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Abstract

We sought to identify brain activation differences in conduct-problem youth with limited prosocial
emotions (LPE) compared to conduct-problem youth without LPE and community adolescents,
and to test associations between brain activation and severity of callous-unemotional traits. We
utilized a novel task, which asks subjects to repeatedly decide whether to accept offers where they
will benefit but a beneficent other will be harmed. Behavior on this task has been previously
associated with levels of prosocial emotions and severity of callous-unemotional traits, and is
related to empathic concern. During fMRI acquisition, 66 male adolescents (21 conduct-problem
patients with LPE, 21 without, and 24 typically-developing controls) played this novel game.
Within typically-developing controls, we identified a network engaged during decision involving
bilateral insula, and inferior parietal and medial frontal cortexes, among other regions. Group
comparisons using non-parametric (distribution-free) permutation tests demonstrated LPE patients
had lower activation estimates than typically-developing adolescents in right anterior insula.
Additional significant group differences emerged with our a priori parametric cluster-wise
inference threshold. These results suggest measurable functional brain activation differences in
conduct-problem adolescents with LPE compared to typically-developing adolescents. Such

"Corresponding author:Joseph Sakai, MD, 12469 E. 17th Place, Campus Box F478, Aurora CO 80045, (303) 724-3182,
Joseph.sakai@ucdenver.edu.

Disclosures: Dr. Crowley served on the National Advisory Council of the National Institute on Drug Abuse, and on a Task Force of
the American Psychiatric Association for drafting the Diagnostic and Statistical Manual of Mental Disorders, Edition 5, receiving
travel reimbursement from those organizations. Dr. Sakai received reimbursement in 2012 for completing a policy review for the
WellPoint Office of Medical Policy & Technology Assessment (OMPTA), WellPoint, Inc., Thousand Oaks, CA. He also served as a
board member of the ARTS (Addiction Research and Treatment Services) Foundation until the summer of 2015. All other authors
report no competing interests.

Portions of this work were presented at the 2016 meeting of the College on Problems of Drug Dependence.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sakai et al. Page 2

differences may underscore differential treatment needs for conduct-problem males with and
without LPE.
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1. INTRODUCTION

Conduct disorder affects approximately 5% of U.S. adolescents and is associated with a
number of negative outcomes (Coker et al., 2014). But conduct disorder is a heterogeneous
phenotype. About 40% of conduct-disordered youth continue to exhibit clinically-
meaningful levels of antisocial behavior into adulthood, while others apparently remit from
high levels of antisocial behavior problems, having an adolescence-limited phenotype
(Moffitt, 1993; Steiner and Dunne, 1997). Those with chronic antisocial trajectories account
for a disproportionately large amount (about 50%) of all violent behaviors (Dodge and Pettit,
2003). In DSM-5, youths with conduct disorder may be categorized based on the presence or
absence of “limited prosocial emotions” (LPE), which is characterized by high levels of
callous-unemotional traits and is defined by four criteria: lack of remorse or guilt, callous
lack of empathy, unconcerned about performance, and shallow or deficient affect. However,
the LPE specifier is a relatively new construct and therefore most published work to date has
used a related but distinct phenotype, high levels of callous-unemotional traits (i.e. a
dimensional severity score (e.g.,(Sebastian et al., 2012)) or a median split to categorize
individuals with high and low levels of callous-unemotional traits (e.g., (Hwang et al.,
2016)). High levels of callous-unemotional traits are stable through adolescence, predict
persistent antisocial behavior problems, are associated with greater violence and aggression,
and predict poorer outcomes to standard treatment (Frick et al., 2014). Conduct-disordered
youth with and without high levels of callous-unemotional traits may have different
biological mechanisms that underlie their problem behaviors (Blair et al., 2014) and more
research is needed to identify those biological differences. In addition, more research is
needed comparing results from these related but distinct phenotypes: LPE and high levels of
callous-unemotional traits.

The growing research literature on the neuroscience of callous-unemotional traits and
antisocial behavior problems in adolescence has implicated multiple areas of impairment
including poor emational empathy, exaggerated threat responsivity, impaired reinforcement-
based decision making and punishment processing, and impaired response inhibition (Blair
et al., 2016; Byrd et al., 2014). But problems of empathizing may be particularly relevant to
callous-unemotional traits (e.g., see Figure 1 in (Blair et al., 2016)) and such deficits in
emotional empathy may impact the development of conditioned associations between one’s
harmful behaviors and others’ negative reactions to those behaviors (Blair et al., 2014).
Empathy, broadly defined, may be studied in various ways in the MRI environment. To date
this adolescent literature has tested brain activation while: viewing pictures of painful
injuries and asking subjects to imagine the injury is occurring to “Yourself” vs. “Someone
Else” (Marsh et al., 2013); viewing fearful or other emotional facial expressions (Viding et
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al., 2012); and choosing endings to cartoon scenarios where the cartoons require
understanding the internal states and perspectives of the characters to choose correct endings
and test cognitive and emotional theory of mind (Sebastian et al., 2012). Some work has also
shown that the emotional deficits seen in youth with psychopathic traits while viewing
fearful facial expressions are not secondary to group differences in top-down attentional
control (White et al., 2012). The developmental consequences of such deficits in emotional
empathy can be in turn studied through examining care-based moral development (Blair et
al., 2016) and moral determinations (Harenski et al., 2014). Together these studies provide
very important advances in our understanding of callous-unemotional traits and demonstrate
that differences in activation, especially of the amygdala (Marsh et al., 2008; Sebastian et al.,
2012) and anterior insula (Blair et al., 2016), may be particularly important to those
differences in emotional empathy seen among youth with high levels of callous unemotional
traits.

Conduct-disordered individuals often engage in behaviors that violate the rights of others or
social norms, and in turn, such behaviors often cause substantive familial disruption (Dodge
and Pettit, 2003); thus many of the problems caused by these youth result from decision
making in a self-versus-others (Self:Other) context. In this study, we aimed not at passive
viewing of images or scenarios in the Magnetic Resonance Imaging (MRI) environment, but
toward studying active decision-making about actual behaviors. Some studies have utilized
advanced modeling in reinforcement learning paradigm (White et al., 2014b) and passive
avoidance tasks (White et al., 2016a) to better understand decision making in this
population. Here we aim to build on this growing literature by studying decision making, but
within a Self:Other context. Prior work has utilized versions of the Ultimatum Game to
study decisions to punish the unfair behavior of others (e.g., (White et al., 2014a)). Van den
Bos and colleagues (van den Bos et al., 2014) compared antisocial youth and controls while
playing the Ultimatum Game and demonstrated differences in activation of the right inferior
frontal gyrus and right temporal parietal junction, though these findings were not
significantly associated with levels of callousness within delinquent youth. White and
colleagues (White et al., 2016b) extended this work by examining the tendency to retaliate in
response to perceived unfairness of others. The study benefitted from utilizing samples of
antisocial youth with and without high levels of callous-unemotional traits but the findings
regarding retaliatory behavior were specific to conduct disorder with low levels of callous-
unemotional traits. With the Ultimatum Game, we can examine how much people are
willing to give up to punish a bad actor (i.e., costly punishment). In the game utilized in this
study, the Altruism-Antisocial (AlAn’s) game, we examine a related but distinctly different
construct: how much are people willing to refrain from taking for themselves in order to
help a good actor (i.e., what we have previously called costly helping; Sakai et al., 2016a).
Our prior publications examining this game out of the MRI environment support that
individuals with high levels of callousness tend to both take more for themselves and leave
less for the beneficent other, compared to comparison participants (Sakai et al., 2012,
2016a). Thus, while results examining costly punishment to date appear to be more specific
to conduct disorder and may evoke systems more related to acute threat response (Blair et
al., 2016), this early work with the AIAn’s game raises the possibility that differences in
costly helping are more strongly related to levels of callousness and in turn, may be related

Psychiatry Res. Author manuscript; available in PMC 2018 May 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sakai et al.

Page 4

more to paradigms relevant to care-based moral decision making and emotional empathy.
The AIAN’s game was designed to examine decision-making with MRI.

One challenge in studying youth with conduct problems and LPE is the very common co-
morbidity in this population. For example, more than half of conduct-disordered adolescents
may have a co-occurring substance use disorder (Coker et al., 2014). Co-morbid ADHD and
depression are also common (Sakai et al., 2016b). One approach is to study subjects without
co-morbid disorders, selecting those youths with only conduct disorder and LPE. However,
among conduct-disordered youths, greater co-morbidity predicts persistent antisocial
behavior problems (Moffitt et al., 2001; Myers et al., 1998). Thus, excluding co-morbidity
would bias results towards atypical, less severely affected samples (Krueger, 1999). An
alternate strategy is to utilize other conduct-problem youths (i.e., with serious antisocial
behavior problems but scoring at about average levels for callous-unemotional traits) as a
control (Hwang et al., 2016). We have previously demonstrated that patients with conduct
disorder with and without LPE have similar patterns of co-morbidity in terms of prevalence
of depression, ADHD, and specific substance use disorders when recruited in the same
manner as done in this study (Sakai et al., 2016b). A small set of work in detained
adolescents has shown similar results (Colins and Vermeiren, 2013; VVan Damme et al.,
2016). Therefore, including both typically-developing adolescents and youth with serious
conduct problems without high levels of callous-unemotional traits as comparison groups, as
in prior important work (Viding et al., 2012; White et al., 2016b; Hwang et al., 2016), may
provide a useful strategy to reduce confounds driven by some co-morbid disorders. But such
an approach will not control for all confounds. For example, adolescent patients may differ
in conduct disorder severity (e.g., symptom count; (Sakai et al., 2016b). Thus controlling for
such differences in analyses may still be required.

Sex differences present a second complication in studying youth with conduct disorder and
high levels of callous-unemotional traits. Conduct disorder is more common in males than
females but when considering persistent antisocial behavior problems, these sex differences
become quite pronounced (Eme, 2007). Similarly, males on average have higher levels of
callous-unemotional traits than females (Essau et al., 2006). Therefore, this study describes a
male-only sample to eliminate potential confounds of sex.

We present here for the first time results from a novel decision-making task, the AIAn’s
game, in the MRI environment with three groups of male adolescents: typically-developing
youths, patients with conduct problems without LPE, and patients with conduct problems
with LPE. Participants underwent fMRI neuroimaging as they repeatedly decided whether or
not to take actions that benefitted themselves but harmed a beneficent other. In the
application for the NIH grant funding this work, we hypothesized that adolescents with
serious conduct problems and LPE would differ from the two other groups in activity of the
“paralimbic system,” including orbitofrontal, anterior cingulate, insula, amygdala, and
superior temporal/angular gyrus. In addition, our approach allows examining the relationship
between severity of callous-unemational traits (dimensional measure) and brain activation,
and secondarily also allows examining how results change when dividing patients into high
and low callous-unemotional traits by median split, in comparison to our pre-hoc approach
(i.e. dividing groups based on the LPE specifier).
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2. METHODS

The study protocol and consents were approved by the Colorado Multiple Institutional
Review Board. All adolescents under age 18 provided written assent and their parent’s
written consent. Youth who were 18 years of age provided written consent to study
participation.

2.1 Sample Description

Typically-developing adolescents with neither conduct disorder nor LPE specifier were
recruited via online and printed advertisements. Community youths were excluded for prior
convictions (minor traffic or curfew violations were permitted) or a history of substance-
related school expulsion or substance-related treatment. Youth with conduct problems were
drawn from patients at a university-based treatment program for adolescents with serious
antisocial and substance problems and all had at least one non-nicotine DSM-IV substance
use disorder. General inclusion criteria were: ages 15-18 years, male, estimated 1Q =80,
self-reported abstinence =30 days from drugs/alcohol (confirmed in past week by research-
staff collected negative urine drug and saliva alcohol tests and review of all clinical urine
drug screens in past 30 days), English proficiency judged adequate for valid assent, right
handed, and participant and all first degree relatives have neither volunteered or worked for
the Red Cross nor received assistance from that agency (note: this exclusion is related to the
behavioral paradigm described in Section 2.2). Exclusion criteria were: history of head
injury with loss of consciousness =15 minutes, history of neurosurgical procedures, physical
illness which would prevent participation or that has a well-documented effect on brain
morphometry, red-green color blindness, psychotic, bipolar or anxiety disorder as indicated
by assessment and confirmed by clinician interview [JTS], current dangerousness or
intoxication, and current experience of caffeine/nicotine withdrawal with cessation of use.
Adolescents were instructed to refrain from caffeine and nicotine use for 12 hours prior to
scanning. Standard MRI exclusion criteria were also employed (Sakai et al., 2016a).

Seventy one adolescents were enrolled and completed all study procedures. Excluded from
MRI analyses were two patients with LPE (excessive motion), one patient without LPE
(excessive motion) and two typically-developing youths (data loss on the server). Table 1
shows demographic and diagnostic information for our 3 adolescent groups. As expected,
typically-developing adolescents had significantly lower scores than conduct-problem youth
with LPE on levels of callousness and ADHD severity. Conduct-problem adolescents
without LPE, compared to those with LPE, had significantly lower ICU total scores
(p<0.001) and were about 0.6 years older than those with LPE (p=0.04). In agreement with
our predictions and prior work (Sakai et al., 2016b), these two patient groups were similar in
their diagnostic profiles and did not significantly differ in cannabis, tobacco, alcohol or
cocaine use disorder, conduct disorder diagnosis, whole-life major depression prevalence, or
ADHD symptom severity.

2.2 Measures

Measures included the Inventory of Callous Unemotional traits (ICU; (Frick, 2004)), the
Diagnostic Interview Schedule for Children (Shaffer et al., 2000), the Composite
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International Diagnostic Interview - Substance Abuse Module (Robins et al., 1988), the
Vocabulary and Matrix Reasoning subtests of the Wechsler Abbreviated Intelligence Scale
(Wechsler, 1999), the Interpersonal Reactivity Index (Davis, 1980) and the Youth Self
Report (Achenbach, 1991). Patients were divided into those with and without the DSM-5
LPE specifier using four questions from the ICU as previously described (Frick and Moffitt,
accessed May 8, 2012) and following our prior procedures (Sakai et al., 2012; Sakai et al.,
2016a). Specifically, we utilized ICU questions 3, 5, 6 and 8 and scored them on a 0-3 scale
(note: with reverse scoring for positively worded items, 3, 5 and 8). Scores of 2 or 3
(indicating greater callousness) were counted as endorsed and at least 2 of the 4 questions
had to be endorsed to meet the LPE specifier.

The Altruism-Antisocial (AlAn’s) Game: AlAn’s game asks subjects to accept or reject a
series of offers (termed Active Trials) in which they will benefit but a beneficent other will
be harmed (a real donation to the Red Cross will be reduced). For detailed descriptions of
the AlAn’s game please see Figure 1 and our prior publications (Sakai et al., 2012; Sakai et
al., 2016a). Data on the behavioral outcomes while playing the game have been previously
described for this sample and showed that the three groups differed significantly in the
amount of costly helping (number of times not accepting Active Trials), money taken for
self, and the amount of money left in the Red Cross donation. Patients with LPE took the
most money, leaving the least money in the donation (Sakai et al., 2016a). Supplemental
Figure 1 shows the percent of offers accepted for each Active Trial by group. AIAn’s game
behavior has been previously related to level of callous-unemational traits (Sakai et al.,
2016a) and is related to both empathic concern and perspective taking (see Supplemental
Figure 1, panel D).

2.3 fMRI Data Acquisition

We obtained functional brain images with Blood Oxygenation Level Dependent (BOLD)
contrast using a T2*-weighted gradient-echo echo-planar imaging (EPI) technique over a
64x64 matrix (TE/TR/TI (in milliseconds): 26/2000/70; Flip angle: 70 degree; FOV:
220X220 mm? in axial acquisition. See Supplemental Materials for details on acquisition
(section S.1) and fMRI pre-processing procedures (section S.2).

2.4 Single Subject Level Analysis

We fit the BOLD time series data for each voxel using a general linear model (GLM) for
each subject individually. We specified onsets of AIAn’s trial types (Active, Calculation,
Attention; see Figure 1) and each trial outcome and then estimated the GLM model
specifying the contrast of interest (Active Trials minus Calculation Trials). Each regressor
was convolved with a canonical hemodynamic response function. The estimated BOLD
signal change for this contrast for each voxel at the subject level is utilized in subsequent
group-level and regression analyses (described next) and is hereafter termed

ABOI—D(Active Trial — Calculation)-

2.5 Group Level Analyses

All analyses were whole-brain, controlled for age, 1Q and motion (refrms; see Supplemental
Materials for definition) and utilized a voxel level threshold of 0.005 cluster-corrected at
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family-wise error (FWE) p<0.05 (23 voxel-level threshold (voxel=3mm3)). Within typically-
developing youths we evaluated whether average ABOLD (active — Trial Calculation) differed
significantly from zero at each voxel to identify the network engaged by decisions in the
game. Next we compared the three groups, testing for differences in

ABOLD (active — Trial Calculation)- SUpplementary analyses evaluated for differences in

ABOLD (active — Trial Calculation) between all possible two-group comparisons with whole
brain analyses.

Secondary Group level analyses re-analyzing these data (1) while controlling for conduct
disorder symptom count in the patient two-group comparison, (2) while grouping patients by
a median split of the total score from the ICU and repeating the three-group and two-group
comparisons described above, and (3) while excluding subjects on prescribed medications
are described in Supplementary Materials Section S.3.

2.6 Regression Analyses

Our method for categorizing conduct-problem youth into those with and without LPE,
yielded groups that significantly differed in mean severity of callous-unemotional traits (see
Table 1). However, examination of group distributions showed that some youth with LPE
scored relatively low in ICU total score, while some youths without LPE scored high on this
measure (see Supplemental Figure 2). Accordingly, we also completed across-group whole-
brain regression analyses examining the relationship between ICU total score and brain
activation, while covarying age, 1Q, motion, and conduct disorder symptom counts.

To control for co-morbidity we extracted using MarsBaR the average beta estimates for each
significant cluster from whole-brain regressions for each subject. We regressed ICU total
score (dependent variable) on each cluster while covarying age, 1Q, conduct disorder
symptom count, ADHD severity, number of substance use disorder diagnoses, and whole-
life major depression to determine if co-morbidity explained the observed associations (see
Supplemental Materials S.4).

We completed exploratory regressions using behavioral measures from the AIAn’s game to
test whether specific clusters (identified as significant in our three-group and/or whole-brain
regression analyses) and their interactions predicted AIAn’s game behavior (see
Supplemental Materials section S.5).

Finally, in the analyses described above, we utilize voxel level threshold of 0.005 cluster
corrected at FWE p<0.05 (23 voxel-level threshold (voxel=3mm3)), as specified in the
procedures of our funded-grant application (DA031761) and for which our study was
powered. But very recently Eklund et al., (Eklund et al., 2016) have demonstrated that
parametric cluster-wise extent thresholding may lead to type | errors above the expected 5%
threshold, especially with a small ad-hoc cluster inference, but even for other approaches to
cluster inference like those utilized here. Eklund and colleagues’ (Eklund et al., 2016) work
supports that a non-parametric (distribution-free) permutation method provides results in-
line with the expected alpha. Therefore, to provide additional information, we reran our
main analyses using this more conservative method (Nichols and Holmes, 2002) smoothing
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with 6 mm full-width-half-maximum (FWHM) Gaussian filter, utilizing a going-in £=0.001
and 10,000 permutations.

3. RESULTS

3.1 Network Engaged by Decision

Within typically-developing adolescents the contrast ABOLD (active — Trial Calculation)
demonstrated prominent activation in medial frontal regions, bilateral inferior frontal gyrus
and insula, thalamus, midbrain, caudate, precuneus and right inferior parietal regions (see
Supplemental Figure 3, Supplemental Table 1.A).

3.2 Group Comparisons

Three-group whole-brain comparisons in ABOLD (active — Trial Calculation) d€monstrated a
significant activation difference between groups during decision in the right insula, inferior
frontal and superior temporal gyrus (see Figure 2, panel A, Table 2.A). This significant
cluster was identified utilizing MarsBaR and post-hoc three group comparisons were
completed in SPSS (F=9.5; p<0.001; see Figure 2, panel B). Supplemental Table 2 shows
that whole-brain two-group comparisons confirmed a pattern where patients with LPE had
hypoactivity in this region and also that controls had significantly greater activation than
patients with LPE in left insula. Secondary group level analyses (controlling for conduct
disorder severity in patient two-group analyses, dividing patients by median split from ICU
total score and excluding subjects on prescribed medications) are described in Supplemental
Materials S.3.

3.3 Whole-Brain Regression Analyses

Regression analyses testing the association of ABOLDactive - Trial Calculation) With severity of
callous-unemotional traits, while covarying age, 1Q, motion, and conduct disorder symptom
counts as has been done in prior studies (Sebastian et al., 2012) demonstrated a negative
association with a left inferior parietal lobule cluster and a positive association with a
posterior cingulate cluster (see Table 2.B). Regressions controlling for comorbidity are
presented in Supplementary Materials S.4 and exploratory regressions with game behavior
are presented in Supplemental Materials S.5.

3.4 Results Utilizing More Conservative Permutation Analyses

All primary analyses were re-run utilizing non-parametric permutation tests. The network
engaged within typically-developing adolescents the contrast ABOLD active Trial - Calculation)
remained generally consistent with that shown in Supplemental Figure 3 (see Supplemental
Figure 6 and Supplemental Table 1.B). Between-group tests confirmed right anterior insula
differences utilizing the contrast typically-developing adolescents>patients with LPE (see
Supplemental Figure 7). Regression and other between-group permutation analyses did not
demonstrate significant results.
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4. DISCUSSION

Within typically-developing adolescents, we identify a network engaged during decision.
The network is remarkably similar to prior studies of alternative approaches to presenting
Self:Other consideration in normative populations (Hein et al., 2016; Sommer et al., 2014).
However, our main aim was to identify regions in this network associated with high levels of
callous-unemotional traits. Our three-group analyses demonstrate activation differences in
the right anterior insula. Those with LPE had significantly less activation in this region
compared to both typically-developing youths and conduct-problem youths without LPE.
This latter group is useful in controlling for many co-morbidities seen in conduct-problem
youth with LPE (see Table 1) and it is reassuring that our insula finding remained while also
controlling for conduct disorder severity in comparing our two patient groups (Supplemental
Figure 4.A). Our secondary analyses dividing patients by median split on ICU total scores,
rather than LPE, similarly show this insula cluster; typically developing youth had more
activation in insula during decision compared to patients with high levels of callous-
unemotional traits (Figure 2 and Supplemental Figure 4.B). However, the results using the
median split compared to the LPE in this sample provided less consistent findings. Our
secondary analyses also support that this right insula cluster finding in our three-group
analyses was robust to excluding medicated subjects (Supplemental Figure 5).

The anterior insula is an agranular heteromodal association cortex involved in multiple
processes, including self-related and empathetic feelings, bodily awareness, response
inhibition, salience (both interoceptive and exteroceptive), and assessment of risk and
uncertainty (Hwang et al., 2016; Singer et al., 2009; Uddin, 2015). Mounting work has
examined the anterior insula’s role in decision-making, especially risky decision-making.
For example, while making decisions involving risk, anterior insula appears critical to loss
prediction, is associated with risk-averse choices (Kuhnen and Knutson, 2005), and is
important to evaluation of wrong choices (e.g., not taking a risk when the outcome would
have been beneficial and taking a risk when the outcome results in a loss; (Liu et al., 2007).
White and colleagues (2016a) have examined reinforcement-based decisions using
computational modeling of performance on a passive avoidance task. They report three
relevant findings: that conduct problem severity, but not level of callousness, was related to
poorer performance on this task; that severity of conduct problems was associated with
activity in the anterior insula when considering expected value during avoidance responses;
and that the relationship between conduct problem severity and task performance was
mediated by representations of expected value in anterior insula. This anterior insula finding
was specific to conduct problems and was not related to severity of callous unemotional
traits.

Our result in the anterior insula, on the contrary, is specific to LPE, and not conduct
problems, which at first glance appears to contradict the work of (White et al., 2016a). We
propose that the AIAn’s game may require different decision making processes, such as
determinations about equity and fairness and processes related to care-based moral decision
making, rather than reinforcement-based decision making. As mentioned in Section 2.2
behavior on the AIANn’s game is significantly related to measures of empathic concern and
perspective taking. Unlike the passive avoidance task utilized by White and colleagues
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(White et al., 2016a), the AIAn’s game does not require any assessment of risk, prediction of
outcome probabilities, or learning. Instead the game clearly informs subjects what will
happen and subjects must simply weigh the importance of the relative magnitude of self-
benefit to other-harm. The anterior insula has been implicated in many processes beyond
reinforcement-based decision making. For example, anterior insula is engaged when
passively viewing harm to others (Michalska et al., 2016) and plays a critical role in
vicariously feeling another’s experience (Lockwood, 2016), is activated during
determinations about equity and fairness (Hsu et al., 2008) and is related to affective
empathy and moral disgust (Lockwood, 2016; Tusche et al., 2016). It is of course well
documented that youth with high levels of callous-unemotional traits exhibit low levels of
affective empathy (Lui et al., 2016). Other work in adults supports that anterior insula
encodes anticipatory feelings of guilt when deciding how to act during scenarios about
moral transgressions (Seara-Cardoso et al., 2016). Such work may be particularly relevant to
the current paradigm, and would imply that patients with LPE may experience less
anticipatory guilt prior to accepting trials while playing the AIAn’s game. However, it is
important to note that we did not specifically measure self-reported guilt in this study and
therefore, it is not possible to confirm this hypothesis. Recent work has also shown that as
subjects repeatedly behave dishonestly, particularly during a self-serving other-harming
condition, insula activation decreases, suggesting adaptation (see Supplemental Table 2 in
(Garrett et al., 2016). Such work has been interpreted to mean that repeated moral
transgressions may dampen emotional reactivity to such acts over time. Thus our anterior
insula cortex finding may reflect deficits in affective empathy or equity/fairness assessments
or diminished anticipatory guilt in LPE youths. In some models the anterior insula is
subdivided into: (1) dorsal anterior insula (associated with cognitive processes, such as task
switching, inhibition, and error processing), and (2) ventral anterior insula (associated with
empathy and affective processing, such as perception of another’s affect) (Uddin, 2015).
Results from two-group analyses in Figure 2 supports that the comparison [typically-
developing adolescents > patients with LPE] reveals differences in both dorsal and ventral
anterior insula, while our comparison [patients without LPE > patients with LPE] shows
differences mainly in ventral anterior insula. This suggests that differences in dorsal anterior
insula may reflect cognitive deficits associated with the disorder phenotype independent of
LPE and the LPE phenotype may be related more specifically with a deficit in higher-order
affective and empathetic processing.

Because the LPE specifier results in groups with overlapping distributions of callousness
severity (see Supplemental Figure 2), we also completed across-group whole-brain
regression analyses examining the relationship between ICU total score and brain activation.
Those analyses yielded a region in the left inferior parietal lobule that was negatively related
to severity of callousness (Table 2.B). This finding unfortunately did not hold when more
conservative non-parametric tests were utilized and requires future replication. The left
inferior parietal lobe has been previously implicated in language processing, attention
control, perspective taking and social cognition, and, for dorsal portions, in more general
cognitive processing (Blair et al., 2016; Bzdok et al., 2016; Tusche et al., 2016). Consistent
with this finding, high levels of callousness have also been associated with deficits in taking
another’s perspective (Lui et al., 2016). Our inferior parietal cluster, extracted from our
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regression analyses, was significantly associated with behavior on the AIAn’s game
(Supplemental Table 4). This suggests that inferior parietal lobule is involved in restraint,
promoting rejection of Active Trials.

Our whole-brain regression analyses also identified a paralimbic structure (Kiehl, 2006), the
posterior cingulate, which was positively associated with severity of callous-unemotional
traits (Table 2.B). This finding unfortunately did not hold when non-parametric tests were
utilized and requires future replication. Although the role of posterior cingulate remains
debated, including some work implicating posterior cingulate in reward related processes
(e.g., (Clithero and Rangel, 2014; McClure et al., 2004)), recent models suggest that this
region may help to control balance between internally and externally focused attention, and
may be particularly active during periods of internally-directed thought (Leech and Sharp,
2014). Other models have suggested that posterior cingulate and precuneus may serve as an
important hub for “transmitting socially significant information” between regions (Zaki et
al., 2007). Although our posterior cingulate and insula clusters were not directly associated
with game behavior, their interaction significantly predicted behavior during decisions about
high other-harm, low self-benefit trials (see post-hoc analyses in Supplemental Table 4).
Among individuals who have relatively high posterior cingulate activity, perhaps indicating
an internally-directed self-focused attentional state, insula activity is positively, though not
significantly, related to taking high other-harm, low self-benefit trials. But among those with
relatively low posterior cingulate activity, perhaps indicating externally-focused other-
directed attention, insula activity is significantly, and negatively, related to taking high other-
harm low self-benefit trials. Thus, our results suggest that the effects of insula activity on
behavior may be moderated by internally vs. externally focused attentional states.

Our results must be viewed within the context of several limitations. First, we recruited a
male-only sample. Results should not be extrapolated to females and future studies should
evaluate sex differences. Second, we relied on self-reported callous-unemotional traits.
While this is consistent with several prior studies (e.g, Fanti et al., 2013; Feilhauer et al.,
2012) and the levels of callousness in our study (see Table 1) are similar to several prior
studies of normative (Roose et al., 2010; Fanti et al., 2013; Feilhauer et al., 2012) and high
risk (Fanti et al., 2013; Feilhauer et al., 2012) samples, many other studies have utilized
combinations of self-, parent- and teacher-reports (e.g., Roose et al., 2010). This multi-
informant approach can lead to higher callous-unemotional trait scores (Roose et al., 2010).
Third, we recruited a narrow age band (15-18 years) and results may not apply to younger
children or adults. However, this narrow age-band is also a strength, as it may prevent
potential confounds, given the large developmental effects in the adolescent years. Similarly,
our exclusion criteria help to reduce potential confounds from multiple domains. But such
an approach may hamper the generalizability of our results, for example by excluding those
with anxiety disorders. In addition, our paradigm allows studying Self:Other decision
making in the MRI environment, but it is important to note that the Other used here is a
charity. It is possible that utilizing another player, or a less abstract other, would affect
subjects’ behavior. Reasons for utilizing this Other have been previously outlined (Sakai et
al., 2012). In addition, our findings appear specific to having LPE and not conduct problems
without LPE. Additional studies will likely be needed to better define findings specific to,
and common across, these related phenotypes. Finally, it is important to note that while our
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anterior insula result remains significant using more stringent permutation tests (comparison
of typically-developing adolescents > patients with LPE), the overall study findings are more
modest utilizing this more stringent threshold. Future studies with larger sample sizes will
be needed to confirm our results using these more stringent tests. However, there are a few
reasons why the important work of Eklund and colleagues (Eklund et al., 2016) may not
perfectly apply to this study. First, they utilized resting state data, as opposed to data from a
rapid event design like ours. Second, they utilized only community samples. Patient samples
may include more variability in activation levels, and using permutation methods with such
variability might push thresholds to be more extreme, potentially increasing risk of type 1l
errors.

Conclusions and Future Directions

We demonstrate three brain regions where activation during Self:Other decisions is related to
callousness among conduct-problem youths. Our game offers a unique opportunity to
explore how brain regions may be related to actual behaviors, perhaps bringing us one step
closer to understanding not only how youth with LPE differ in brain activity, but how those
differences in brain activity may lead to maladaptive behaviors. Inferior parietal lobule is
easily accessible to brain stimulation techniques, offering one avenue to test the effects of
experimental manipulation of this region on game behavior. Anterior insula activation
discriminated groups in a pattern suggesting youth with LPE have hypoactivity in this
region. However, this region’s relationship with behavior appears more complex, with
posterior-cingulate activation perhaps moderating insula activation effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Conduct problem(CP) patients with/without limited prosocial emotions(LPE),
controls
. Imaged playing a novel game requiring decisions about self-benefit and other-
harm
. Network engaged: medial frontal, accumbens, bilateral insula, among other
areas
. CP with LPE had less activation in right anterior insula during decision
making
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Figure 1.
The AlAn s Game. Panel A. Subjects start with no money and the Red Cross donation

begins at $16. While subjects play the game, they are presented with a series of offers where
they are asked, Change both thermometers? (Top Blue Screen). In this offer the subject will
get 64 cents and the Red Cross donation will go down by 2 cents (5 seconds deliberation
period). When the ball turns from red to green (Middle Blue Screen) subjects have 1 second
to accept or reject the offer. Then the thermometers (Bottom Blue Screen) show how much
money the subject has and the current value of the Red Cross donation (4 seconds). Then a
jittered Gray Fixation Screen appears. The dollar amounts for each individual choice are
small (range 2-64 cents) but by accepting all Active Trials, subjects would earn $15.12 and
the Red Cross donation, which starts at $16, would be reduced to 88 cents. Panel B.1.
Shows the matrix of offers (amount of money participant gains vs. amount of loss to the Red
Cross). Decision Trials are indicated by AT or Active Trials. A Trials assure attention to
game content and are not discussed here. Panel B.2. C indicates Calculation Trials. In these
trials subjects are asked, Is the You number bigger? If the You number is bigger than the Red
Cross number, subjects should indicate yes. Calculation Trials present similar visual cues to
Active Trials, require left and right button presses, require assessment of relative values
similar to those found in the Active Trials, but are devoid of deliberations about self-benefit
and other-harm. Calculation Trials therefore serve as our baseline. Note: this figure utilizes
components from previously published descriptions of the AIAn s game protected under the
Creative Commons Attribution license (Sakai et al., 2012 and 2016a; http://journals.plos.org/
plosone/s/content-license).
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Panel A. Three-Group Test Panel C. Ct>Pt with LPE

Panel B.
Right Insula Cluster Identified in 3-
Group Analyses: mean activation
and standard error within group

0.2 Ct Pt no LPE

Insula Cluster Activation
o O
o N B~

Figure 2.
Testing for group differences during decision (Active Trials minus Calculation Trials). Panel

A. Whole-brain three-group test for activation differences demonstrating a cluster in right
insula, inferior frontal gyrus and superior temporal gyrus. [Cluster is referred to as insula
cluster in this figure and the manuscript results and discussion sections; crosshair x,y,z
coordinates 44.6, 18.7 and 0.6, respectively]. Panel B. Cluster from three-group analyses
was identified for each subject (using MarsBaR) and within group means and standard errors
are presented. Three group ANOVA was significant (p<0.001) as expected. Two group
comparisons demonstrated that patients with LPE differed significantly from (1) typically-
developing controls (p<0.001) and (2) patients without LPE (p=0.005) using post-hoc Tukey
s tests. Panel C. Whole-brain two-group analyses testing for differences typically-
developing controls > patients with limited prosocial emotions (LPE), showing activation
differences in the bilateral insula and inferior frontal gyrus (comparison of patients with LPE
> typically-developing controls showed no significant differences; x,y,z coordinates 45, 23.4,
-0.03, respectively). Panel D. Whole-brain two-group analyses testing for differences
patients without LPE > patients with LPE showing activation differences in right insula and
superior temporal gyrus (comparison of patients with LPE > patients without LPE showed
no significant differences; x,y,z coordinates 48.6, 8.04, —0.70, respectively). Note: two-
group comparisons of typically-developing controls and patients without LPE showed no
significant differences. Detailed results of two-group analyses are available in Supplemental
Table 2.
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