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Imaging decision about whether to beneﬁt self by harming others:
Adolescents with conduct and substance problems, with or without callousunemotionality, or developing typically☆
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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 callousunemotional 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 cortices, among other regions. Group comparisons using non-parametric
(distribution-free) permutation tests demonstrated LPE patients had lower activation estimates than typicallydeveloping 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
diﬀerences may underscore diﬀerential treatment needs for conduct-problem males with and without LPE.

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
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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 AlAn's game raises the possibility
that diﬀerences in costly helping are more strongly related to levels of
callousness and in turn, may be related more to paradigms relevant to
care-based moral decision making and emotional empathy. The AlAn'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; Van Damme et al., 2016). Therefore, including both typicallydeveloping 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 decisionmaking task, the AlAn'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-unemotional 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

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 callousunemotional traits and antisocial behavior problems in adolescence has
implicated multiple areas of impairment including poor emotional
empathy, exaggerated threat responsivity, impaired reinforcementbased 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 Fig. 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 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 callousunemotional 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:
104
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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 Fig. 1 and our prior publications (Sakai et al., 2012,
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). Supplementary material Fig. 1 shows the percent of oﬀers
accepted for each Active Trial by group. AlAn's game behavior has been
previously related to level of callous-unemotional traits (Sakai et al.,
2016a) and is related to both empathic concern and perspective taking
(see Supplementary material Fig. 1, panel D).

groups based on the LPE speciﬁer).
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
IQ≥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 min, 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 h 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.

2.3. fMRI data acquisition
We obtained functional brain images with Blood Oxygenation Level
Dependent (BOLD) contrast using a T2*-weighted gradient-echo echoplanar imaging (EPI) technique over a 64×64 matrix (TE/TR/TI (in
milliseconds)): 26/2000/70; Flip angle: 70°; FOV: 220×220 mm2 in
axial acquisition. See Supplementary material 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
AlAn's trial types (Active, Calculation, Attention; see Fig. 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 ΔBOLD(Active Trial – Calculation).

2.5. Group level analyses
All analyses were whole-brain, controlled for age, IQ and motion
(refrms; see Supplementary material for deﬁnition) and utilized a voxel
level threshold of 0.005 cluster-corrected at family-wise error (FWE)
p < 0.05 (23 voxel-level threshold (voxel=3 mm3)). Within typicallydeveloping youths we evaluated whether average ΔBOLD(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 ΔBOLD(Active Trial – Calculation). Supplementary analyses evaluated for diﬀerences in ΔBOLD(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 twogroup 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 material
Section S.3.

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 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, 2016a). Speciﬁcally, we utilized ICU questions 3, 5, 6 and 8 and
105
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Table 1
Male adolescent conduct-problem patients meeting the limited prosocial emotions (LPE) speciﬁer and 2 comparison groups (male adolescent patients without LPE and typically
developing male adolescents). Note: highlighted cells provide an easy visual cue indicating that group diﬀered from patients with LPE at p < 0.05.
Group

Analyses

Conduct problems
with LPE (n=21)

Conduct problems
without LPE (n=21)

Typically developing
controls (n=24)

Three group
comparison

Post-hoca

16.6 (0.16)
14 (66.7%)

17.2 (0.18)
16 (76.2%)

16.5 (0.16)
21 (87.5%)

p=0.009
LRT p=0.24

1,3

9 (42.9%)
49.0 (3.68)
100.5 (1.74)

7 (33.3%)
44.9 (2.38)
100.5 (2.23)

6 (25.0%)
40.1 (2.95)
106.1 (2.14)

p=0.45
p=0.17
p=0.09

21 (100%)

20 (95.2%)

0 (0%)

p < 0.001

1,2

14 (66.7%)
17 (81.0%)
7 (33.3%)
21 (100%)

11 (52.4%)
13 (61.9%)
7 (33.3%)
19 (90.5%)

0
0
0
0

p < 0.001
p < 0.001
LR p=0.001
p < 0.001

1,2
1,2
FE 1,2
1,2

6.7 (0.57)

5.0 (0.54)

0.4 (0.12)

p < 0.001

1,2

1 (4.8%)

3 (14.3%)

0 (0%)

LRT p=0.09

30.9 (1.34)
71.3 (4.24)
5 (23.8%)

20.7 (1.09)
78.0 (4.12)
4 (19.0%)

18.2 (1.39)
56.9 (2.44)
1 (4.2%)

p < 0.001
KW p=0.002
LRT p=0.12

2 (9.5%)

3 (14.3%)

1 (4.2%)

LRT p=0.48

6 (28.6%)

5 (23.8%)

1 (4.2%)

LRT p=0.05

n (%)

Prescribed medications for
ADHD
Prescribed medications for
other mental health conditions
Other prescribed medications

5 (23.8%)

3 (14.3%)

1 (4.2%)

LRT p=0.14

Empathy scoresi
Mean (SEM)
Mean (SEM)
Mean (SEM)
Mean (SEM)

Empathic Concern
Perspective Taking
Personal Distress
Fantasy

15.7 (1.19)
14.8 (1.04)
9.2 (0.79)
12.8 (1.17)

17.8 (0.43)
15.5 (1.26)
9.6 (0.79)
12.9 (0.97)

19.0 (0.86)
17.7 (1.03)
9.5 (0.86)
15.0 (1.00)

p=0.04
p=0.16
p=0.93
p=0.24

Demographics/cognitive
Mean (SEM)
n (%)
n (%)
Mean (SEM)
Mean (SEM)
Clinical measures
Substance abuse or dependence
n (%)

Conduct Disorder, callousness,
ADHD, and depression
n (%) or Mean (SEM)

Medications
n (%)
n (%)

Age in years (SEM)
Race – number (percent
Caucasian)
Hispanic ethnicity (yes)
Parental SES (SEM)b
Estimated IQ (SEM)c
Cannabis abuse or
dependenced
Tobacco dependenced
Alcohol abuse or dependenced
Cocaine abuse or dependenced
Whole life Conduct Disorder
diagnosise
Conduct disorder symptom
count (whole life)
Anger/Irritability Symptom
Phenotype of ODDf
ICU total scoreg
ADHD severityh
Whole life Major Depressione

(0%)
(0%)
(0%)
(0%)

2,3
MW 1,2

2

KW=Kruskal-Wallis Test. MW=Mann-Whitney U Test. LRT indicates that Likelihood Ratio was utilized instead of the Pearson Chi Square test because expected cell counts were small. FE
indicates Fisher's Exact Test. SEM indicates standard error of the mean.
a
Note that 1=Controls vs. patients without LPE signiﬁcant (p < 0.05); 2=Controls vs. patients with LPE signiﬁcant; 3=Patients with LPE vs. patients without LPE. Post-hoc 2 group
comparisons were either completed with Tukey HSD (for approximately normally distributed variables), the Games-Howell post-hoc test (when equality of variances could not be
assumed) or the Mann-Whitney U tests (when variables were not approximately normally distributed in this sample).
b
Parents of 3 patients (2 with LPE and 1 without LPE) did not complete this measure.
c
Estimated IQ assessed by the vocabulary and matrix reasoning subtests of the Wechsler abbreviated scale of intelligence.
d
Assessed by the composite international diagnostic interview – substance abuse module; DSM-IV criteria.
e
Assessed by the diagnostic interview schedule for children (and for lifetime conduct disorder, supplemental conduct disorder questions).
f
The anger/irritability symptom phenotype for ODD (oppositional deﬁant disorder) was calculated using past-year ODD symptoms from the Diagnostic Interview Schedule for Children
and required endorsement of at least four ODD symptoms including (1) often loses temper, (2) is often touchy or easily annoyed by others, and (3) is often angry and resentful.
g
Total score from inventory of callous unemotional traits.
h
Diagnostic and statistical manual-oriented attention-deﬁcit hyperactivity problems raw score from the youth self report.
i
Measured using the interpersonal reactivity index, appropriately reverse scoring items and summing using the 0–4 scoring system. Note that data were not available for this measure
for 1 typically developing youth and 1 patient with LPE.

each cluster while covarying age, IQ, 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 Supplementary material S.4).
We completed exploratory regressions using behavioral measures
from the AlAn's game to test whether speciﬁc clusters (identiﬁed as
signiﬁcant in our three-group and/or whole-brain regression analyses)
and their interactions predicted AlAn's game behavior (see
Supplementary material 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=3 mm3)), as speciﬁed in the procedures of our
funded-grant application (DA031761) and for which our study was
powered. But very recently Eklund et al. (2016) have demonstrated that
parametric cluster-wise extent thresholding may lead to type I errors

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 Supplementary material Fig. 2). Accordingly,
we also completed across-group whole-brain regression analyses examining the relationship between ICU total score and brain activation,
while covarying age, IQ, 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
106
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A.

Change both
thermometers?
You
+64

B.1

Red Cross
-2

Change both
thermometers?
You
+64

Red Cross
-2

$16
$12

B.2

$8
$4

You
$0.64

Red Cross
$15.98

Fig. 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 s deliberation period).
When the ball turns from red to green (Middle Blue Screen) subjects have 1 s 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 s). 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 AlAn’s game protected under the Creative Commons Attribution license (Sakai et al., 2012, 2016a; http://journals.plos.org/plosone/s/content-license). (For
interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

3.2. Group comparisons

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 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 with 6 mm full-width-half-maximum
(FWHM) Gaussian ﬁlter, utilizing a going-in p=0.001 and 10,000
permutations.

Three-group whole-brain comparisons in ΔBOLD(Active Trial –
demonstrated a signiﬁcant activation diﬀerence between
groups during decision in the right insula, inferior frontal and superior
temporal gyrus (see Fig. 2, panel A, Table 2A). This signiﬁcant cluster
was identiﬁed utilizing MarsBaR and post-hoc three group comparisons
were completed in SPSS (F=9.5; p < 0.001; see Fig. 2, panel B).
Supplementary material 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
Supplementary material S.3.
Calculation)

3. Results
3.1. Network engaged by decision
Within typically-developing adolescents the contrast ΔBOLD(Active
demonstrated prominent activation in medial frontal
regions, bilateral inferior frontal gyrus and insula, thalamus, midbrain,
caudate, precuneus and right inferior parietal regions (see
Supplementary material Fig. 3, Table 1A).
Trial – Calculation)

3.3. Whole-brain regression analyses
Regression analyses testing the association of ΔBOLD(Active
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Fig. 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 > typicallydeveloping 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 Supplementary material Table 2.

cents the contrast ΔBOLD(Active Trial – Calculation) remained generally
consistent with that shown in Supplementary material Fig. 3 (see
Supplementay material Fig. 6 and Table 1B). Between-group tests
conﬁrmed right anterior insula diﬀerences utilizing the contrast
typically-developing
adolescents > patients
with
LPE
(see
Supplementary material Fig. 7). Regression and other between-group
permutation analyses did not demonstrate signiﬁcant results.

Calculation) with severity of callous-unemotional traits, while covarying
age, IQ, 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 2B). Regressions controlling for comorbidity are presented in Supplementary
material S.4 and exploratory regressions with game behavior are
presented in Supplementary material S.5.

4. Discussion
3.4. Results utilizing more conservative permutation analyses
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

All primary analyses were re-run utilizing non-parametric permutation tests. The network engaged within typically-developing adoles108
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(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 et al. (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 AlAn'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 AlAn's game is signiﬁcantly
related to measures of empathic concern and perspective taking. Unlike
the passive avoidance task utilized by White and colleagues (White
et al., 2016a), the AlAn'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 otherharm. 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 AlAn'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 Supplementary material 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 Fig. 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

Table 2A
Regions showing signiﬁcant activation diﬀerences among typically developing adolescents, patients with LPE and patients without LPE during decision-making (Three-group
whole-brain comparisons).
A. Comparing typically developing adolescents, patients with conduct
problems without LPE and patients with conduct problems and LPE
Cluster
number
1

Number of
voxels
37

Structure
Insula (aal)
Superior
temporal
gyrus
Inferior
frontal
gyrus

Side/
BA
R
R; 22

R; 13,
38, 45,
47

X

Y

Z

45
51

20
14

−1
−4

F
statistic
6.14
6.02

45

23

2

8.23

aal=automated anatomical labeling system (see Supplementary material Section S.6).

Table 2B
Associations between severity of callous unemotional traits and brain activation during
decision. Whole-brain regression analyses examining the relationship between brain
activation and total score from the inventory of callous and unemotional traits while
controlling for age, IQ, frame displacement and conduct disorder symptom count.
B.i Clusters of activation negatively associated with severity of callousunemotional traits
Cluster
number

Number of
voxels

Structure

Side/
BA

X

Y

Z

t

1.

33

Inferior
parietal
lobule
Postcentral
gyrus

L; BA
40

−57

−34

47

−3.61

L; BA
2

−57

−31

44

−3.00

B.ii. Clusters of activation positively associated
unemotional traits
1.
37
Posterior
L; BA
cingulate
30, 31
Lingual gyrus L; BA
18, 19
Cuneus
L; 30

with severity of callous−9

−64

8

3.31

−12

−58

2

3.40

−9

−61

5

2.95

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 threegroup 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 (Supplementary material Fig. 4A). 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 (Fig. 2 and Supplementary
material Fig. 4B). 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
(Supplementary material Fig. 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
109
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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 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 II errors.

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 Supplementary material
Fig. 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 2B). This
ﬁnding unfortunately did not hold when more conservative nonparametric 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 regression analyses, was signiﬁcantly associated with behavior on the AlAn's game (Supplementary
material 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 2B). 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 Supplementary material
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 selfbeneﬁt 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 callousunemotional 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

5. 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.
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