have focused on brain structure differences between healthy youths, or
youths not diagnosed with a disorder as such, but divided between personality traits or
behaviours such as low versus high levels of aggression. For example, higher levels of
aggression have been shown to be associated with increased GMV in the hippocampus
amongst TD females relative to TD males, whereas GMV asymmetry (greater right but
smaller left) in the anterior cingulate cortex was associated with higher levels of aggression in
TD males, but not TD females (Visser et al., 2014). Studies on grey matter volume in healthy
populations support the idea that certain anatomical regions serve as endophenotypes for
mental illness. A positive relationship has been found between amygdala volume, which is
associated with fear processing (Adolphs, Tranel, & Damasio, 1998), and fearfulness among
healthy girls, but not boys (van der Plas, Boes, Wemmie, Tranel, & Nopoulos, 2010). This

implies two things: 1) sex differences exist in the amygdala, occurring separately from
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clinical classification; and 2) brain volume and structure alone cannot provide information
regarding diagnosis of a psychiatric disorder, as genetic and environmental influences on
neuroanatomical properties of individuals are difficult to parse.. However, abnormally small
or large grey matter volumes in certain brain regions could place an individual at risk,
predisposing them to disruptive and maladaptive behaviours or psychiatric illnesses.
Therefore, when a person is exposed to certain triggers or environmental stressors, this may
cause abnormal functioning in their brain but may not necessarily impact brain structure.
Chronic exposure to certain experiences such as maltreatment can alter GMV leading to
atrophy (Lim, Radua, & Rubia, 2014). However, this also occurs in the other direction, in that
chronic exposure to positive experiences such as learning (Maguire, Woollett, & Spiers,
2006), proper nutrition (Taki et al., 2010), and exercise (Killgore, Olson, & Weber, 2013) can
increase grey matter volume. The amalgamation of positive experiences alongside individual
personality traits can be protective, resulting in resilience. Neurogenesis throughout the
lifespan allows for axonal myelination, meaning over time the developing brain forms new
neurons and synaptic connections (Eriksson et al., 1998). This further supports the notion of
neuroplasticity (Kolb & Gibb, 2011), which accounts for gene-environment interaction.

Overall, functional and structural MRI studies to date have shown that youths with CD
have abnormal brain responses and structures compared to TD youths. Whilst meta-analysis
evidence has shown GMV reduction across cortical and subcortical regions, there are still
some inconsistencies suggesting replication is necessary with larger sample sizes. Crucially,
very few studies have examined the influence of sex on the structural brain correlates of
empathy in youths with CD. Therefore, the aim of the current study was to apply VBM to a
large sample of SMRI data of males and females with CD to identify similarities and

differences in GMV abnormalities between males and females. The two CD groups were
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compared to age and sex-matched TD males and females. Region of interest and whole brain
analyses were conducted. ROIs were selected based on recent structural meta-analytic
evidence and reviews identifying those regions as abnormal in youths with CD compared to
TD peers (Raschle et al., 2015; Rogers & De Brito, 2016; Noordermeer et al, 2016; Baker &
Clanton et al, 2015), and as being implicated in empathy (Singer & Lamm, 2009). Those
ROIs included bilaterally: the amygdala, anterior insula, anterior cingulate cortex, and
ventromedial prefrontal cortex.

5.2 Methods

5.2.1 Recruitment

A sample of 159 youths (67 females) aged 9-18 years of age (Mage=15.09, SD = 2.07) was
recruited from a variety of sources within the community in Southampton (n=79) and
Birmingham (n=80). Participants were divided into 4 groups: TD females (n=42), TD males
(n=37), females with CD (n=25), males with CD (n=55). TD youths were recruited from
mainstream schools and youth groups, whereas participants with CD were recruited from
youth offending teams, schools for youths with emotional, social and behavioural difficulties,
and Child and Adolescent Mental Health Services. Table 5.1 displays basic demographic
information for the sample, and Table 5.2 provides sample characteristics including age, 1Q,

CD symptomology, ADHD symptomology, empathy scores, and YPI scores.

5.2.2 Assessment: Interview and Questionnaires

All assessment instruments were reviewed in chapter 3. For this specific chapter, all
participants were assessed via the Kiddie Schedule for Affective Disorders and Schizophrenia
Present and Lifetime Version (K-SADS-PL; Kaufman et al. 1996) - a semi-structured
interview with both the participant and the parent. Interviews were conducted by trained

research students and staff, and inter-rater reliability on diagnoses was conducted across sites
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to ascertain consistency across raters, as reported in the previous chapter. The vocabulary and
matrix reasoning subtests of the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999)
were administered to obtain an estimate of full-scale 1Q. Medical history, including data on
perinatal and participants first years of life, was collected from parents. Self-report empathy

scores were also collected via the Interpersonal Reactivity Index (IRI).

Table 5.1 Birmingham and Southampton participants’ demographic and clinical
characteristics

Southampton (n=79)  Birmingham (n=80) p values
M (SD)

Age (years) 15.16(2.07) 15.03(2.08) t(157) = -0.42, p= 0.67°
Total 1Q 95.24(13.82) 95.85(11.74) t(157)=0.30, p=0 .77°
Sex (% females) 41% 44% p=0.68"
Groups (% CD) 52% 49% p=0.69°
& t-tests
® Chi-square
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Table 5.2 Demographic and clinical characteristics of the sample

TD CD
TD Females1 ~ TD Males2  CDFemales3 ~ CD Males 4 Fgroup Fsex FgroupXsex
Variable (n=42) (n=37) (n=25) (n=55) () (p) ()
M (SD)
Age (years) 15.02(2.04) 15.52(2.02) 15(2.13) 15.02(2.10) F<1(0.62) F < 1(0.55) F=0.41(.74)
Estimated 1Q 100.9(10.08)  103.43(10.49) 87.6(13.56) 89.76(10.82) F=55.29(<0.001) F<1(0.74) F=18.96(<0.001)
(TD >CD) (1&2 > 3&4)
Verbal 1Q 100.95(12.90)  103.78(12.56) = 89.36(16.63) 86.47(13.15) F=41.14 (<0.001) F=1.67(0.20) F=16.56(<0.001)
(TD>CD) (1&2 > 3&4)
Performance 1Q 100.38(11.52)  103.38(10.89)  85.60(15.17) 93.60(12.94) F=27.87 (<0.001) F=1.42 (0.23) F=12.37(<0.001)
(TD >CD) (1&2 > 3&4)
Current CD Symptoms 0.12(0.32) 0.24(0.49) 4.92(2.90) 5.78(2.43) F=324.45 (<0.001) F=10.45 (0.01) F=110.64(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)
Past CD Symptoms 0.12(0.40) 0.27(0.56) 5.76(3.06) 6.38(2.90) F=318.71(<0.001) F=8.70(0.004) F=106.48(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)
Current ADHD Symptoms 0.48(0.22) 0.27(0.16) 1.60(2.29) 5.24(5.57) F=50.62 (<0.001) F=15.74 (<.001) F=25.25(<0.001)
(TD<CD) (F<M) (1,2,3<4)
Past ADHD Symptoms 0.24(0.15) 0.05(0.23) 2.28(3.25) 6.05(5.93) F=60.91(<0.001) F=15.48(<.001) F=28.20(<0.001)
(TD<CD) (F<M) (1,23<4)
Empathic Concern IRI 18.83(3.88) 17.62(3.49) 19.08(4.85) 12.56(6.47) F=18.18 (<.001) F=25.63 (<0.001) F =17.22(<0.001)
(TD > CD) (F>M) (1,23>4)
Total YPI Score 90.17(18.15) 96.98(16.35)  117.16(16.48)  114.09(24.71) F=45.78(<0.001) F=3.31(.07) F =16.21(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)

Note: ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; TD=typically developing; IQ = intelligence quotient (measured using the WASI). Group, sex, and

sex-by-group interactions were computed using between-group ANOVAs and Chi square tests. Bonferroni correction was used to make pairwise comparisons.
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5.2.3 MRI Acquisition

High resolution T1-weighted scans were acquired using similar acquisition sequences on
3T scanners (Philips in Birmingham, and Siemens in Southampton) and 32-channel head
coils. The T1-weighted scans were collected using a magnetization prepared rapid acquisition
gradient-echo sequence (Echo time (Philips)= 3.7, Echo time (Siemens)=3.4, flip angle=9
degrees, Foot to Head and Anterior to Posterior field of view= 256, Right to Left field of
view= 192, matrix= 256, voxel size=1x1x1 mm, sagittal slices= 192, bandwidth (Philips) =
174 hz/pix, bandwidth (Siemens)= 180 Hz/pix, total scan time = 4 min 26 sec (Siemens) or 6
min 5 sec (Philips). After registration anatomical scans were collected, and if the quality was

deemed to be fair or poor by the scanner operator, a second anatomical scan was collected.

5.2.4 Data Pre-processing

All T1 images were assessed for quality categorised as good, fair or poor by two
independent raters (Roberta Clanton and Stephane De Brito). Poor scans refer to those with
ringing, blurring, distortion, or neuroanatomical abnormalities, whereas good scans refer to
those with clear details in brain regions and delineation of grey and white matter boundaries
and gyri. Only good T1 images were included in the analysis, therefore all participants
included in this chapter were agreed as having good T1 images. Images were then pre-
processed using Statistical Parametric Mapping (SPM8, Wellcome Department of Imaging
Neuroscience, University College London, UK) and Matlab (Mathworks, Natick, MA, USA).
First, all scans were set to the anterior-posterior (AC-PC) commissure line at the origin [00 0
mm]. Age and sex specific tissue probability maps were then created with the template-o-
matic toolbox (Wilke et al., 2008) to account for the variance in child participants. Next, via
the VBMS8 and DARTEL toolboxes in SPM12, images were segmented into grey and white

matter using the custom made tissue probability maps, and normalised with affine-only
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transformation. Grey matter segments were then smoothed with a 4mm Gaussian kernel. This
size kernel was selected because DARTEL-based VBM analyses are better suited for smaller
kernel sizes, especially with larger groups; notably, a 2-4 mm kernel has been suggested for

use with groups over 50 participants (Shen & Sterr, 2013).

5.2.5 Data Analysis

Effects of group, sex and site on overall GMV, white matter volume and cerebrospinal
fluid were examined with 2 (Group: CD vs TD) x 2 (Sex: Females vs Males) x 2 (Site:
Birmingham vs Southampton) ANCOVAs with age and 1Q as covariates of no interest.
Significance level was set at p <.05. Follow-up post-hoc Bonferroni pair-wise comparisons
were used to compare means for any significant main effects or interactions.

After pre-processing, statistical analyses were completed in SPM8 using a general linear
model: a 2 (group: CD vs TD) x 2 (sex: male vs female) x 2 (site: Birmingham vs
Southampton) full factorial design was run using the smoothed gray matter images. Age and
IQ were included as covariates of no interest. Whole-brain and region of interest analyses
were conducted. Regions of interest were anatomically defined using the aal Atlas of the
Wake Forest University PickAtlas (Maldjian et al., 2003) and included bilaterally: the
amygdala, anterior insula, anterior cingulate cortex, and ventromedial prefrontal cortex. For
both whole-brain and ROI analyses, the height threshold within SPM was set at p < 0.05
family-wise error (FWE) corrected. For exploratory purposes, additional whole-brain analyses
were also carried out using a reduced height threshold of p < 0.001, uncorrected with extent
threshold of k=10 voxels.

Additional analyses were conducted comparing TD youths to youths with CD/HCU traits
and those with CD/LCU traits. Consistent with previous studies (e.g., Sebastian et al., 2016),

the HCU and LCU group were formed based on a median split (34) on the CU traits scores
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from the YPI questionnaire. Comparisons in GMV across the three groups were conducted
with a one-way ANOVA. Consistent with previous VBM work on the FemNAT-CD sample
(Rashle et al., 2018), a multiple regression with a sex-by-CU traits interaction term (mean-
centered CU scores multiplied by the dichotomous variable sex) was conducted within the CD
group only to examine whether sex and CU interacted to predict GMV. Age, 1Q and sites
were included as covariates of no interest. Using an absolute threshold of 0.1, regionally-

specific between-group differences in GMV were assessed.
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5.3 Results

5.3.1 Overall Grey Matter Volume

Analyses yielded no main effects (F = 1.07, p = .38). There were no significant
differences in overall grey matter volume between the groups: (TD females: 759.45 ml
+73.46, TD males: 755.08 ml = 84.05, CD females: 752.06 ml £+ 55.28, CD males: 733.68 ml
+ 85.64), F = 1.08, p = 0.34. There were no significant differences in grey matter volume
between males and females (Females: 756.68 ml £ 66.9; Males: 743.95 ml £ 85.19), F = 1.09,
p = .29. There were no significant differences in grey matter volume between scanning sites
(Birmingham: 751.51 ml £ 71.95; Southampton: 745.17 ml £ 84.23); F =< 1; p = 0.65. There
were no significant interactions.

CD/LCUvs CD/HCU vs. TD: A one-way ANOVA revealed no significant differences
(F = 2.94, p =.28) in overall grey matter volume between the groups (TD: 757.39 ml £78.11,

CD/LCU: 752.57 ml £81.02, CD/HCU: 728.67 £78.11).

5.3.2 Overall White Matter VVolume

Analyses yielded a significant main effect of group (F = 2.12, p = .05). Males with CD
had less overall white matter volume (444.57 ml £ 56.17) in comparison to both the TD
females (483 ml £ 62.05) and TD males (478.25 ml £ 59.28), F = 4.5, p = 0.005; CD males
vs. TD males (p =0.04); CD males vs. TD females (p= 0.009), CD females (453.71 ml =
53.05), (p = 1). There were no significant differences in white matter volume between males
and females (Females: 472.07 + 10.16, Males: 458.12 + 59.48) F = <1, p = .42. There were
no significant differences in white matter volume between scanning sites (Birmingham:
466.13 ml £ 60.04, Southampton: 461.84 £+ 60.22) F = <1, p = .71. There were no significant

interactions.
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CD/LCUvs.CD/HCU vs TD: A one-way ANOVA revealed no significant differences
(F = 1.46, p =.59) in overall white matter volume between the groups (TD: 480.77 ml

+60.43, CD/LCU: 452.75 ml £52.25, CD/HCU: 443.97 £59.98).

5.3.3. Overall Cerebral Spinal Fluid

Analyses yielded no main effects F= <1, p = 0.48. There were no significant differences
in overall cerebrospinal fluid between the groups (TD females: 195.63 ml + 32.48, TD males:
190.91 ml + 28.8, CD females: 207.48 ml + 27.92, CD males: 197.89 ml + 35.25), F = 1.38, p
= 0.25. There were no significant differences in cerebral spinal fluid between males and
females (Males: 195.08 ml £ 31.18, Females: 200.05 + 31.18), F = 2, p = 0.16. There were no
significant differences in cerebral spinal fluid between scanning sites (Birmingham: 198.62 +
31.23, Southampton: 195.72 + 33.17), F = <1, p = 0.47. There were no significant
interactions.

CD/LCU vs. CD/HCU vs TD: A one-way ANOVA revealed no significant differences
(F =1.46, p = .59) in cerebral spinal fluid volume between the groups (TD: 193.42 ml +30.71,

CD/LCU: 199.55 ml +27.45, CD/HCU: 201.99 +37.63).

5.3.4 Whole Brain
Comparison of the CD and TD groups at the whole brain level yielded no significant
group differences, and no group by sex interactions at p < 0.05 FWE. Regions showing group
differences or interactions at p < 0.001, uncorrected, k = 10, are reported in the appendix.
Comparison of the CD/HCU, CD/LCU, and TD groups at the whole brain level yielded no
significant group differences at p < 0.05 FWE. Multiple regression analyses yielded no

significant CU trait —by- sex interactions in the participants with CD at p < 0.05 FWE.
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5.3.5 Region of Interest

Comparison of the CD and TD groups using region of interest restricted analyses yielded
no significant group differences, and no group by sex interactions at p < 0.05, FWE. Regions
showing group differences or interactions at p < 0.001, uncorrected, k=10, are reported in the
appendix.

Comparison of the CD/HCU, CD/LCU, and TD groups within the ROIs yielded no
significant group differences at p < 0.05 FWE. Multiple regression analyses yielded no

significant CU trait —by- sex interactions in the participants with CD at p < 0.05 FWE.

5.4 Discussion

The aim of this study was to replicate and extend upon previous research by using VBM
to compare GMV between youths with CD and TD youths, and to examine the potential
influence of sex. Whole-brain and regions of interest analyses were conducted, focusing on
four ROIs identified in previous meta-analyses of SMRI data investigating the neural
correlates of conduct problems and of empathy: bilateral amygdala, anterior insula, anterior
cingulate cortices, and ventromedial prefrontal cortices. Analyses did not identify any
statistically significant main effects of group, or interactions between group and sex. Below, |
discuss some possible explanations for these results, put them in the context of previous SMRI
studies that have examined youths with CD, identify the strengths and weaknesses of this
study, and finally formulate implications for future studies.

There are a number of possible explanations for the reported results, which are related to
the sample. This is a unique sample in some very important ways, including sex and age of all
participants, and non-specification of the CD participants. First, the majority of previous

studies did not specifically investigate sex differences. The mixed sex sample includes the full

90



spectrum of the disorder, with a variety of both male and female youths. Since previous
studies were mostly limited to males with CD, and therefore can only inform on neural
correlates of CD amongst males, this study examined GMV in both pre and post-adolescent
males and females with CD. Also, the results are based on a very heterogeneous sample, as
this is a large sample recruited from multiple community and clinical sites. Previous studies
have recruited more ‘homogeneous’ samples from the community (Boes et al., 2008; Hyatt et
al., 2012), clinical (Sterzer et al., 2007) or forensic settings (Ermer et al., 2013; Cope et al.,
2014), but youths in this sample came from all of these sources. These samples were also
more homogeneous in terms of age range and sex. Perhaps a more homogeneous sample with
consideration of severity of CD symptoms and subtypes of CD such as CU traits and age of
onset would prove to be more useful when examining structural differences of youths with
CD.

Second, the large age range (9-18 years) of this particular sample could have limited the
ability to detect group differences, as GMV is still developing in childhood and adolescence
until the twenties (Giedd, 2004), and decreases as individuals age (Ge et al., 2002). For
example, frontal GMV has been found to peak in females at 11 years of age compared to 12
years among males (Giedd, 2004). Therefore, perhaps GMV has not developed at the same
pace for all participants, making it more difficult to compare groups including participants
from both sexes. For example, Fairchild and colleagues examined sex differences in brain
structure amongst CD youths, but included post-adolescent females (Mage CD=17.23; Mage
TD=17.55) (Fairchild, Hagan, et al., 2013). Regions involved in more basic functions develop
fully before regions involved in more complex behaviours such as decision-making and
socioemotional processing (Gogtay et al., 2004), so younger participants may not have had a

chance to completely develop areas of brain that are being compared to the older participants.
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Michalska et al. (2015) also included a large mixed-sex sample of youths (age range: 9-11)
with conduct problems and also failed to find significant group differences in GMV.

Third, previous studies have conducted analyses on accompanying CD specifiers and
personality traits such as callous-unemotional traits, severity of CD symptoms, or empathy
levels. In these instances, findings may represent a separate sub-sample of the population of
interest, as they included CD specifications, suggesting the importance of heterogeneity. More
specifically other studies have included additional group specifications such as callous-
unemotional traits (De Brito et al., 2009; Sebastian et al., 2016), age-of-onset division
(Fairchild et al, 2011), regressions based on levels of empathy (Sterzer et al., 2007) or
aggression (Boes et al., 2008). Furthermore, antisocial adult offenders with higher levels of
psychopathic traits have been found to have decreased levels of GMV compared to antisocial
offenders with lower levels of psychopathic traits and non-offenders (Gregory et al., 2012).
These factors reflect the importance of sub-grouping. Also, considering symptomology on a
continuum rather than binary clinical group versus control group will an important avenue for
future research. There were no group differences when dividing the CD group according to
CU traits, and no interaction between sex and CU traits were observed in the CD group.
Possible explanations might be the large age range of the participants in combination with a
mixed sex samples. It is also possible that previous studies including small samples reported
false positive results (Button et al., 2013; Fusar-Poli et al., 2014; loannidis, 2011).

In summary, there are several external factors contributing to neuroanatomical differences
between individuals. Further research is necessary to replicate and extend findings with large
samples of male and female youths with CD. It is important to remember MRI is still
maturing as a research tool rather than a purely clinically informative device, therefore future

research should focus on eliminating potential confounds to derive any meaningful results
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from MRI data collected from psychiatric patients. Diagnosis may or may not have a causal
influence on neuroanatomy, but individual differences such as hydration levels, head motion
during scanning sessions, and average time spent on daily physical activity can also affect
both brain structure and function (Weinberger & Radulescu, 2016) regardless of categorical
patient or non-patient status. Research to date suggests there are certain brain structures that
are impaired in youths with CD, but this study did not yield any significant differences in
brain structure between youths with CD and TD youths. There could be various reasons for
this, as discussed in the sections above. Importantly, the brain is a complex bundle of neurons
and is rapidly changing not only due to biological development timelines, but also due to new
information and learning (Alexander-Bloch et al., 2013). These factors can increase grey
matter or cause atrophy depending on environmental context, and since regions are in
constant communication it is highly unlikely a few regions are impaired independently. The
amygdala, for example, has consistently been identified in both structural and functional
studies on CD (Fairchild et al., 2011; Raine, 2011), but certainly there are other brain regions
in communication with the amygdala that may influence its structure and function. To address
this, future studies should investigate structural and functional connectivity amongst youths
with CD. Additional research could use SBM in a large sample of youths (Fairchild et al.,
2015), which would allow for examination of different metrics of the cortex thereby providing

a more fine grained approach to assess what properties of the cortex might be altered in CD.

5.4.1 Strengths and Limitations

The current study had several strengths. Firstly, this is the first VBM study on CD that has
included a large sample of male and female youths with CD to examine similarities and
differences in whole-brain and regional GMV. Second, the sample was very well

characterised as participants were recruited from a variety of sources including the
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community, schools, and clinical and forensic sites, and they were assessed via semi-
structured interviews with both the youth and parent/caregiver. Third, participants were well
matched on average age, and are representative of youths throughout the country as they came
from both the Midlands and Southampton.

This study was not without limitations, including a large age range, and no consideration
of comorbidities or personality traits. Further research could conduct separate analyses with
an age split, in addition to age-of-onset analyses. Also, data could be analysed according to
levels of CU traits or empathy scores rather than CD and TD. Regression analyses could also
be run on specific ROIs to assess whether higher levels of personality traits or symptoms are

associated with volume of neuroanatomical regions (e.g. Sterzer et al., 2007).

5.4.2 Implications for Future Research

It is important for future researchers to use similar methods and comparable samples as
this will avoid confusion and misleading results. Grouping “disruptive behaviour disorders”
and “conduct problems” together to inform on the clinically recognised diagnosis Conduct
Disorder is not completely accurate, and researchers should come to a consensus on: 1) How
to measure the clinical group, and 2) which participants actually meet these requirements.
Parsing scattered findings from so many diverse samples is a challenge the field is facing.
Therefore, future research should include large mixed sex samples of youths who meet the
clinical diagnosis of CD. Comorbidities and personality traits should then be considered.
Finally, future studies using neuroimaging to investigate CD or clinical populations including
youths should take into account the impact age has on the development and possible
connectivity of the brain.

5.4.3 Conclusion
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Overall, results from this chapter suggest there are no significant differences in GMV
between youths with CD and their TD peers within my sample. Whilst results are indeed
inconsistent with previous research, this is likely due to my sample, which is characterised as
heterogeneous, large, mixed-sex, with a wide age range compared to more homogenous
samples included in previous studies. Given the importance of CU traits on the structural and
functional brain correlates of CD, it will be important for future work to examine how they
are associated with GMV in male and female youths with CD. Further investigation could
provide more information regarding communication between key regions in the brain,
including structural covariance and functional responsivity, which will be addressed in the
following chapters of this thesis. The next chapter will cover differences in whole brain

structural covariance in regions associated with empathy between CD and TD youths.
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CHAPTER 6. WHOLE BRAIN STRUCTURAL COVARIANCE:
INVESTIGATING SEED REGIONS ASSOCIATED WITH
EMPATHY FOR PAIN

6.1 Introduction

There is a plethora of evidence from meta-analyses of fMRI (Alegria et al., 2016;
Noordermeer, Luman, & Qosterlaan, 2016; Raschle et al., 2015) and sSMRI studies (Aoki,
Inokuchi, Nakao, & Yamasue, 2014; Noordermeer et al., 2016; Rogers & Brito, 2016)
indicating that a number of distributed cortical and subcortical regions are implicated in CD.
These data suggest that interconnected networks of regions, rather than focal regions, might
be associated with the disorder. This is in line with the now widely recognised view that
psychiatric disorders are considered to be disorders of brain circuits (or networks) rather than
brain regions (Insel et al., 2010). Understanding how grey matter volume in various brain
regions co-vary with each other can reveal information about neural organisation and how
different regions are connected. Structural regions within the brain have been identified as
part of large-scale networks, which transfer information and signals back and forth quickly
(Clayden, 2013). Specific brain regions therefore act interdependently and are connected via
network hubs. Structural covariance networks can provide support for functional network
integrity, in that investigation into how structural neural networks co-vary can help explain
how functional connections are formed and strengthened in the brain (Alexander-Bloch et al.,
2013; Mechelli, Friston, et al., 2005).

Previous studies on healthy adults and children have identified the existence of large-scale
brain networks (Bressler & Menon, 2010; Mechelli, Friston, et al., 2005; Zielinski et al.,
2010), three of which are particularly relevant in relation to antisocial behaviour and CD: the

default mode network (DMN) , the central executive network (CEN), and the salience
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network. The DMN, which is the brain network most active whilst individuals are at rest,
consists of the ventromedial prefrontal cortex, the dorsal medial prefrontal cortex, and the
posterior cingulate cortex (Raichle, 2015). The CEN, associated with executive control and
attention, consists of the dorsolateral prefrontal cortex and posterior parietal cortex (Bressler
& Menon, 2010). The salience network is involved in social behaviour, self-awareness, and
emotional processing (Menon & Uddin, 2010), and primarily consists of the anterior insula,
and dorsal anterior cingulate cortex, and secondarily includes the amygdala, ventral striatum,
and the ventral tegmental regions (Menon, 2015), brain regions that have been implicated in
the pathophysiology of CD. Reduced connectivity within the DMN has been observed
amongst youths with conduct problems and psychopathic traits (Broulidakis et al., 2016;
Cohn et al., 2015; Dalwani et al., 2014; Zhou et al., 2015). Disruption in the CEN has also
been observed amongst youths with CD since areas within the frontal lobe, specifically the
superior frontal gyrus, are involved in both the DMN and the CEN, and has been associated
with decreased network connectivity compared to TD youths (Jiang et al., 2016). Resting state
analyses on fMRI data provides additional support to suggest networks and regions are
disrupted amongst youths with pure CD, specifically in the temporal-parietal-limbic cortices
and the cerebellum (Wu, Zhang, Dong, Wang, & Yao, 2017).

Global and region-specific grey matter volume matures throughout childhood and
adolescence, with some of the structural development necessary for large-scale functional
integration not fully complete until late adolescence (Zielinski et al., 2010). More specific
networks, such as the salience network and CEN have shown that structural covariance
between regions is more advanced in late adolescence compared to early childhood (Zielinski
et al., 2010). Whilst structural covariance has been examined amongst healthy children and

adolescents (DuPre & Spreng, 2017) and in psychiatric populations including disorders such
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as autism, ADHD (Bethlehem, Romero-Garcia, Mak, Bullmore, & Baron-Cohen, 2017) and
psychosis (Heinze et al., 2015), only one study to date has examined structural covariance
amongst youths with CD. Fairchild et al. (2016) compared youths with childhood-onset CD or
adolescent-onset CD to TD youths and investigated interregional correlations in cortical
thickness using a technique called Mapping Anatomical Correlations Across Cerebral Cortex
(MACACC). MACACC provides information on correlations between anatomical regions,
and it is usually done with a priori seed based hypotheses to investigate differences across
cortical networks (Lerch et al., 2006). Results showed that participants with childhood-onset
CD had significantly more correlations within and across occipital, temporal, parietal, and
frontal cortices than participants with adolescent-onset CD or TD youths, and youths with
adolescent-onset CD had fewer correlations across the whole brain than TD youths (Fairchild
et al., 2016). Whilst cortical thickness data were used in Fairchild et al.’s study via Freesurfer
software, the methodology can also be applied to VBM data, which allows for replication and
extension of these findings. These results suggest neuroanatomical differences between
youths with CD and TD youths are distributed throughout the brain, affecting several neural
networks rather than individual regions, supporting whole brain network-based approaches
rather than structural or functional localisation approaches. Furthermore, these data
distinguish neural correlates of childhood-onset CD from adolescent-onset CD, which is
important when considering heterogeneity of the disorder.

In the previous chapter using VBM, no significant differences in GMV were found
between youths with CD and TD youths. However, exploring the structural covariance
between GMYV of regions could provide further information on how the brain is connected
and organised in youths with CD relative to TD youths. Although there were no significant

region-specific differences, there may be differences in global brain development, based on
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the consideration of the brain as a segregated network rather than independent localised areas.
Based on evidence of empathy impairments in youths with CD, the aim of this study was to
investigate whole-brain structural covariance patterns of the neural empathy network in
youths with CD and TD youths. Specifically, patterns of whole brain grey matter volume
covariance were examined using seed regions that have been shown to be central to the
empathy for pain network in previous fMRI studies (Lamm et al., 2011). The following three
seed regions were selected based on Lamm et al.’s meta-analysis of 32 studies on empathy for
pain: left anterior insula, right anterior insula, and anterior cingulate cortex. The left and right
anterior insula are associated with the affective-perceptual facet of empathy (Bernhardt &
Singer, 2012; Decety & Michalska, 2010; Medford & Critchley, 2010), whilst the anterior
cingulate cortex is associated with the cognitive-evaluative facet of empathy (Vogt, Sikes, &
Vogt, 1993). Structural connectivity-based and resting state fMRI research amongst healthy
individuals has shown the insula to be connected to the orbitofrontal cortex, temporal pole,
amygdala, and the thalamus (Cerliani et al., 2012; Cloutman, Binney, Drakesmith, Parker, &
Lambon Ralph, 2012; Jakab, Molnar, Bogner, Béres, & Berényi, 2012; Wiech, Jbabdi, Lin,
Andersson, & Tracey, 2014). Whereas structural connectivity results have shown that the
anterior cingulate cortex is connected to the prefrontal cortex, midline thalamus, and
brainstem (Paus, 2001). In consideration of evidence that youths with CD have abnormal
patterns of brain response during affective empathy, but not during cognitive empathy
(Sebastian et al., 2012; Lockwood et al., 2013), it was hypothesised that youths with CD
would have reduced whole brain structural covariance with the left anterior insula, right
anterior insula, and anterior cingulate cortex seed regions compared to the TD youths. Sex-by-
group interactions were also hypothesised in the Al bilaterally, considering interactions have

been found in previous literature in this region. Specifically, males with CD have shown
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increased GMV compared to TD males, and females with CD showed decreased GMV
compared to TD females bilaterally in the Al (Fairchild, Hagan, et al., 2013).

6.2 Methods

6.2.1 Participants

A representative sample of youths was recruited from a variety of sources in the
community in Southampton and Birmingham. TD youths were recruited from mainstream
schools and youth groups, whereas participants with CD were recruited from youth offending
teams, schools for youths with emotional, social and behavioural difficulties, and Child and
Adolescent Mental Health Services. Data were shared across two sites from the University of
Birmingham and the University of Southampton (see Table 6.1), and included=159 youths (67
females) aged 9-18 years of age (Mage=15, SD = 2.07). Four groups were included in the total
sample: TD females (n=42), TD males (n=37), CD females (n=25), CD males (n=55) (see
Table 6.2).

Table 6.1 Birmingham and Southampton participants’ demographic and clinical
characteristics

Southampton (n=79) Birmingham (n = 80) p values
M (SD)

Age (years) 15.16(2.07) 15.03(2.08) t(157) =-0.42, p= 0.672
Total 1Q 95.24(13.82) 95.85(11.74) t(157)=0.30, p=0 .772
Sex (% females) 41% 44% p=0.68°
Groups (% CD) 52% 49% p=0.69"

a1-tests

® Chi-square
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Table 6.2 Demographic and clinical characteristics of the sample

TD CD
TD Females 1 TD Males 2 CD Females 3 CD Males 4 Fgroup Fsex FgroupXsex
Variable (n=42) (n=37) (n=25) (n=55) ®) ®) ®
M (SD)
Age (years) 15.02(2.04) 15.52(2.02) 15(2.13) 15.02(2.10) F<1(0.62) F < 1(0.55) F=0.41(.74)
Estimated 1Q 100.9(10.08) 103.43(10.49) 87.6(13.56) 89.76(10.82) F=55.29(<0.001) F<1(0.74) F=18.96(<0.001)
(TD >CD) (1&2 > 3&4)
Verbal 1Q 100.95(12.90) 103.78(12.56) 89.36(16.63) 86.47(13.15) F=41.14 (<0.001) F=1.67(0.20) F=16.56(<0.001)
(TD > CD) (1&2 > 3&4)
Performance 1Q 100.38(11.52) 103.38(10.89) 85.60(15.17) 93.60(12.94) F=27.87(<0.001) F=1.42(0.23) F=12.37(<0.001)
(TD >CD) (1&2 > 3&4)
Current CD 0.12(0.32) 0.24(0.49) 4.92(2.90) 5.78(2.43) F=324.45(<0.001) F=10.45 (0.01) F=110.64(<0.001)
Symptoms (TD <CD) (F<M) (1&2 < 3&4)
Past CD Symptoms 0.12(0.40) 0.27(0.56) 5.76(3.06) 6.38(2.90) F=318.71(<0.001) F=8.70(0.004) F=106.48(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)
Current ADHD 0.48(0.22) 0.27(0.16) 1.60(2.29) 5.24(5.57) F=50.62(<0.001) F=15.74(<.001) F=25.25(<0.001)
Symptoms (TD <CD) F<M) (1,2,3<4)
Past ADHD 0.24(0.15) 0.05(0.23) 2.28(3.25) 6.05(5.93) F=60.91(<0.001) F=15.48(<.001) F=28.20(<0.001)
Symptoms (TD <CD) (F<M) (1,23<4)
Empathic Concern 18.83(3.88) 17.62(3.49) 19.08(4.85) 12.56(6.47) F=18.18(<.001) F=25.63(<0.001) F =17.22(<0.001)
IRI (TD>CD) (F>M) (1,23>4)
Total YPI Score 90.17(18.15) 96.98(16.35) 117.16(16.48) 114.09(24.71) F=45.78(<0.001) F=3.31(.07) F =16.21(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)

Note: ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; TD=typically developing; 1Q = intelligence quotient (measured using the WASI). Group, sex,
and sex-by-diagnosis interactions were computed using between-group ANOVAs and Chi square tests. Bonferroni correction was used to make pairwise comparisons.



6.2.2 Data pre-processing

Data were pre-processed within the VBMS toolbox in SPM12, and the GMV was
extracted via the segmented and smoothed VBM data used in the previous chapter. MNI
coordinates for seed regions were then identified and entered into the MarsBar toolbox in
SPM12 (Brett et al., 2002). The seed regions included left anterior insula (x =-40,y =22,z =
0), right anterior insula (x =39, y = 23, z = -4), and anterior cingulate cortex (x = -2,y =23,z
= 40), based on the MNI coordinates from meta-analytic evidence (Lamm et al., 2011).
Consistent with previous structural covariance studies using GMV data from VBM (e.g.
Heinze et al., 2015; Mechelli, Friston, et al., 2005), average regional grey matter volume
intensities within the three ROIs were extracted from each participant’s pre-processed VBM
data using a 4mm sphere defined within the SPM Marsbar toolbox, and centered around the

peak coordinates of the three ROIs.

6.2.3 Data Analysis

Three (one for each of the three seed regions) two-way (Group: CD vs TD; Sex: Males vs
Females) ANCOVAs models were created in SPM12, wherein the extracted grey matter
intensities from the seed regions were contrasted against the whole brain. Separation of group
and sex within the models, with a total of four groups, allowed investigation into possible
main effects of group (TD vs CD) in addition to possible sex-by-group interactions.
Covariates of no interest included global grey matter, age, 1Q, and scanning site. The height
threshold was set at p < 0.05, Family-Wise Error (FWE) corrected at whole-brain level, and

results were displayed on a mean structural image.
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6.3 Results

Analyses showed that youths with CD had significantly less structural covariance between
the left anterior insula and the thalamus (x = 16, y=-12,z = 18; k = 6; z = 5.49, p < 0.05,
FWE) compared to the TD youths (Figure 5.1). No group by sex interactions were observed at
p < 0.05, FWE. Trends were observed at a reduced threshold (p < 0.001) for each of the seed

regions (see appendix).

Figure 5.1 Main effect of diagnosis CD < TD from right thalamus (x=16, y= -12, z= 18,
t=5.79, k=6) covariance with Seed Region left anterior insula (x=-40, y=22, z=0). Results
shown at p < 0.05 (k=669) using anatomical mask for right thalamus for display
purposes. Colour bar represents t-statistic. Results overlaid on mean structural scan of all
participants. Note: The effect is bilateral at a reduced threshold, but only statistical tests
on the right thalamus survived FWE correction.
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6.4 Discussion

This study aimed to characterise whole-brain structural covariance patterns of the empathy
for pain network in a sample of youths with CD compared with TD youths. Based on
evidence that youths with CD have difficulties empathising with others’ pain (Kostic, Nesic,
Stankovic, Zikic, & Markovic, 2016) and that they are characterised by functional and
structural brain differences in brain regions implicated in empathy for pain (Sterzer et al.,
2007; Lockwood et al., 2013), it was hypothesised that youths with CD would have reduced
structural covariance within the empathy for pain network compared with TD youths. In line
with the hypothesis, results revealed significantly decreased covariance between the left
anterior insula and the right thalamus in youths with CD relative to TD youths. Against
predictions, no sex-by-group interactions were observed.

The thalamus has been described as an important neural hub (Hwang, Bertolero, Liu, &
D’Esposito, 2017), possessing several nuclei, which deliver sensory information from
subcortical regions to cortical regions for further processing. In particular, the thalamus sends
information to the cerebral cortex regarding sensory input, and after processing the brain is
able to better identify where the sensation came from and how to react (Jones, 2012).
Pertinent to the current results and thesis, the thalamus has also been considered as a part of
the neural pain matrix, as it is involved in receiving information regarding pain (Jackson et
al., 2005; Yen & Lu, 2013), and is functionally connected to the insula (O’Muircheartaigh,
Keller, Barker, & Richardson, 2015). It has been suggested that a midbrain-medial thalamic

pathway is implicated in modulation of perception of endogenous pain, expectancy of pain,
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and interaction between pain and anxiety (Lorenz, Minoshima, & Casey, 2003), which could
be associated with internal processing of empathy for pain in oneself and others. Additionally,
youths with CD experience an increased threshold or tolerance for sensitivity to pain
compared to TD youths (Northover, Thapar, Langley, & Van Goozen, 2015), which could be
related to initial communication in the brain between the thalamus and areas associated with
pain and empathy.

This finding is in line with previous research showing that, compared to TD youths, those
with conduct problems have reduced neural response to painful compared to non-painful
stimuli in both the anterior insula and the thalamus (Lockwood et al., 2013). Importantly,
lesions in the right thalamus have been associated with impaired empathy levels (Hillis,
2014), and previous research on healthy populations has shown the Al is necessary for
empathy for pain (Gu et al., 2012). Taken together, these data indicate that both the right
thalamus and left anterior insula are associated with empathy and pain processing. The
difference in structural covariance of GMV in these regions adds to the burgeoning body of
evidence on neural circuitry, as the Al and thalamus are key areas involved in empathy, and
may reflect a lack of input of the thalamus to the Al amongst youths with CD. Youths with
CD struggle to immediately process information in the anterior insula and the thalamus
compared to TD youths (Decety & Michalska, 2010), therefore reduced structural covariance
between these two areas could be associated with how the two areas are connected, either
structurally or functionally. However, structural covariance is not necessarily a measure of
connectivity. Whilst covariance between GMV has been shown to overlap with connectivity
within white matter tracts, they do measure separate properties of the brain (Gong, He, Chen,
& Evans, 2012). Therefore, structural covariance indicates a correlation between the amount

of GMV in two separate regions which can be informative in regards to formation of neural
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networks and can have potential implications on how neural networks are connected
(Alexander-Bloch et al., 2013). Moreover, reduced structural covariance between the anterior
insula and the thalamus among youths with CD could be linked to their diminished
responsiveness to painful or emotional salient stimuli for both themselves and for others.
Based on my finding, it is critical to consider whether youths with CD struggle to appreciate
or understand pain in others due to a fundamental problem with experiencing pain themselves,
perhaps reflecting their heightened threshold for pain (Northover et al., 2015), or if they
simply have difficulties with affective pain rather than physical pain. Future studies should
therefore focus on differentiating responsiveness to physical and affective painful stimuli
amongst youths with CD.

Overall it is unclear what may be causing the reduced structural covariance observed
amongst the youths with CD. Whilst many morphometric properties within the brain are
genetically based and thereby heritable (Batouli, Trollor, Wen, & Sachdev, 2014), properties
such as grey matter volume are susceptible to individual differences such as environment,
experience, and learning (Alexander-Bloch et al, 2013). As discussed in the previous chapter,
these external factors (e.g. environment, experiences, learning) may have an influence on
structural properties and covariance patterns, but likely have a larger immediate influence on
connections formed and strengthened in brain than overall morphology. This may partially
explain the VBM results in the previous chapter, and it is possible that functional measures
are more sensitive than structural measures at detecting neural differences. Functional studies
examining neural correlates of empathy could shed more light on this matter therefore the
following chapters of this thesis will explore functional responsivity during an empathy for
pain task in addition to functional connectivity from follow up psychophysiological

interaction analyses.
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There were no other significant results when using the reported threshold, suggesting
structural networks are relatively intact amongst the youths with CD in my sample, which is
supported by the VBM results. Interestingly, there were no sex-by-group interactions.
However, based on previous VBM literature indicating sex-by-group interactions in the Al
(Fairchild et al., 2013), and a recent fMRI study which reported a sex-by-group interaction in
temporal lobes amongst youths with CD in an empathy for pain paradigm (Michalska et al.,
2016), differences in brain response in males and females with CD were hypothesised.
Perhaps previous sex-by-group interactions could be associated with hormonal influences on
neurobiology related to age differences, as Fairchild et al. (2013) included participants with an
age range of 14-20 years and Michalska et al. (2016) 9-11 years. Thus, the participants in the
Fairchild and colleagues study were of post-pubertal age, and the participants in the
Michalska and colleagues study were likely pre-pubertal given their age range. This suggests
their samples were more homogenous regarding age and pubertal status, increasing the
likelihood that sex-by-group interactions could be observed. Post-pubertal females’ brain
structures are more developed compared to pre-pubertal females and males, which could
influence whether sex-by-group interactions are detected in a sample with a large age range
and varying stages of puberty. Furthermore, the age of pubertal onset has decreased amongst
girls in recent generations (Kaplowitz, Slora, Wasserman, Pedlow, & Herman-Giddens, 2001,
Lee & Styne, 2013), and start of puberty is associated with increased levels of antisocial
behaviours amongst females (Caspi, Lynam, Moffitt, & Silva, 1993; Fontaine et al., 2009).
These factors complicate the investigation of sex differences in the brain amongst youths,
especially if females with CD are more likely to have started puberty at a younger age than
the other groups. The participants in my sample varied on pubertal status, although they were

mostly post-pubertal considering the average age (see Table 5.2). Moreover, recent evidence
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shows hormonal and pubertal influences could have a strong influence on structural
covariance and neural development, implying psychiatric disorders are not the only influence

on abnormal brain structure or connectivity (Nguyen et al., 2016).

6.4.1 Future Directions

Future research should focus on a few different avenues. First, consideration of callous-
unemotional traits rather than diagnosis as a grouping determinant might prove useful. For
example, a comparison of youths with HCU and LCU traits could provide further information
regarding the consideration of severity of symptoms rather than grouping based on receipt of
a disorder diagnosis. Second, symptom count and severity could also be useful ways to
compare participants. For example, youths with severe forms of CD, or higher numbers of
symptoms/more aggressive symptoms, compared to youths with less severe symptoms or
fewer symptoms would add to the current literature. Third, more seed regions would allow
further investigation across the brain, as this study focused on a few empathy-specific regions.
However, CD is a heterogeneous disorder and there are many other aspects and neural
networks to investigate besides empathy. Reward processing, for example, which is disrupted
amongst youths with CD (White et al., 2014) could be another avenue, as the thalamus,
insula, and nucleus accumbens have been implicated in neural processing of reward (Cho et
al., 2013). My finding therefore provides evidence for overlapping neural correlates of both
empathy and reward processing, considering the involvement of both the thalamus and the
insula in anticipation for pain and incentives. Fourth, considering evidence that hormones
influence brain organisation (Barth, Villringer, & Sacher, 2015), future studies should link
hormone levels and brain structure. Levels of certain hormones such as testosterone and
estrogen affect brain organisation and behaviour (Patchev, Hayashi, Orikasa, & Almeida,

1995), which is particularly pertinent to youths with CD who are prone to aggressive
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behaviours. Higher levels of testosterone are associated with higher levels of aggressive
behaviours (Archer, 1991), and testosterone has been shown to regulate the organisation and
function of regions such as the amygdala (Nguyen et al., 2016), which is impaired in youths
with CD. This is just one example of hormonal influences brain development. Puberty and
other biological mechanisms such as secretion of oxytocin could be key when considering sex
differences, including examination of the limbic system. Another interesting avenue would be
to examine the volume of the thalamus and hypothalamus in relation to levels of oxytocin,
since these brain regions are directly involved in secretion of oxytocin, a neuropeptide that is
central in empathy and human bonding (Shamay-Tsoory & Abu-Akel, 2016). For example, a
variant in the oxytocin receptor gene (OXYR) has been associated with amygdala volume
(Furman, Chen, & Gotlib, 2011), and similar investigations of the relationship between GMV
and OXYR amongst youths with CD would provide more information on how genetics,
hormones, and neuroanatomical regions are interacting. Fifth, in utero studies will be highly
beneficial as early differences can be detected whilst a baby is developing, and prenatal
maternal stress and generated estrogen-dependent processes have a large impact on infant and
later childhood brain development (Kinsella & Monk, 2009). Therefore, measuring hormone
levels of pregnant women and following up on toddler outcomes regarding aggression levels
and hormonal levels could be an interesting avenue to pursue (Beyer, 1999; Monk, Spicer, &
Champagne, 2012; Suurland et al., 2016). Additionally, MRI studies including women in
during early stages of pregnancy on deprived women exposed to stressors such as domestic
violence and financial hardship could also provide important information, as it can show how
maternal environment and cortisol levels can influence fetal brain development (Anderson &

Thomason, 2013).
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6.4.2 Strengths and Limitations

It is important to consider the strengths and limitations of this study. First, the strengths
include the methodology; only one other study has utilised structural covariance thus far in
the current literature on CD (Fairchild et al., 2016), but with pre-processed cortical thickness
data rather than GMV data. Therefore, incorporating the data from the segmented grey matter
volume used in the previous chapter constitutes a good follow-up on the previous VBM
analysis. Second, another strength is the well-characterised sample, as it is a large, mixed-sex
sample with enough of power to address the hypotheses. The participants also completed
semi-structured diagnostic interviews, and most of the time diagnoses were made based on
information from both the youths and their parents/caregivers. The participant groups are well
matched on average age, which is very important when considering structural integrity, as
discussed earlier in the chapter. Third, an a priori seed region hypothesis on the empathy for
pain network is a strong approach considering this thesis aimed to address neural correlates of
empathy among youths with CD. Due to the limited number of studies employing structural
covariance to investigate the disorder of CD, perhaps further investigations should focus on
an exploration of large-scale network integrity in the population, specifically, structural
covariance of the salience network especially since crucial areas documented as abnormal
amongst youths with CD are included in the salience network, such as the anterior insula and
amygdala (e.g. Fairchild et al, 2011). This could be achieved by selecting seed regions from
the salience network and analysing covariance locally between the regions, as well as globally
across the whole brain.

The study is limited in that it does not address the influences of comorbidities, or other
psychiatric symptoms such as ADHD or anxiety. The cross-sectional design is also a

limitation, whereas a prospective longitudinal design would allow for comparisons over time.
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It is important to compare differences in brain structure at two separate time points amongst
developing youths as this could provide more insight into how psychiatric symptomology

amongst youths predicts mental health outcomes later in life (Muetzel et al., 2017).

6.4.3 Conclusions

Overall, this study suggests decreased structural covariance between the left Al and the
right thalamus among youths with CD relative to TD youths, but otherwise intact whole brain
structural covariance with the empathy for pain network. This could imply abnormal integrity
in a key network associated with empathy. The next chapter will cover task-based fMRI
results from an empathy for pain paradigm, which will provide further insight into neural

correlates of empathy amongst youths with CD.
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CHAPTER 7. FUNCTIONAL NEURAL CORRELATES OF
EMPATHY FOR PAIN IN MALE AND FEMALE YOUTHS
WITH CONDUCT DISORDER

7.1 Introduction

Youths with CD are prone to commit violent transgressions toward others and engage in
self-serving antisocial behaviours, thereby demonstrating reduced levels of empathy for others
(Blair, 2005; Lovett & Sheffield, 2007). Investigating the functional neural correlates of
empathic processing in youths with CD is an important endeavour to clarify the
underpinnings of their lack of prosocial behaviours (Foulkes, McCrory, et al., 2014). Previous
fMRI studies in healthy individuals have examined neural correlates of empathy using various
tasks (Decety & Michalska, 2010; Gu & Han, 2007; Singer, 2004) the most commonly used
paradigm probes the neural correlates of empathy for others’ pain, where brain response while
viewing others in painful situations is compared to brain response when viewing others in
non-painful situations (Bernhardt & Singer, 2012; Jackson et al., 2005). Studies on healthy
individuals have identified increased BOLD response to pain in the anterior cingulate cortex,
anterior insula, cerebellum, amygdala, and thalamus, key regions for empathy and part of the
pain matrix network (Craig, 2009; Fan et al., 2011; Gu et al., 2010; Jackson et al., 2005;
Singer & Lamm, 2009). Based on two different meta-analyses including 28 and 32 fMRI
studies respectively, the anterior insula and ACC were the most commonly reported regions
activated during paradigms probing empathy for others’ pain (Gu et al., 2012; Lamm et al.,
2011). Furthermore, lesion studies have provided additional evidence for the involvement of
the Al in empathy. Lesions in the Al have been associated with reduced levels of empathy
(Hillis, 2014), and decreased accuracy and slower reaction times when completing an

empathy for pain task (Gu et al., 2012). Furthermore, a study including stroke patients
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showed the Al and the temporal pole, but not the ACC and other hypothesised regions, were

significantly associated with impairments in affective empathy (Leigh et al., 2013).

Although behavioural and self-report evidence suggests that females have higher levels of
empathy and greater accuracy when judging intentionality of harm (Friesdorf, Conway, &
Gawronski, 2015; Fumagalli et al., 2010), there is very little evidence to suggest that sex
differences exist in responsivity to empathy-evoking stimuli (Baez et al., 2017). Both men and
women have shown increased activation in the insula and ACC whilst viewing empathy-
related stimuli, however reduced activation has been observed in men whilst instructed to
view an unfair individual in a painful situation (Singer, 2006), indicating an ability to regulate
empathy may exist in men but not women based on perceived social biases. In adult forensic
settings, psychopathic male offenders have shown decreased activation to viewing others’
pain in brain regions including the ACC, Al, but this effect was reduced when participants
were instructed to imagine themselves as the other person (Meffert, Gazzola, Den Boer,
Bartels, & Keysers, 2013), further suggesting that men may be able to regulate empathic

responsivity. This has yet to be addressed amongst adult female offenders.

Six previous fMRI studies that have examined the neural correlates of empathy for pain in
youths with conduct problems have shown that youths with conduct problems and CU traits
exhibit decreased neural responsivity compared to TD youths in the Al, ACC, amygdala, and
temporoparietal junction (Dong et al., 2017; Lockwood et al., 2013; Marsh et al., 2013;
Michalska et al., 2016; Yoder et al., 2016), but one study reported increased responsivity in
youths with aggressive forms of CD compared to TD youths (Decety et al., 2009). However,
some regions typically associated with empathy have not been consistently shown across
studies. For example, Marsh et al (2013) reported that youths with conduct problems have

reduced neural responsivity to empathic stimuli in the amygdala and the anterior cingulate
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cortex, but not the Al. Differences in the results could be due to differences across paradigms,
which have relied on video clips of accidental or intentional harm to others (Michalska et al.,
2016), dynamic images of accidental or intentional harm to others (Yoder et al., 2016),
images of others’ in pain (Lockwood et al., 2013), or manipulations of instructions (e.g.
imagine self vs. imagine other) (Marsh et al., 2013). Another potential explanation for
inconsistent results might be because of variations in the samples’ demographic and clinical
features. While Dong et al (2017) included adolescents with CD compared to typically
developing adolescents, other samples included aggressive forms of CD (Decety et al., 2009),
youths with some symptoms of CD rather than a diagnosis of CD (Michalska et al., 2016),
conduct problems and CU traits (Marsh et al., 2013; Lockwood et al., 2013; Yoder et al.,
2016). These samples also varied on mean age and age range of participants. Furthermore,
most studies included males only, but a few had mixed sex samples (e.g. Michalska et al.,

2016; Yoder et al., 2016), although only Michalska reported sex differences.

Overall, results suggest reduced BOLD response in the Al, ACC, amygdala,
temporoparietal junction, and inferior frontal gyrus (a region also associated with mirror
neurons; Rizzolatti, 2005) in youths with CP relative to TD youths (Michalska et al., 2016;
Lockwood et al., 2013; Dong et al., 2017), whilst increased BOLD response amongst males
with aggressive forms of CD has been identified in the amygdala, ventral striatum, and

temporal pole compared to TD males (Decety et al., 2009).

To date only one study within the CD literature has examined sex in relation to neural
responsivity to empathy (Michalska et al., 2016). This was a large sample (n=169) with pre-
adolescent males and females (9-11 years of age), which was unique as it was the first study
to include a pre-adolescent sample. In addition, in contrast to all previous studies, video clips

were used to measure empathic responsivity to harm vs. no harm and intentional harm vs.
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non-intentional harm. Two sex-by-CP symptoms interactions were identified. The first
implicated the right posterior superior temporal gyrus during the intentional vs. unintentional
harm condition, whereby higher numbers of CP symptoms were associated with lower levels
of BOLD response in females, but this effect was not observed in the male. The second sex-
by-CP symptoms interaction was observed in the posterior superior temporal sulcus and the
middle frontal gyrus, whereby conduct problems were negatively associated with BOLD
response amongst females but not males during the harm > no harm condition. The authors
suggested that, should this effects be replicated, they could help understand sex differences in
the etiology and prevalence of CP. Overall, inconsistencies between the studies to date may
be due to differences in samples, such as variance due to heterogeneity of the disorder or age,
as well as differences in measurement of empathy such as task design. Finally, mixed-sex
samples could influence differences, therefore sex differences should be examined in further
detail. The first aim of the current study was to clarify the neural correlates of empathy for
pain in a sample of youths with a diagnosis of CD. The second aim was to examine potential
similarities and differences across sexes amongst a large, mixed sex, sample of youths with
CD compared to TD youths. It was hypothesised that, compared to TD youths, those with CD
would show reduced BOLD response to pain in others in in the bilateral anterior insula,
anterior cingulate cortex, and amygdala, orbitofrontal cortex, and ventromedial prefrontal
cortex, key regions identified in previous studies related to empathy. Additionally, I examined
if sex as a potential exploratory variable and diagnosis would interact to modulate brain

response in youths with CD.
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7. 2 Methods

7.2.1 Recruitment, sample characteristics, and questionnaires

A representative sample of youths was recruited from a variety of sources: mainstream
schools, youth groups, youth offending services, and child and adolescent mental health
services in the UK. Participants were 106 youths (46 females) aged 9-18 years of age
(Mage=14.9, SD = 2.19) recruited across two sites: The University of Birmingham (n=62) and
The University of Southampton (n=44). Basic demographic information can be seen in Table
7.1, and sample characteristics are displayed in Table 7.2 including age, 1Q, CD
symptomology, ADHD symptomology, empathy, and YPI scores. Fifty-three of the 159
participants from the structural analyses were not included in this sample due to not
completing the empathy for pain task or missing data (n=20), excessive motion (n=4), missing
behavioural responses (n=4), and poor first level mask (n=25) resulting in the final sample
size of 106 (Appendix 7.1). All participants were assessed with the K-SADS to establish
diagnostic grouping, and IQ subtests were administered for vocabulary and matrix reasoning.
General inclusion and exclusion criteria were identical to those of the previous experimental

chapters, and are described in chapter 4.
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Table 7.1 Birmingham and Southampton participants’ demographic and clinical
characteristics

Southampton (n=44) Birmingham (n =62) p value
M (SD)

Age (years) 15.05(2.38) 14.95(2.08) 832
Total 1Q 97.43(13.60) 98.05(11.15) TR
Sex 45% 42% 72°
(% females)
Groups
(% CD) 36% 45% 37°

2 t-tests

b Chi-square
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Table 7.2 Demographic and clinical characteristics of the sample

Variable

Age (years)

Estimated 1Q

Verbal 1Q

Performance 1Q

Current CD Symptoms

Past CD Symptoms

Current ADHD Symptoms

Past ADHD Symptoms

Empathic Concern IRI

Total YPI Score

TD Females 1 TD Males 2 CD Females 3 CD Males 4
(n=33) (n=29) (n=13) (n=31)
M (SD)
14.64(2.34) 15.06(2.31) 15.92(1.44) 14.9(2.17)
103.12(9.9) 103.79(9.27) 88.54(11.61) 90.39(10.94)
103.85(2.04) 103.93(2.23) 91.08(4.09) 86.68(2.43)
101.73(2.04) 103(2.14) 85.62(4.28) 93.71(1.97)
0.09(0.29) 0.28(0.53) 4.85(2.82) 5.81(2.74)
0.09(0.09) 0.28(0.59) 5.78(3.06) 6.23(2.86)
0.06(0.24) 0 1(1.68) 3.97(5.41)
0.03(0.17) 0.03(0.19) 1.62(2.18) 5.13(5.95)
18.21(4.65) 17.51(3.68) 20.15(4.81) 13.16(5.29)
91.30(16.03) 98.58(18.15) 115.07(16.13) 113.55(23.14)

Fgroup
(p)

F=<1(0.4)

F=45.83(<0.001)
(TD > CD)

F=40.47 (<0.001)
(TD > CD)

F = 21.3(<0.001)
(TD > CD)

F = 224.9(<0.001)
(TD < CD)

F = 251.14(<0.001)
(TD < CD)

F=25.15 (<0.001)
(TD < CD)

F=35.74 (<0.001)
(TD < CD)

F=7.15(0.009)
(TD > CD)

F=26.58(<0.001)
(TD < CD)

Fsex

(P)

F=>1(0.97)
F=<1(0.37)

F =3.28 (0.07)
F=0.15 (0.69)
F = 7.8 (0.006)

(F<M)

F=6.17 (0.02)
(F < M)

F =6.94(0.01)
(F < M)

F = 8.46 (0.004)
(F < M)

F=13.17(<0.001)
(F>M)

F=4.12(0.05)
(F < M)

FgroupXsex
P

F=1.09(0.35)

F= 15.16(<0.001)
(1&2 > 3&4)

F=13.74(<0.001)
(1&2 > 3&4)

F=8.72(<0.001)
(1&2 > 3&4)

F=76.44(<0.001)
(1&2 < 3&4)

F=82.87(<0.001)
(1&2 < 3&4)

F=11.95(<0.001)
(1,2,3<4)

F=16.3(<0.001)
(1,2.3 < 4)

F = 9.89(<0.001)
(1,2,3 > 4)

F = 9.67(<0.001)
(1&2 < 3&4)

Note: ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; HC = healthy control; I1Q = intelligence quotient (measured using the WASI). Group, sex, and sex-by-group
interactions were computed using between-group ANOVAS and Chi square tests. Pair-wise comparisons were Bonferroni corrected.



7.2.2 fTMRI Task

The task was identical to previous empathy for pain studies on healthy participants (Gu et al.,
2010) and boys with conduct problems (Lockwood et al., 2013), and included 192 images of
either hands or feet with painful or non-painful context. There were 96 pictures per condition,
with four different possible conditions (pain/hand; no pain/hand; pain/foot; no pain/foot).
Examples of painful stimuli included an image of a hand being closed in a car door, or a knife
stabbing a foot. Non-painful stimuli included a hand resting next to a door, or a nail a few inches
away from a foot (Figure 6.1). All images were tested in a previous empathy for pain study, and
validated as empathy—evoking (Gu et al., 2010). Images were presented for 20 second blocks,
wherein eight separate images were displayed for 2000 ms each with a 500 ms interval between
stimuli. Rest periods, marked by a fixation cross, were displayed after every 6 blocks for 15
seconds. There were a total of four runs, with six blocks per run, and four rest blocks. The block
design was pseudo-randomised, in that conditions were never presented in the same order twice.
Total task time was nine minutes and 17.5 seconds. Participants were instructed to press a button
to indicate whether they saw a hand (press with index finger) or foot (press with middle finger) to
ensure attention each time stimuli appeared on the screen. Reaction time and accuracy data were
collected throughout the task. All participants completed a condensed practice version outside of

the scanner just before entering to ensure they understood the task and instructions.
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Figure 7.1 Empathy for pain task including timing information and examples of painful and non-
painful stimuli

7.2.3 Scan acquisition

Functional and anatomical scans were collected via a Phillips 3T scanner at the Birmingham
University Imaging Centre, and a 3T Siemens Tim Trio scanner at Reading Imaging Centre.
Scanning parameters were identical at both sites, including a 32-channel head coil. Each site
underwent a site qualification procedure by physicists to ensure data would be comparable.
Functional data were acquired in a single run of 9 minutes and 17.5 seconds, with 218 volumes
plus 5 dummy volumes (223 total). T2 -weighted EPI data sensitive to BOLD were acquired (TR

= 2500 ms; TE=30 ms; flip angle = 83 degrees, slices = 41, voxel size= 3x3x3 mm; slice

120



thickness= 2 mm; Right to Left and Anterior to Posterior field of view = 192; Foot to Head Field
of view = 122). Fieldmaps were collected to remove distortion caused by magnetic field
inhomogeneity, and collection of the fieldmap lasted approximately one minute including 46
slices; TE 1= 4.6ms; TE 2 = 6.9 ms; TR=500 ms; matrix size =64x64. T1-weighted images were
included from the structural analyses. Acquisition of T1 scans included a gradient-echo sequence
ET=3.7 at UOB; ET=3.4 at UOS; Repetition time = 1.9; flip angle = 9 degrees; foot to head and
anterior to posterior field of view = 256; right to left field of view = 192; matrix = 256; voxel size
= 1x1x1mm; sagittal slices = 192; bandwidth at UOB = 174 hz/pix and 180/Hz/pix at UOS. Total
anatomical scan time was 4 minutes and 26 seconds at UOS and 6 minutes and 5 seconds at
UOB. Participants were provided with cushioning around their heads to minimise head
movement, and anatomical scans were collected before functional images. In the case the where

T1 scan was deemed unusable at the time of scanning, a second anatomical scan was collected.

7.2.4 Data pre-processing

Several pre-processing steps and quality control methods were used in accordance with
typical fMRI analysis procedures to increase validity and standardisation of the data, taking into
account the influence of external noise and physiological artefacts such as influence of data
acquisition (e.g. scanner drift and thermal noise), and individual differences such as amount of
movement. After discarding the first 5 dummy scans for each participant, the remaining
functional volumes were pre-processed within SPM12 (http://www.fil.ion.ucl.ac.uk/spm/), using
Matlab. Voxel displacement maps were then created using the processed fieldmaps. To reduce
the influence of individual movement during scanning, all functional scans were realigned to the

reference scan in the time-series using rigid body transformation, producing a mean EPI for each
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participant. Mean realigned and unwarped EPIs were co-registered to the original T1 anatomical
scans to allow for the final stage of normalisation to MNI space. The normalisation procedure
registered images from all participants to the same coordinates to ensure recognised voxels were
the same regions for everyone. A customised tissue probability map was created within the
Template-O-Matic toolbox (Wilke et al., 2008) to help account for the use of child data, which is
an important step as previous fMRI studies on CD have not always included a customised TPM,
and this could contribute to a mismatch between the recognised MNI coordinates and brain
templates. The customised TPM accounted for age and sex of the participants, and matched the
participant data with other paediatric brains resulting in a specialised brain template to include in
the next step, segmentation. All T1 images were segmented into grey and white matter using the
VBMBS toolbox (Gaser, 2009), and individual native-space grey matter and white matter segments
were normalised to the TPM using affine registration. A Diffeomorphic Anatomical Registration
Through Exponential Lie Algebra (DARTEL; Ashburner, 2007) template was then created using
the segmented grey and white matter images. All pre-processed image volumes were smoothed
with a 6mm full-width/half-maximum kernel to increase signal-to-noise ratio (SNR), and final
smoothed unwarped images were used for the first level analyses. All EPI volumes were also
visually inspected, and any with excessive motion were discarded. Excessive motion was deemed
to be more than 20 volumes, or having greater than 10% of volumes as outliers. Any participants
with excessive motion were excluded. To account for motion during scanning, artefact repair

toolbox (ART; http://www.nitrc.org /projects/ artifact_detect/) was used for each participant

included in the study, with a threshold of 1.5 mm. Motion regressors from ART were then

entered into first level GLMs for each participant along with timing information.
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7.2.5 Data Analysis

For behavioural data, effects of group, sex, and site on reaction time and accuracy data were
examined with 2 (Group: CD vs TD) x 2 (Sex: Females vs Males) x 2 (Scanning site:
Birmingham vs Southampton) mixed model ANCOVAs with age and 1Q as covariates of no
interests. Significance level was set at p < .05. Follow-up post-hoc Bonferroni pair-wise

comparisons were used to compare means for any significant main effects or interactions.

Following pre-processing of fMRI data, subject-specific first level general linear models
(GLMs; Friston et al., 1994) were created consistent with block design including experimental
conditions of pain, no pain, and fixation. Contrast images were created at the first level to assess
the effect of “pain > no pain’ ‘no pain > pain’ ‘pain > fixation’ ‘no pain > fixation’. Parameter
estimates from each contrast were then used for second level analysis adopting a full factorial 2
(Group: CD vs TD) x 2 (Sex: Females vs Males) x 2 (Scanning site: Birmingham vs
Southampton) design (ANCOVA) in SPM12, with age and IQ entered as covariates of no
interest. After estimation of the models, results were then viewed at the whole brain level in
addition to hypothesised regions of interest (ROIs), which were created in the Wfupickatlas
automated anatomical labeling toolbox (aal.02; Tzourio-Mazoyer et al., 2002). The ROIs
included, bilaterally, the anterior insula, amygdala, anterior cingulate cortex, orbitofrontal cortex,
and ventromedial prefrontal cortex. ROIs were specified based on previous research identifying
differences between youths with and without conduct problems during empathy-related tasks
(e.g. Lockwood et al., 2013), and specific MNI coordinates reported in Lockwood’s paper were

used for the Al. All results are reported at a threshold of p < .05, FWE, whole brain or small
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volume corrected. Results for the main effects of group at a threshold of p <.001 uncorrected

with a cluster size (k) of 10 voxels or more are reported in the appendix.

7.3 Results

7.3.1 Behavioural results

Reaction times: There was a significant effect of condition indicating that all participants were
slower to respond to painful stimuli than non-painful stimuli (F = 6.47, p = 0.01). There were no
main effects of group for reaction time between all four groups (F = < 1, p = 0.45). There were
no main effects of sex (F < 1, p = 0.51). There were no main effects of site (F = 1.3, p = 0.25).

There were no interactions (F < 1, p = 0.78).
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Figure 7.2 Reaction times during the pain and no pain conditions

Accuracy: There was no significant main effect of condition (F = <1, p = 0.72). There were no
significant effects of group for accuracy during painful and non-painful stimuli between all four

groups (F <1, p =0.66). There were no significant effects of sex (F =5, p = 0.06). There were
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no main effects of site (F <1, p = 0.93). There were no interactions (F <1, p =0.59). No

participants missed more than 20% of responses.
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Figure 7.3 Accuracy (% correct) during the pain and no pain conditions

7.3.2 fMRI results

Across the whole sample, all participants exhibited increased BOLD response whilst viewing
painful compared to non-painful stimuli (Figure 7.4), and results replicate what has been found in
similar studies using the same task (Figure 7.5). Although the activation intensity is lower in this
sample as seen in Figure 7.5, indicated by the smaller F values, this is likely due to a less

homogeneous sample in terms of age, sex, and combination of data from two different sites.

Whole-brain analysis: For the contrast pain > no pain, youths with CD had reduced brain
response in the left cerebellum (x =-9, y = -33, z = -60; t=5.14; k=4; p=0.01, FWE-corrected
across the whole brain at the peak voxel level) in comparison to the TD youths (Figure 7.6). No

differences were found at p < 0.05, FWE whole-brain corrected for CD > TD.
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Region of interest analyses: For the contrast pain > no pain, a significant main effect of group
was found within the left anterior insula (x =-33,y =24,z =3,t=3.35,k =35, p=0.02, S.V.C)
whereby the youths with CD showed lower response compared to the TD youths (Figure 7.7).
This was based on an a priori hypothesis using MNI coordinates for the left anterior insula (y= -
30, x=16, z= 2) from the Lockwood et al., 2013 paper reported in the pain > no pain contrast
table. Other regions of interest were tested using the same method, including the ACC, but did
not reach statistical significance. A sex-by-group interaction was found in the right amygdala (x
=30,y=3,z=-21,t=3.16, k= 1; p = 0.04), where females with CD showed reduced activation
relative to TD participants, but TD males and males with CD did not differ (Figure 7.8). No other

differences were found at p < 0.05, FWE corrected for CD > TD within the ROIs.
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Figure 7.4 Axial view of contrast pain > no pain for all participants, displayed at uncorrected
statistical threshold (p < 0.001), colour bar represents t-statistic
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A) B)

Figure 7.5 Comparison of the pain > no pain contrast for all participants between A) Lockwood et al. (2013) and B) This sample;
Results displayed at uncorrected threshold (p < 0.001) for pain > no pain contrast only. This figure highlights the similarities in
results between the studies, as this thesis aimed to replicate and extend previous findings. Colour bars represents t-statistics.
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Figure 7.6 Pain > No Pain; TD > CD;(x =-9, y = -60, z = -33; t=5.14; k=4; p=0.01, FWE-corrected across the whole brain
at the peak voxel level); F-test shown at p=.005 for display purposes and overlaid on mean structural T1 from all
participants. Youths with CD exhibited significantly reduced BOLD response while viewing images of others in painful
situations in the left cerebellum compared to TD youths (indicated on left). Beta values extracted from peak cluster within the
pain > no pain contrast second level GLM are shown on right. Colour bar represents t-statistic.
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Figure 7.7 Pain > No Pain, TD > CD (x =-33,y=24,z=3,t=3.35, k=35, p = 0.02, S.V.C); F-test shown at p = .005
for display purposes and overlaid on mean structural T1 from all participants. Youths with CD exhibited significantly
reduced BOLD response while viewing images of others in painful situations in the left anterior insula compared to TD
youths (indicated on left). Beta values extracted from peak cluster within the pain > no pain contrast second level GLM
are shown on right. Colour bar represents t-statistic.
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Figure 7.8 Pain > No Pain; Sex —by- Group interaction (x =30,y =3,z =-21,t=3.16, k = 1; p = 0.04); F-test shown at
p=.005 for display purposes and overlaid on mean structural T1 from all participants are shown on the left. Beta values
extracted from peak cluster within interaction during the pain > no pain contrast second level GLM are shown on right. Colour

bar represents t-statistic.
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7.4 Discussion

The main aim of this study was to examine the neural correlates of empathy for pain in youths
with CD, and investigate whether males and females with CD exhibit similar or different brain
response compared to TD males and females. Based on previous literature, it was hypothesised
that, compared to TD youths, those with CD would have reduced response in the bilateral Al,
ACC, and amygdala when viewing others in pain. | also aimed to examine any potential sex-by-
group interactions. In partial support for the hypotheses, ROI analyses revealed that, in response
to the painful stimuli, youths with CD had reduced response within the left anterior insula
compared to the TD youths. In addition, for the same contrast, the whole brain analysis revealed
that youths with CD had reduced response in the left cerebellum. Finally, a sex-by-group
interaction was also identified in the right amygdala for the same contrast, whereby females with
CD showed significantly reduced BOLD response in the amygdala compared to TD females
while TD males and males with CD did not differ. Taken together, these results, which identify
reduced anterior insula response in youth with CD, are consistent with previous findings within
the literature on CD and conduct problems (Lockwood et al., 2013; Michalska et al., 2016), but
they also extend the current evidence base in two ways. First, this study identifies the cerebellum
as an additional region implicated in the blunted empathy for pain response in youths with CD.
Second, in line with recent SMRI (Fairchild, Hagan, et al., 2013) and fMRI (Michalska et al.,
2016) studies, the sex-by-group interaction identified in the amygdala suggests differences in
neural responsivity between males and females with CD. The following sections will review the
results from the Al, cerebellum, and amygdala. Strengths and limitations of the study will then be

discussed, followed by future directions.
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The Al is an integral neural region for empathy (Gu et al., 2000), and the decreased BOLD
response in youths with CD identified in this study supports previous findings (Lockwood et al.,
2013; Michalska et al., 2016). Given that previous studies differed in numerous ways due to their
sample characteristics and methodology, these results, together with previous studies, provide
strong support for reduced Al as central to the empathy for others’ pain impairment seen in
youths with CD (Kaostic et al., 2016). In contrast, Decety et al. (2009) found an opposite pattern
of results, but the sample size was small and highly likely to be influenced by comorbidities or
CU traits, with the latter not being measured leaving the possibility that the sample included a
majority of youths with low levels of CU traits who have been found to exhibit heightened
response to negative stimuli compared to TD youths (e.g., Viding et al., 2012; Sebastian et al.,

2013).

Interestingly, my whole-brain analysis for the pain > no pain contrast also revealed that
youths with CD showed a very robust (surviving FWE correction for multiple comparisons across
the entire brain) reduced response within the left cerebellum compared to the TD youths. The
cerebellum was not included specifically as an ROI, but it is indeed implicated in the pain matrix
(Moulton et al., 2011), and has been associated with increased levels of BOLD response during
exposure to pain-related stimuli amongst healthy individuals (Jackson, Meltzoff, & Decety, 2005;
Lang, Yu, Markl, Muller, & Kotchoubey, 2011), and the opposite for youths with CD (Lockwood
et al., 2013). The cerebellum has more commonly been associated with motor function and
learning behaviours (Della-Maggiore, Scholz, Johansen-Berg, & Paus, 2009), but recent evidence
supports its role in a social and emotional context (Bernard et al., 2012). For example, a case

study from a cerebellar stroke patient has shown that disruption to the blood flow through the
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cerebellum was associated with alterations in ability to empathise (Gerschcovich et al., 2011),
and because the cerebellum is associated with the limbic system, it can be linked to cognitive and
affective processes such as empathy (Schmahmann & Sherman, 1998; Wolf, Rapoport, &
Schweizer, 2009). Similarly, Cerebellar Cognitive Affective Syndrome, a disease manifesting in
the cerebellum, is associated with deficits in language, blunted affect, problems with self-control,
and the cerebellum has been put forth as a modulator of neurocognitive and affective processing
(Manto & Marién, 2015). While trends have been observed in previous empathy-related studies
on CD, the cerebellum has not shown such a strong effect before. Importantly, given that white
matter connections exist between the cerebellum and large brain networks, such as the salience
network (Habas et al., 2009), it will be important for future studies to replicate my finding of
reduced cerebellar response in youths with CD and further examine its role in CD through the
examination of its connectivity with other neural networks implicated in the pathophysiology of

CD.

Finally, a sex-by-group interaction was observed in the right amygdala whereby females with
CD showed reduced activation relative to the TD females while TD males and males with CD did
not differ. Interestingly, Michalska et al. (2016) also identified a sex-by-group interaction, but in
the superior temporal sulcus where CD symptoms and BOLD response were negatively
correlated among females, but not in males. These results are consistent with my finding of
reduced BOLD response among CD females, but not males with CD. Furthermore, a previous
sMRI study has also identified a similar sex-by-group interaction, but in the Al where females
with CD had significantly reduced GMV compared to TD females, with an opposite pattern

among males (Fairchild, Hagan, et al., 2013). Differences were expected within the amygdala due
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to evidence of reductions in GMV in the amygdala (Sterzer et al., 2007; Huebner et al., 2008;
Fairchild et al., 2011) and abnormal BOLD response (either increased or decreased) in youths
with CD during empathic processing (Decety et al., 2009; Marsh et al., 2013). The observed sex-
by-group interaction in this region is consistent with data showing that the amygdala mediates
sex differences in emotion-related behaviours (Hamann, 2005), and this could be related to
hormonal influences on neural structure and function (Davidson et al., 2002). It will be important
for future studies on CD to consider the influence of sex, as this can provide important

information regarding similarities and differences on the neural correlates of the disorder.

Surprisingly, contrary to my hypothesis, no group differences were observed in the ACC.
Lesion research has shown the Al is more strongly implicated in empathy for pain than the ACC
(Gu et al., 2012). The Al has been associated with emotional awareness (Gu, Hof, Friston, & Fan,
2013) and affective empathy (Lamm & Singer, 2010), but the ACC is associated more frequently
with motivational and action components of empathy (Bernhardt & Singer, 2012; Craig, 2009).
Whilst the ACC has been identified in previous studies on youths with CP (Lockwood et al.,
2013; Marsh et al., 2013; Michalska et al., 2016), Decety et al. (2009) and Dong et al. (2017) did
not find reduced activation amongst youths with CD in the ACC. Evidence exists to suggest
functional dissociation between the Al and ACC amongst healthy individuals showing increased
activation in the Al during empathy to others’ pain but not the ACC (Gu et al., 2010). This
highlights discrepancies in the existing literature, especially regarding the recruitment of both the
Al and ACC during empathy-related tasks, and could account for why in my study significant

group differences were only observed within the Al, but not the ACC. Also in line with my
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findings, the ACC has not been consistently affected in SMRI studies on youths with CP (Rogers

& De Brito, 2016).

7.4.1 Strengths and Limitations

The strengths of this study are the use of a large, well-characterised sample, including enough
males and females to address effects of sex, and a well-validated task. The research addressed
important gaps in the literature, and adds a novel contribution to the field. First, the sample was
well-characterised, considering all participants in the clinical group met the threshold for a
diagnosis of CD after an in-depth clinical interview with both the participant and their
parent/caregiver, whereas some previous studies (e.g., Lockwood et al., 2013) used a variety of
parent and teacher questionnaires to assess participants, which might provide a less reliable
assessment of CD. For example, to measure conduct problems Lockwood et al. (2013) used
parent and teacher ratings on the Child and Adolescent Symptom Inventory Conduct Disorder
Scale (CASI; Gadow & Sprafkin, 2009), which assesses behaviour problems, but does not
provide such a detailed assessment of CD symptoms as a semi-structured interview with two
informants. Michalska et al (2016) used the Diagnostic Interview Schedule for Children (DISC;
Shaffer et al., 2000), but included in their sample participants with some CD symptoms within
their clinical group compared to no CD symptoms in their control group. Decety et al (2009) only
included participants in their sample with the highest levels of aggression. Second, the sample
size in the current study was larger in comparison to all, but one (Michalska et al., 2016). Third,
the influence of sex was examined in this study which has only been investigated once before
(Michalska et al., 2016), thereby addressing a gap in the current literature on the influence of sex

on brain response and empathic responsivity amongst youths with CD. The combination of my
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findings alongside previous results provides evidence to suggest there are slight sex differences
present among youths with CD, which requires replication and further examination. Finally, the
task has been well-validated (Gu et al., 2010; Lockwood et al., 2013) which helps to replicate and

extend upon previous findings.

There are also a number of limitations that should be discussed. First, the participants in my
study spanned a large age range (9-18 years) between late childhood and late adolescence. The
mean age of previous samples has varied, with some studies including a broad range (e.g. 10-16
years; Lockwood et al., 2013), whilst others have included a more limited age range including a
group of post-adolescent males with an age range of 16-18 years (Decety et al., 2009), or pre-
adolescent youths with an age range of 9-11 years (Michalska et al., 2016). Future research
should carefully consider the age range of participants, as to eliminate any potential confounds.
Second, the influence of personality traits such as levels of CU and aggressive tendencies was not
considered, despite evidence that they have an influence on BOLD response in previous studies
on empathy. For example, the aggressive participants in Decety’s sample exhibited increased
BOLD response during an empathy for pain task, whereas participants with high levels of
CU/psychopathic traits exhibited decreased BOLD response during an empathy for pain task
(Lockwood et al., 2013; Marsh et al., 2013; Yoder et al., 2016). Whilst the main aim of this thesis
was to examine the influence of sex on neural correlates in CD, heterogeneity of the disorder is
an important consideration, whereby different subgroups included in the disorder as a whole will
likely display distinct neural correlates. Finally, the paradigm used in my study essentially
provides information on neural activation whilst viewing body parts (e.g. hands and feet)

receiving pain, rather than seeing facial expressions during painful experiences (Decety et al.,
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2009), or videos of other people in harm (Michalska et al., 2016). Future research should focus
on parsing neural correlates of physical pain and affective or emotional pain, as well as pain to

self and others, as these are important facets of empathic responsivity (Lockwood et al., 2016).

7.4.2 Future Directions

First, future work should systematically investigate the respective contribution of CU traits
and CD symptoms, given evidence from previous studies showing that these clinical features
exert opposing relationships with the neural correlates of empathy for pain in youths with CD/CP
(Lockwood et al., 2013; Yoder et al., 2016). This work would be beneficial to further delineate
the heterogeneity of CD and facilitate the understanding of subtypes. Second, in consideration of
the various regions and direction of effects identified to date, future work should focus on
recruitment of specific regions during empathic responsivity, with particular focus on delineation
of Al and ACC (Lockwood, 2016) as it is currently unclear to what extent they are both
structurally and functionally impaired amongst youths with CD and CU traits. Third, sex
differences should be examined in more depth, considering my finding of a sex-by-group
interaction in the amygdala, and previous evidence for sex-by-group interactions in frontal and
temporal regions (Michalska et al., 2016). Fourth, functional connectivity between brain regions
during empathic processing will provide further insight into the neural underpinnings of CD, as
this could extend the current knowledge on activation and connection of functionally segregated
regions. The next chapter will build on the results of this chapter by examining functional

connectivity of the left anterior insula and cerebellum.
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7.4.3 Conclusions

To summarise, youths with and without CD completed an empathy for pain fMRI task, and
functional neural correlates were examined. This study addressed gaps in the current literature by
examining effects on a large, well-characterised mixed-sex sample of youths with diagnoses of
CD. Results show that, in response to the pain of others, youths with CD have reduced activation
in the left Al and cerebellum compared to youths without CD. Furthermore, a sex-by-group
interaction was observed in the right amygdala. These results are in line with previous work, but
they also add to the literature by identifying the cerebellum as an important novel region to
consider, and by suggesting that there might be sex differences in neural correlates of empathic

responsivity among youths with CD.
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CHAPTER 8. PSYCHOPHYSIOLOGICAL INTERACTIONS
AMONGST YOUTHS WITH CONDUCT DISORDER AND
TYPICALLY DEVELOPING YOUTHS

8. 1 Introduction

In the previous chapter I found that compared to TD youths, those with CD had reduced
activation in the left Al and cerebellum when processing stimuli depicting painful stimulation in
others. A useful and common way to follow up on those results is to investigate functional
connectivity of these regions of interest with the whole brain. This is consistent with the shift
from functional localisation to functional integration in human brain mapping, which has yielded
a significant redirection of focus, and inclusion of connectivity in current neuroimaging research
(Friston, 2011).

Functional integration can be divided into the two categories of functional connectivity and
effective connectivity (Friston, 2011). Effective connectivity refers to the influence one brain
region has on another and describes coupling between regions based on activity-dependent
changes, whereas functional connectivity refers to correlations, but implies no information
regarding mediation or causality (Friston, 2011). There are different techniques to measure
functional connectivity, for example Granger Causality (Roebroeck et al., 2005), Structural
Equation Modeling (MclIntosh & Gonzalez-Lima, 1994), or Dynamic Causal Modeling (Friston,
Harrison, & Penny, 2003). This chapter will focus on psychophysiological interaction (PPI),
which provides information on interactions between two regions activated simultaneously during
fMRI (Friston et al., 1997; O’Reilly, Woolrich, Behrens, Smith, & Johansen-Berg, 2012), rather

than identifying functional localization as fMRI studies do. The connectivity between regions in
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the brain during the fMRI task (psychological term) and time series information from the
specified seed regions (physiological term) creates the psychophysiological interaction of
interest, and provides information regarding connections between regions as well as how certain
regions can alter connectivity in a particular context such as a specific task’s condition (e.g., pain
vs no pain stimuli); (O’Reilly et al., 2012). PPI analyses are commonly used as a measure of
functional connectivity following fMRI results (Table 7.3), and therefore serve as a useful tool to
investigate task-based functional connectivity. However, in contrast to dynamic causal modeling,
which is used to measure effective connectivity to make predictions regarding seed region input,
PPI does not make such inferences (Friston et al., 2003). Finally, it is worth noting that other
imaging modalities such as resting state fMRI are useful to examine connections during resting
periods or non-activity related experiences, but these do not enable researchers to investigate how
experimental manipulation influences connectivity (Friston, 2011).

Evidence from studies that have examined connectivity in youths with CD suggests that the
disorder is associated with aberrant functional connectivity during both resting state fMRI
(Aghajani et al., 2017; Lu et al., 2015; Lu, Zhou, Wang, Xiang, & Yuan, 2017; Uytun et al.,
2016; Zhou et al., 2015) and task-based fMRI (Marsh et al., 2008; Decety et al., 2009; Marsh et
al., 2011; Finger et al., 2012; Yoder et al., 2016). Lu et al. (2015) investigated resting state
functional connectivity amongst youths with CD, and found that they had decreased connectivity
in the anterior default mode network (left middle frontal gyrus), somatosensory network (bilateral
supplementary motor area and right postcentral gyrus), lateral visual network (left superior
occipital gyrus), and the medial visual network (right fusiform, left lingual gyrus and right
calcarine) compared to TD youths. Another study, which employed functional connectivity
density mapping, which is a quick method for mapping distribution of local functional
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connectivity between clusters with high concentrations of activation (Tomasi & Volkow, 2010),
reported increased connectivity among youths with CD compared to TD youths in the bilateral
precuneus and posterior cingulate cortex. These results were positively correlated with levels of
impulsivity (Lu et al., 2017). In another recent study, youths with CD/HCU show decreased
functional connectivity in the orbitofrontal and ventromedial prefrontal cortices, but increased
connectivity in the ACC, prefrontal cortices, posterior cingulate, striatal regions, and sensory
areas relative to youths with CD/LCU and TD youths (Aghajani et al., 2017).

Over the past decade, there have been a number of relevant studies investigating task-based
functional connectivity using PPI (Table 7.3). These studies have focused on empathy among
healthy and antisocial individuals (Decety, Michalska, Akitsuki, & Lahey, 2009; Decety et al.,
2013; Yoder, Lahey, & Decety, 2016; Zaki, Ochsner, Hanelin, Wager, & Mackey, 2007), moral
judgments in youths with CD (Marsh et al., 2011), fear processing in youths with CD (Marsh et
al., 2008), and passive avoidance learning in youths with CD (Finger et al., 2012).

Amongst healthy adults, increased connectivity has been observed between the Al and the
midbrain and periaqueductal grey during an empathy for pain task while individuals received
pain themselves, whereas increased connectivity was observed between the ACC and dorsal
medial prefrontal cortex whilst viewing others in pain (Zaki et al., 2007). This provides evidence
for increased connectivity during empathy- related fMRI tasks among healthy adults in the Al
and ACC, key areas associated with empathy. It also suggests dissociation between the Al and
ACC, implying the ACC and Al have separate patterns of functional connectivity during
empathic processing for self and others. This provides evidence for different responsivity in the
Al and ACC based on who the pain is inflicted upon (Lockwood et al., 2013). Decreased
functional connectivity between the amygdala and the Al has been observed amongst adult male
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offenders (Decety et al., 2013), and a similar pattern of connectivity has been observed among
youths with aggressive CD between the amygdala and prefrontal cortex (OFC) (Decety et al.,
2009).

In a recent study, Yoder et al. (2016) focused on the functional connectivity of key seed
regions in the salience network in youths with conduct problems whilst they performed an
empathy for pain task. Results revealed that higher numbers of conduct problem symptoms were
associated with increased functional connectivity of the insula with the temporoparietal junction.
By contrast, youths with higher levels of CU traits exhibited decreased functional connectivity of
the ACC with the amygdala and anterior insula (Yoder et al., 2016). This again highlights the
heterogeneity of the disorder, and suggests that youths with high levels of CU traits have distinct
neural correlates. The authors interpreted these results as supporting the hypothesis that
individuals with high levels of CU traits have reduced responsivity to viewing others in distress
in key areas associated with empathy. A few key aspects of this study include use of the DISC for
CP symptoms rather than including youths with clinical diagnoses of CD, a young age range of
participants (9-11; Mage=10.5), and the use of a socially relevant empathy task rather than images
of strangers’ hands and feet. Images of others’ body parts in pain may influence distinct
responsivity and neural correlates separate from viewing images or videos of self other people in
painful situations. This highlights the difference between this thesis and the existing literature,
and suggests a few factors that may influence findings. Overall, results suggest youths with CD
have abnormal functional connectivity patterns compared to typically developing youths.
However, few studies have included participants with a clinical diagnosis of CD, and most

studies have focused on male samples only.
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The aim of the current study was to follow up on task-based empathy for pain fMRI results
using PPI to explore functional connectivity. The Al and cerebellum were selected as seed
regions, given the significant differences reported in these regions between the youths with CD
and TD participants in the previous chapter. Although there was a sex-by-group interaction
identified in the amygdala in chapter 7, the amygdala was not selected as a seed region for PPI
for two reasons. First, these follow-up analyses were focused on group differences rather than
sex-by-group differences. Second, the amygdala was not included to avoid potential type-1 error
due to low number of females with CD. It was hypothesised that relative to TD youths, youths
with CD would have aberrant connectivity between the left Al and left cerebellum with the
following regions of interest bilaterally: amygdala, Al, ACC, and thalamus. These regions of
interest were selected for three reasons: 1) their involvement in the empathy for pain network
(Decety, 2011) 2) they have been identified in previous experimental chapters of this thesis
(Chapters 6 and 7), and 3) they are structurally connected with the insula and the cerebellum
(Blatt, Oblak, & Schmahmann, 2013). Exploratory whole brain analyses were also conducted,
with a hypothesis of reduced connectivity of the insula and the cerebellum among youths with
CD compared to TD youths.

8. 2 Methods

8.2.1 Recruitment and sample characteristics

A representative sample of youths was recruited from a variety of sources such as mainstream
schools, youth groups, youth offending services, and child and adolescent mental health services
in the United Kingdom. Data were shared across two sites from University of Birmingham

(n=62) and University of Southampton (n=44) to produce a final sample of 106 (46 females)

144



participants aged 9-18 years of age (Mage=14.9, SD = 2.19) (table 6.3). 53 of the 159 participants
from the structural analyses were not included in this sample because: 1) they did not perform the
empathy for pain task (n=20); 2) had excessive motion (n=4); 3) had missing behavioural
responses (n=4), and 4) had poor first-level mask (n=25). All participants were interviewed with
the K-SADS to establish diagnostic grouping, and 1Q subtests were administered for vocabulary
and matrix reasoning. General inclusion and exclusion criteria are identical to the previous

experimental chapters and described in Chapter 3.

Table 8.1 Birmingham and Southampton participant information

Southampton (n=44) Birmingham (n=62) p value
M (SD)

Age (years) 15.05(2.38) 14.95(2.08) 832
Total 1Q 97.43(13.60) 98.05(11.15) 792
Sex 45% 42% 72°
(% females)
Groups
(% CD) 36% 45% 37°

2 t-tests

® Chi-square
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Table 8.2 Demographic and clinical characteristics of the sample

CD
TD Females 1 TD Males 2 CD Females 3 CD Males 4 Fgroup Fsex FgroupXsex
Variable (n=33) (n=29) (n=13) (n=31) (p) (p) (p)
M (SD)
Age (years) 14.64(2.34) 15.06(2.31) 15.92(1.44) 14.9(2.17) F=<1(0.4) F=>1(0.97) F=1.09(0.35)
Estimated 1Q 103.12(9.9) 103.79(9.27) 88.54(11.61) 90.39(10.94) F=45.83(<0.001) F=<1(0.37) F=15.16(<0.001)
(TD > CD) (1&2 > 3&4)
Verbal 1Q 103.85(2.04) 103.93(2.23) 91.08(4.09) 86.68(2.43) F=40.47 (<0.001) F =3.28 (0.07) F=13.74(<0.001)
(TD > CD) (1&2 > 3&4)
Performance 1Q 101.73(2.04) 103(2.14) 85.62(4.28) 93.71(1.97) F =21.3(<0.001) F =0.15 (0.69) F=8.72(<0.001)
(TD > CD) (1&2 > 3&4)
Current CD Symptoms 0.09(0.29) 0.28(0.53) 4.85(2.82) 5.81(2.74) F =224.9(<0.001) F =7.8 (0.006) F=76.44(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)
Past CD Symptoms 0.09(0.09) 0.28(0.59) 5.78(3.06) 6.23(2.86) F = 251.14(<0.001) F=6.17 (0.02) F=82.87(<0.001)
(TD <CD) (F<M) (1&2 < 3&4)
Current ADHD Symptoms 0.06(0.24) 0 1(1.68) 3.97(5.41) F=25.15 (<0.001) F =6.94 (0.01) F=11.95(<0.001)
(TD<CD) (F<M) (1,2,3<4)
Past ADHD Symptoms 0.03(0.17) 0.03(0.19) 1.62(2.18) 5.13(5.95) F=35.74 (<0.001) F =8.46 (0.004) F=16.3(<0.001)
(TD <CD) (F<M) (1,23<4)
Empathic Concern IRI 18.21(4.65) 17.51(3.68) 20.15(4.81) 13.16(5.29) F=7.15(0.009) F=13.17(<0.001) F =9.89(<0.001)
(TD>CD) (F>M) 1,2,3>4)
Total YPI Score 91.30(16.03) 08.58(18.15) 115.07(16.13) 113.55(23.14) F=26.58(<0.001) F=4.12(0.05) F =9.67(<0.001)
(TD<CD) (F<M) (1&2 < 3&4)

Note: ADHD = attention-deficit/hyperactivity disorder; CD = conduct disorder; HC = healthy control; IQ = intelligence quotient (measured using the WASI). Group, sex, s and
sex-by-group interactions were computed using between-group ANOVAS and Chi square tests. Pair-wise comparisons were Bonferroni corrected.
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8.2.2 Scan acquisition

Anatomical and functional scans were collected via a Phillips 3T scanner at the Birmingham
University Imaging Centre and a 3T Siemens Tim Trio scanner at Reading Imaging Centre.
Scanning parameters were similar at both sites, including a 32-channel head coil. Each site
underwent a site qualification procedure by physicists to ensure data would be comparable.
Functional data were acquired in a single run of 9 minutes and 17.5 seconds, with 218 volumes
plus 5 dummy volumes (223 total). T, -weighted EPI data sensitive to BOLD were acquired (TR
= 2500 ms; TE=30 ms; flip angle = 83, slices = 41). T1-weighted images were collected to aid
the normalisation of the EPI data. Acquisition of T1 scans included a gradient-echo sequence
ET=3.7 at UOB; ET=3.4 at UOS; Repetition time = 1.9; flip angle = 9 degrees; foot to head and
anterior to posterior field of view = 256; right to left field of view = 192; matrix = 256; voxel size
= 1x1x1mm; sagittal slices = 192; bandwidth at UOB = 174 hz/pix and 180/ Hz/pix at UOS.
Total anatomical scan time was 4 minutes and 26 seconds at UOS and 6 minutes and 5 seconds at
UOB. Participants were provided with cushioning around their heads to minimize head
movement, and anatomical scans were collected before functional images. In the case the T1 scan

was deemed unusable at the time of scanning, a second anatomical scan was collected.

8.2.3 Data analysis

fMRI results from the previous chapter revealed main effects of diagnosis (TD > CD/ pain >
no pain) in the cerebellum (x =-9, y = -60, z = -33) and left anterior insula (x =-33,y =24,z =
3). These two regions were used as seed regions for the PPI analysis. Several pre-processing steps
and quality control methods were used in accordance with typical fMRI analysis procedures to

increase validity and standarisation of the data, taking into account the influence of external noise
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and physiological artifacts such as influence of data acquisition (e.g. scanner drift and thermal
noise) and individual differences such as amount of movement. After discarding the first 5
dummy scans for each participant, the remaining functional volumes were pre-processed within
SPM12 (http://www:.fil.ion.ucl.ac.uk/spm/), using Matlab. VVoxel displacement maps were then
created using the processed fieldmaps. To reduce the influence of individual movement during
scanning, all functional scans were realigned to the reference scan in the time-series using rigid
body transformation, producing a mean EPI for each participant. Mean realigned and unwarped
EPIs were co-registered to the original T1 anatomical scans to allow for the final stage of
normalisation to MNI space. The normalisation procedure registered images from all participants
to the same coordinates to ensure recognised voxels were the same regions for everyone. A
customised tissue probability map was created within the Template-O-Matic toolbox (Wilke et
al., 2008) to help account for the use of child data, which is an important step as previous fMRI
studies on CD have not always included a customised TPM, and this could contribute to a
mismatch between the recognised MNI coordinates and brain templates. The customised TPM
accounted for age and sex of the participants, and matched the participant data with other
paediatric brains resulting in a specialised brain template to include in the next step,
segmentation. All T1 images were segmented into grey and white matter using the VBM8
toolbox (Gaser, 2009), and individual native-space grey matter and white matter segments were
normalized to the TPM using affine registration. A Diffeomorphic Anatomical Registration
Through Exponential Lie Algebra (DARTEL; Ashburner, 2007) template was then created using
the segmented grey and white matter images. All pre-processed image volumes were smoothed
with a 6mm full-width/half-maximum kernel to increase signal-to-noise ratio (SNR), and final
smoothed unwarped images were used for the first and second level analyses. All EPI volumes
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were also visually inspected, and any with excessive motion were discarded. Excessive motion
was deemed to be more than 20 volumes, or having greater than 10% of volumes as outliers. To

account for motion during scanning, artifact repair toolbox (ART; http://www.nitrc.org /projects/

artifact_detect/) was used for each participant, with a threshold of 1.5 mm. Motion regressors
detected by ART were included in all participants’ first level GLM design. Within the first level
fMRI design, new F contrasts were created for the effects of interest (pain, no pain, and fixation)
for both seed regions (cerebellum and insula). Volumes of interest, or Eigenvariates, including
time series information regarding effects of interest were then extracted from first level fMRI
results for each participant with a sphere of 3 mm placed around the VOI. The VOI for each
participant was entered into the PPI toolbox in SPM12 to generate new PPI regressors: ppi
(psychophysiological interaction term), y (VOI, including time-series BOLD information), and p
(psychological term, including task-based contrast information on pain > no pain). First level
general linear models were then specified for each participant, with the new regressors including
ppi, y, and p. After estimation of all first level designs, contrasts were created to look at the effect
of the ppi interaction term. The PPI regression contrasts were then entered into a second level
two-sample t-test (TD vs. CD) in SPM12 with age, 1Q, scanning site, and sex as covariates of no
interest. Based on previous results, ROIs were identified as the ACC, Al, amygdala, and
thalamus. These ROIs were anatomically defined using the PickAtlas aal toolbox in SPM.
Exploratory analyses were also conducted at the whole brain level. All results for both ROI and
whole brain analyses are reported at an uncorrected threshold of p < 0.005 for participants. This
height threshold is in line with previous studies investigating PPI functional connectivity in

youths with CD or conduct problems (Table 7.3).
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8.3 Results

For the left anterior insula seed region (x=-33, y = 24, z = 3), the two groups exhibited a
different pattern of connectivity with the occipital lobe bilaterally (left: x =-30,y =-81,z =-24, t
=3.07, k =13, p=0.001; right: x =39, y =-75, z = 18, t =3.66, k = 69,p <0.001). Plotting the
functional connectivity pattern for the two groups separately revealed less connectivity between
the left Al and the occipital lobe amongst the youths with CD, whereas the TD youths did not
exhibit difference in coupling between the two regions for the contrast pain > no pain (see Figure
7.1).

For the left cerebellum seed region (x=-9, y = -60, z = -33) the two groups exhibited a
different pattern of connectivity with the left amygdala, (x =-21,y=-3,z=-18,t=2.94, k=4, p
<0.001. Plotting the connectivity pattern for the two groups separately revealed that the TD
youths had decreased connectivity between the left cerebellum and the left amygdala, whereas
the CD youths exhibited increased connectivity between the two regions for the contrast pain >

no pain.
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Figure 8.1 Psychophysiological interaction between seed region left anterior insula and bilateral occipital lobe
A) Bilateral occipital lobe overlaid on rendered brain B) left occipital lobe plot (x=-30, y=-81, z= 24, p < 0.001)
C) right occipital lobe plot (x=39, y=-75,z=18, p < 0.001)
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Figure 8.2 Psychophysiological interaction between seed region left cerebellum and left amygdala
A) Left amygdala overlaid on brain B) Left amygdala plot (x=-21, y=-3, z=-18, p < 0.005); Colour bar represents t-statistic.
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Table 8.3 Relevant studies including psychophysiological interactions

Study (year)

fMRI

PPI

Zaki et al. (2007)

Marsh et al.
(2008)

Decety et al.
(2009)

Marsh et al.
(2011)

Paradigm: Empathy - receiving thermal pain to self vs.
watching video clips of others in pain

Sample characteristics: Healthy adults

Results: Increased BOLD response was observed in the Al,
ACC, middle frontal gyrus, premotor cortex, and thalamus
during both receipt of self pain and viewing others in pain

Paradigm: Fear processing (images of fearful expressions on
faces of strangers)

Sample characteristics: 12 youths with disruptive behaviour
disorder and high levels of CU traits; 12 youths with ADHD; 12
typically developing youths (Age range: 10-17)

Results: Youths with DBD and high levels of CU traits showed
reduced BOLD response in the amygdala compared to youths
with ADHD and typically developing youths

Paradigm: Empathy for pain vs. no pain (animated images of

others in pain)

Sample characteristics: 8 adolescents with aggressive CD; 8
typically developing adolescents (Age range: 16-18)

Results: Increased BOLD response among youths with CD in

amygdala, striatum, and temporal pole whilst viewing others in
pain

Paradigm: Moral judgment (legal vs. illegal implicit
associations)

Sample characteristics: 14 youths with disruptive behaviour
disorders and high levels of CU traits; 14 typically developing
youths (Age range: 10-16)

Results: Youths with disruptive behaviour disorders and high
levels of CU traits exhibited reduced BOLD response in the
amygdala during legal actions compared to typically developing
youths

Seed regions / ROIs: Al and ACC; threshold: p =.005
(k=10)

Results: Greater connectivity was observed between the Al
and the midbrain and periaqueductal gray during self-pain
compared to viewing others in pain; Greater connectivity was
observed between the ACC and the dorsal medial prefrontal
cortex while viewing others in pain compared to self-pain

Seed regions / ROIs: Amygdala and ventromedial prefrontal
cortex; threshold: p =.001

Results: Increased connectivity between amygdala and
ventromedial prefrontal cortex among youths with ADHD and
typically developing youths relative to youths with disruptive
behaviour disorders and high levels of CU traits; Connectivity
was negatively correlated with symptom severity

Seed regions / ROIs: Amygdala, prefrontal and orbitofrontal
cortices; threshold: p = .001 (k=10) for whole-brain analyses;
p = .005 (k=10) for ROI analyses

Results: Youths with CD exhibited decreased
amygdala/prefrontal connectivity whilst viewing others in
pain relative to TD youths

Seed regions / ROIs: Amygdala, orbitofrontal, dorsomedial,
and lateral frontal cortices; threshold: p=.005 (k=10)
Results: Youths with DBD and high levels of CU traits
showed reduced connectivity between the amygdala and the
orbitofrontal cortex compared to typically developing youths
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Finger et al.

(2012)

Decety et al.

(2013)

Yoder et al
(2016)

Paradigm: Follow-up functional connectivity analyses from
fMRI learning task (published previously)

Sample characteristics: 12 youths with disruptive behaviour
disorders and high levels of CU traits; 14 typically developing
youths

Results: Youths with DBD and high levels of CU traits
demonstrated reduced BOLD response in the amygdala and
orbitofrontal cortex compared to typically developing youths

Paradigm: Empathy for pain vs. no pain with manipulation in
task instructions (imagine self vs. other)

Sample characteristics: Incarcerated males (Age range: 18-50)
Results: Participants with higher levels of psychopathic traits
exhibited increased BOLD response in the anterior medial
cingulate cortex, anterior insula, inferior frontal gyrus, and right
posterior temporal sulcus and temporoparietal junction
compared to participants with lower levels of psychopathic
traits

Paradigm: Empathy for pain vs. no pain (images of harm vs.
no harm to other people)

Sample characteristics: 53 “low risk” — typically developing
and 53 “high risk” — youths with conduct problems and high
levels of CU traits (Age range: 9-11); n = 123 (60 females);
Pre-adolescent

Results: Increased BOLD response in amygdala was associated
with high levels of CU traits

Seed regions / ROIs: Amygdala, threshold: p =.005

Results: Reduced connectivity among youths with disruptive

behaviour disorders and high levels of psychopathic traits
between amygdala and rostral anterior cingulate cortex,
insula, superior temporal gyrus, and caudate

Seed regions / ROIs: Amygdala & Al, threshold: p =.001
(k=10)

Results: “imagine self” revealed reduced connectivity

between the Al and the hippocampus and orbitofrontal cortex

among participants with lower levels of psychopathy and
reduced connectivity between the Al and right posterior
temporal sulcus among participants with high levels of
psychopathy whereas during the “imagine other” there was
negative connectivity between the Al and the orbitofrontal
and posterior cingulate cortices; “imagine other” yielded
decreased connectivity between the amygdala and the
orbitofrontal and dorsolateral prefrontal cortices among
participants with higher levels of psychopathy

Seed regions/ ROIls: Al and ACC, threshold: p=.05, FDR
Results: Youths with high levels of CU traits demonstrated
decreased connectivity between the ACC and amygdala and
Al; Typically developing youths demonstrated increased
connectivity between both the Al and ACC and the
temporoparietal junction
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8.4 Discussion

This study aimed to examine functional connectivity among youths with CD compared to TD
youths. Seed regions of interest were the left Al and the left cerebellum because in the previous
task-based fMRI empathy for pain chapter | reported that youths with CD showed decreased
activity in those regions compared to the TD youths. Regions of interest included the amygdala,
Al, ACC, and thalamus. These regions of interest were selected for three reasons: 1) their
involvement in the empathy for pain network (Decety, 2011), 2) they have been identified in
previous experimental chapters of this thesis (Chapters 6 and 7), 3) they have structural
connectivity with the insula and the cerebellum (Blatt et al., 2013). The whole-brain analyses
revealed that youths with CD exhibited decreased functional connectivity between the left Al and
the bilateral occipital lobe compared to TD youths. ROIs analyses showed that youths with CD
exhibited increased functional connectivity, between the left cerebellum and the left amygdala
whereas TD youths showed decreased functional connectivity between the two regions.

In line with previous studies youths with CD demonstrated reduced functional connectivity
compared to TD youths between the Al (Yoder et al., 2016), and for the first time, the occipital
cortex. In line with findings from antisocial adults, youths with CD demonstrated increased
functional connectivity compared to TD youths between the cerebellum and the amygdala

(Leutgeb et al., 2016). These findings will be discussed in the following sections.

8.4.1 Insula connectivity
The insula is connected to many cortical and subcortical brain structures, with recent
evidence suggesting connections with the cingulate, parahippocampal, supramarginal and angular

gyri, precuneus, and occipital regions (Ghaziri et al., 2017). It has evolved functional purpose in
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social awareness and empathy (Allen, Damasio, & Grabowski, 2002; Kaas, 2013; Semendeferi &
Damasio, 2000). The Al has been found to have significantly increased functional connectivity
with the midbrain and periaqueductal grey among healthy individuals during empathy-related
fMRI tasks (Zaki et al., 2007), and significantly decreased functional connectivity among
individuals with high levels of psychopathic and CU traits (Decety et al., 2013; Yoder et al.,
2016). Results from my study provide additional support for abnormal functional connectivity in
the left Al amongst youths with CD relative to TD youths. Decreased connectivity in the Al
could be associated with difficulties empathizing with others due to its established involvement in

empathy and associated networks.

8.4.2 Cerebellum connectivity

The cerebellum is traditionally thought to be involved in motor function and learning
behaviours (Della-Maggiore et al., 2009), but recent evidence suggests it plays a role in
social/emotional contexts (Bernard et al., 2012). Interestingly, a case study from a cerebellar
stroke patient has shown that damage to the blood flow through the cerebellum was associated
with alterations in the ability to empathasise (Gerschcovich et al., 2011), and the cerebellum is
structurally connected with the limbic system (Blatt et al., 2013). The cerebellum is also
implicated in cognitive and affective processes (Schmahmann & Sherman, 1998; Wolf et al.,
2009). Due to reported statistical tests surviving FWE from the cerebellum at the whole-brain
level in the previous fMRI chapter, it was included as a seed region to explore connectivity with
other regions of the brain. ROI analyses from this study indicated youths with CD had increased
connectivity between the cerebellum and the amygdala, whereas TD youths had decreased

connectivity between the two regions. Interestingly, violent high-risk offenders have exhibited
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the same pattern of increased connectivity between the cerebellum and the amygdala (Leutgeb et
al., 2016). This was during resting state fMRI, and the authors speculate this finding might be
related to moral processing. Moreover, the cerebellum is increasingly put forward as an area
associated with emotional experiences and empathy processing (Turner et al., 2007; Lang et al.,

2011).

8.4.3 Amygdala connectivity

A recent meta-analysis of 49 PPI studies showed that cortical and subcortical regions,
including the medial frontal gyrus, bilateral insula, anterior cingulate, fusiform gyrus,
parahippocampal gyrus, thalamus, and basal ganglia are characterized by task-modulated
connectivity with the amygdala. Functional connectivity can be modulated by type of fMRI task,
recruiting neural activation in different areas for fear processing, emotion regulation, or face
processing (Di, Huang, & Biswal, 2017). The amygdala is recognised as being involved in
emotional processing, especially fear and threat perception (Phan, Wager, Taylor, & Liberzon,
2002), and fear —related tasks show increased connectivity in the insula, ACC, and fusiform gyrus
(Vytal & Hamann, 2010). The amygdala has also been involved in aberrant functional
connectivity between areas associated with empathy amongst youths with CD and high levels of
CU traits (e.g. Decety et al., 2009; Yoder et al., 2016). Interestingly, youths with CD in this thesis
exhibited increased connectivity between the cerebellum and the amygdala. This could be due to
heterogeneity of the disorder, as CD symptoms were also associated with increased functional
connectivity in Yoder et al.’s sample, and aggressive CD symptoms have been associated with

increased BOLD response in the amygdala (Decety et al., 2009).
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In summary, these findings suggest youths with CD have reduced connectivity between the
insula and the occipital lobe, but greater connectivity between the cerebellum and the amygdala
compared to TD youths. Based on those results, it could be hypothesised that viewing others in
pain amongst TD youths is associated with normal signaling or communication from the occipital
lobe to the insula, which is involved in empathy processing, whereas in youths with CD there is
neural dysregulation of this response as suggested by the decreased connectivity between these
regions. These hypotheses are formulated due to the recruitment of the occipital lobe whilst
processing visual stimuli, and the anterior insula during empathy processing. Whereas perhaps
when youths with CD view someone in pain they are less likely to have normal or increased
connectivity between regions facilitating empathy, but more likely to perceive threat and thus
recruit areas of the brain involved in threat processing such as the amygdala. This could also be

associated with aberrant moral or empathy processing, as Leutgeb et al. (2016) suggested.

8.4.4 Strengths and Limitations

The strengths of this study include the use of a large, well-characterised sample, and pre-
identified seed regions to examine task-based functional connectivity. Limitations of the study
include no consideration of CU traits, comorbidities, or sex. The sample included in this study is
large with enough power to address the hypothesis. The youths included were also assessed
thoroughly via the K-SADS to ensure diagnostic criteria were met according to information from
both the youth and their parent/carergiver. The Al and cerebellum served as the seed regions of
interest, which demonstrates a strong point of the thesis as they were found to have significantly
reduced BOLD response among youths with CD compared to TD youths in the previous fMRI

chapter on empathy for pain. Finally, sex differences have yet to be addressed. Sex was not
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included in this sample as the seed regions identified were selected based on group differences
between youths with CD and TD youths at the second level in the fMRI analysis from chapter 6.
This study does extend on previous results in that my sample included both males and females,

whereas the majority of previous studies have included males only.

8.4.5 Future directions

Future studies could include subtypes of CD to address heterogeneity of the disorder, sex
differences, and more seed regions. Additionally, resting state fMRI would be beneficial to
examine functional connectivity amongst youths with CD since task-based connectivity limits the
results to the model of the paradigm and particular time-series information (O’Reilly et al., 2012).
Future functional connectivity studies should also investigate other seed regions, namely the
amygdala, anterior cingulate cortex, thalamus given their involvement in empathy as well as
other emotional processes thought to be impaired in youths with CD. As seen in Table 7.3,
previous studies have focused on psychopathic or CU traits or severity/number of CD symptoms
rather than CD without specifications. Therefore examining differences in connectivity between
youths with high versus low CU traits as well as higher levels of aggressive symptoms or lower

levels of empathic traits would be useful.

8.4.6 Conclusions

Overall, results from this study show that youths with CD exhibited reduced functional
connectivity between the left Al and the bilateral occipital lobe compared to TD youths. Results
also revealed that youths with CD exhibited increased connectivity between the left cerebellum
and left amygdala, whereas the opposite pattern was observed amongst TD youths. These

findings provide evidence for differences in functional connectivity between youths with CD and
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TD youths. Future studies should seek to examine the influence of CD specifiers (e.g. age-of-

onset and CU traits) as well as sex differences.
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CHAPTER 9. GENERAL DISCUSSION

9.1 Review

The aim of this thesis was to investigate structural and functional neuroimaging correlates of
empathy amongst male and female youths with CD compared to TD youths. This chapter will
first review the key findings from the preceding experimental chapters including interpretation of
findings collectively, and how these results extend current knowledge. Secondly, themes within
and across the studies will be explored with consideration of how this thesis relates to current
trends in the literature on neuroimaging in CD, empathy, and sex differences. Finally, strengths
and limitations will be reviewed, followed by directions for future research. Scientific and

clinical implications will be discussed.

9.2 Summary of key findings

9.2.1 Voxel-based morphometry (Chapter 5)

In chapter 4, VBM analyses yielded no significant differences between youths with CD and
TD youths. In this study the aim was to replicate previous findings on structural differences
between youths with CD and TD youths, and to explore the influence of sex. Furthermore, ROIs
were selected based recent meta-analytic evidence of VBM studies in youths with CD (Rogers &
De Brito, 2015), and regions associated with empathic processing (Sterzer et al., 2007). Contrary
to previous results from structural MRI studies on youths with CD (Table 4.3, appendix), no main
effects of group or sex were observed. As reviewed in chapter 4, this could be due to many
factors such as differences in sample characteristics or methodological approaches between

studies.
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9.2.2 Structural covariance (Chapter 6)

In chapter 6, structural covariance analyses expanded upon the results from chapter 5. The
smoothed grey matter images from the VBM analyses were used to examine whole brain
covariance by focusing on the bilateral Al and the anterior cingulate cortex, three seed regions
central to the empathy for pain network (Lamm et al., 2011). Youths with CD exhibited reduced
structural covariance between the left Al and the right thalamus compared to TD youths. No
other main effects of group or sex by group interactions were observed at the specified statistical
threshold, but trends were observed at a reduced threshold (Table 5.3, appendix). Only one other
study to date has investigated differences in structural covariance among youths with CD
(Fairchild et al., 2016). Fairchild and colleagues showed that youths with childhood-onset CD
had significantly more correlations within and across occipital, temporal, parietal, and frontal
cortices than participants with adolescent-onset CD or typically developing participants. By
contrast, youths with adolescent-onset CD had fewer correlations across the whole brain than TD
youths, a pattern that is somewhat consistent with my results. My finding could be associated
with impairments in processing affective empathy for pain in addition to physical pain, since

youths with CD have an increased threshold for pain (Northover et al., 2015).

9.2.3 Functional MRI empathy for pain (Chapter 7)

In chapter 7, task-based fMRI analyses showed that youths with CD exhibited reduced BOLD
response in the left cerebellum and left Al compared to TD youths whilst viewing others in
painful situations compared to non-painful situations. Additionally, there was a sex-by-group
interaction in the right amygdala indicating females with CD had significantly reduced BOLD

response in the right amygdala compared to TD females, whereas BOLD response was not
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significantly different between males with CD and TD males. These results are consistent with
previous studies on empathy for pain in CD youths, specifically reduced BOLD response in the
Al among CD youths compared to TD youths (Lockwood et al., 2013; Michalska et al., 2016).
Previous research has found the cerebellum to be implicated in the pain matrix (Bushnell, Ceko,
& Low, 2013; Loggia, Mogil, & Catherine Bushnell, 2008) and decreased BOLD response
among youths with conduct problems compared to TD youths (Lockwood et al., 2013). However,
this was the first study to find a significant decrease in BOLD response in the cerebellum among
youths with CD compared to TD youths. This is also the first study to demonstrate a sex-by-
group interaction in the amygdala during empathy processing amongst youths with CD. This
suggests males and females with CD may have different neural correlates associated with
empathy processing, which would have implications for intervention programs aimed at

improving empathy skills amongst CD individuals.

9.2.4 Psychophysiological interactions (Chapter 8)

In chapter 8, time-series data from regions with significant group differences in chapter 7
were included in PPI analyses to measure connectivity with identified ROIs in addition to the
whole brain. The left cerebellum and left Al were selected as seed regions based on fMRI results
form chapter 6. ROIs included the Al, ACC, amygdala, and thalamus. . PPI analyses indicated
youths with CD exhibited significantly decreased connectivity between the left Al and the
bilateral occipital lobe compared to TD youths. However, youths with CD also exhibited
significantly increased connectivity between the left cerebellum and left amygdala compared to
TD youths. These results extend upon previous findings showing youths with conduct problems

have decreased connectivity between the Al and other regions (Marsh et al., 2008; Decety et al.,
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2009; Finger et al., 2012; Yoder et al., 2016). They also are in line with a resting state fMRI
finding indicating high-risk violent adult offenders exhibit increased connectivity between the

amygdala and the cerebellum (Leutgeb et al., 2016).

9.3 Identifying common brain regions across studies

The following sections will review brain regions identified throughout this thesis that
demonstrated significant group differences or sex-by-group interactions. The key regions
identified in the experimental chapters of this thesis include the anterior insula, amygdala,

thalamus, and cerebellum, areas that are recruited during emotion processing and empathic

responsivity. These areas are also involved in the neural pain matrix (Bushnel et al., 2013; Figure

9.1). Measuring neural correlates of empathy for pain is currently one of the most common ways

to investigate empathic responsivity (Lamm et al., 2011). Therefore, results from the four

experimental chapters included in this thesis add to the evidence on the neural system involved in

empathy for pain, which is impaired amongst youths with CD (Lockwood et al., 2013; Michalska

etal., 2016; Yoder et al., 2016).
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Figure 9.1 Neural afferent pain pathways from Bushnell et al. (2013) in
Nature Reviews including key regions implicated in the pain matrix.
PFC=prefrontal cortex; ACC = anterior cingulate cortex;
AMY=amygdala; PAG = periaqueductal grey; PB= parabrachial
nucleus; BG = basal ganglia; S1= primary somatosensory cortex;
S2=secondary somatosensory cortex

9.3.1 Anterior Insula
The anterior insula is a key region implicated in empathic processing (Gu et al., 2010; Lamm
et al., 2011), hence its selection as a region of interest in all experimental chapters of this thesis.

Overall, GMV in the insula was not found to be significantly different between groups, but |
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found youths with CD had significantly less structural covariance between the left anterior insula
and the right thalamus compared to TD youths. Based on previous studies indicating reduced
BOLD response in the left anterior insula amongst youths with conduct problems (Lockwood et
al., 2013), the region was included as a ROI in an empathy for pain fMRI task, and results
indicated youths with CD responded with significantly reduced BOLD response in the left Al
relative to TD youths. Finally, PPI analyses showed youths with CD had significantly less
connectivity between the anterior insula and the occipital cortex compared to TD youths. Taken
together, these results suggest aberrant structural covariance, functional responsivity, and
functional connectivity in the anterior insula amongst youths with CD, which reinforces findings
from previous studies (Lockwood et al., 2013; Yoder et al., 2016). Furthermore, females with CD
have been found to show decreased grey matter volume in the Al compared to TD females
(Fairchild et al., 2013a). My findings add to the current evidence to suggest that the Al is central
to the pathophysiology of CD. Due to the association between the insula and empathy processing,

these results also suggest deficiencies in empathic responsivity amongst youths with CD.

9.3.2 Thalamus

The thalamus is an important neural hub as it receives sensory input and relays the
information on to the appropriate regions for processing (Hwang et al., 2017). The thalamus is
also implicated in the pain matrix as evidenced by increased responsivity amongst healthy
individuals during empathy for pain fMRI tasks (Jackson et al., 2005). In chapter 5, decreased
structural covariance was reported between the thalamus and the Al amongst youths with CD
compared to TD youths. The thalamus, insula, and nucleus accumbens are functionally connected

(Cho et al., 2013). These areas are also implicated in reward processing, which could indicate an
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overlap in the network disruption involved in both empathy and reward processing amongst
youths with CD. Decreased structural covariance between the Al and the thalamus could indicate
impairment in the salience network (Uddin, 2017). Additionally, abnormal thalamic covariance
could be associated with limbic system disruption amongst youths with CD, which also involves

the amygdala (e.g. Finger et al., 2012).

9.3.3 Amygdala

The amygdala is implicated in emotion processing including responsivity to fear and threat
(Phelps & LeDoux, 2005), and as such it is crucial for survival (Mobbs, Hagan, Dalgleish,
Silston, & Prévost, 2015). It is connected to the hippocampus, which is primarily associated with
memory and learning behaviours, and the two areas communicate regarding learning to avoid or
approach certain situations or people (Phelps, 2004). Over the past decade researchers have
provided evidence to suggest youths with CD have abnormalities in the amygdala both
structurally and functionally (Alegria et al., 2016; Rogers & Brito, 2016). Within this thesis there
were no group differences in amygdala structure. However, there was a sex-by-group interaction
found in the right amygdala indicating females with CD had reduced BOLD response relative to
TD females during the empathy for pain fMRI task. PPI analyses indicated the CD group also
exhibited increased connectivity between the amygdala and the cerebellum during the empathy
for pain task. These findings are in line with previous research showing males and females have

different patterns of amygdala responsivity depending on the stimuli presented (Hamann, 2005).

9.3.4 Cerebellum
Trends in decreased BOLD response in the cerebellum have been observed amongst youths

with conduct problems (Lockwood et al., 2013). However, significantly reduced BOLD response
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was found in the cerebellum amongst youths with CD during a task-based fMRI empathy for pain
task in this thesis. Furthermore, increased functional connectivity between the cerebellum and the
amygdala was observed in the youths with CD compared to TD youths. There is an increasing
amount of evidence to suggest cerebellar recruitment during empathy-evoking tasks amongst
healthy individuals (Lang et al., 2016). Therefore the role of the cerebellum should be further
investigated regarding its involvement in empathy in addition to neural differences in youths with
CD. My findings in the cerebellum may be indicative of problems empathising with others,

however future research should aim to replicate these findings.

9.4 Neural correlates of empathy in CD

Overall, the regions discussed above are recruited during processing of pain and are
implicated in empathic responsivity (Bushnel et al., 2013; Lamm et al., 2011). This thesis
provides evidence to support there is indeed empathy impairment amongst youths with CD due to
the impairment in regions associated with empathy processing. Importantly, both the amygdala
and the thalamus are part of the limbic system (Rajmohan & Mohandas, 2007). The limbic
system is also comprised of the cingulate gyrus, hippocampus, and hypothalamus, and together
these regions interact as a network to control emotional processes (McLachlan, 2009). The most
widely recognised emotional processes associated with the limbic system include social bonding
behaviours such as reproduction and early parent-child attachment and healthy social interactions
with other humans (Insel & Fernald, 2004). These activities are related to secretion of oxytocin
during birth and breast-feeding (C.S. Carter, Williams, Witt, & Insel, 1992; Ross & Young,
2009) and normal levels of oxytocin alongside proper limbic system functioning are associated

with typical empathic responsivity (Shirtcliff et al., 2009). Moreover, disrupted processing in
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neural regions known to have overlap in both the empathy for pain network and the limbic
system in youths with CD provides support for underlying neural mechanisms associated with
antisocial behaviours and reduced levels of empathy. Additionally, presence of a large cavum
septum pellucidum is considered a neurodevelopmental marker for limbic maldevelopment, and
both antisocial adults and antisocial youths have large CSPs (Raine, Lee, Yang, & Colletti, 2010;
White et al., 2013) which contributes additional evidence to support aberrant limbic system

development amongst youths with CD.

Impairment in overlapping brain regions and neural networks suggests empathy processing is
only a part of the problem, as these brain regions are also involved in responding to other salient
and emotional stimuli such as reward processing. However, investigating neural correlates of
empathy is of the utmost importance as individuals with significantly decreased levels of

empathic responsivity can have a serious and harmful impact on society.

9.5 Sex differences in CD

Previous studies have investigated sex differences in CD in regards to risk factors and clinical
outcomes (Berkout, Young, & Gross, 2011). However, very few studies have investigated neural
correlates of sex differences in CD. Existing neuroimaging studies on CD have primarily
included samples with males only. There is a dearth of research on this topic, and to date one
other study has investigated neuroimaging correlates of sex differences in empathy amongst
youths with conduct problems (Michalska et al., 2016). Results from that study indicated two
sex-by-group interactions were observed. The first implicated the right posterior superior
temporal gyrus during the intentional vs. unintentional harm condition, whereby higher numbers

of CP symptoms were associated with lower levels of BOLD response in females, but this effect
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was not observed in males. The second sex-by-group interaction was observed in the posterior
superior temporal sulcus and the middle frontal gyrus, whereby conduct problems were
negatively associated with BOLD response amongst females, but not males during the harm vs.
no harm condition. However, the participants in that sample did not have a full diagnosis of CD,
so the groups were comprised of individuals with some CD symptoms or no CD symptoms. They
were also pre-adolescent (9-11 years of age). This thesis explored neural correlates of empathy in
a large sample of pre and post-adolescent males and females meeting full criteria for CD thus
addressing an important gap in the literature. | found a sex-by-group interaction in the amygdala
during an empathy for pain task-based fMRI study indicating females with CD had reduced
BOLD response relative to TD females whilst viewing others in painful situations. Males with
CD and TD males did not differ. This is an interesting finding that could suggest reduced threat
or fear-based responsivity amongst females with CD due to decreased response to viewing others
in pain in a region heavily affiliated with emotion processing. This could suggest different
biomarkers for males and females in this clinical group. Future studies should aim to investigate

sex differences in the amygdala amongst youths with CD.

Overall, results from this thesis alongside findings in the current literature suggest males and
females with CD have relatively similar neural structure and function. However, the sex-by-
group interaction in the amygdala is an interesting finding suggesting there may be differences in
how emotional stimuli are processed between the two groups. The direction of this effect is in
line with structural MRI findings indicating females with CD have reduced GMV in the
amygdala, anterior insula, and striatum compared to TD females (Fairchild et al., 2013). Given

the behavioural differences discussed in chapter 1, (covert behaviours compared to overt
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behaviours in males), perhaps neuroimaging research should focus on how to delineate these
differences in covert and overt symptomology. There may be general overlap, with perhaps a few
nuances underlying these differences. For example, one study showed the most common
symptom reported amongst females with CD was lying to deceive others (Hipwell et al., 2002).
General investigations on empathy could encompass neural correlates involved in deceitful
behaviours. But a more specific paradigm focusing on how the brain responds to moral situations

and overt compared to covert symptoms could be informative.

The results presented in this thesis suggest that males and females with CD have similar brain
structure and function. There were no sex-by-group interactions apart from one interaction
observed in the amygdala during the fMRI empathy for pain task in chapter 6. This result could
add to the other evidence to suggest partial sex differences in CD (e.g Michalska et al., 2016;
Fairchild et al., 2013; Smaragdi et al., in press). However, this could also be due to a variety of
reasons unrelated to CD diagnosis. Ultimately it is premature to suggest sex differences exist in

the neurobiology of CD, and more research is necessary to properly address this issue.

9.6 General strengths and limitations

The following two sub-sections will review strengths and limitations of this thesis, at both the
micro and macro levels. Strengths will be reviewed first followed by limitations. In consideration

of the topics covered, the following section will then provide suggestions for future directions.

9.6.1 Strengths
First, a large sample with enough power to address hypotheses was used in this thesis. This is

important because previous studies aiming to explore similar research questions have included
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much smaller samples (e.g. Sterzer et al., 2007; Decety et al., 2009), which in effect may limit

abilities to make generalisations extended to the population.

Second, the sample is well characterised, as the participants met full diagnostic criteria for
CD and the K-SADS was used for assessment, which is a thorough and reliable assessment tool
for clinical classification in research. In-depth interviews were completed with both the
participants and their parents/ guardians where appropriate, which assures thorough screening.
Not all previous studies have relied upon a standardised interview, and instead opted for
questionnaire data. Ensuring participants meet criteria for the disorder is of the utmost important

as only then can inferences be made regarding the population as a whole.

Third, this thesis provided evidence to replicate and extend upon findings from research on
both the neural pain matrix and the empathy for pain matrix amongst youths with CD. Abnormal
neural correlates of empathy in a clinical population require further investigation and provide

insight into neural underpinnings of the phenotype.

Finally, this thesis addressed gaps in the existing literature on sex differences among youths
with CD. To date there are only a few studies that have examined sex differences amongst youths
with CD (e.g. Fairchild et al., 2013; Michalska et al., 2016), therefore this thesis contributed

evidence from a sample of both male and female youths with CD.

9.6.2 Limitations
First, the large age range (9-18) of participants should be considered as youths within this
range are at different pubertal and developmental stages. Hormonal changes during puberty have

an effect on brain structure (Goddings et al., 2014) therefore a group including both pre and post-
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pubertal youths is less homogeneous, and this complicates the ability to ascertain meaningful

differences between the groups.

Second, CU traits, personality traits, and comorbidities were not addressed in this thesis.
These factors clearly have an influence on the effects observed at the neural level among youths
with CD, and distinct neuroimaging correlates are observed for youths with different clinical
subtypes. Addressing the influence of CD specifiers or subtypes was not in the scope of this

thesis as | aimed to address sex differences and variations in empathic responsivity.

Third, a number of the participants with CD had missing or limited information from their
parents or guardians, resulting in challenges interpreting assessments and questionnaires. For
example, the ICU parent-report questionnaire has been used in previous studies (e.g. Lockwood
et al., 2013) to analyse levels of CU traits amongst participants, but due to a large number of
clinical participants in this sample with missing parent-report ICU data, the YPI self-report
questionnaire was used to measure psychopathic traits instead. Self-report data, especially from a
clinical group known for narcissistic and deceitful tendencies (Barry, Frick, & Killian, 2003;

Nock et al., 2006) can be biased therefore third party or parent report data is more desirable.

Fourth, this sample includes a relatively small number of females with CD compared to the
other three experimental groups (males with CD, typically developing males, and typically
developing females). Considering the prevalence of females with CD is claimed to be
underestimated (Delligatti, Akin-Little, & Little, 2003), it is unclear if the small group size in my
thesis is an accurate reflection of the population, or if females with CD are merely more difficult

to recruit. That being said, the majority of the females with CD included in this thesis were not
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referred from clinical or forensic settings, but rather through word of mouth. Although schools,
clinics, and forensic locations did indeed contain females with behaviour problems, some

ultimately declined invitations to participate in the study.

Fifth, as discussed in chapter 3 the data included in this thesis constitute a subsample from the
larger FemNAT-CD project, of which data collection is ongoing. Researchers working on the
project until completion will be better equipped to address gaps, and can then assess the full

scope of study aims once all data are collected and all key factors are taken into consideration.

Additional limitations include possible influence of comorbid disorders and substance misuse
amongst participants. ADHD is a common co-occurring disorder with CD (Loeber et al., 2000),
and to control for this, the analyses in this thesis were run with and without ADHD symptoms as
covariates of no interest. Results were not significantly different, suggesting the reported effects
were not due to ADHD symptoms consistent with recent SMRI and fMRI meta-analyses on
conduct problems (Alegria et al., 2016; Rogers & Brito, 2016). Typically developing participants
were not included in the study if they reported past or present substance misuse, but this was not
an exclusion criteria for the participants with CD, as the clinical reality is that youths with CD
often do have comorbid disorders, including substance misuse. Therefore, not controlling for this
provides an accurate reflection of the clinical population. However, it leaves open the possibility
that some of the reported results might have been influenced by group differences in substance

misuse ( see Dalwani et al., 2014, 2015).

Finally, the cross-sectional design of this study is a limitation. Longitudinal designs allow for

researchers to compare brain structure and function over time and analyse how psychiatric
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symptomology predicts mental health outcomes (Muetzel et al., 2017). This is also particularly
important in a group of youths at differing levels of maturation and developmental stages, as

individual differences in neural properties can be compared at a later developmental stage.

9.7 Future directions

There are many potential avenues to explore in the future including analyses related to CD
specifiers and age. Several studies to date have examined how these variables modulate effects as
reviewed in chapter 2. However, more research is necessary on neural correlates of sex
differences among youths with CD and the associated subtypes. Firstly, CU traits or the limited
prosocial emotion specifier recently added to the DSM-5 should be investigated as trends in
neuroimaging research suggest there to be different structural and functional correlates of youths
with high and low levels of CU traits, further supporting the heterogeneity of the disorder.
Another CD specifier, age of onset should also be investigated. Finally, personality
characteristics such as aggression and empathy levels should be taken into account, as examining
how variations in these individual traits correlate with neuroimaging data will provide insight into

how behaviours and clinical presentation map onto the organisation of the human cortex.

Regarding sex differences in CD, future studies should aim to closely examine neural
correlates of specific behaviours observed as different between males and females. For example
in chapter 1, males were characterised by overt aggressive tendencies and females were
characterised by covert relationally aggressive tendencies. Also, the common symptom reported
amongst females with CD was lying to deceive others (Hipwell et al., 2002). Empathy is a vague

and complex construct, and detection of underlying neural differences between males and
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females with CD could include more symptom-specific paradigms examining relational

compared to physical aggression could help address this gap.

9.8 Scientific and clinical implications

9.8.1 Scientific implications

Results previously identified in the existing literature were replicated in this thesis, and novel
research was carried out, offering new contributions to the field. The information reviewed thus
far suggests neuroimaging investigations on CD should carefully examine subtypes and specifiers
of CD in addition to the influence of symptomology from a dimensional approach. Further
research is also necessary into sex differences in CD. Whilst this thesis explored empathy
correlates, other studies should examine sex differences in separate constructs and emotional
processes that have been associated with impairment in CD including aggression, decision-
making, and reward processing. The increased incidence of CD amongst females should prompt
investigations into factors such as puberty and associated hormonal changes that seem to happen
at an earlier age over generations, which is associated with antisocial behaviours (Keenan et al.,

1999; Fontaine et al., 2009).
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9.8.2 Clinical implications

Youths with CD in this sample demonstrated relatively intact structural neural correlates, but
more pronounced functional impairment, which may have advantageous clinical implications. As
discussed in chapters 4 and 5, structural properties of the brain are heritable and can be altered
over time due to influences on neuroplasticity. However, changes in GMV and brain structure
happen over extended periods of time, influenced by circumstances such as child development,
learning, or chronic exposure to positive or negative events. In contrast, the functioning brain is
more sensitive to external factors, especially task-based functional MRI and connectivity.
Perhaps the majority of youths with CD without a severe classification of the disorder are
receptive to early intervention and therapeutic strategies before significant differences in brain
structure emerge (Finger et al., 2012). Additionally, due to impaired structural covariance
between regions associated with processing pain and reduced BOLD response during empathic
processing, youths with CD could benefit from empathy training. Preemptive empathy training
could be offered to enhance abilities to recognise distress in others, and Empathic-Emotion
Recognition training has indeed been an effective technique to help reduce the number of conduct
problems (Dadds et al., 2012). Importantly, this implies empathy can be taught. Whilst
individuals will inevitability vary on levels of empathy and CU traits, parents, teachers, and
clinicians can be valuable resources for infants and youths to learn attachment, social bonding
behaviours, and prosocial attitudes which may in turn reduce chances of developing antisocial
behaviours and the neural impairments associated with antisocial behaviours and deficient

empathy processing.
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Importantly, therapeutic strategies can significantly reduce number of symptoms and lead to
decreased neural functional impairment, as evidenced by Cognitive Behaviour Therapy outcomes
amongst individuals with psychosis (Kumari et al., 2011). This demonstrates another benefit of
longitudinal research designs as long-term effects of treatment on neural functioning of
individuals can be assessed. Randomised clinical trials with various types of therapy targeted at
improving empathy processing amongst youths with CD would provide more information

regarding response to treatment and how this maps onto the brain.

In chapter 1 observable behavioural differences amongst males and females with CD were
discussed including overt and covert aggression. Whilst males are known to be more physically
aggressive, females are more relationally aggressive (Marsee & Frick, 2007). Therefore perhaps
the criteria for CD could be reassessed to include aggressive subtypes or subtypes and symptoms
better suited to encompass all phenotypes of the disorder. However, without further research

clarification on this matter remains elusive.

9.9 General Conclusion

Overall, I investigated structural and functional neural correlates of empathy among males
and females with CD. Results revealed youths with CD have relatively intact brain structure
relative to TD youths within this sample, whereas functional impairment between the groups was
more pronounced. These findings add to the existing literature as sex differences were addressed
in a large well-powered sample, novel methodological approaches were used, and differences
were found in brain regions previously identified which indicates replication, in addition to

regions not previously identified, which yields a unique contribution to the field.
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APPENDICES

Appendix 5.1 Voxel-based morphometry whole brain analyses uncorrected results

Brain Region BA L/R Peak voxel MNI k t
coordinates

TD>CD
Temporal_Mid 22 R 68 -36 4 55 4.46
Frontal_Sup 9 L -26 50 42 22 4.30
Temporal_Mid 21 L -68 -2 -16 21 3.98
Temporal_Sup 22 R 58 -15 -4 35 3.89
Occipital_Mid 19 R 45 -84 8 41 3.83
Temporal_Mid 21 R 58 -10 -12 14 3.83
Frontal_Sup 8 L -12 20 57 64 3.77
Cingulum_Mid 23 - 0 -15 44 16 3.72
Parietal_Inf 40 L -52 -34 45 17 3.69
Cerebellum 19 R 36 -81 -18 15 3.66
Precuneus 7 R 10 -72 51 14 3.65
Frontal_Mid 45 R 46 44 30 13 3.63
Cingulum_Mid 23 R 2 -8 45 13 3.60
Fusiform 19 L -30 -66 -16 34 3.59
Frontal_Inf_Orb 38 L -52 26 -10 17 3.59
Paracentral_Lobule - 0 -24 56 32 3.57
Precuneus 7 R 16 -75 50 12 3.51
Frontal_Sup 8 R 16 30 52 11 3.49
Fusiform 37 R 34 -46 -16 12 3.46
Precuneus 5 L -2 -38 66 11 3.39
Paracentral_Lobule 6 L -6 -15 72 11 3.35
TD<CD
Temporal_Mid 22 R 68 -36 4 55 4.46
Frontal_Sup 9 L -26 50 42 22 4.30
Temporal_Mid 21 L -68 -2 -16 21 3.98
Temporal_Sup 22 R 58 -15 -4 35 3.89
Occipital_Mid 19 R 45 -84 8 41 3.83
Temporal_Mid 21 R 58 -10 -12 14 3.83
Frontal_Sup 8 L -12 20 57 64 3.77
Cingulum_Mid 23 - 0 -15 44 16 3.72
Parietal_Inf 40 L -52 -34 45 17 3.69
Cerebellum 19 R 36 -81 -18 15 3.66
Lingual (Frontal 18 L -14 -75 3 13 3.57
Lobe)

Height threshold = p <.001, uncorrected.

Extent threshold = 10 voxels.

Group differences in ANCOVA co-varying out the effect of age, 1Q, and for the contrasts CD >
TD, CD < TD only.

MNI = Montreal Neurological Institute.

TD = Typically Developing; CD = Conduct Disorder
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Appendix 5.2 Structural MRI studies of disruptive behaviour disorders in youths

Study Nature of sample Participants Methods Main Results?
Sterzer et al. Clinical 24 males (12 VBM CD < Controls: Significantly reduced grey matter in left amygdala and
(2007) CD/childhood-onset; 12 bilateral anterior insula. In the CD group, bilateral anterior insula grey
TD controls) aged 12 matter volume correlated positively with empathy score.
years (M: 12.6)
Huebner et al. Clinical 46 males (23 VBM CD < Controls: 6% reduction in average grey matter volume.
(2008) CD/childhood-onset (17 Significantly reduced grey matter volume in bilateral temporal cortex,
co-morbid for ADHD); left amygdala, left hippocampus, orbitofrontal & ventromedial regions.
23 TD controls) aged 12- CD symptom severity inversely correlated with grey matter volume
17 years (M: 14.4) within limbic structures.
CD > Controls: Significant increase in grey matter volume within
cerebellum bilaterally.
De Brito et al. Community 48 males (23 CP/HCU VBM CP > Controls: Boys with elevated CU traits showed increased grey
(2009) traits; 25 TD controls) matter concentration within medial OFC and ACC. Increased grey
aged 10-13.3 years (M: matter volume and concentration observed in bilateral temporal regions.
11.7)
De Brito et al. Community 48 males (23 CP/HCU VBM CP < Controls: Significantly decreased white matter concentration in
(2011) traits; 25 TD controls) right superior frontal lobe, right dorsal ACC, right superior temporal
aged 10-13.3 years (M: gyrus and left precuneus.
11.7) CP > Controls: Increased white matter concentration within bilateral
middle frontal gyrus.
Dalwani et al. Clinical 44 males (25 antisocial VBM Patients < Controls: Whole-brain analysis revealed significantly reduced
(2011) substance dependence; grey matter volume in left DLPFC, right lingual gyrus and bilateral
19 TD controls) aged 14- cerebellum. Grey matter volume in left DLPFC negatively associated
18 years (M: 16.6) with severity of substance dependence.
Patients > Controls: Significantly increased grey matter volume in right
precuneus.
Fahim et al. Community 47 males (22 DBD; 25 VBM & SBM  DBD < Controls: Significantly decreased grey matter density in left
(2011) TD controls) aged 8 medial PFC, cingulate, and bilateral insula cortices.

years (M:8.4)

Increased DBD score associated with decreased grey matter density in
left medial middle and superior frontal cortex, precuneus, and right
superior temporal and occipital/cuneus regions.
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Fairchild et al.

(2011)

Hyatt et al.
(2012)

Stevens et al.
(2012)

White et al.
(2013)

Ermer et al.
(2013)

Fairchild et al.

(2013)

Community

Community

Community

Community

Prison

Community

90 males (36

CD/childhood-onset; 27
CD/adolescent-onset; 27
TD controls) aged 16-21
years (M: 18.0)

43 male/female

adolescents (19 CD (10
male); 24 TD control (14
male) aged 12-18 years

(M: 16.2)

72 male/female

adolescents (24 CD; 24
ADHD; 24 TD controls;
51Male) aged 15-16
years (M: 15.9)

59 adolescents (32 DBD
(25 male): 27 TD
controls (19 male)

(M age: 14.9)

191 male prisoners (M

age: 17.3).

42 females (22 CD, 17
adolescent-onset; 20 TD
controls) aged 14-20
years (M: 17.3)

VBM

SBM

VBM

Manual
Tracing

VBM

VBM

CD < Controls: Reduced grey matter volume in amygdala bilaterally
(including the insula).

CD (adolescent-onset) < Controls: Reduced amygdala and right insula
grey matter volume.

CD (childhood-onset) < Controls: Reduced amygdala grey matter
volume. Right insula volume was negatively correlated with CD-
symptom severity in both sub-groups.

CD < Controls: Reduced cortical thickness mainly in several posterior
brain regions across the temporal and parietal lobes. Reduced
gyrification primarily located in anterior brain regions (insula, inferior
and dorsal frontal regions including lateral OFC, VMPFC and ACC),
but also in the temporal and parietal lobes.

CD < Controls: 13% reduction in grey matter volume reflecting deficits
in frontal, temporal, parietal and subcortical regions. Increased grey
matter in right OFC, bilateral amygdala and bilateral temporal cortices
associated with increased symptom severity in CD adolescents.

Large cavum septum pellucidum observed in 7/32 DBD adolescents but
not for any of the controls. No correlation between size of cavum
septum pellucidum and CU traits.

Psychopathic trait scores negatively associated with grey matter volume
in regions of interest: PCC and OFC (extending into parahippocampal
cortex and temporal poles). Increased grey matter volume in pre-frontal
cortex positively associated with psychopathic traits.

CD < Controls: Significantly reduced bilateral anterior insula and right
striatal grey matter volumes. Right DLPFC volume was negatively
correlated with CD symptom severity whilst CU traits were positively
correlated with bilateral OFC volume.
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Olvera et al. Prison 72 male/female VBM
(2014) adolescents (24 CD with

bipolar disorder (16

male); 24 CD (21 male);

24 TD controls (16 male)

(M age: 15.8)

Cope et al. Prison 39 female prisoners (M VBM
(2014) age: 17.6)

Wallace et al. Community 49 male/female SBM
(2014) adolescents (22 CD; 27

TD controls) aged 10-18
years (M: 14.9)

CD + bipolar disorder < Controls: Decreased grey matter volume of the
right medial PFC, superior and inferior frontal gyrus, ACC and
temporal gyrus.

CD only = Controls: No differences in brain volume.

Negative correlations between CU traits and grey matter volume in
limbic and paralimbic regions, including OFC, parahippocampal cortex,
temporal poles and hippocampus.

CD < Controls: Reduced cortical thickness in superior temporal cortex
and reduced gyrification in the VMPFC. Amygdala and striatum
(pallidum and putamen) cortical volumes also reduced. Right temporal
cortical thickness was inversely correlated with CU trait severity.

Anatomical abbreviations: ACC — anterior cingulate cortex, DLPFC — dorsolateral prefrontal cortex, OFC — orbitofrontal cortex, PCC — posterior cingulate cortex, PFC —

prefrontal cortex, VMPFC — ventromedial prefrontal cortex.

Note: ADHD — Attention-deficit hyperactivity-disorder, CD — conduct disorder, CP — conduct problems, DBD — disruptive behaviour disorder, SBM — surface based

morphometry, TD — typically developing, VBM — voxel based morphometry.

CU traits in the Main Results refer to lack of empathy and guilt, and shallow affect. Individual authors may have used a different label, i.e. psychopathic traits, in their
paper, but for ease of reading we have used CU traits consistently. The Measures of CU traits column lists the specific measure used.
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Appendix 6.1 Structural covariance left anterior insula whole brain analyses uncorrected

results

Brain Region BA L/R Peak voxel MNI k t

coordinates

TD>CD
Thalamus - R 16 -12 18 251 5.79
Insula 48 L -40 -16 24 25 4.64
Thalamus - L -14 -18 20 176 4.49
Precentral (Frontal
Lobe) 6 R 33 -24 69 50 4.35
Frontal_Inf_Tri 45 L -52 24 22 49 4.21
Temporal_Sup 21 R 64 -28 -4 16 4.00
Thalamus - R 22 -26 8 109 3.98
Frontal_Mid_Orb 11 L -30 44 -10 10 3.78
Precentral (Frontal
Lobe) 4 L -33 -30 60 15 3.70
Precuneus - R 9 -42 57 23 3.65
ParaHippocampal 27 L -21 -38 -2 34 3.58
Corpus Callosum - R 2 -18 26 12 3.43
TD<CD
Frontal_Sup 9 R 24 46 40 54 4.53
Brain Stem - L -3 -12 -15 95 4.39
Precentral (Frontal
Lobe) 6 R 45 2 52 133 4.37
Frontal_Mid 9 R 33 32 46 11 3.75
Frontal_Mid 9 L -30 34 48 12 3.69
Temporal_Pole_Sup - R 44 15 -16 10 3.59
Cerebellum - L -3 -46 -14 24 3.41
Temporal Lobe 48 R 38 -2 20 22 3.40

Height threshold = p <.001, uncorrected.
Extent threshold = 10 voxels.

Group differences from ANCOVA co-varying out the effect of age, 1Q, global grey matter and for

the contrasts CD > TD, CD < TD only.
MNI = Montreal Neurological Institute.
TD = Typically Developing; CD = Conduct Disorder
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Appendix 6.2 Structural covariance right anterior insula whole brain analyses uncorrected

results

Brain Region BA L/R Peak voxel MNI k t

coordinates

TD>CD
Caudate - L -4 10 12 472 4.56
Caudate - R 16 -6 16 96 4.34
Temporal_Mid 21 R 66 -28 -3 47 4.25
Hippocampus - L -22 -33 9 72 4.07
Corpus Callosum - R 2 -16 26 11 4.06
Thalamus - R 6 -28 14 21 3.95
Postcentral (Parietal
Lobe) 3 L -28 -36 70 15 3.53
TD<CD
Frontal_Mid 6 R 40 2 51 18 3.76
Supp_Motor_Area 6 R 9 -4 50 15 3.71
Frontal_Sup_Medial
(Frontal Lobe) 9 R 9 51 45 16 3.56
Temporal_Inf 20 L -58 -28 -27 19 3.46

Height threshold = p <.001, uncorrected.

Extent threshold = 10 voxels.

Group differences from ANCOVA co-varying out the effect of age, 1Q, global grey matter and for

the contrasts CD > TD, CD < TD only.
MNI = Montreal Neurological Institute.
TD = Typically Developing; CD = Conduct Disorder
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Appendix 6.3 Structural covariance anterior cingulate cortex whole brain analyses

uncorrected results

Brain Region BA L/R Peak voxel MNI k t
coordinates

TD>CD
Precuneus 7 R 8 -62 40 86 4.28
Cingulum_Mid - L -2 -42 52 117 4.24
Temporal_Mid 21 L -48 -2 -16 22 4.05
Temporal_Mid 20 L -70 -39 -6 39 4.03
Temporal_Mid 21 R 56 -18 -10 57 3.90
Angular gyrus
(Parietal Lobe) 19 L -44 -70 36 14 3.90
Frontal_Mid_Orb 11 L -27 40 -9 18 3.85
Parietal_Inf 40 L -36 -39 50 21 3.81
Temporal_Mid 20 R 50 -8 -14 30 3.74
Cingulum_Mid - L -2 -38 44 16 3.67
Angular gyrus
(Parietal Lobe) 39 R 63 -57 36 12 3.58
Caudate - R 16 -14 20 14 3.56
Postcentral gyrus
(Parietal Lobe) 3 R 20 -38 62 10 3.44
TD<CD
Frontal_Mid 46 L -38 51 28 52 4.06
Frontal_Mid 9 L -33 33 51 10 3.98
Supp_Motor Area 6 L -4 -10 60 21 3.66

Height threshold = p <.001, uncorrected.
Extent threshold = 10 voxels.
Group differences from ANCOVA co-varying out the effect of age, 1Q, global grey matter and for
the contrasts CD > TD, CD < TD only.
MNI = Montreal Neurological Institute.

TD = Typically Developing; CD = Conduct Disorder
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Appendix 7.1 Participants excluded from functional MRI analyses

n=>53 TD TD TD TD CD CD CD CD Total
Fema Females Males Males Males Males Females Females Number
les UoB uos UOB UOS UOB UOS UuoB
uos
Did not 1 1 2 0 7 3 5 1 20
complete task /
Missing data
Excessive 0 0 0 0 2 0 1 1 4
motion
Missing 0 0 2 0 2 0 0 0 4
behavioural
responses
Bad first level 4 3 2 2 6 4 4 0 25

mask
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Appendix 7.2 fMRI pain > no pain for all participants whole brain analyses uncorrected

results

Brain Region BA L/R Peak voxel MNI k t

coordinates

Temporal_Inf 37 R 51 -63 -6 1427 11.65
SupraMarginal 48 L -60 -24 33 1487 11.19
Frontal_Inf_Oper 44 L -48 6 24 159 7.55
Precentral
(Frontal Lobe) 44 R 51 6 27 108 6.18
Insula 48 L -39 -6 6 22 4.43
Frontal _Inf_Tri
(Frontal Lobe) 45 L -42 33 12 17 4.29
Sub-Gyral
(Frontal Lobe) 6 L -21 -12 54 18 3.99
Insula 48 R 39 -3 -3 10 3.93

Height threshold = p <.001, uncorrected.
Extent threshold = 10 voxels.
MNI = Montreal Neurological Institute.

Results from ANCOVA co-varying out the effects of age and 1Q, and for the contrast pain > no pain

only.
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Appendix 7.3 fMRI pain > no pain, effect of diagnosis, whole brain analyses uncorrected
results

Brain Region BA L/R Peak voxel MNI k t
coordinates

TD>CD

Cerebellum - L -9 -60 -33 65 5.14
Cerebellum 19 R 30 -81 -24 26 4.39
Cerebellum 19 L -27 -60 -24 38 4.25
Sub-Gyral Frontal

Lobe 48 R 30 -15 30 23 4.07
Lingual (Occipital

Lobe) 18 R 15 -75 -15 17 3.90
Cerebellum 37 R 36 -51 -27 13 3.89
Sub-Gyral Parietal

Lobe 48 R 39 -30 24 12 3.52
Frontal_Inf_Tri

(Frontal Lobe) 48 R 36 15 24 10 3.56

Height threshold = p <.001, uncorrected.

Extent threshold = 10 voxels.

MNI = Montreal Neurological Institute.

Group differences from ANCOVA co-varying out the effects of age and 1Q, and for the contrast pain >
no pain only. There were no effects observed for TD < CD.
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