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Abstract

Distinct empathy deficits are often described in patients with conduct disorder
(CD) and autism spectrum disorder (ASD) yet their neural underpinnings and the
influence of comorbid Callous-Unemotional (CU) traits are unclear. This study
compares the cognitive (CE) and affective empathy (AE) abilities of youth with
CD and ASD, their potential neuroanatomical correlates, and the influence of
CU traits on empathy. Adolescents and parents/caregivers completed empathy
questionnaires (N = 148 adolescents, mean age = 15.16 years) and T1 weighted
images were obtained from a subsample (N = 130). Group differences in empathy
and the influence of CU traits were investigated using Bayesian analyses and
Voxel-Based Morphometry with Threshold-Free Cluster Enhancement focusing
on regions involved in AE (insula, amygdala, inferior frontal gyrus and cingulate
cortex) and CE processes (ventromedial prefrontal cortex, temporoparietal junc-
tion, superior temporal gyrus, and precuneus). The ASD group showed lower
parent-reported AE and CE scores and lower self-reported CE scores while the
CD group showed lower parent-reported CE scores than controls. When account-
ing for the influence of CU traits no AE deficits in ASD and CE deficits in CD
were found, but CE deficits in ASD remained. Across all participants, CU traits
were negatively associated with gray matter volumes in anterior cingulate which
extends into the mid cingulate, ventromedial prefrontal cortex, and precuneus.
Thus, although co-occurring CU traits have been linked to global empathy defi-
cits in reports and underlying brain structures, its influence on empathy aspects
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BACKGROUND

Empathy is the ability to understand another person’s
mental state and respond with an appropriate emotion
(Decety & Jackson, 2004), and is essential to social func-
tioning (de Vignemont & Singer, 2006; de Waal &
Preston, 2017; Eisenberg et al., 2014; Uzefovsky &
Knafo-Noam, 2016; Walter, 2012). Affective (AE) and
cognitive (CE) empathy are described as the two main
aspects of empathy (Dvash & Shamay-Tsoory, 2014;
Walter, 2012). AE is the ability to feel another person’s
emotion and respond with an appropriate emotional
reaction (Baron-Cohen & Wheelwright, 2004) and
includes experiencing personal distress due to the distress
of others (Eisenberg, 2010; Uzefovsky & Knafo-
Noam, 2016). CE includes Theory of Mind (TOM) or
perspective taking (Uzefovsky & Knafo-Noam, 2016)
and comprises the accurate recognition, understanding,
and mentalization of the emotions and cognitions of
others (Baron-Cohen & Wheelwright, 2004). Adaptive
social behavior requires the interplay between AE and
CE processes, with deficits in one of these aspects poten-
tially leading to substantial impairments in social behav-
iors (Preckel et al., 2018).

Selective impairments in AE and CE have been
observed in different psychological disorders such as
patients with autism spectrum disorder (ASD) or conduct
disorder (CD). Empathy deficits are a known core feature
of ASD experiencing major difficulties in perspective-
taking (Vilas et al, 2021), TOM (Baron-Cohen
et al., 1985; Blair, 2005; Cantio et al., 2016; Happé
et al., 2017; Jones et al., 2010; Schwenck et al., 2012) and
social interaction (Frith & Frith, 2003; van der Zee &
Derksen, 2020). Patients with ASD frequently show diffi-
culties in emotion recognition and distinguishing between
positive and negative facial expressions, which might lead
to deficits in appropriate social responding and social rec-
iprocity (Frith, 2001; Schulte-Riither et al., 2017). Theo-
ries like the Empathy Imbalance (Rogers et al., 2007;
Schwenck et al., 2012; Smith, 2006, 2009) suggest that
youth and adults with ASD (Gillespie-Lynch et al., 2017,
Lombardo et al., 2016; Rogers et al., 2007; Schwenck

might be disorder-specific. Investigating the subdimensions of empathy may there-
fore help to identify disorder-specific empathy deficits.

To improve our understanding of empathy deficits in autism spectrum disorder
(ASD) and conduct disorder (CD) youths, we measured the main empathy aspects
affective (AE) and cognitive empathy (CE) using reports and underlying brain
structures. While both disorders show overlapping empathy deficits, disorder-
specificities can be found when accounting for the influence of co-occurring
Callous-Unemotional (CU) traits.

autism spectrum disorder, brain structure, conduct disorder, Callous-Unemotional traits, empathy

et al., 2012; Shalev et al., 2022; Smith, 2006, 2009), and
neurotypicals with elevated autistic traits (Shalev &
Uzefovsky, 2020) would display deficits in understanding
others’ emotions (CE) and a surfeit in AE, while others
suggest a more global empathy deficit including AE and
CE (Grove et al., 2014). By contrast, the available evi-
dence for youth with CD suggests that AE would be
impaired while CE is not (Blair, 2013; Blair et al., 2014;
Igoumenou et al., 2017). Children and youth with CD
are typically characterized by repetitive and persistent
behaviors of violations of others’ rights, theft, lying, vio-
lence, and reckless breaking of rules (American Psychiat-
ric Association, DSM-5 Task Force, 2013; Frick &
Nigg, 2012). CD poses a significant burden at the individ-
ual, social and economic levels (Erskine et al., 2014,
2016; Foster et al., 2005). It also presents heightened risks
for comorbid disorders (Angold et al., 1999; Erskine
et al., 2016; Foster et al., 2005; Loeber et al., 2009;
Odgers, 2009), which often persists into adulthood
(Fairchild et al., 2019; Simonoff et al., 2004). Youth with
CD and high callous-unemotional (CU) traits show a dis-
tinctive developmental pathway (Frick & Kemp, 2021)
typically displaying more severe, aggressive, and persis-
tent antisocial behaviors (Fontaine et al., 2011; Frick
et al., 2003; Lawing et al., 2010; McMahon et al., 2010;
Waller & Hyde, 2018; Willoughby et al., 2014). CU
traits, defined by low empathy, guilt, and prosociality
(Fairchild et al., 2019), have been associated with AE
and empathy deficits in relation to antisocial and psycho-
pathic behaviors (Burghart & Mier, 2022; Campos
et al., 2022; Jones et al., 2010; Martin-Key et al., 2017;
Waller et al., 2015), and are considered a risk factor for
the development of psychopathy in adulthood (Hyde &
Dotterer, 2022). Some evidence suggests the potential
presence of a double dissociation in the CE/AE empathy
deficits observed in ASD and CD adolescents with high
CU traits, respectively (Chen et al., 2016; Jones
et al., 2010; Lockwood et al., 2013; Pijper et al., 2016;
Schwenck et al., 2012). However, a recent meta-analysis
did not observe differences in association strength
between CU traits and AE or CE (Waller, Wagner,
et al.,, 2020) implying that CU traits might rather be
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linked with global empathy. Interestingly, although CU
traits have been primarily linked to CD, CU traits and
ASD are both characterized by disruptive behaviors and
reduced empathic responsiveness (American Psychiatric
Association, DSM-5 Task Force, 2013), and often co-
occur in children with ASD (Carter Leno et al., 2021).
Thus, CU traits might present a potential symptomatic
overlap between ASD and CD (Carter Leno et al., 2015,
2021; Frick et al., 2013; Herpers et al., 2016; Ibrahim
et al., 2019; Kaat & Lecavalier, 2013). An improved
understanding on the association between CU traits and
the empathy deficits observed in ASD and CD and could
potentially help would be needed to test whether these
deficits really show a double dissociation character
(Georgiou et al., 2019; Grove et al., 2014; Klapwijk
et al., 2016; Noppari, 2022; Vilas et al., 2021).

Brain imaging studies have shown CE processes to be
more strongly supported by cortical regions whereas AE
processes would be supported by neural networks with
more significant involvement of subcortical and limbic
regions (Bernhardt & Singer, 2012; Bray et al., 2022;
Bzdok et al., 2012; Fan et al., 2011; Frith & Frith, 2003;
Lamm et al., 2011; Schurz et al., 2014; Stern et al., 2019;
Uribe et al., 2019; Van Overwalle & Baetens, 2009).
Thus, taking the neural correlates of a potential double
dissociation in empathy deficits into account, ASD would
be expected to show neural abnormalities in cortical
regions involved in CE processes, and youth with CD in
subcortical and limbic regions involved in AE processes.
The evidence is however inconsistent (Klapwijk
et al., 2016; Noppari, 2022). In a recent meta-analysis,
ASD youth displayed gray matter volume (GMYV)
decreases in limbic regions including temporal cortex and
amygdala, linked to processes underlying AE
(Marsh, 2018), compared with typically developing youth
(TD) (Del Casale et al., 2022). Youth with CD, have
meanwhile shown reduced GMYV across cortical regions
including the anterior cingulate cortex (ACC), ventrome-
dial prefrontal cortex (vmPFC), temporal cortex and
anterior Insula (AI), as well as subcortical structures
(Fairchild et al.,, 2019; Rogers & De Brito, 2016;
Sebastian et al., 2016). The precise contribution of these
regions to the observed empathy deficits is yet to be
determined (Fan et al., 2011; Gothard, 2020; Mutschler
et al., 2013; Simi¢ et al., 2021; Walter, 2012). Compared
to healthy participants, adults who were criminal
offenders with psychopathic traits displayed lower GMV
in the insula, frontal cortex and sensorimotor cortex
while adults with ASD showed reduced GMYV in left pre-
cuneus (PCu) and cerebellum (Noppari, 2022). Further-
more, both groups shared structural alterations in the
right precentral gyrus compared with a healthy control
group, which has been linked to AE processes (Bray
et al., 2022; Kim et al., 2020; Naor et al., 2020). In direct
comparisons, the offender group showed lower GMV in
the left temporal pole and left inferior frontal gyrus
(IFG) than the ASD group (Noppari, 2022). These

results therefore suggest the potential presence of both
shared and disorder-specific and shared structural differ-
ences underlying AE and CE deficits shown by patients
with ASD and patients with psychopathic traits. These
results would be in line with findings in a comparison
study on brain function revealing shared reduced
responses during an emotion contagion task, which is
linked to AE, in the amygdala, but differ in their func-
tional alterations from controls during an emotion recog-
nition task, linked to CE processes (Klapwijk
et al., 2016).

Differences linking specific empathy deficits to struc-
tural neural correlates in youth with ASD or CD have
not yet been investigated. The direct comparison of
potential disorder-specific differences in brain structure
and their association with empathy deficits in neurodeve-
lopmental disorders acquires particular relevance during
adolescence. This is due to the crucial neural develop-
mental processes that still undergoing during this period.
Together with pubertal changes and potential stressors
related among others to social factors, this makes of ado-
lescence a period of particular vulnerability to the
appearance or exacerbation of psychiatric symptoms
(Blakemore, 2012; Di Martino et al., 2014; Dumontheil,
2016; Fuhrmann et al., 2015).

In sum, the specificity of the empathy deficits
observed in ASD and CD and their underlying brain
structural correlates are not yet well understood. Such
studies might provide additional insight into differences
between CD and ASD in AE/CE measured as a trait and
might help to close the knowledge gap on the disorders’
neurodevelopmental specificities. This might help in
defining overlapping and distinctive empathy aspects and
disorder-specific deficits which might consequently sup-
port efforts towards a consensus in the empathy concept
definition. Additionally, the compared influence of CU
traits on possible associations of reported measures and
brain structures in both ASD and CD has not yet been
investigated. This study investigates the potential dissoci-
ation in empathy deficits in youths with CD and ASD
and their neuroanatomical underpinnings expecting that
CU traits show a stronger impact on the CD than ASD
group based on its primary link to this disorder
(American  Psychiatric  Association, DSM-5 Task
Force, 2013). We used measures from self- and parent-
reports to overcome the limitation of previous studies
investigating empathy mainly using either parent-or
caregiver-reports for children or self-reports for adoles-
cents (Sesso et al., 2021). Additionally, we use structural
brain imaging to identify the potential differences in neu-
ral structures underlying the empathy deficits observed in
these populations. We hypothesize that, compared with
TD, patients with CD display lower scores in AE and
lower GMV in regions involved in AE processes
(CD < ASD, TD), while patients with ASD show lower
scores in CE and lower GMYV in regions involved in CE
processes (ASD < CD, TD). We also want to determine
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to what extent CU traits are related to AE and/or CE
and associated brain structures in CD and ASD and
whether there are group differences in this association.

METHODS
Participants

Adolescent participants with ASD and CD were
recruited from different specialized clinical settings and
residential centers in Basel and Zurich (University Psy-
chiatric Clinic in Basel, Psychiatric University Clinic in
Zurich, AHBasel foundation, and youth home Schléssli
in Basel). Participants included in the TD group were
recruited from socioeconomically diverse secondary
schools in the Canton Basel-Stadt. Inclusion criteria for
children and adolescents within the patient’s group were
the fulfillment of the DSM-5 diagnostic criteria
(American Psychiatric Association, DSM-5 Task Force,
2013) for either CD or ASD and no comorbid depressive
or anxiety disorder. To be included in the TD group,
participants could not meet the criteria for any current
or previous psychiatric disorder. Clinical assessment of
the diagnostic criteria was conducted using a semi-
structured clinical interview (Schedule for Affective Dis-
orders and Schizophrenia for School-Age Children —
Present and Lifetime Version, K-SADS-PL) (Kaufmann
et al., 1997) for all participants. For the ASD group, the
ADOS or ADI-R (Bolte et al., 2006; Poustka
et al., 2015) was additionally administered. Additional
inclusion criteria were an average 1Q score (>70) for all
participants. Consequently, this entailed that for the
ASD group diagnostic criteria for either Asperger’s syn-
drome or high functioning autism had to be fulfilled.
When 1Q test results were available from the clinics
which were no older than 24 months prior to study
enrollment, then information was entered into our data-
base. When such information was not available or results
were older than 24 months, a psychometric 1Q assess-
ment using Wechsler Intelligence Scale For Children
(WISC-1V) (Wechsler, 2012b) or Wechsler Adult Intelli-
gence Scale (WAIS-IV) (Wechsler, 2012a) was con-
ducted. Participants and caregivers/parents filled out
different questionnaires. Participants completed the
Basic Empathy Scale (BES) (Jolliffe & Farrington,
2006), whereas parents/ caregivers completed the Griffith
Empathy Measure (GEM) (Dadds et al., 2008). Both
questionnaires provide subscale scores of AE and CE. In
addition, caregivers filled out the Inventory of Callous
Unemotional traits (ICU) (Frick, 2017). Participants
then underwent a structural brain imaging data acquisi-
tion session. Written informed assent and/or consent was
obtained from participants and caregivers.

The total sample included 163 participants, with
Nep =76, Nysp =40, and Nyp = 47. However, 15 par-
ticipants had to be excluded due to missing data

(NCD = 7, NASD = 7, NTD = 1) Thus, the final sample
with valid psychometric data consisted of 148 partici-
pants, with NCD = 69, NASD =33 and NTD =46 youth
aged 10-18 years (M = 15.24; SD = 2.12 years). For the
MRI analysis, data from 18 participants had to be addi-
tionally excluded due to missing/low-quality data or inci-
dental findings (N¢cp = 11, Nysp =6, Nyp = 1). Thus,
valid brain imaging data was available for a subset of
130 participants (NCD = 58, NASD = 27, NTD = 45)
Given that the data was collected in two waves with the
first wave collecting data from a total of 61 participants
(NCD = 23, NASD = 3, NTD = 35) and the rest being col-
lected in the second wave, we included data collection
wave as an additional regressor of no interest in all ques-
tionnaire and brain imaging analyses to account for
potential differences in the version of the MRI operating
system and changes in the structure of the research team
or other potential differences during data collection. Fur-
ther details on the sample characteristics are shown in
Table 1.

Analysis of self-and parent-reported empathy
questionnaires

All behavioral analyses were conducted using R (Version
42.1) (R Core Team, 2020) and RStudio (Version
2022.7.0.547) (RStudio Team, 2022). From the whole
dataset, 5% of participants did not have a valid record of
1Q data, 5% of participants had missing responses in the
BES questionnaire, 18% in the GEM questionnaire, and
17% in the ICU questionnaire. Following standard rec-
ommendations, imputation of missing data is practicable
for variables missing at random, using the “mice” pack-
age to implement multiple imputation by chained equa-
tions (van Buuren & Groothuis-Oudshoorn, 2011)
(m = 100, maxit = 20, meth = “pmm”) to maximize the
data used for those analyses. Details on the missing data
for each variable are shown in Table 1.

We examined the presence of group differences in the
affective and cognitive subscales of the BES and GEM
using four regression models within a Bayesian frame-
work, with the group values entered as the main regressor
of interest and empathy scores as the dependent vari-
ables. Age, sex, IQ, and data collection wave were also
included as regressors of no interest to account for poten-
tial developmental and group differences in these dimen-
sions (Table 1). All variables were z-scored before being
entered in the analyses. The regression included a flat
prior and a Gaussian likelihood distribution, with param-
eters warmup = 1000, iter = 2000, 3 chains, and 3 cores.
Since CU traits have shown to be significantly negatively
correlated with empathic abilities, especially in antisocial
youth (Waller, Wagner, et al., 2020) two additional sepa-
rate models were created including CU traits either as a
regressor or in interaction with the variable group. For
this, z-scores were calculated from the total sum score of
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TABLE 1 Sample characteristics.

ASD (N =33) CD (N =69) TD (N = 46) Chi

Mean (SD)/ NR missing Mean (SD)/ NR missing Mean (SD)/ NR missing square/F

count (%) values count (%) values count / %) values stat p value
Sex 12F21M 0 16F/53M 0 23F/23M 0 8.85 0.01
Age (Years) 14.97 (2.57) 0 15.61 (1.81) 0 14.89 (2.16) 0 1.96 0.15
1Q 106.24 (14.21) 0 96.78 (11.08) 4 103.46 (8.27) 4 9.79 <0.001
AE GEM —5.97 (15.61) 1 1.29 (13.44) 24 1.96 (11.92) 2 4.01 0.02
CE GEM 0.52 (10.06) 1 5.14 (9.19) 24 10.85 (8.29) 2 12.74 < 0.001
Total GEM —2.91 (27.61) 1 15.19 (24.63) 24 23.28 (22.87) 2 10.96 <0.001
AE BES 34.42 (7.83) 1 34.22(6.17) 3 38 (6.51) 4 4.93 0.01
CE BES 30.36 (7.33) 1 36.29 (5.29) 3 36.78 (4.07) 4 15.83 <0.001
Total BES 63.79 (13.87) 1 70.55 (9.47) 3 74.98 (9.01) 4 10.97 <0.001
ICU sum 28.33 (10.60) 1 28.84 (9.29) 23 17.07 (8.06) 2 25.05 <0.001
ADHD 7 (21.21%) 0 30 (43.48%) 0 0 0 28.15 <0.001
ODD 2 (6.06%) 0 12 (26.08%) 0 0 0 18.09 <0.001
Addictive 0 0 19 (27.54%) 0 0 0 24.96 <0.001

disorders

PTSD 2 (6.06%) 0 15 (21.74%) 0 0 14.06 <0.001
Tic disorders 1 (3.03%) 0 1 (1.45%) 0 1.33 0.51
Bulimia 0 1 (1.45%) 0 1.15 0.56

Nervosa

Note: This table shows the mean and standard deviation (SD) or number count and percentage (%) for each group as well as the group differences for the key
demographic variables and questionnaire scores utilized in the present study. For each variable and within each group, the number of participants with missing values for
the corresponding value is shown. Missing values were imputed using the MICE package in R with 5000 imputations using all available data for those participants used in
the present study. Group comparisons were conducted after imputation and do not differ from those before the imputation. Except for age, comorbid Tic disorders and

Bulimia Nervosa, at least one group differed significantly in all other variables.

Abbreviations: ADHD, attention deficit hyperactivity disorder; Addictive disorders, substance or alcohol abuse/dependency disorder; AE/CE BES, affective/cognitive
empathy score of the basic empathy scale; AE/CE GEM, affective/cognitive empathy subscale sum of the griffith empathy measure (GEM); ASD, patients with autism-
spectrum disorder diagnosis; CD, patients with conduct disorder diagnosis; ICU sum, total sum score of inventory for callous unemotional traits (ICU) (Frick, 2017); 1Q,
intelligence quotient (total score of WASI, WISC or WAIS); ODD, oppostional defiant disorder; TD, typically developing youth; Tic, Tic disorders; Total GEM/BES,
total sum score of the griffith empathy measure/basic empathy scale; PTSD, post-traumatic stress disorder.

the Inventory of Callous Unemotional traits (ICU)
(Frick, 2017). Then, all three models were compared
using the leave-one-out cross validation (LOO) method,
which uses the log-likelihood computed by 7 (as size of
the dataset) posterior simulations with one sample as the
test set and the rest being the training set for the model
(Vehtari et al., 2017).

Structural MRI acquisition and analyses

Brain structural images were acquired using a Siemens
3.0 Tesla Prisma scanner at the University Hospital
Basel. The acquired T1-weighted structural magnetiza-
tion prepared rapid gradient echo (MPRAGE) images
included 192 slices, field of view 256 mm, voxel size
1 x 1 x Imm, repetition time 1900 ms, echo time
3.42 ms. Customized TPMs and DARTEL templates to
represent the whole sample were generated within the
Cerebromatic toolbox (COM) (Wilke et al., 2017), an
updated version of TOMS using a more flexible approach
(Wilke et al., 2017). Therefore, information about age,

sex, and field strength of the 130 participants was used to
create priors of the population of interest based on the
regression parameters provided by the University of
Tuebingen.

In line with previous studies (Del Casale et al., 2022;
Fairchild et al., 2019; Noppari, 2022; Rogers & De
Brito, 2016; Sebastian et al., 2016), GMV was used as
brain structural measure as it takes into account influ-
ences of cortical volume subcomponents such as cortical
thickness or surface areas (Vijayakumar et al., 2018)
including their different developmental trajectories (Mills
et al., 2016). Thus, GMYV allows us to relate the findings
with the available evidence in the literature.

Voxel-Based Morphometry (Ashburner & Friston,
2000) analysis was conducted wusing CATI12
(Computational Anatomy Toolbox) (Gaser & Dahnke,
2016), implemented in SPM12 (Statistical Parametrical
Mapping) (Penny et al., 2006). After individual inspec-
tion of raw data, preprocessing was conducted following
the standard steps as recommended in the CAT2 manual.
Next, we manually inspected the quality reports by
CAT12, (providing parameters of noise, inhomogeneities,
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and image resolution) for each T1 image. Only those
individuals whose data quality was classified as C- or
higher were included in the analyses, representing satis-
factory image quality (https:/neuro-jena.github.io/cat/
index.html#QC). Consequently, N = 3 participants had
to be excluded due to quality issues. To correct for differ-
ences in brain size and volume, Total Intracranial Vol-
umes (TIV) were calculated for each participant with
CATI12 and added to the analyses as a regressor of no
interest.

Region of interest (ROI) statistical analyses

To investigate the association and potential group differ-
ences between GMV and AE and CE, we created two
general linear models for the GEM and the BES, includ-
ing group as factor and both empathy subscales as regres-
sors. The simultaneous consideration of both empathy
subscales differs from the analyses in 2.2 and is justified
by previous separate analyses whose results did not differ
from the present one. Next, two additional models were
created to investigate the potential associations between
CU traits and GMYV, by adding ICU total scores as an
additional regressor to the previous models. Further
models were designed to examine group differences in the
association between empathy respectively CU traits and
GMV (group x empathy; group x CU), as well as the
interaction of CU traits and empathy associated with
GMV (CU x empathy), with the product of empathy
and CU trait scores as a new regressor. Separate interac-
tion models were created with each of them including
both empathy subscales for the corresponding question-
naire. For all models, the normalized individual images
were included in a full factorial anova, with 1Q, age, sex
and TIV as regressors of no interest. As described in
Section 2.1, an additional regressor was included to
account for potential differences related to the data
collection wave.

We restricted the analyses to regions previously asso-
ciated with CE and AE (Bray et al., 2022; Fan
et al., 2011; Schurz et al., 2014; Stern et al., 2019). To do
so, we created a combined mask of regions associated
with AE (amygdala, insula, IFG, cingulate cortex), and
CE processes (vmPFC, TPJ, superior temporal gyrus,
and PCu), using FSL eyes (Version 1.3.0) (https://zenodo.
org/record/7038115#.Y9KIy8hKiUc) choosing from the
Harvard Oxford Atlas, and xjView (Version 10.0)
(https://www .alivelearn.net/xjview/) (Figure S1). Signifi-
cant results at p < 0.05 were identified via the generation
of a null distribution over 5000 permutations, followed
by a Threshold-Free Cluster Enhancement (TFCE) tech-
nique along with family-wise error (FWE) correction for
comparison across multiple voxels. TFCE identifies
cluster-like patterns by considering voxel- and cluster-
related information without relying on fixed statistics for
cluster-definition thresholds, thus computing significant

clusters that retain voxel-wise weightings (Smith &
Nichols, 2009).

RESULTS
Construct evaluation

Spearman correlations were conducted in R to identify
the underlying correlations between the corresponding
subscales of the two questionnaires (i.e., cognitive sub-
scale in the self-report and cognitive subscale in the
parent-report questionnaire). Each empathy subscale of
the self-report showed a small correlation with each
of the counterpart subscales of the parent-report (CE in
BES x GEM: rho =0.16, p=0.05; AE in BES x
GEM: rho = 0.25, p <0.001) (Table Sla). To further
investigate potential differences in this matter between
groups, correlations were conducted for each of the
groups separately. Results display low correlations for
AE (rho >0.3, p < 0.001) in the ASD and the TD group
and non-significant correlations for AE in the CD
group (Table S1b). Non-significant CE correlations
were found between questionnaires across all groups
(Table S1b).

Questionnaire results

Multiple linear regressions within a Bayesian framework
without CU traits included in the models revealed signifi-
cant results for the variable group in most combinations
of empathy and questionnaire type (Table 2). In the self-
report (BES), the ASD group reported significantly lower
scores in CE compared to the TD and CD groups while
no significant difference was found between the CD and
TD group (Table 2). In the parent-report (GEM), the
ASD group showed lower AE and CE scores than
the TD and CD groups and the CD group displayed
lower CE scores than the TD group. Model comparisons
revealed that the majority preference lies with the models
that include CU traits as a covariate (Table 3). However,
a better model fit cannot be completely determined
because of low standard errors. Although the interaction
of group and CU traits was the preferred model in the
parent-reported CE subscale (GEM), this was not
the case for parent-reported AE (GEM) and self-reported
AE and CE (BES) (Table 3). With the inclusion of CU
traits as a covariate in the models, the CD group no lon-
ger significantly differed from the TD group in parent-
reported CE. For patients with ASD, group differences
were reduced for AE in the parent-report but remained
for CE in both self-and parent-reports (Table 4). Addi-
tional supplementary analyses were conducted including
the interactions of group and CU traits (Table S2), age
(Table S3), sex (Table S4), and discrepancy measures for
both empathy questionnaires (Table S5). Results showed
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TABLE 2 Bayesian regression analysis for self- and parent-reports on AE/CE.

Self-report Parent-report
Affective empathy
Hypothesis Est. SE 95% CI Post. Prob. Est. SE 95% CI Post. Prob.
ASD < TD —0.15 0.25 —0.56 0.25 0.27 —0.46 0.27 -0.9 —0.03 0.04
CD < TD —0.24 0.19 —0.56 0.07 0.1 —0.05 0.22 —0.41 0.3 0.6
ASD > CD 0.1 0.22 -0.26 0.46 0.33 -0.5 0.25 -0.91 —0.11 0.02
Cognitive empathy
Hypothesis Est. SE 95% CI Post. Prob. Est. SE 95% CI Post. Prob.
ASD < TD -0.92 0.24 —1.31 —0.53 0 —1.11 0.24 —1.51 -0.71 1
CD <TD —0.06 0.2 —0.37 0.27 0.39 —0.57 0.19 —0.88 -0.25 0
ASD < CD —0.85 0.22 —1.21 —0.49 0 —0.54 0.23 —0.92 —0.17 0.01

Note: This table shows the multiple regression analysis results testing the one-sided hypotheses on key dependent variables: AE and CE subscale scores of self-reports (BES)
(Jolliffe & Farrington, 2006) and parent-reports (GEM) (Dadds et al., 2008). All models included the following regressors: group, age, IQ, sex, data collection wave. The
variable CU traits was created using z-scores of the total sum of the Inventory of Callous Unemotional traits (ICU) (Frick, 2017). All included variables were z-scored.
Results show lower CE/AE scores for the ASD group compared to the TD group in the parent-report. Compared to the CD group, the ASD group shows lower CE scores in
self-and parent-reports, and lower AE scores in the parent-report. The CD group shows lower CE scores in the parent-report when compared to the TD group.
Abbreviations: 95% CI, credible interval; ASD, youth with autism spectrum disorder; CD, youth with conduct disorder; Est., estimate; Hypothesis, direction of tested
hypothesis; Post. Prob., posterior probability under the hypothesis against the hypothesis’ alternative; SE, standard-error; TD, typically developing youth.

TABLE 3 Model comparison using leave-one-out cross validation method among models with and without CU traits as covariate and in

interaction with group.

Affective empathy

Model elpd_diff se_diff Model elpd_diff se_diff
CU as cov. 0 0 CU as cov. 0 0
Basic model -1.7 2.1 Interaction CU x Group —0.6 1.9
Interaction CU x Group -2 1.1 Basic model —-1.8 2.8
Cognitive empathy

Model elpd_diff se_diff Model elpd_diff se_diff
CU as cov. 0 0 Interaction CU x Group 0

Basic model -0.6 22 CU as cov. —0.6

Interaction CU x Group -1.8 1.2 Basic model —6.1 4

Note: This table shows the model comparison results of leave-one-out cross validation as information criteria on key dependent variables of the multiple regression
analysis: AE and CE subscale scores of self-reports (BES, Jolliffe & Farrington, 2006) and parent-reports (GEM, Dadds et al., 2008). The basic model (=Basic model)
included the following regressors: group, age, I1Q, sex and data collection wave. Additionally, one model included CU traits as covariate (=CU as cov.), and another
model an interaction of CU traits and group (=Interaction CU x group). The variable CU traits was created using z-scores of the total sum of the Inventory of Callous
Unemotional traits (ICU) (Frick, 2017). All included variables were z-scored. Results show the pairwise comparisons between each model and the model with the largest
ELPD. The preference lies with the model including CU traits as covariate in the model for AE subscale scores of self-and parent-reports and CE subscale scores of the
self-reports. For CE, in the parent-report the model including the interaction of CU traits and group is preferred over the other models.

Abbreviations: elpd diff, expected log pointwise predictive density; se diff, standard error; CU, callous-unemotional traits.

negative main effects of sex on self-reported AE, and
main and interaction effects on AE discrepancy mea-
sures. Age and group revealed a positive interaction
effect for the ASD group in self-reported AE.

Structural MRI results

Within the regions of interest, we observed no signifi-
cant group effects or effects of AE or CE on GMYV in
either of the two models including group as factor and
both empathy scales of either the GEM or the BES and

regressors. The two models that additionally included
the ICU score as regressor, however, revealed significant
negative associations with GMV for both questionnaires
GEM and BES with overlapping clusters in the left
ACC extending into mid-cingulate (MCC) and the
vmPFC, and PCu (peak MNI = 3; 31; —15, 32,457 mm’
volume), with all p(FWE) <0.05 (Figure 1, Table 5).
Significant clusters for both models including either
empathy scores of the BES or the GEM do not substan-
tially differ between them. Separate results for both
models are displayed in Table S6. No significant interac-
tion effect was observed.
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TABLE 4 Bayesian regression analysis for self - and parent-reports on AE/CE including CU traits as regressor in the model.

Self-report Parent-report
Affective empathy
Hypothesis Est. SE 95% CI Post. Prob. Est. SE 95% CI Post. Prob.
ASD < TD 0.04 0.26 -0.4 0.46 0.56 —0.22 0.28 —0.68 0.23 0.22
CD < TD —0.05 0.21 -0.4 0.29 0.41 -0.3 0.22 —0.68 0.07 0.92
ASD > CD 0.09 0.21 -0.25 0.44 0.34 —0.51 0.23 -0.9 —0.13 0.01
Cognitive empathy
Hypothesis Est. SE 95% CI Post. Prob. Est. SE 95% CI Post. Prob.
ASD < TD —0.73 0.26 —1.15 —0.31 0 —0.78 0.25 -1.19 —0.37 1
CD <TD 0.12 0.21 -0.22 0.46 0.72 -0.23 0.21 —0.56 0.11 0.13
ASD < CD —0.86 0.22 -1.22 —0.51 0 —0.57 0.22 —0.92 —0.2 0.01

Note: This table shows the multiple regression analysis results testing the one-sided hypotheses on key dependent variables: AE and CE subscale scores of self-reports
(BES) (Jolliffe & Farrington, 2006) and parent-reports (GEM) (Dadds et al., 2008). All models included the following regressors: group, age, 1Q, sex, data collection wave
and CU traits. The variable CU traits was created using z-scores of the total sum of the Inventory of Callous Unemotional traits (ICU) (Frick, 2017). All included
variables were z-scored. Results show group differences in the CE aspects for both self- and parent-reports with the ASD group showing lower scores compared to the TD
and CD group. Both CD and ASD groups do not significantly differ in AE scores from the TD group, but the ASD group shows lower scores than the CD group in
parent-reported AE.

Abbreviations: 95% CI, credible interval; ASD, youth with autism spectrum disorder; CD, youth with conduct disorder; Est., estimate; Post. Prob., posterior probability
under the hypothesis against the hypothesis’ alternative; SE, standard-error.

Model using BES scores '
mmm Model using GEM scores

FIGURE 1 This figure shows the overlap of the full factorial analyses results including AE and CE of either the BES or GEM, CU traits and
group as regressors of interest and TIV, age, sex, data collection wave and IQ as regressors of no interest. Colored clusters depict the voxels
significantly negatively associated with CU traits, with blue clusters representing results from the model including empathy scores of the GEM, while
red clusters depict results of the model including empathy scores of the BES. Across all participants, significant associations were observed between
GMYV and CU traits in the left ACC, extending into the MCC and vmPFC, as well as the PCu. Results for both models do not differ substantially
from each other (peak MNI = 3; 31; —15, 32,456 mm?> volume), with all p(FWE) < 0.05. ACC, anterior cingulate cortex; AE, affective empathy;
BES, basic empathy scale; CE, cognitive empathy; CU, callous-unemotional traits; FWE, familywise error rate; GEM, griffith empathy measure;
GMYV, gray matter volume; 1Q, intelligence quotient; MCC, mid cingulate cortex; MNI, montreal neurological institute; PCu, precuneus; TIV, total
intracranial volume; vimPFC, ventromedial prefrontal cortex.

For completeness, we conducted whole brain analyses ~ and Table S7). An additional region of interest analysis
(Figure S2) whose results do not differ significantly from  of GMV was conducted to examine possible structural
the main ROI described above with exception of the differences in youths with low versus high levels of CU
additional cluster in the orbitofrontal pole, that was neg- traits based on the clinical cutoff score of 30 in the ICU
atively associated with CU traits in the BES (Figure S2 questionnaire, as recommended by Docherty et al.
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TABLE 5 Spatial centers of gravity depicting the shared peak clusters of the region of interest analysis negatively associated with callous-

unemotional traits.

Spatial centers of gravity

Structures Volume

X Y V7
Medial orbitofrontal cortex (R), Anterior cingulate (L,R) 1452 1 39 -1
Anterior cingulate (L), Mid-cingulate (L, R) 1039 -3 13 37
Mid-cingulate (L) 594 -8 =25 42
Anterior cingulate (L,R) 246 -1 35 22
Precuneus (R), Mid-cingulate (R) 167 11 —43 48

Note: This table depicts the spatial centers of gravity of binary clusters significantly negatively associated with CU traits that were created by combining regions that were
significant in both models. Regressions for the separate models included group as factor, AE and CE of either the self-reported BES or the other-reported GEM, and total
CU trait scores as regressors, as well as IQ, age, sex, data collection wave, and TIV as covariates. All included variables were z-scored. Results were estimated using
TFCE, FWE-corrected, and thresholded at p < 0.05. Across all participants and for both models, significant associations were observed between GMV and CU traits in
the left ACC, extending into the vmPFC and the MCC, as well as the PCu. As can be seen in Table S2 significant clusters for both models including empathy scores of

either the BES or the GEM do not differ substantially from each other.

Abbreviations: AE, affective empathy; BES, basic empathy scale; CE, cognitive empathy; CU, callous-unemotional traits; FWE, family-wise error correction for multiple
comparisons; GEM, griffith empathy measure; IQ, intelligence quotient; L, left; MNI, montreal neurological institute; R, right; TFCE, threshold free cluster

enhancement; TIV, total intracranial volume.

(2017), with TD participants as a separate group
(Figure S4, Table S8). Significant group differences were
found between the high CU group, the low CU group,
and the TD group. Especially, the high CU group (>30)
showed lower GMV in the ACC/MCC, vmPFC and
PCu, and additionally, in the amygdala, hippocampus,
and insula than the TD group.

DISCUSSION

The aim of this study was to improve our understanding
of the shared and disorder-specific deficits in AE and CE
in youth with CD and ASD, as well as the underlying dif-
ferences in brain structure. We furthermore explored the
influence of co-occurring CU traits in these associations
across all participants. Overall, our findings do not sup-
port a double dissociation of empathy deficits in youth
with ASD and CD (Blair, 2013; Blair et al., 2014;
Gillespie-Lynch et al., 2017; Igoumenou et al., 2017;
Lombardo et al., 2016; Rogers et al., 2007; Schwenck
et al., 2012; Shalev et al., 2022; Smith, 2006, 2009), but
global empathy deficits for ASD in the parent-report and
CE deficits in the self-report, and for CD, parent-
reported CE deficits. Interestingly, when CU traits were
included in the models, the observed influence of CU
traits on empathy aspects was dependent on the disorder.
Thus, compared with the TD group, the ASD group no
longer showed AE deficits, while the CD group showed
no longer CE deficits. Additionally, CU traits were nega-
tively associated with GMV in left ACC extending into
MCC and vmPFC, and PCu across all participants.

The potentially overlapping empathy deficits dis-
played by the group of youths with ASD and those with
CD results would be in line with the overlapping aggres-
sive, antisocial, and disruptive symptoms observed in
ASD and CD, which were also associated with empathy

deficits in previous studies (Frick et al., 2013; Kaat &
Lecavalier, 2013). For the ASD group, global empathy
deficits were observed, in line with the existing evidence
of deficits in CE (K. Rogers et al., 2007; Schwenck
et al., 2012; Vilas et al., 2021), but also in abilities that
need both AE and CE (Lombardo et al., 2010) such as
self-other distinction. Against expectations, CD youths
only showed CE deficits in the parent-report and no defi-
cits in the self-report, which might suggest differences
between self-perceived and externally observed empathy
abilities. Notably, a significant proportion of the parent-
reports for CD youths was completed by the main care-
givers from institutionalized settings. While the results
are comparable to those from previous studies (Waller,
Wagner, et al., 2020), it is conceivable that temporary
caregivers might have a limited insight into each empathy
aspect capacity of the respective adolescent.

Our results indicate that parent-reported CE deficits
might be related to CU traits in CD youth but not in
those with ASD, in line with previous studies (Waller,
Wagner, et al., 2020), and with the potential disorder-
specific character of CE deficits in ASD, which would
remain significant beyond the presence of CU traits
(Jones et al., 2010; Pijper et al., 2016). CU traits have
been associated with affective TOM, linked with CE and
AE processes (Gao et al., 2019) and might thus be related
to AE and the interplay of AE and CE processes, but not
CE processes per se. In our study, the inclusion of CU
traits in the computational models reduced the relevance
of the AE but not CE deficits for the ASD group, sugges-
tive of a potential differential impact of CU traits on
empathy deficits on each disorder. These findings would
help to understand those of previous studies where defi-
cits in pure CE processes were found only in ASD sam-
ples and not in youth with high levels of CU traits (Jones
et al., 2010; O’Nions et al., 2014; Schwenck et al., 2012;
Vilas et al., 2021). This might further suggest that CE
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empathy deficits are influenced by other factors in youth
with ASD than CD. Thus, CE deficits in ASD youth
might be less influenced by CU traits in the social impair-
ment of the disorder than in CD.

Structural brain imaging analyses did not reveal any
regions significantly associated with potential differences
in empathy aspects, groups, or their interaction. Thus,
our results differ from previous evidence suggesting that
AE/CE deficits are linked with distinct brain regions in
CD and ASD youths (Banissy et al.,, 2012; Eres
et al., 2015; Hoffmann et al., 2016; Klapwijk et al., 2016;
O’Nions et al., 2014; von Polier et al., 2020). A key dif-
ference with previous brain imaging studies is the use of
scores of empathy as trait and measures of brain struc-
ture, relative to the commonly used state-like measures of
empathy and brain functional measures (Lamm
et al., 2011; Moore et al., 2015). Negative associations
were however observed between CU traits and GMV in
the ACC/MCC, vmPFC, and PCu for both self- and
parent-reported empathy across all participants. Atypical
brain function and connectivity in these regions have
been previously associated with high levels of CU traits
(Finger et al., 2008; Marsh, 2018; Marsh et al., 2008;
Waller, Wagner, et al., 2020), CD (Sterzer et al., 2005)
and psychopathy (Blair et al., 2014; Cheng et al., 2012;
de Vignemont & Singer, 2006; Kiehl et al., 2001;
Lockwood et al., 2013; Marsh, 2018; Marsh et al., 2013;
Rilling et al., 2007; Sterzer et al., 2005). These regions
have also been linked to CE (vimnPFC), affective TOM
(vmPFC) (Sebastian et al., 2012), AE processes
(ACC/MCC) (Bernhardt & Singer, 2012; Bzdok
et al., 2012; Lamm et al., 2011) and CE processes (Bray
et al., 2022; Bzdok et al., 2012; Molenberghs et al., 2016;
Schurz et al., 2014; Van Overwalle & Baetens, 2009).

Previous studies investigating the associations
between CU traits and brain regions involved in empathy
processes have mainly focused on CD populations.
Therefore, the relationship between CU traits and ASD
remains speculative. However, in ASD patients, func-
tional abnormalities in regions overlapping those that in
our sample were related to CU traits have been linked to
ASD symptomatology, with dysfunction in the vmPFC
linked to self-other distinction processes (Simantov
et al., 2021), whereas the ACC and MCC have been
linked to affective functioning (KI1obl et al., 2022) and
repetitive behaviors (Thakkar et al., 2008). Furthermore,
the ACC/MCC and vmPFC are part of the default mode
network (DMN) (Menon & Uddin, 2010) whose integrity
has been associated with social cognition (Mars
et al., 2012; Meyer et al., 2012; Schilbach et al., 2008),
empathy processes (Oliveira-Silva et al., 2023), prosocial
personality traits (Coutinho et al., 2013; Sampaio
et al., 2014) and CE (Winters et al., 2021). The DMN has
consistently been shown to be disrupted in ASD patients
(Chen et al, 2016; Glerean et al., 2016; Lynch
et al., 2013; Mason et al., 2008; Moseley et al., 2015;
Nielsen et al., 2013; Yerys et al, 2015, Ypma

et al., 2016). Thus, structural abnormalities in vmPFC
and ACC/MCC and associated with CU traits might sig-
nificantly contribute to symptoms of ASD, impairing
social cognition and potentially exacerbating their empa-
thy deficits.

Our supplemental analysis revealed structural differ-
ences in amygdala, insula and hippocampus in patients
with CU trait scores above the clinical cutoff (Docherty
et al., 2017) (Figure S4, Table S8). This is in support of
previous findings linking these brain regions to the pres-
ence of high CU traits (Ibrahim et al., 2019; Waller,
Hawes, et al.,, 2020). These regions have been either
linked to AE or global empathy (Bray et al., 2022;
Cardinale et al., 2019; Fan et al., 2011; Goerlich-Dobre
et al., 2015; Lozier et al., 2014; Marsh et al., 2013; Stern
et al., 2019) and with the amygdala being a hub for over-
all emotion-related processing (Gothard, 2020; Simié¢
et al., 2021) it is conceivable that CU traits might also
represent a transdiagnostic indicator for emotion proces-
sing deficits. The presence of CU traits might therefore
play an important role in a range of emotion-related pro-
cesses such as empathy, with deficits displayed not only
in patients with CD but also in other psychiatric disor-
ders (Kraiss et al., 2020; Kret & Ploeger, 2015;
McTeague et al., 2020).

In ASD and TD groups, self- and parent-reports
showed low correlations in AE and no correlations in
CE. Furthermore, no correlations in CE or AE were
observed between self- and parent-reports in the CD
group implying that these reports could measure different
concepts of empathy. Notably, there is still a lack of con-
sensus on the definition of the concept of empathy
(Coplan, 2011; de Vignemont & Singer, 2006; Eklund &
Meranius, 2021; Engelen & Rottger-Rossler, 2012). This
highlights the key role of the questionnaire used, and the
potential need to collect both self- and parent-reported
measures in young clinical populations with ASD
and CD.

This study has potential limitations. For the ASD
group, only adolescents with high functioning autism or
Asperger’s syndrome were recruited, to overcome possi-
ble language and cognitive barriers (Betancur, 2011)
which necessarily limits the generalizability of our find-
ings to a subgroup within this heterogeneous disorder.
Previous findings revealed no differences in social skills
between ASD youth with and without intellectual disabil-
ities (Baker & Blacher, 2020) however, whether there are
empathy differences needs to be further investigated. Fur-
thermore, although we included female and male partici-
pants in our study, the large majority of participants in
both patient groups are males. While potentially reflect-
ing the higher prevalence rate among males in both disor-
ders (Loomes et al., 2017, Merikangas et al., 2010), sex
differences have been described in both disorders
(Fairchild et al., 2013; Ibrahim et al., 2021; Lai &
Szatmari, 2020; Napolitano et al., 2022; Ypma
et al.,, 2016). Our supplementary results are also
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indicative of a potential impact of sex on self-reported
AE, however, given the low numbers of females in the
patient groups, results remain preliminary. Hence, future
studies should explore potential sex-specific differences in
empathy capacities in samples with a more balanced
female-to-male ratio. An additional aspect to consider is
the presence of comorbidities, especially Attention Defi-
cit Hyperactivity Disorder (ADHD), a common comor-
bid diagnosis in ASD and CD youth (Antshel &
Russo, 2019; Fairchild et al., 2019). The presence of both
ADHD and CU traits in neurodevelopmental disorders is
common (Squillaci & Benoit, 2021). Although CU traits
have been discussed as a cross-disorder indicator for
empathy deficits, these might also overlap with empathy
deficits described in ADHD (Braaten & Rosén, 2000;
Maoz et al., 2019; Parke et al., 2021). Thus, investigating
the potential influence of both CU traits and ADHD
symptomatology in these disorders might help to dissect
disorder-specific empathy deficits associated with CU
traits and/or ADHD. Finally, larger sample sizes would
be needed. Model comparison results show low standard
errors implying that larger sample sizes are needed to
confidently confirm a potentially better model fit with
CU traits included in the model.

To sum up, our results do not support the presence
of a double dissociation in AE and CE deficits in youths
with ASD or CD. However, CE deficits in CD adoles-
cents were closely related to the presence of CU traits
whereas in youths with ASD this association was only
observed for AE deficits. Our findings however, con-
firm the association between CU traits and global
empathy deficits (Jones et al., 2010; Waller et al., 2015).
This also highlights CU traits as being a potentially
transdiagnostic indicator for empathy and possibly
overall emotion processing deficits, which extends pre-
vious findings linking symptomatic overlaps between
ASD and CD youth with CU traits (Carter Leno
et al., 2015; Frick et al., 2013; Herpers et al., 2016;
Kaat & Lecavalier, 2013; Pasalich et al., 2014). The
lack of a significant association between CU traits and
CE deficits in the ASD group might be suggestive of
disorder-specific empathy deficits going beyond the
influence of CU traits. Thus, specific CE deficits might
represent a core impairment in ASD which could be
specifically targeted by interventions to improve empa-
thy skills in this disorder. Given the discrepancy in the
measures of empathy, future studies might consider the
combination of self-and parent-reports and task-based
empathy measures to detect specific AE/CE deficits
associated with ASD and CD psychopathologies.
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