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ABSTRACT IN GREEK

Ewcaymyn: ZOpepova pe TponyoOUEVEG EPEVVES, TOGO Ta XOPOKTNPLOTIKE XKANpoTToS (XX)
0G0 KOl TO OVTIOTIKA YOPOKTINPIOTIKE GUVOEOVTAL e TPOPANUaTE otV evevvaicOnon kot
oV Kowoviky aAinienidopaon. [apd to ev Adym empavelokd kowvd mpofAnuata, didpopa
Beopntikd povtéla mpoteivouv wwg o €1G Pabog  kotavomon TV EAMEUUATOV
gvouvaioOnong umopel va oOMYNGEL GE KOADTEPT KATOVONOT TMV SOUIKAOV KOl AELITOVPYIKAOV
SPOPOV TOV OV0 YOPoKTNPIOTIKOV. Emmpdcheta, vmbpyovv eldyloteg mAnpopopieg
OVOQOPIKA HE TIC OlPOPES TV €V AOYOV YOPOKTNPIOTIKOV HE GALOVG TAPAYOVTES
cuvolcOnpaTIKng eneEepyaciog Kot o GUYKEKPLUEVO TNV YOXOPLGLOAOYIKT| S1EYEPOT KOL TNV
AVOyVOPIoT CLVOUGOMUATOV. AV KOl VTTAPYOVY EPEVVNTIKG ATOTEAEGLLATO TOV TPOTELVOLY TNV
oLVOTOPEN TOV OLO YOPUKTNPIOTIKMV, EVTOVTOIS EAAYIOTEC £pevves €xovv €EETACEL TNV
mOavoOTNTO OAANAETIOpaOTG TV OVO. ¢ €K TOVTOV, O GTOYOG TNE TOPOVGAS EPELVOS EIVaL VOl
HEAETNOEL TNV OAANAETIOpACT OALG KoL TV EEXWPLOTH GYéon TV XT KOl TOV OVTICTIKOV
YOPOKTNPIOTIKAOV UE TNV GUVOICONUATIKY KOl YVOGTIKN Evouvaictnon, Ty yuyopuoloAoyiky
déyepon katl TV avoyvopilon cuvaistnudtov. MeBodoroyio: Ao éva apyikd detypo 1652
ooy, nhxiog 4 pe 10 etov, cvAAéyOncav dedopéva ava@opika e To  emimeda
evouvaioOnone. AxoioVOwg, modid pe younAd kot tumkd  emimedo  evovvaicOnomng
EMAEYNOAV Y10 VO GUUUETAGYOLV GTO ENOUEVO 6TAdW0 TG épevvag (163 modid). [a to kébe
éva, a&oroynOnkav to XX, 1o OVTICTIKA YOPUKTNPIOTIKG Kol TO EMImEdD evovvaicOnomng.
Emnpocheta kataypdonkov Wyoxo@uoloAoykés petpnoels (kapdloxol moApoi, epidpwon,
OVTOVOKAOGTIKO  OLOVISIIGHOV), KOTO TNV OldpKEW 7OV To. 7O TapokoilovBovcav
cLVOLCOMNUOTIKEG OKMVEG KIVOLUEVEOV  OYedlV Kol €KOVEG, EVM OTNV  GULVEXELD Ol
GUUUETEYOVTEG KATEYPAWOV TO GLVAICHN A TOV KEVTIPIKOD NP®A TS CKNVAG TOV KIVOLUEV®V
oyediov. Amoteréopata: o v evovvaicOnon, n avaivon mToAvdpounong £0e1ée Tmg Ta
OUTICTIKA YOPAKTNPIOTIKO GUVOEOVTOL OPVNTIKG LE TNV YVOOTIKN gvovvaicOnon, evod to XX
OPVNTIKG KOL LE TNV YVOOTIKN Kot cuvalcOnuatikn evevvaicOnon. Enidpacn aAinienidpaong
Bpédnke pévo ota kopitola, avoEOPIKA HE TNV oYECT TOVG HE TNV CLVOLGOMUOTIKY
gvouvaioOnon, 6mov to YNAdQ EMIMESN OVTIGTIKAOV YOPOKTNPIOTIKOV OlOUEGOAAPOVV GTNV
apvnTiky oxéon petoEy XX Kot cvvooOnpatikng evovvoicOnong. Avoaeopikd pe Tig
WYLYOPUOIOAOYIKEG UETPNOEIS, TO. OMOTEAECUATO KOATESEWEOV TG 1 €QIOpON Kotd Tnv

duapkele apvnTikKaV epediopdtov pmopel va amoteAet deiktn mov draupopomotel Ta aydpla pe
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XT KOl OUTIOTIKA YopoknploTikd. EmmpdcOeta, modd pe ynAd eminedo o0TIGTIKOV
YOPOKTNPICTIKOV CLVOEOVTOL HE YOUNAO OVTOVOKAACTIKO o@VISIIGHOD TOGO o€ OeTikd
gpebiopota 000 kat og gpebicpata dvopopiag, eved To XX pe avénuévo avIavokAAoTIKO o€
Oeticd epebiopota. Téhog, dev  kataypdenke Kopio OSVOKOMo otV  cuvocOUOTIKY
avayvoplon 6e OA0VG Tovg cvppeTéyovtes. Zolntnon: Ta anoteléopata emPefaidvovy v
Vopén SKPITOV TPOPIA gvouvaichnong kot youyoeuotoloyiag petald XX Kol OUTICTIKOV
YOPOKTNPICTIKAOV, KOl TNV CNUOVIIKOTNTO TNG OEPEVVNONG TG OAANAETIOPOONG KOl TOV
Sopopmv HeTall twv OA®V. To gupruato HTopovy vo EVIGYOCOLY Kol VO PEATIOCOVY TIC
VOIOTAUEVEG TTOPEUPATELS, E0TIALOVTOG GE OLUPOPETIKEG TEXVIKES EVouvaioOnong, availoyo pe
TO TPOPIA TOV TS0V, EVM TOWTOYPOVA Yivetan Eekdbopn 1 avaykaldtnTa Tov v Aapfavetot
VITOYT M ETEPOYEVELD KOL OL SLOPOPES VA0V GTIC TOPEUPACELS TOV OVOTTVGGOVTOL Y10, TO, EV

AOY® YOPOKTNPIOTIKAL.
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ABSTRACT

Introduction: Callous unemotional (CU) and autistic traits have both been associated with
deficits in empathy and social interaction in previous studies. However, despite their
superficial similarities, prior evidence suggests that a deeper understanding of their empathy
deficits, can lead to a better understanding of their functional differences. Furthermore, there is
a lack of evidence regarding differences of those traits in other components of emotional
processing, and specifically physiological measurements and emotion recognition. In addition,
despite evidence proposing that both traits can co-exist, few studies have investigated
interactive effects. Thus, the aim of the current study is to investigate the unique and
interactive association of CU and autistic traits with affective and cognitive empathy,
physiological measurements and emotion recognition. Methods: Data on empathy was
initially collected from a sample of 1652 children in early development, age 3-8, rated from
their parents. Next, children with low and normative levels of empathy were selected to
participate (n= 163). For each child, a package of questionnaires was provided assessing CU,
autistic traits and empathy. In addition, physiological responses (heart rate, skin conductance,
startle modulation) were recorded while children watched affective and neutral videos and
pictures, while asking participants to rate the emotional state of the main character of the video
assessed emotion recognition. Results: For empathy, regression analysis revealed that autistic
traits were negatively correlated with cognitive empathy, while CU were negatively correlated
with both empathy subcomponents. Interaction effect was revealed only for girls in predicting
affective empathy, where high levels of autistic traits moderate the negative association
between CU and affective empathy. Regarding physiological measurements, results suggested
that skin conductance reactivity during negative stimuli can be used as a marker differentiating
only boys with CU and autistic traits. Moreover, children with high levels of autistic traits
showed low startle reactivity in both positive and distress stimuli, while CU traits startle
potentiation during positive stimuli. No difficulties in emotion recognition ability were found
in both traits. Discussion: Findings confirm the distinct empathy and physiological profile of
both traits, and the importance of investigating CU and autistic traits interactive effects and
gender differences. These results can inform and improve current prevention and intervention

programs, including different empathy training to address CU and autistic traits, while also

\%



highlighting the importance of taking into account heterogeneity and gender differences for

more effective treatment outcomes.
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FOREWORD

An empathic way of being can be learned from empathic persons. Perhaps the most
important statement of all is that the ability to be accurately empathic is something, which
can be developed by training. Therapists, parents and teachers can be helped to become
empathic. This is especially likely to occur if their teachers and supervisors arethemselves

individuals of sensitive understanding.

- Carl Rogers

Empathy is one of the fundamental aspects of human behavior and personality. It is no
coincidence that Carl Rogers, one of the founders of the humanistic approach in psychology,
highlight the importance of empathy in human relationships, and the need of therapists to be
empathic, and help others to become empathic. For over 250 years, there has been a long —
standing debate over the notion of empathy, focusing on several topics like whether empathy is a
learned behavior or people are born with it. Despite all these on-going discussions, philosophers,
psychologists and other specialists agree on one thing: the multidimensional nature of this
phenomenon. A conclusion, which lead to the assumption that difficulties in different

dimensions of empathy can lead to different physiological profiles and traits.

The majority of theorists suggest that empathy has two subcomponents. First affective
empathy, refers to the ability to share the emotional state of others — or the ability to experience
what other people are feeling. The second subcomponent, cognitive empathy, is the ability to
understand and recognize the emotional state of other people, without necessarily sharing the
exact emotional experience. Following this model, Smith (2006), proposed that we could
identify several empathy disorders, according to the combination of empathy deficits and
abilities (high levels or low levels), experienced by the individual. For example, in the case
where an individual experiences deficits only on cognitive empathy, this results in a different
psychological and behavioral profile, compared to an individual with deficits in both empathy
subcomponent. In addition, excessively high affective empathy can also lead to several
behavioral and emotional difficulties and, as in the case of low levels, can also be related with

abnormal developmental circumstances.

This project is focused on the study of two traits, which literature describes as low

1



empathy traits or in some cases as empathy disorders. First, there are callous unemotional traits
(CU), a specific profile characterized with difficulties in empathy, shallow emotion, and callous
use of others. The second are autistic traits, characterized with an inability of understanding
other people’s emotions, difficulties in social interaction and engagement in stereotype
behaviors. In both cases individuals exhibit empathy deficits, which are related to impairments
in social interaction and engagement in disruptive behaviors. However, these similarities may
mask specific functional differences, and not just a general notion of deficits in empathy
construct and prosocial behaviors. The last ten years, several models explaining the emotional
and behavioral development of individuals with these two profiles have been offered, with the
empathy imbalance theory being the most prominent. According to this theory, individuals with
autism or autistic traits exhibit difficulties on understanding others’ mental state, namely
perspective taking, but they show intact affective empathy. On the other hand, individuals high
on CU traits show the exact different profile — deficits in the ability to share the emotional state,
but not in understating emotions of others. Thus, in both cases different levels and deficits in
empathy subcomponents, lead to a similar behavioral profile: engagement in disruptive

behaviors.

Moreover, prior work on empathy deficits in CU and autistic traits populations has
focused mainly on school-aged children and adolescents. However, this is problematic since
empathy develops early in life, as early as 18 to 72 hours after birth. This information highlight
the need for additional studies addressing this issue in children early in development because: 1)
it will lead to better understanding the profile of individuals with high levels of these traits early
in development, and 2) by identifying deficits and difficulties in such young age can lead to

early preventions and more effective interventions.

Differences in empathy profiles (cognitive and affective) can also be related to different
emotional processing mechanism in both traits. Two main components of emotional processing,
related with empathy are: physiological arousal, related to emotional arousal, and emotion
recognition, which is related with the ability of understanding other people’s emotional state.
Gradual differences in skin conductance and heart rate activity during exposure to aversive
stimuli, compared to the activity during exposure to neutral situations, is a well validated

method used for measuring physiological arousal and reactivity. High levels of both measures



are related with high emotionality, while the exact different profile with low emotionality. In
addition, startle reflex reactivity is a method commonly used for measuring defense motivation,
and constitutes a clear index of amygdala activity, a brain area linked to fear. Specifically, low
startle reactivity during exposure to negative aversive emotional situations is related with a
fearless profile. Differences in specific functions and reactivity, which may be trait specific, are
necessary for understanding the abnormalities of both psychological conditions. An in depth
knowledge will shed more light in the “modus operandi” - the underlying mechanisms and the
developmental procedure — of each trait, help in differentiating individuals showing symptoms
of both CU and autism early in development. Focusing on these mechanisms will promote
knowlegde that will eventually lead to the developing of suitable and effective interventions.
Intervention which will focused and address specific traits mechanisms, despite surface

similarities.

The overall purpose of the current project is to map the different empathy and emotional
profile of these traits, and their interactions. The main assumption is, that despite both traits are
characterized as low empathy traits, they have distinct empathy — since empathy is a
multidimensional construct - and physiological profiles. Second assumption is derived from
some recent findings proposing that both traits can co-exist, leading to a different profile. Thus,
there is a need of an in depth comparison of both traits in order to fully understand the different
underlying mechanisms in each psychological condition, and the effects of their interaction in
case of co-occurrence. For this purpose, the current project is organized into two correlated but
distinct studies, which have be designed to investigate different profiles of individuals with
high or low levels of CU and autistic traits and also the profile of individuals in case of

interaction of the two traits, within a sample of children in early development.

Study 1, takes into account theories proposing that despite the similarities in low
empathy phenotype in both CU and autistic traits, deficits in different empathy subcomponents
might explain the mechanisms underlying these traits. Thus, the aim is to investigate the unique
and interactive associations between CU and autistic traits with cognitive and affective empathy.
Participants of this study are 163 children early in development, who participated through

parent-reports measuring CU, autistic traits and empathy.



Study 2, is an experimental study, investigating the unique and interactive effects of both
traits in relation to emotional processing aspects - physiological arousal and emotion
recognition, using the same sample as in study 1. This study is divided into 2 experiment phases.
During experiment 1, we investigate how CU or autistic traits relate to heart rate, skin
conductance and startle modulation during exposure to emotional cartoon videos, while we also
assess their ability to understand other people emotions using the same video stimuli. In
experiment 2, we investigate the same physiological reactions during exposure to static

emotional pictures.

Taken together, both studies will help to understand the fundamental differences of the
two traits in young children, which will eventually lead to more effective prevention and
intervention programs. Programs, which will focus at the specific needs of each trait, taking into

account heterogeneity and different emotional processing profiles.



Study 1

Distinct empathy profiles in callous unemotional and autistic traits: Investigating unique

and interactive effects with affective and cognitive empathy.



Abstract
Decades of research on empathy lead to a multidimensional contrast, divided in affective and
cognitive subcomponent. Moreover, it is proposed that empathy deficits are a hallmark sign of
both callous-unemotional (CU) and autistic traits. However, prior evidence suggest that a deeper
understanding of the relation of both traits with empathy deficits can lead to a better
understanding of their functional differences. The aim of the current study was to investigate the
association of affective and cognitive empathy, with CU and autistic traits, and also the
interactive effect of these traits in predicting empathy subcomponents. The participants of the
current study were selected from a sample of 1652 children. In order to include both high-risk
and healthy community children in early development, participants with low levels of empathy
(scoring -1 SD on GEM questionnaire; n = 78) and control individuals (n = 85) were both
recruited. Overall, the sample consisted of 163 participants (Mage= 7.30, SD=1.42, 44.2% girls).
For each child, parents were provided with a battery of questionnaires assessing CU, autistic
traits and empathy. Partial correlation and regression analysis revealed that autistic traits were
negatively correlated only with cognitive empathy, while CU were negatively correlated with
both cognitive and affective empathy. Moreover, an interaction effect of both traits was revealed
only for girls in predicting affective empathy, where high levels of autistic traits moderate the
negative association between CU traits and affective empathy. Our findings propose that both
traits are related with cognitive empathy deficits, whereas CU traits are also associated with
deficits in the affective empathy subcomponent. Moreover, this is the first study distinguishing
empathy profiles in girls with CU traits, where impaired levels of affective empathy are evident

only at the case of interaction with autistic traits.



Introduction

For many years, several psychologists and philosophers have discussed the notion of
feeling and sharing other peoples’ emotions, which is defined as empathy. Kohut (1977) for
instance, highlights the importance of empathy in human behavior and personality by stating:
“the empathic understanding of the experience of other human beings is as basic an endowment
of man as is vision, hearing, touch, taste and smell” (p.144). A major question is what
characterizes individuals who show deficits in this basic empathy understanding? Empathy
deficits are a hallmark sing of two psychological conditions: callous-unemotional traits (CU:
e.g., lack of empathy, lack of remorse, guilt), which represent a precursor of adult psychopathy,
and autistic traits (e.g., impairments in communication, social interaction, engagement in
stereotype behaviors), which are symptoms below the threshold of autism (Blair, 2005; Frick,
Cornell, Barry, Bodin, & Dane, 2003; Frick Stickle, Dandreaux, Farrell, Kimonis, 2005; Jones,
Happé, Gilbert, Burnett, & Viding, 2010). The last 10 years, studies focusing on the emotional
and behavioral development of individuals with CU and autistic traits, gave raise to several
models explaining the developmental trajectories of these two profiles, with the empathy
imbalance theory (Smith, 2006) being the most prominent. Smith (2006) proposed that
individuals with autistic traits exhibit deficits in perspective taking, but show intact emotional
empathy. On the other hand, individuals high on CU traits show the exact opposite profile, since
they mainly exhibit deficits in emotional empathy. However, empirical evidence testing this
theory is limited, since the majority of prior studies investigate each trait individually or are

focused either in a single (cognitive or affective) or overall component of empathy.

Empathy is defined as an individual’s ability to feel or understand the actual or expected
emotional state of others (Hoffman, 2008). According to Feshbach’s (1989) model, empathy is a
multidimensional construct involving two overlapping subcomponents: The first component is
cognitive empathy referring to the ability to identify and assess emotions of another person, as
well as the ability to recognize others’ perspectives (e.g., why the other person is crying). The
second component is affective empathy that involves vicarious affective sharing and resonating
with others’ specific emotional states; requiring not only to understand the emotional perspective
of others, but to feel what others are feeling (i.e., physically experiencing others’ pain; Baron-

Cohen & Wheelwright, 2004; Blair, 2005; Davis, 1983; 1994; Decety & Jackson, 2004). The



present study proposes that despite the similarities in low empathy phenotype and disruptive
behaviors in both CU and autistic traits, deficits in different empathy subcomponents might
explain the personality profile and emotional processing mechanisms underlying these traits. In
addition to unique associations, it is possible that the interaction of both CU and autistic traits

lead to a different empathy profile affecting empathy deficits in a larger degree.
Empathy and CU traits

CU traits refer to a group of characteristics related to callous use of others, lack of
remorse or empathic concern, shallow or deficient emotions, and lack of concern about
performance (Frick & Morris, 2004). The importance of these traits led to their inclusion in the
latest version of the American Psychiatric Association’s Diagnostic and Statistical Manual of
Mental Disorders (DSMS5; American Psychiatric Association, 2013) as a specifier for children
fulfilling the criteria for Conduct Disorder (CD). The Limited Prosocial Emotion (LPE) specifier,
or otherwise CU traits, refers to children diagnosed with CD exhibiting at least two of the
following four symptoms for a period of at least 12 months in multiple settings: lack of remorse
or guilt, lack of empathy, lack of concern about individual’s performance in important activities,
and shallow or deficient emotion. Evidence suggest that CU traits are related to severe and stable
antisocial behavior, high levels of both proactive and reactive aggression, deficits in processing
fear emotions, and diminished response to punishment cues (e.g., Fanti, Panayiotou, Lazarou,
Michael, & Georgiou, 2016; Frick et al., 2003; Pardini, 2006). By definition, one of the major
characteristics of individuals with CU traits is the impairment of empathy. However, researchers
disagree over whether empathy deficits of individuals high on CU traits are in the affective or

cognitive domain, or both (e.g., Georgiou, Kimonis, & Fanti, under review).

Arguing in favor for deficits in affective empathy as most relevant to CU, Blair (2005)
proposed that CU traits are associated with deficits in affective empathy, whereas the ability to
report on other people’s emotion, namely cognitive empathy, remains intact among these
individuals. In line with this assumption, Anastassiou-Hadjicharalambous and Warden (2008)
found that children with high levels of CU traits and conduct problems (CP) report fewer
emotional empathy responses when watching emotionally evocative movie scenes and score

lower in affective empathy compared to controls. Similarly, Jones and colleagues (2010)



revealed that male adolescents high on CU traits show affective empathy deficits and low scores
of caring about the consequences of their aggressive act. Another line of research suggests that
children scoring high on CU traits also exhibit deficits in recognizing others’ emotions. For
example, Chabrol and colleagues (2011) showed that CU traits are negatively associated with
cognitive empathy and positively associated with self-centered thoughts and behaviors (e.g.,
blaming others distortions). Agreeing with these findings a recent study reported that cognitive,
but not affective empathy, mediated the relation between CU traits and CP (Georgiou et al.,
under review). In line with these studies, Dadds and his colleagues (2009) found that females
high on CU traits do not appear to exhibit deficits in affective empathy but merely in cognitive,
while boys appear to exhibit deficits in both empathy components in childhood. However, it is
suggested that boys overcome deficits in cognitive empathy as they enter puberty, through the

development of formal verbal operation, regardless of their abnormalities in affective empathy.

Moreover, several studies report deficits in both affective and cognitive empathy. For
example, Pardini, Lochman and Frick (2003) revealed that children and adolescents high on CU
traits exhibit deficits in both forms of empathy. Similarly, Pasalich and colleagues (2014)
proposed that among youth diagnosed with CD or oppositional defiant disorder (ODD), CU traits
are associated with deficits in both cognitive and affective empathy, indicating impaired
development of both subcomponents. In line with these findings, Ciucci and colleagues (2015)
revealed a negative association between CU traits and both empathy subcomponents among
young boys. Taken together, existing results are equivocal regarding whether affective or
cognitive empathy deficits, or both, best characterize individuals with CU traits, which highlight
the importance for additional research in this field. Testing these associations in combination
with other traits associated with empathy deficits might shed light in understanding the

emotional mechanisms underlying the phenotypic presentation of both CU and autistic traits.
Empathy and Autistic traits

Autism Spectrum Disorder (ASD) refers to a neurodevelopmental disorder characterized
by impairments in communication, social interaction, and a tendency to engage in stereotype and
repetitive behaviors (American Psychiatric Association, 2013). Profound impairments in social

communication and interaction are believed to be the essential features of these disorders, while



deficits in sharing thoughts, feelings and the ability of engaging with others (social-emotional
reciprocity) are more evident in young children. The clinical presentation of ASD symptoms is
heterogeneous and varies between individuals, suggesting the existence of a spectrum of autism
with different levels of abilities, intelligence and severity (Hill & Firth, 2003). For example,
Visser et al., (2017), revealed several groups of children with ASD symptoms, ranging from
severe-stable to high improved group, highlighting the existence of different severity and
stability levels in autistic traits. In addition, there is a shift on mental health research towards
dimensional over categorical approach in psychopathology, suggesting the need of assessing
traits that exist on a continuum rather categories (Cuthbert & Insel, 2013). In line with this theory
and approach, recent studies indicate a broad range of severity of autistic symptoms, proposing
that individuals may exhibit autistic traits below the threshold of the diagnosis of ASD,
suggesting a continuous distribution (e.g., Constantino & Todd, 2003; Piven, Palmer, Jacobi,
Childress, & Arndt, 1997). For example, it is well documented that parents of children with ASD
share a similar profile with their children but to a milder degree, which does not place them to

the diagnosis spectrum of ASD (for a review see: Hill & Frith, 2003).

Decades of research lead to the conclusion that impairments in the ability to understand
others’ minds (for a review see: Baron-Cohen, 2000) and empathy (e.g., Baron-Cohen &
Wheelwright, 2004; Lombardo, Barnes, Wheelwright, & Baron-Cohen, 2007) are the core
features of autism. The assumption is that individuals with ASD experience theory of mind
deficits (ToM), referring to deficits in the understanding of others’ mind and mental state, and a
general dysfunction in the attribution of mental states to themselves and others (Baron-Cohen,
2000). As a result, it has been proposed that the majority of symptoms in autism can be
explained by their ToM deficits, and these deficits have been the focus of the majority of
previous studies investigating ASD. However, an important aspect, which is an integral part of
ToM, is cognitive empathy. For example Johnson and his colleagues (2009) found evidence
suggesting that both individuals with ASD and their parents exhibit lower level of empathy
compared to non-ASD individuals. Based on this evidence, Baron-Cohen (2009) introduced the
Empathising-Systemising (E-S) theory, suggesting that the autism deficits in social interaction
and communication are related with empathy deficits, and particularly cognitive empathy
deficits, which are directly related with ToM. In accordance with this theory, Blair (2008),

highlights that among individuals with autism, cognitive empathy is profoundly impaired.
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Similar, in his model, Smith (2006) proposes that individuals with autistic traits exhibit deficits

in the cognitive empathy component, which then lead to deficits in social interaction.

Consistent with this notion and theoritical framework, the majority of studies proposed
that autistic traits are related to problems in cognitive perspective taking, that is cognitive
empathy, and not in resonating with others emotions, thus affective empathy (e.g., Lockwood,
Bird, Bridge & Viding, 2013). Investigating this assumption, Pijper and colleagues (2016) found
that young boys diagnosed with ODD or CD and high levels of autistic traits exhibit deficits in
their cognitive empathy ability but they do not exhibit any significant difficulty with affective
empathy. In line with these results, studies with young children and adolescents (Jones, Happe,
Gilbert, Bunnet & Viding, 2010; Pasalich et al., 2014; Schwenck et al., 2012) proposed that
individuals with high levels of autistic traits or ASD exhibit deficits in cognitive empathy, but no
impairments in affective empathy. These results are in accord with the theoretical framework
suggesting that autistic traits are characterized with deficits in understanding other people’s
emotions and perspective — an event that lead to their disruptive behavior as in the case of ODD
and CD (Pijper et al., 2016). However, Mazza and her colleagues (2014) revealed that
adolescents with ASD reported difficulties in understanding and interpreting the emotional and
mental states of others, while they also exhibited deficits in affective empathy only when
viewing stimuli with negative emotional valence. This study also revealed that individuals with
ASD do not differ from typical youths in affective empathy when they are exposed to people
expressing emotions with positive valence but they experience difficulties during negative
valence. Thus, it is proposed that individuals with autistic traits exhibit deficits in both cognitive
and affective empathy only in cases where they have to perceive negative emotions — suggesting
low levels in an overall component of empathy in specific situations. In a recent review
investigating the emotional and cognitive aspects of empathy in ASD and CD (Bons et al., 2013),
it was proposed that cognitive empathy is impaired in ASD individuals, whereas among
individuals with CD these deficits are observable only in negative emotions. Still, more studies
are needed in investigating the relation of autism and autistic traits with cognitive and affective
empathy, since the majority of previous studies were focused more on ToM tasks, and not

empathy subcomponents, highlighting the importance for additional research in this field.
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Interaction between CU and autistic traits

Although it appears that empathic dysfunction in children with CU traits is distinct from
those in children with autistic traits, the majority of prior studies have investigated these deficits
separately for each trait. Evidence that both CU and autistic traits can co-exist suggest that there
is a need to extend prior work by testing the interaction effect of these traits in predicting
empathy deficits (e.g., Lecavalier, 2006; Pasalich, Dadds, & Hawes, 2014). For example, Leno et
al., (2015), revealed that more than half of their adolescent participants with ASD exhibited
elevated levels of CU traits. In addition, findings revealing that there are cases where individuals
with autistic traits can engage in disruptive behaviors, similar to CU traits individuals raised the
question whether these behaviors and deficits are a result merely of their autistic profile, or an
interaction between those two traits. Thus, whether autistic traits moderate the relation of CU and
empathy. This will be important for improving the effectiveness of the prevention and
intervention programs, since the behavior profile of the child may be a result of different
mechanisms and interaction of traits, and in turn a need of addressing different psychological

aspects.

There are very few previous studies which addressed the possibility of interactive effects
of autistic and CU traits. First, Rogers and colleagues (2006) proposed that both CU and autistic
traits can co-occur, but not as part of a single construct. This psychological condition is
described as a “double-hit”, where individuals characterized by both traits show poor moral
convention, engage in an everyday severe antisocial behavior and exhibit deficits in recognizing
sad facial expression. Similar, Pasalich and colleagues (2014), using a non-ASD clinical referred
sample, found an interaction effect between CU and autistic traits, proposing that the
combination of high CU and autistic traits is related with extremely low levels of affective
empathy, lower than individuals exhibiting only high levels of CU traits. These results suggest
that the negative relation of CU traits with empathy is moderated from medium or high levels of
autistic traits, leading to severe deficits in affective but not cognitive empathy. In a recent study,
Tye et al., (2017), found that in boys with ASD, high levels of CU traits were associated with
intact executive function (EF) abilities, while low levels with EF difficulties. However, the lack

of existing results regarding interactive effects between CU and autistic traits and some
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methodological issues (small sample size, mainly male sample), highlight the importance for

additional research in this field, making the current study imperative.
The Importance of testing empathy association early in life

The majority of research linking empathy deficits with CU and autistic traits has been
conducted with older children and adolescents (e.g., Anastassiou-Hadjicharalambous & Warden,
2008; Jones et al., 2010), which may be problematic for disentangling subcomponent effects.
Empathic responding - precursors of affective empathy - can be identified as early as 18 to 72
hours after birth, in the form of “reactive crying”, a phenomenon where newborns who are
exposed to others’ cry often and react with distress (for a review see McDonald & Messinger,
2011). At the age of 2, children have already developed both affective and cognitive capacities,
and they can respond to others feeling with a number of comforting behaviors (Young, Fox, &
Zahn-Waxler, 1999; Zahn-Waxler, Radke-Yarrow, Wagner, & Chapman, 1992). Moreover, at
the age of 4 children are able to process the feelings evoked by a distressing situation, and
respond appropriately to these emotions (Knafo et al., 2009). However, previous data proposed
that despite empathy deficits, individuals in later development might develop new skills to
compensate for their impairments — and more specifically in the case of CU traits. For example,
it is proposed that individuals with high levels of CU traits develop a compensatory mechanism
whereby they learn to describe what others feel (i.e., cognitive empathy) without experiencing
those emotions themselves (i.e., affective empathy). Therefore, it is possible that they
overcompensate for a lack of affective empathy with improved cognitive empathy as they
develop (Mullins-Nelson, Salekin, & Leistico, 2006). Consistent with this hypothesis, Dadds and
colleagues (2009) found that CU traits were related to both cognitive and affective empathy
deficits in childhood, but only affective empathy deficits at later developmental stages. All in all,
the importance of affective and cognitive empathy deficits in populations with increased CU and
autistic traits needs to be explored early in development in order to identify the mechanism

which favors the manifestation of these two different psychological conditions.
Current study

Despite the fact that individuals with either CU or autistic traits exhibit empathy deficits,

which are related to impairments in social interaction and disruptive behaviors (Eisenberg,
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Eggum, & Giunta, 2010; Marshall & Marshall, 2011), it is not clear from prior work whether
distinct cognitive and affective empathy processes underlie these traits. Providing evidence for
distinct associations might lead to a better understanding of how the expression of empathy
deficits might lead to maladaptive behaviors in both cases. Focusing on a more in depth study of
these conditions, will be crucial for understanding and developing effective intervention and
prevention programs for both psychological conditions. Unfortunately, there is limited number of
studies focusing in the differences of these two profiles, and even less emphasizing on the

interaction of both traits and possible moderation effects.

The main aim of the current study was to investigate the unique associations between CU
and autistic traits with cognitive and affective empathy, within a sample of children aged 3 to 8
years old. It is hypothesized that children with autistic traits will primarily show deficits in
cognitive empathy (e.g., Baron-Cohen, 2000), whereas children high on CU traits are expected to
show deficits mainly in affective empathy. Based on findings from prior work (Georgiou et al.,
under review), it is also possible that individuals high on CU traits will exhibit deficits in
cognitive empathy. In accordance with Rogers et al. (2006) and Pasalich et al., (2014) findings, it
is assumed that the interaction between autistic and CU traits will predict deficits only in
affective empathy. Specifically it is proposed that autistic traits will moderate the effects of CU
traits on affective empathy, thus leading to more severe deficits in the specific empathy

subcomponent.

In addition to the main focus of this study, we also investigated and control for sex
differences in the relation of CU, autistic traits and their interaction with both empathy
subcomponents. As far as we know, only Dadds et al. (2009) investigated sex differences on
empathy subcomponents among young individuals with CU traits, revealing deficits only in
cognitive empathy for girls and in both empathy components for boys. Regarding autistic traits,
limited studies have reported that females with autistic traits exhibit higher levels of cognitive
empathy compared to boys (Baron-Cohen, 2009; Goldenfeld, Baron-Cohen, & Wheelwright,
2005). These findings suggest a different empathy profile in girls with autistic and CU traits.
Specifically, we assumed that girls with high levels of CU traits will score lower on cognitive
empathy, while boys will show low levels in both empathy components. On the other hand, both

boys and girls with autistic traits will exhibit deficits in cognitive empathy, although to a lesser
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degree in girls. Last, we controled for age, since our sample has a range of 3 to 8 years old.
Despite that all participants are children in early development, there is a probability of being in
different developmental stages. Thus, by controlling for age, we want to explore whether

differences in development affect the relations between CU and autistic traits and empathy.

Method
Participants

Participants of the current study were selected for an in-depth assessment from a sample
of 1652 kindergarten and primary school children living in the Republic of Cyprus whose parents
completed a package of questionnaires during the screening phase of the study. There is evidence
proposing that using both high-risk and mainstream sample, lead to larger and strongest effect
sizes (Asscher et al., 2011; Kimonis et al., 2015). In order to include both high-risk and healthy
community young children, participants with low levels of empathy (n = 78) and control
individuals (n = 85) were recruited. Overall, the sample consisted of 163 participants, roughly
equally divided between boys and girls (44.2% girls). Children ranged in age from 3-8 years
(Mage= 4.95, SD=.97), with 18% attending kindergarten and 80% grades 1-3 of elementary
school. The majority of responders were mothers (89.8%), few fathers also participated (8.2%)
and in 3 cases, both parents responded. For the 3 cases, scores were combined by taking the
higher rating between raters at the item level, as done in prior work with this instrument (Wall,
Frick, Fanti, Kimonis, & Lordos, 2016; Georgiou et al., under review). Thus, combined data

from mothers, fathers and the combined scores of the 3 cases where used.
Procedure

Following approval of the study by the Centre of Educational Research and Assessment
(CERE) of Cyprus, Pedagogical Institute, Ministry of Education and Culture, and Cyprus
National Bioethics Committee, 47 private and public nursery schools, and 69 primary schools in
three provinces (Nicosia, Larnaca and Limassol) were randomly selected for participation in the
screening phase. Schools were contacted by telephone and informed about the aims of the study.
School boards that were interested to participate in the study received details about the purpose

and procedure via email or fax. Parents or guardians were informed about the nature of the study
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and 81% of them consented to their child’s participation. During the screening phase, both
fathers and mothers completed a package of questionnaires, which took approximately half an
hour. Children with low (below -1 SD on GEM questionnaire) and normative (average to high
scores) levels of empathy were selected to take part in the study. Results of the screening phase
identified 141 children showing low levels of empathy. From them, 78 parents agreed to their
child’s participation. In addition, 85 individuals, exhibiting normal levels of empathy (scoring
between average and +1 SD on GEM questionnaire) were randomly selected to participate. For
each child, a new package of questionnaires was provided assessing the 3 main variables: CU

traits, autistic traits and empathy.
Measures

Callous unemotional traits. CU traits were assessed with the parent-report version of
the Inventory of Callous-Unemotional traits (ICU; Frick, 2004). ICU is a 24-items questionnaire,
composed from 12 positively worded (e.g., “he/she express his/her feelings openly”) and 12
negatively worded items (e.g., “he/she does not feel remorseful when he/she does something
wrong”). Parents rated their children on a four point Likert scale (0 = Not at all true, 1 =
Somewhat true, 2 = Very true, 3 = Definitely true) with total scores ranging from 0 to 72. The
ICU captures three dimensions of CU traits: callousness (e.g., “He/she does not care who he
hurts to get what he wants”), unemotional (e.g., “He/she does not show his emotions to others ”),
and uncaring (e.g., reverse scored items: “He/she feels bad or guilty when he/she does something
wrong”). In the current study, only the total score of ICU was used. Previous studies have
verified that ICU shows acceptable internal consistency using different translations (e.g.,
Ezpeleta et al., 2013; Kimonis et al., 2015), while several studies has verified the validity of ICU
in community sample of Greek Cypriot children (e.g., Fanti, 2013; Fanti, Colins, Andershed, &
Sikki, 2016). In the present study ICU demonstrated good internal consistency (0=.88).

Autistic Traits. Autistic traits were assessed using the school-age form of the Social
Responsiveness Scale (SRS), a 65-item parent and/or teacher report (Constantino & Gruber,
2012). In the current study, SRS was used as a parent report. Parents rated their children on a
four point Likert scale (1 = Not true, 2 = Sometimes true, 3 = Often true, 4 = Almost always true)
with total scores range from 65 to 260, with higher scores indicating higher degrees of social

impairment. Furthermore, SRS captures five domains — “Treatment Subscales” of autistic traits:
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social ability, awareness, cognition, communication, motivation and mannerisms. In the current
study, only the total score of SRS was used. Previous studies have verified that SRS shows high
internal consistency (0=.91-.97) and acceptable inter-rater reliability (.76 and .95) (Bolte,
Poustka, & Constantino, 2008; Constantino, Przybeck, Friesen & Todd, 2000; Constantino et al.,
2003). In the present study total SRS score demonstrated excellent internal consistency (a=.92).
SRS was used for measuring autistic traits in the current study, since it captures a continuous
dimensional distribution of autistic symptoms, and not a categorization distribution using cut-off

Scores.

Empathy. Empathy was measured using the 23-item parent-report Griffith Empathy
Measure (GEM; Dadds et al., 2008b). GEM except for an overall empathy score, captures the
two subcomponents of empathy: cognitive and affective. It is composed with 6 items for
cognitive empathy subscale (e.g., “My child has trouble understanding other people’s feelings”)
and 9 items for affective empathy subscale (e.g., “Seeing another child sad makes my child feel
sad”), rated on a 9-point Likert scale (rating from -4 = strongly disagree to 4 = strongly agree).
Total scores range from -92 to 92, with higher scores indicating higher levels of empathy. Prior
studies have demonstrated good test-retest reliability of scores over 1 week (r > .89) and 6 month
intervals (r > .69), good internal consistencies, a stable factor structure across age and sex
groups, inter-parental agreement (r > .47), and convergence with child reports (r = .41) (Dadds et
al., 2008; 2008b). In the present study, both affective (a=.74) and cognitive empathy (0=.67)
subscales showed adequate internal consistency. Several prior studies have used the Greek
version of GEM in community samples of Greek Cypriot children (e.g., Georgiou et al., under
review; Kimonis et al., 2015). Moreover, GEM captures both subcomponents of empathy but

also an overall score of empathy, which are main variables for the study and the screening phase.
Plan of analysis

First, to test the unique association between affective and cognitive empathy and CU or
autistic traits, while controlling for the other variable respectively, a partial correlation analysis
was conducted in SPSS 21.0. Next, we performed a series of hierarchical multiple regression
analyses with the predictors in each model being CU, autistic traits, sex and age and the
interaction of the three first variables as done in prior work (Fanti, Panayiotou, Kyranides, &

Avraamides, 2016b). Following the procedures recommended by Aiken and West (1991) and
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Holmbeck (2002), CU and autistic traits were centered by subtracting the sample mean from
each participant score, for facilitating the interpretation of the significant interactions. Depended
variables were cognitive and affective empathy. In the first step, sex (O=males; 1=females), age,
CU and autistic traits were entered. In the second step, the multiplicative interactions terms were
entered to test the interaction between CU and autistic (moderator) traits, but also the interaction
of each trait with sex: CU traits X sex, autistic traits X sex and CU traits X autistic traits. Last, in
the third step, we entered the interaction between all independent variables: CU traits X autistic
traits X sex. Next, the regression equation from the full sample is used to calculate the predicted
values of the dependent variable at low (1 SD below the mean) and high levels (1 SD above the
mean) of the predictors. In cases of interaction with sex, we moved to separate regression

analysis for boys and girls.

Results
Descriptives and correlational analysis

Descriptive statistics and bivariate associations among the study variables are reported in
Table 1. As shown, autistic traits were significantly negative correlated with cognitive (r=-.49,
p<.001) but not with affective empathy (r=-.09, p= .32), whereas CU traits were significantly
negative correlated with both cognitive (r=-.47, p<.001) and affective empathy (r=-.23, p<.01).
Cognitive and affective empathy were not significantly correlated (r=.07, p=.39), while CU and
autistic traits were significantly positively correlated (r=.60, p<.001). Age was positively
correlated with both CU traits (r=.22; p<.001) and autistic traits (r=.28; p<.001). In addition, two
partial correlations were run to determine first the relationship between CU traits and both
affective and cognitive empathy whilst controlling for autistic traits, and second the relationship
between autistic traits and empathy subcomponents whilst controlling for CU traits. For the first
analysis, there was a negative partial correlation between CU and both affective (r=-.29, p<.001)
and cognitive empathy (r=-.26, p<.01) whilst controlling for autistic traits. Thus, after taking into
account the effects of autistic traits, CU traits were significantly negatively correlated with both
cognitive and affective empathy. For the second analysis, there was a negative partial correlation
between autistic traits with cognitive empathy (r=-.30, p<.001) but no partial correlation with

affective empathy (r=.08, p=.39) whilst controlling for CU traits. That is, after taking into
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account the effects of CU, autistic traits were significantly, negatively correlated only with

cognitive empathy.
Hierarchical multiple regression analysis

Hierarchical multiple regression analysis was performed to test the unique effect of, sex,
CU, autistic traits, on cognitive and affective empathy. Also, during step 1 we investigate the
effect of age. A 3 stage hierarchical multiple regression analysis was utilized with both empathy
subcomponents as the dependent variables (see Table 2). Preliminary analyses were conducted to
ensure no violation of the assumptions of normality, linearity, multicollinearity and

homoscedasticity.

CU and autistic traits predicting cognitive empathy. In the first step, the regression
analysis with cognitive empathy as the dependent variable revealed that sex and age was not a
significant predictor, but both CU (B=-.28, p<.001) and autistic traits (B=-.33, p<.01) were
significantly negatively associated with cognitive empathy, explaining 29% of the total variance.
In the second step, after adding the interactions between the variables, no significant interaction
effects were revealed between CU traits X sex, autistic traits X sex, and CU traits X autistic traits
in predicting cognitive empathy. In the final step, the inclusion of the 3-way interaction effects
between all independed variables in the model was non significant in explaining the variance of

cognitive empathy.

CU and autistic traits predicting affective empathy. In the case of hierarchical
regression analysis with affective empathy as the dependent variable, the first step revealed that
sex, age and autistic traits were not significant predictors, but CU traits were negatively
associated with affective empathy (B=-.27, p<.001), explaining 24% of the total variance. In the
second step, no significant interaction effects were revealed between CU traits X sex, autistic
traits X sex, and CU traits X autistic traits in predicting affective empathy. In the final step, there
was a significant 3-way interaction between CU, autistic traits and sex (f=-.63, p<.01) explaining
an additional 12% of the variance. The results of the 3-way interaction suggested that the
interaction between CU and autistic traits was only significant for girls (Bcu wraits X BAutistic traits= -
.39, p<.01), but not boys (Bcu trits X PAutistic traits= --92, p=-60). In boys, only CU traits were
negatively related with affective empathy (f=-.38, p<.05), but not autistic traits (see figure 1).

The significant interaction in girls is depicted in Figure 2. The high and low points of the graphs
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represent 1 SD, below and above the mean. According to the graph, among girls CU traits were
associated with decreases in affective empathy only at high levels of autistic traits (f=-.73,

p<.01), but not for low levels of autistic traits (f=.14, p=.31).

Discussion

The current study sought to investigate the unique associations between cognitive and
affective empathy with CU and autistic traits, within a sample of children aged 3 to 8 years old.
A further aim was to test the interaction of both autistic and CU traits with empathy
subcomponents. Lastly, we aimed to investigate sex and age differences between our variables.
First, similar to Leno et al., (2015) study, results indicated that both CU and autistic traits are
positively associated suggesting that these traits share some behavioral and emotional similarities
in their phenotype. Concerning the main focus of our study, consistent with previous findings
(Dadds et al., 2009; Georgiou et al., under review) children high on CU traits exhibited low
levels of both affective and cognitive empathy, while autistic traits were mainly associated with
low levels of cognitive empathy (Jones et al., 2010; Pasalich et al., 2014). In addition, findings
revealed an interaction between our variables, suggesting that high levels of autistic traits
moderated the negative association between CU traits and affective empathy, but only for girls.

No effect of age was revealed in the aforementioned relations.
Empathy impairments in children with CU

First, our hypothesis that high CU children in early development will show deficits in
both empathy subcomponents was supported based on partial correlation and regression
analyses. In line with work linking CU traits with deficits on affective empathy (e.g.,
Anastassiou-Hadjicharalambous & Warden, 2008; Mufioz, Qualter, & Padgett, 2011), we found
that children with high levels of CU traits show reduced levels of affective empathy. Previous
studies reported low physiological and emotional reactivity of individual high on CU traits (e.g.,
Blair, 2008; Fanti et al., 2016a; 2016b) and although physiological and emotional reactivity is
not synonymous to affective empathys, it certainly contributes to deficits in this aspect. This result
is consistent with previous studies showing that contrary to their counterparts, children with high
levels of CU traits exhibit deficits in affective sharing and resonating with others’ emotions (e.g.,

Muioz et al., 2011; Pasalich et al., 2014).
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Second, as predicted, we found that higher rates of CU traits in children are associated
independently from autistic traits with lower levels of cognitive empathy. This suggests that
diminished capacity of cognitive empathy in children with high levels of CU does not overlap
with autistic traits, but is a core characteristic of these individuals. Findings of previous studies
regarding empathy deficits in CU traits are mixed, with deficits only on affective (e.g., Mufioz et
al., 2011) or both empathy subcomponents (e.g., Pardini et al., 2003) being reported. Our results,
suggest that deficits in children early in development extend beyond affective sharing and
resonating with others’ emotions, as it is stated in several studies, but encompass deficits in the
ability of understanding others’ emotion. These findings highlight the importance of cognitive
empathy in CU traits, suggesting that deficits in understanding other people emotions are equally
important with affective empathy in children with CU traits. Moreover, current results are in
accordance with recent findings proposing that cognitive empathy deficits mediate the positive

association between CU traits and CP (Georgiou et al., under review).

Current findings are also in line with Moul, Hawes & Dadds empathy theory (2017),
proposing that the interaction between neurocognitive capacities and personal experiences
underly the development of empathy. According to this theory, deficits in the building blocks of
empathy early in life may lead to impairments in affective empathy, which in turn affects the
ability of developing normative levels of understanding others’ emotional state, namely cognitive
empathy. These findings are in contrast with currently accepted suggestions of CU traits
structure, especially in adolescents and young children, proposing deficits only in the affective
empathy. A possible explanation is derived from Dadds and colleagues (2009), which revealed
that CU traits are related to both cognitive and affective empathy deficits in childhood, but only
affective empathy deficits at later developmental stages. That is, in later development,
individuals with empathy deficits may develop new skills to compensate for their impairments.
All in all, the significant associations between both empathy subcomponents suggest deficits in

both feeling and recognizing others’ emotions in high CU young children.
Empathy impairments in children with autistic traits

Investigation of the relation between autistic traits and empathy subcomponents,
confirmed our second hypothesis regarding autistic traits. Specifically, results revealed that

autistic traits were related with deficits in cognitive empathy, whereas affective empathy remains
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intact. These findings suggest that autistic traits are not related neither with difficulties in
resonating with emotions of others (Dziobek et al., 2008), nor with elevated levels of affective
sharing (Capps, Kasari, Yirmiya, & Sigman, 1993), despite the fact that high levels of autistic
traits are related with deficits in understanding others’ emotion. No differences were revealed
between boys and girls, pointing out that children high on autistic traits have deficits only on
cognitive empathy regardless their sex. These results are in contrast with some studies proposing
that females with autism perform better in both cognitive empathy tasks (reading the mind in the
eyes task) and reports (Baron-Cohen, 2009; Goldenfeld, Baron-Cohen, & Wheelwright, 2005).
However, to authors’ knowledge there is a lack of studies regarding sex differences in autism in
relation to empathy, thus until more studies investigate sex differences, we propose that boys and
girls with autistic traits exhibit the same empathy deficits. Our results are in line with the
majority of previous studies, which have consistently linked ASD and autistic traits with deficits
in ToM, cognitive perspective taking and cognitive empathy (Baron-Cohen, 2000; Hill & Frith,
2003). Further, our findings are in accord with the Empathising-Systemising (E-S) theory
(Baron-Cohen, 2009), and specifically with the empathising component, where low levels of
cognitive empathy account for the social communication and interaction difficulties of those
individuals. All in all, it is well documented that children with autistic traits exhibit difficulties in

understanding other people’s emotions but their ability of affective sharing remain intact.
Interaction and gender differences in empathy

The second aim of the current study was to expand the assessment of CU and autistic
traits in relation to empathy subcomponents, by examining how autistic traits interact with CU
traits in predicting affective and cognitive empathy in young children. First, no interaction effect
and no gender differences were revealed for CU and autistic traits, and cognitive empathy. These
findings point to unique associations of both traits with cognitive empathy deficits. However,
results suggest that only in girls, high levels of autistic traits moderate the negative association
between CU traits and affective empathy. In contrast, only CU traits explained the affective
empathy deficits in boys. Only one previous study has investigated and reveled evidence of a
potential moderation effect of autistic traits in the relation of CU with affective empathy
impairments. Specifically, Pasalich et al. (2014) suggested a negative relation between CU and
affective empathy at high and medium levels of autistic traits. However, there are some

methodological differences between Pasalich et al. (2014) and the current study. The major
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differences are the behavioral features of the sample. In Pasalich’s study; participants with CU
and autistic traits were also diagnosed with Oppositional Defiant Disorder (ODD) or CD, while
in the current study we had a community sample. Regarding gender, the majority of the
participants in Pasalich study were boys, in contrast with the current study, where boys and girls

were represented almost equally.

In the current study, our results propose the same relation, but only for girls. A possible
explanation for this sex difference is derived from Dadds et al. (2009) work, suggesting that girls
with CU traits do not exhibit deficits in affective empathy. It is proposed that in girls with high
levels of CU, elevated levels of autistic traits may be the factor that leads to deficits in affective
empathy, and not CU traits per se. Thus, it is the interaction effect of both traits that eventually
lead to deficits in affective empathy in girls, and not CU traits alone, proposing that the
interaction of both traits in girls, is related with the same empathy profile (low cognitive and
affective empathy) as in high CU boys. However, there is a lack of studies investigating sex
differences between CU and autistic traits, and even less in relation to their empathy ability.
Thus, future studies should incorporate sex differences, since evidence suggest a possible

differentiation in affective empathy, taking into account moderation effects.
Strengths and limitations

The current study has some strengths and limitations that should be noted. Among the
strengths is the use of questionnaires developed to be appropriate for children in early
development. Moreover, assessing interactions among the main study’s variables is also strength,
since there are only two prior studies investigating these effects. Third, similar to prior work
(Georgiou et al., under review; Kimonis et al., 2015), both high-risk and control participants
were used in order to maximize the validity in both CU and autistic traits. In terms of limitations,
although the measure of empathy (GEM) has good empirical support (e.g., Dadds et al., 2008),
there is possible methodological limitation, as it is stated in Murphy’s’ (2017) review, proposing
that the GEM affective empathy scale measures mainly emotional contagion and not the overall
affective sharing. Moreover, the assessment of empathy was based on parents’ reports’ — thus the
perceptions of parents regarding their children empathic behavior and ability and no data were
collected from teachers. Nevertheless, studies suggest that parents are considered to be a crucial

source for reporting on their child behavior and abilities (De Los Reyes & Kazdin, 2005).
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However, future studies may benefit for using multi-informant assessments — use of parents,
teachers and even children self-reports regarding empathy and physiological responses of
children during empathy experimental tasks. Finally, although a number of participants in our
study were elevated in CU and autistic traits, we did not include participants meeting the criteria
for ASD and Limited Prosocial Emotion, according to DSM-5. Thus, future studies will be
benefited from the use of a clinical sample. All in all, future research is needed to replicate and
extend these findings using different assessment methods (e.g., physiological measurements,
empathy tasks) and clinical sample, in order to understand the integral role of empathy in CU

and autistic traits, and the case of possible co-occurrence.
Conclusion

Within the context of these limitations, our findings clarify and build on previous studies
examining the empathy profiles in CU and autistic traits. Our results suggest that high CU
children in early development are impaired in both affective and cognitive empathy, while
children high on autistic traits are primarily impaired in cognitive empathy. Findings regarding
CU traits support a new perspective in the understanding of these traits, proposing that high CU
children are equally impaired in both understanding and sharing others’ emotions, even after
accounting for autistic traits. Simultaneously, the study adds to the limited evidence in the
interaction of both CU and autistic traits, indicating that in girls, the interaction of these two
psychological conditions, leads to severe deficits in affective empathy. Future studies focusing
on investigating different empathy profiles (deficits in different empathy subcomponents), and
the interaction effect of both CU and autistic traits are clearly needed to enhance our
understanding of the different empathy profile in CU and autism. This will help in improving the
effectiveness of current prevention and interventions and developing new, focusing on the

fundamental differences and not on grouping behaviors.

Investigating empathy and it’s components, is debatable, since theorists are still trying to
understand the origin of this notion, and how environmental factros and genetics affects its
development. However, research findings have several clinical implication. For example,
individuals high on autistic traits may benefit from emotion recognition interventions. Also, from
interventions aiming to improve individual’s ability to focus and direct their attention in specific

cues, with the aim of improving their ability to decode and recognize emotions and emotional
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situations. On the other hand, in the case of CU traits, role-taking tasks and mindfulness
techniques may improve the individuals’ ability to recognize their own but also others emotional
state, and introduce a level of emotional experience. The overall aim will be first to enhance
individuals’ ability of understanding other people’s emotions and pay attention to their own
thoughts (mind) and physiological reactions (body), while they are exposed to emotional stimuli.
This will not necessary lead to the actual experience of emotion. However, it may provide
individuals with skills, aiming to help them focus on their own and others’ emotional experience,
and use this information for pro-social behavior and better social interactions. Building on this
evidence and implications, investigating emotion recognition and physiological arousal, will
shed additional light in understanding the emotional processing and reactivity deficits delineating

the development of empathy in CU and autistic traits, which is the main aim of Study 2.
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Study 2

Emotional processing in children with high callous unemotional and autistic traits. Unique

and interactive effects predicting physiological reactivity and emotion recognition.
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Abstract
Empathy deficits are a hallmark sign of both callous-unemotional (CU) and autistic traits.
However, despite surface similarities, prior evidence did not investigate differences of those
traits in physiological reactions and emotion recognition ability, factors that are related with
emotion processing. The current study adds to prior work by comparing physiological activity
and emotion recognition ability, in children with high levels of CU, autistic traits and their
interaction. Physiological activity was examined using a multi-method assessment, including two
experimental tasks: video stimuli with 60s duration each, and pictures stimuli with 5s duration
each. Participants were recruited from community children sample (n= 163; Mage= 7.30,
SD=1.42; 44.2% girls), using both high risk (low empathy) and mainstream (typical empathy)
sample. Physiological responses (heart rate, skin conductance, startle modulation) were recorded
while children watched affective and neutral videos and pictures, while asking participants to
rate the emotional state of the main character of the video assessed emotion recognition.
Findings suggested that skin conductance reactivity during negative stimuli can be used as a
marker differentiating boys with CU (low reactivity) and autistic traits (high reactivity), but not
in girls. Moreover, children with high levels of autistic traits showed low startle reactivity in both
positive and distress stimuli, while CU traits with startle potentiation during positive stimuli. No
difficulties in emotion recognition ability were found in both traits. These findings provide
evidence for the distinct physiological profile of these physiological conditions, which can

inform prevention and treatment programs.
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Introduction

Callous unemotional (CU: e.g., lack of empathy, lack of remorse, guilt) and autistic traits
have been associated with empathy deficits and difficulties in social interaction (for reviews see:
Frick & Morris, 2004 for CU; Hill & Frith, 2003 for autism), with findings suggesting that low
levels of empathy are related to maladaptive behaviors in CU traits (Georgiou et al., under
review) and difficulties in social interaction in autism (Baron-Cohen, 2009). Moreover, as
reported in study 1, different empathy profiles are revealed for each trait, with children high on
autistic traits showing cognitive empathy deficits and boys high on CU displaying both cognitive
and affective empathy deficits (see study 1). Also, a moderation effect of high autistic traits in
the relation of CU traits and affective empathy was identified only for girls, where an interaction
effect suggested that high levels of both traits lead to deficits in affective empathy. Additional
work proposed that individuals with both traits exhibit deficits in emotion recognition,
suggesting a role of amygdala dysfunction in recognizing basic (i.e. fear, anger, sadness etc) and

social emotions (i.e. admiration, guilt) (Blair, 2008; Davis & Whalen, 2001).

Moreover, several studies highlight the role of physiological systems in emotional
processing, including physiological reactivity during exposure to several emotional situations in
individuals with high levels of autistic and CU traits (Bons et al., 2013; Fanti, 2016). For
example, in a recent review, Fanti (2016) proposed that a personality profile of CU ftraits,
fearlessness and insensitivity to punishment is related with physiological hypo-arousal and low
Autonomic Nervous System (ANS) activity. On the other hand, Bons et al. ( 2013) suggest that
high amygdala and emotional autonomic reactivity in individuals with autistic traits results to
low attention to the eyes region, which in turn leads to empathy deficits. Recent studies
investigating the emotional and behavioral development of these two traits, gave rise to several
models explaining the developmental trajectories of these two profiles, suggesting different
empathy profiles despite their surface similarities (e.g., Smith, 2006). However, there is a lack of
studies investigating differences in the physiological profile and emotion recognition abilities
between CU and autistic traits. Moreover, prior work focused on either autistic or CU traits
separately and not in the case of interaction. The current study was designed to investigate the
different emotional processing profile of those traits by: (a) studying physiological components
of emotion in order to provide information regarding variability of emotional reaction in each

trait, and (b) by assessing individuals ability of recognizing other people emotions. Testing the
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association between autistic and CU traits with physiological measures, including heart rate
(HR), skin conductance (SC) and startle modulation, and emotion recognition in response to
emotional stimuli of different valence (e.g., pleasant — happy, unpleasant - sad), can provide a
better understanding of the underling etiology and individual differences in CU and autistic

traits. Moreover, there is a lack of studies investigating in larger children sample.
Associations with physiological measurements

Emotions are important for understanding how individuals adapt in their environment,
interact with others, and develop social relationships. A recent review of the literature proposes
that several systems affect the interpretation of emotions (Fanti, 2016). Specifically, the way that
humans interpret several emotions, differentiate on the levels of arousal (low — high) and valence
(pleasant or unpleasant), in turn affects how individuals react in several emotional situations (for
a review see: Fanti, 2016). For example, fearlessness (low levels of fear) is related with low
levels of emotional distress and high risk for engagement in severe and chronic antisocial
behavior, while high emotionality and low levels of emotion regulation with difficulties in social
adaption, avoidance and internalizing problems (e.g., Fanti, Panayiotou, Lazarou, Michael &
Georgiou, 2015; Wilmshurst, 2009). Physiological systems (e.g., HR, SC and startle modulation)
provide information for emotional arousal and reactivity during exposure to emotional situations
differentiated in terms of positive and negative valence. In addition, multiple theories regarding
low or high emotionality have been developed based on investigating differences in
physiological reactivity (for psychopathy: Blair, 2013; for autism: Bons et al., 2013; for
antisocial behavior: Lorber, 2004). Specifically, a hyper-arousal profile with high levels of HR
and SC on the one hand is associated with difficulties in emotion regulation and oversensitivity
to fear and/or threatening stimuli, proposing high emotionality. On the other hand, a hypo-
arousal profile (low SC and HR) associated with thrill seeking, temperamental fearlessness and
insensitivity to punishment, might be related to low emotionality (Beauchaine, 2012; Fanti et al.,

2015; Frick & Morris, 2004).

Since our aim was to investigate affective reactions of children with high levels of CU
and autistic traits in response to emotional stimuli, in the current study we used physiological
measurements. Collecting physiological data during exposure to emotional stimuli is a well-

established method used in several studies investigating emotional arousal and valence. This is
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the case since it is less biased compared to questionnaires, and provide information regarding the
immediate reaction of the individual (Anastassiou-Hadjicharalambous & Warden, 2008; Blair,
Jones, Clark, & Smith, 1997; de Wied, van Boxtel, Matthys, & Meeus, 2012; Fanti, 2016; Fanti
etal., 2017).

Heart Rate and Skin Conductance. Hear Rate (HR), derived from electrocardiogram
activity (ECG) and Skin Conductance (SC) derived from electrodermal activity (EDA) are the
most popular physiological measures used for assessing general emotional arousal and emotional
empathy (Bons et al., 2013; Fanti, 2016). Specifically, Bons et al. proposed that measuring HR
or SC response to distressing or threatening stimuli, can be reliable and objective measure of
emotional empathy, although it is not synonymous. HR reflects both Parasympathetic Nervous
System (PNS) and Sympathetic Nervous System (SNS) activity, while SC reflects primarily SNS
activity. Gradual changes in both HR and SC levels after exposure to affective stimuli, compared
to a measure during neutral conditions, are commonly used in analysis for measuring reactivity
and arousal (Fanti et al., 2016; 2017; accepted). Hyper-arousal (high SC and HR) on the one
hand is associated with difficulties in emotion regulation and an oversensitivity to negative
stimuli, while hypo-arousal (low SC and HR) with thrill seeking, fearlessness and insensitivity to
punishment (Beauchaine, 2012; Fanti et al., 2015; Frick & Morris, 2004). Several studies have
investigated physiological arousal in children, adolescents and adults high on CU traits in
response to stressful or aversive stimulus. In terms of autonomic activity, evidence indicates that
individuals high on CU traits show physiological hypo-arousal, displaying low HR and SC
reactivity (e.g., Anastassiou-Hadjicharalambous & Warden, 2008; Blair, Jones, Clark, & Smith,
1997; de Wied, van Boxtel, Matthys, & Meeus, 2012; Fanti, 2016). More specifically, low or
high levels of CU traits may lead to different physiological profiles. For example, Anastassiou-
Hadjicharalambous and Warden (2008) found that boys high on CU displayed reduced HR
reactivity compared to children diagnosed with Conduct Disorder (CD) with low CU traits and
control children, during exposure to emotionally evocative films. Similarly, de Wield et al.
(2012) revealed that boys with high levels of CU exhibited lower HR reactivity while viewing a
sad film compared to CD without CU traits and control boys. However, there are studies
proposing that psychopathic traits are not associated with deficits on HR and SC in response to

negative stimuli or point to hyper-arousal (e.g., Hansen et al., 2007; Pfabigan et al., 2014). Thus
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it is suggested that more studies are needed to understand the relation between CU traits and

physiological reactivity.

In contrast, researchers have been unable to reach consensus regarding physiological
activity in autistic traits, since there is a limited number of studies investigating physiological
arousal in response to aversive stimuli in autism and autistic traits. In a recent review (Lydon et
al., 2016), authors proposed that differences in physiological arousal are clearly present in autism
and autistic traits, but varied across individuals who share same traits and symptoms. In favor of
hyperarousal, Bal et al. (2010) found that children with ASD showed elevated HR baseline.
Similar, in another study it was proposed that 2-years old preschoolers with autistic traits
experience SC hyperactivity compared to same age typically developed preschoolers during play
activities (Prince et al., 2017). However, Huber et al. (2009) revealed that adults with ASD did
not exhibit differences in SC reactivity when they were exposed in emotional faces, indicating a
lack of physiological arousal in such conditions. These findings were also replicated with high-
functioning autistic children (Ben-Shalom et al., 2006). A possible explanation for this
contradictory result is the use of different stimuli, since each type (video, images, sounds or
activities) is composed from different components and time duration. For example Bal et al.
(2010) used videos of emotional faces, Ben-Shalom and colleagues (2006) used general
emotional pictures, while Prince et al. (2017) investigated reactions during play activities. In the
current study, our aim is to focus on children physiological arousal during emotional stimuli,
using both videos and images Due to the limited number of studies investigating physiological
arousal in autism, especially during childhood, it remains unclear if these individuals exhibit
deficits in their autonomic response, and how these deficits may affect or are linked with their
emotional arousal. These limited contradictory findings, highlight the need to investigate the link
between physiological measurements and autistic traits. The current study is the first attempt to
investigate physiological arousal in big sample of children assessing traits that exist on a

continuum rather than in categories.

Eye-blink startle reflex. Eye-blink startle reflex, derived from electromyography
(EMGQG), is a well-established measure of defensive motivation, providing a direct index of
amygdala activity (Vaidyanathan, Patrick, & Cuthbert, 2009; Vrana, Spence, & Lang, 1988). The
startle reflex is a involuntary response to a sudden intense acoustic stimulus, and it’s amplitude is

typically potentiated by negative affective contexts (i.e., fear, threat) in relation to neutral
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situations, while attenuated during positive stimulus. Reduced eye-blink startle reactivity—
hypoactivity - during aversive negative stimuli have been associated with diminished amygdala
activity and fearlessness (Fanti et al., 2015; Patrick 1994). On the other hand, high startle
reactivity during the same stimulus is an indicator of fearfulness and high anxiety (e.g., Fanti et

al., 2015).

A large number of studies indicate that antisocial individuals high on CU traits show
reduced eye-blink startle reactivity during exposure to negative aversive or fearful stimului (e.g.,
Dackis, Rogosch, & Cicchetti, 2015; Fanti et al., 2015; Kyranides, Fanti, & Panayiotou, 2016).
The most prominent model proposed that the presence of CU traits lead to different physiological
profiles in antisocial individuals. For example, a study proposed that CP only adults exhibited
higher levels of startle potentiation when they were exposed to violent films, compared to
individuals with high levels of both CP and CU, who exhibited startle attenuation (Kyranidies,
Fanti, & Panayiotou, 2016). In line with these results, Fanti et al. (2016) found that children high
on CU exhibited diminish startle potentiation in fear imagery scenarios, compared to children
with elevated levels of CP but without CU traits, who exhibited enhanced startle potentiation.
Similar, Dackis, Rogosch and Cicchetti (2015) revealed that non-maltreated children high on CU
traits, exhibit low levels of startle modulation to emotional stimuli. In accordance with these
results, it was proposed that CU traits are related with a pattern of hypo-activity of amygdala
during the exposure to aversive stimuli, which explains the poor fear conditioning of these
individuals (Blair, 1999). However, prior work provided also some inconsistent findings. For
example, Syngelaki, Fairchild, Moore, Savage and Van Goozen (2013) also revealed low startle
modulation in adult offenders with psychopathic traits for both positive and negative emotions,
pointing to general deficits in startle reactivity and not only in fear and sad stimulus. In addition,
the majority of studies investigating startle modulation in CU individuals focused in adolescents
and adults, with only very few exceptions trying to extend these results to children (e.g.,Dackis
et al., 2015; Fanti et al, 2016; accepted). All in all, findings propose that CU traits are associated
with startle hypoactivity and fearless temperament, but still there is a need of studies extending
these results to young children, since it is unclear whether these deficits account also for this age.
Importantly, no prior work investigated the difference between children with high levels of

autistic and CU traits, on startle modulation
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Similar to autonomic arousal, only a limited number of studies have investigated startle
modulation among individuals with autistic traits. Existing findings suggest no impairments in
startle modulation. Specifically, Bernier et al. (2005) found that participants with autism
demonstrated similar startle potentiation during exposure to aversive stimulus with control
individuals, possibly indicating that in contrast to those with CU traits, individuals with autistic
traits might show intact amygdala functioning. Similar, Salmond and colleagues (2003) revealed
no difference in startle response during exposure to either pleasant or unpleasant stimuli between
individuals with autistic traits compared with a control group. However, in contrast with these
findings, a third study revealed that individuals with autism show startle potentiation to both
positive and negative stimulus in comparison with control individuals (Wilbarger, Mclntosh, &
Winkielman, 2009). According to Blair “fine cuts” approach (2008) it is suggested that in autism
the use of stimulus-reinforcement association is intact, while social cognition aspects, which are
involved in the affect-related response and judgment to emotional expressions, are impaired. The
role of amygdala in the stimulus-reinforcement situation is clear. Specifically, amygdala is
necessary for the formation of stimulus-reinforcement associations, which guide individuals to
learn whether a new stimulus or situation is good or bad, and in turn to increase or decrease the
likelihood of a specific response (e.g., Buchel & Dolan, 2000). However, we lack evidence
regarding the relation of amygdala with social cognition in humans. Thus, it stills remain unclear
whether startle potentiation is impaired in autism and autistic traits, and if so, how does this
atypical potentiation occurred, with the hypothesis of intact startle modulation gaining ground. In
addition, since prior studies propose that autistic and CU traits are differentially associated with
startle reactivity, it is important to include both traits in investigating differences in this specific
physiological measurement and not separately for each trait. This will help in understanding the
different physiological profile of these two traits and the potential underlying mechanisms
affecting their behavior and emotional processing. Further, despite previous studies suggesting
the interaction and co-occurrence of both traits (e.g., Leno et al., 2015, Pasalich et al., 2014) no
prior studies have investigated the interaction effects between autistic and CU traits in HR, SC
and startle reflex. Findings from study 1 suggest a moderation effect of high autistic traits in the
relation of CU with affective empathy in girls. Based in this evidence it is important to extend
this results and investigate if autistic traits can also moderate physiological reactivity in high CU

children, taking into account the possibility of gender differences.
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Emotion recognition

The majority of previous studies propose that individuals with psychopathic and CU
traits exhibit deficits in recognizing and responding to fearful and sad stimuli, as well as to
others’ distress cues (Blair, 2013, Frick & White, 2008). These results were replicated in
community, forensic and clinical samples (e.g., Dolan & Fullam, 2006; Montagne et al., 2005).
For instance, in two studies, Dadds et al. (2006; 2008) found that children and adolescents with
high psychopathic traits exhibited deficits in recognizing fearful facial expressions. In line with
these findings, Blair and Coles (2000) reported that children scoring high on the Psychopathy
Screening Device (PSD) had difficulties in recognizing sad and fearful facial expressions, but not
angry, disgusted, happy or surprised expressions. Similar, Montagne et al. (2005) found that
participants high on psychopathic traits were less accurate in recognizing fearful facial
expressions in comparison with individuals scoring low on those traits. These findings were also
replicated in psychopathic offenders, proposing that they exhibited an overall lower accuracy in
recognizing facial emotion expressions, with a specific deficit in recognition of sad facial
expressions (Dolan & Fullam, 2006). Thus, based on empirical evidence, young children with
high levels of CU traits exhibit deficits in recognizing fear and sad emotions, which remain

stable through their life, and can be observed in both clinical and subclinical cases.

Agreeing with these findings, Marsh and Blair (2008) meta-analysis suggests a clear link
between CU traits and deficits in recognizing primarily fear and sad emotions. It was suggested
that difficulties in recognizing distress cues and especially fear and sad emotion is related with
decreased amygdala function, with studies supporting the role of amygdala in processing fear
expressions (see Blair, 2008; 2013; Viding et at al., 2012). Despite that deficits in recognizing
negative and distress emotions supported consistently across the literature of CU traits, there are
also some inconsistent results. For example, Leist and Dadds (2009) found that CU are
associated with impairments in identifying only fear, while Woodworth and Waschbucsh (2008)
revealed that high CU individuals are impaired only on identifying sad emotions. In addition, the
majority of previous studies focus on recognizing facial emotional expressions. Thus, there is a
need of more studies using emotional stimulus combining verbal, context and facial expression

like video scenes, which are more close to real, every day scenarios.
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In contrast to CU traits, there is a general belief that individuals with autism exhibit
difficulties in recognizing multiple emotions (e.g., Humphreys, Minshew, Leonard, &
Behrmann, 2007). However, despite the extended focus on emotion recognition abilities in
autistic individuals, it is still unclear whether these individuals experience difficulties in
recognizing specifically distress emotions or if their deficits are generalized to all basic
emotions, or if they do not experience difficulties at all (for a review see Harms, Martin, &
Wallace, 2010). For example, whereas one study found that children with Asperger’s Syndrome
(AS) exhibit difficulties in perceiving emotions through facial expression, prosody and verbal
content compared to typically developing children (Linder & Rosen, 2006), another found that
high functioning autistic adults exhibit difficulties only in recognizing negative emotional
expressions compared to typically developed adults (Ashwin, Chapman, Colle & Baron-Cohen,
20006). In another study, it was revealed that adolescent males with high functioning autism, were
less accurate in processing the emotions of anger, disgust and surprise (Law Smith et al., 2010),
while on the other hand, Baron-Cohen, Splitz and Cross (1993) found that autistic children were
impaired only on recognizing surprise. Yet other studies suggest that autistic individuals are
unimpaired in emotion recognition. For example, Castelli (2005) found that children with autism
were able to recognize all six basic emotion, showing no difference compared to control
individuals. In another study, it was revealed that autistic children were as capable as typically
development children in perceiving emotional expression in both human and cartoons (Rosset et
al., 2007). Moreover, an interesting study examining basic emotion recognition in autistic
individuals found that autistic children below 12 years old performed worst in recognizing
emotion compared to autistic children over 12 years old (Kuusikko et al., 2009). According to
Kuusikko et al.’s (2009) findings, difficulties in emotion recognition manifest at early
development but children improved as they enter puberty. However they do not achieve the level
of typically developing individuals, highlighting the need of teaching emotion recognition in

individuals high on autistic traits, regardless of age.

Several reasons may account for the widely different findings in emotion recognition for
individuals with autistic traits. An important factor mentioned by Blair (2008) and Harms et al.
(2010) are the various demographic characteristics like age, number of sample, intensity and task
demands and even differences in the mental age of children participating in these studies.

Moreover, it is well documented that autistic traits and symptoms are heterogeneous and vary
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across each individuals, suggesting the existence of a spectrum of autism with different levels of
abilities, intelligence and severity (Hill & Firth, 2003). Thus, using the dimensionality of autistic
traits might be more effective in understanding differences in behavioral manifestation and
severity than using a cut-off score approach. All these differences may account for the
inconsistency of findings regarding emotion recognition in autism. Another concern is that the
majority of the studies focus on the ability of autistic individuals to recognize emotional facial
expressions, raising questions regarding the relation of autistic traits with recognizing emotions

in every day situations and not only through facial expression.

Since prior studies point to both similarities and differences in emotion recognition in
autistic and CU traits, it is important to include both traits in investigating emotion recognition
deficits in order to identify unique associations. In addition, since findings from Study 1 and
additional work (e.g., Pasalich, Dadds, & Hawes, 2014) propose an interaction effect between
CU and autistic traits, there is a need to investigate if high autistic traits moderate the association
of CU traits and emotion recognition. Since both traits seems to be associated with emotion
recognition, and interaction of both traits may lead to more severe deficits in a broad range of
emotions, and not only in negative ones. Moreover, this is the first study examining this topic
using an emotion recognition task with children. This will help in better understanding the
different emotion recognition deficits early in development and formulate prevention and
intervention suggestions. All in all, individuals with autism or autistic traits appear to perceive
and recognize emotion differently than typically developing individuals, but yet more research is

needed to understand emotion recognition abilities in children with autistic traits.
Current study

Even though there is a growing body of research investigating physiological activity (HR,
SC and startle reflex) in CU traits, there is a lack of studies investigating the same reaction in
individuals high on autistic traits, during exposure to emotional stimuli. Moreover, to the authors
knowledge, there are no studies investigating the interaction of both traits in relation to
emotional processing (emotion recognition and physiological reactions). Regarding emotion
recognition in CU and autistic traits, the majority of prior work focused in recognizing facial
emotional expressions and not general emotions. In addition studies regarding autism and autistic

traits are inconsistent. Since there are no prior studies investigating differences between CU and
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autistic traits on physiological measurements and emotion recognition, neither the interactive
effect of these two traits, the current study aims to be the first to examine this topic. Moreover, it
aims to fill the literature gap regarding relation of physiological measurements with autistic
traits, extend findings of startle reactivity in high CU individuals to children with the same traits,
and give more insight regarding emotion recognition abilities in both traits. To do so, the unique
and interactive associations of differences of CU and autistic traits in levels of HR, SC and

startle modulation, as well as emotion recognition ability will be examined.

In Study 1, we investigate how CU or autistic traits relate to HR, SC and startle
modulation of children early in development, during exposure to emotional cartoon videos. We
chose videos since they are more ecologically valid and include both optical and auditory
stimuli. Moreover we assessed their ability to understand other peoples’ emotions using angry,
sad, fear, happy and neutral cartoon video stimuli. In Study 2, we investigate physiological
reactions of the same sample during exposure to static emotional pictures, using distress,
threatening, positive and neutral images. Our work advances prior investigations since we used
a) two different emotional tasks in order to investigate physiological reactions in our participants

and b) a broad range of emotions.

Based on previous studies, it is hypothesized that children with CU traits will exhibit
difficulties in recognizing fearful and sad emotions, while individuals with autistic traits, due to
their deficits on cognitive empathy are expected to exhibit general deficits in recognizing
emotional stimuli. These findings can help inform previous contradictory results. Regarding
physiological measurements, existing research suggests that CU traits are associated with under-
arousal and physiological under-reactivity (Anastassiou-Hadjicharalambous & Warden, 2008; de
Wied, van Boxtel, Matthys, & Meeus, 2012; Fanti et al., 2016). Thus, CU traits are expected to
be associated with low HR, SC and startle response during distressing and threatening pictures,
as well as emotional video scenes depicting fear and sadness. Previous studies using positive
emotional stimuli did not find any association between physiological arousal measures and CU
(Fanti et al., 2017). However, happy scenes and positive pictures are included to investigate if
deficits in physiological responses will extend to positive stimulus or will be observed only in
negative emotional cues. Regarding autistic traits, it is proposed that they will be associated with

high reactivity of HR and SC during aversive stimulation, but intact startle modulation, since

37



according to Blair (2008) the formation of stimulus-reinforcement ability, which is highly related

to amygdala, in autism is intact.

In addition, this is the first study aiming to investigate the interaction of CU and autistic
traits in relation to physiological measurements. Interactions will be assessed to investigate if
autistic traits moderate the relation of CU traits with physiological measurements and emotion
recognition. Based on prior studies suggesting that the interaction of CU and autistic traits is
related with severe deficits in affective empathy, it is proposed that it will be also associated with
low physiological measurement. Regarding emotion recognition, it is proposed that the
interaction of both traits will lead to difficulties in recognizing a broad range of emotion and not
only negative. Last, in addition to the main focus of this study, we also investigated and control
for sex differences in both unique and interaction relations, and age for unique relations. As far
as we know, no prior studies have investigated gender differences between these traits neither
with physiological measurement, nor with emotion recognition. Thus, this analysis will be

exploratory.
Study 1 Method
Participants

Participants were selected for an in-depth assessment based on a screening sample of
1652 children in early development, from schools in Cyprus, by selecting those who display low
levels of empathy (n = 78) (below -1 SD on GEM questionnaire total empathy score) and control
individuals (n = 85) (randomly selected from children scoring between -1 SD and +1 SD on
GEM questionnaire total empathy score). From the initial identified sample we randomly
selected 163 children (Mage= 4.95, SD= .97; 44.2% girls), and approximately 90% (n =147)
agreed to participate in the experimental phase of the study. Moreover, due to experimental
errors and technical problems, not all data from the participants were available, which is
common in physiological studies (e.g., Fanti et al., 2017). Final Ns based on tasks and
measurements were as follows: heart rate, n= 110; skin conductance, n= 109; orbicularis oculi

electromyography (startle modulation), n= 126; emotion recognition accuracy tasks, n= 142.
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Procedure

Following approval of the study by the Centre of Educational Research and Assessment
(CERE) of Cyprus, Pedagogical Institute, Ministry of Education and Culture and Cyprus
National Bioethics Committee, 47 private and public nursery schools, and 69 primary schools in
three provinces (Nicosia, Larnaca and Limassol) were randomly selected for participation in the
screening phase. All schools were contacted by telephone and informed about the aims of the
study. School boards that were interested to participate in the study received details about the
purpose and procedure via email or fax. Parents or guardians were informed about the nature of
the study and 81% of them consented to their child’s participation. During the screening phase,
both fathers and mothers completed a package of questionnaires, which took approximately half
an hour. Children low on empathy (below -1 SD on GEM questionnaire) were selected to take

part in the experimental phase.

For the experimental phase, the parents of the children selected to participate were
conducted by a researcher and informed about the aims, procedures and the selection criteria of
the study. Parents that agree to their child’s participation scheduled an appointment at the
Developmental Psychopathology Lab (DPL) at the premises of the Psychology Department in
the University of Cyprus. Prior to the meeting, an email was sent to each family including: a) the
contact details of the primary researcher in case they needed any further assistance, b) the
University map and directions to the DPL, ¢) a reminder of their scheduled assessment and d) a
link to an online questionnaire package using a secure internet-based platform (Survey Monkey)

including the three main variables of CU traits, autistic traits and empathy.
Questionnaire Assessment

Callous unemotional traits. The parent version of the 24-items Inventory of Callous-
Unemotional Traits (ICU: Frick, 2004) is comprised of 12 positively worded (e.g., “he/she
express his/her feelings openly”) and 12 negatively worded items (e.g., “he/she does not feel
remorseful when he/she does something wrong”) assessing CU traits. Parents rated their children
on a four point Likert scale (0 = Not at all true, 1 = Somewhat true, 2 = Very true, 3 = Definitely
true) with total scores ranging from 0 to 72. The ICU captures three dimensions of CU traits:
callousness (e.g., “He/she does not care who he hurts to get what he wants”), unemotional (e.g.,

“He/she does not show his emotions to others”), and uncaring (e.g., reverse scored items:
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“He/she feels bad or guilty when he/she does something wrong”). In the current study, only the
total score of ICU was used. Previous studies have verified that the ICU shows acceptable
internal consistency using different translations (e.g., Ezpeleta et al., 2013; Kimonis et al., 2015),
while several studies has verified the validity of ICU in community sample of Greek Cypriot
children (e.g., Fanti, 2013). In the present study ICU demonstrated good internal consistency
(0=.88).

Autistic Traits. Autistic traits were assessed using the school-age form of the Social
Responsiveness Scale (SRS), a 65-item parent and/or teacher report (Constantino & Gruber,
2012). In the current study, SRS was used as a parent report. Parents rated their children on a
four point Likert scale (1 = Not true, 2 = Sometimes true, 3 = Often true, 4 = Almost always true)
with total scores ranging from 65 to 260, with higher scores indicating higher degrees of social
impairment. Furthermore, SRS captures five domains — “Treatment Subscales” of autistic traits:
social ability, awareness, cognition, communication, motivation and mannerisms. In the current
study, only the total score of SRS was used. Previous studies have verified that SRS shows high
internal consistency (0=.91-.97) and acceptable inter-rater reliability (.76 and .95) (Bolte,
Poustka, & Constantino, 2008; Constantino, Przybeck, Friesen & Todd, 2000; Constantino et al.,
2003). In the present study, the total SRS score demonstrated excellent internal consistency

(0=.92).
Screening Questionnaire

Empathy. Empathy was measured using the 23-item parental scale Griffith Empathy
Measure (GEM; Dadds et al., 2008b). GEM except for an overall empathy score, captures the
two subcomponents of empathy: cognitive and affective. It is composed with 6 items for
cognitive empathy subscale (e.g., “My child has trouble understanding other people’s feelings”)
and 9 items for affective empathy subscale (e.g., “Seeing another child sad makes my child feel
sad”), rated on a 9-point Likert scale (rating from -4 = strongly disagree to 4 = strongly agree).
Total scores range from -92 to 92, with higher scores indicating higher levels of empathy. Prior
studies have demonstrated good test-retest reliability of scores over 1 week (r > .89) and 6 month
intervals (r > .69), good internal consistencies, a stable factor structure across age and sex

groups, inter-parental agreement (r > .47), and convergence with child reports (r = .41) (Dadds et
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al., 2008; 2008b). In the present study, both affective (a=.74) and cognitive empathy (0=.67)

subscales showed adequate internal consistency.
Experimental procedures

To ensure that video clips indicate specific emotions, pilot data were collected form an
independent sample of children (n = 45; M age = 6), matched for age with the experimental
sample. Participants validated an initial pool of 33 films by categorizing the emotion expressed
by each film main character to one out of four different emotions (happy, fear, sad, anger) and
neutral expression. For rating, we used a scale made of clipart images of each emotion, which
was age appropriate. Specifically, raking of the scenes was made according to valid-rate (e.g., a
happy emotional state expressed by the main character is correctly categorized as happy),
invalid-rate (e.g., an angry emotional state is not categorized as any of the four emotions). Based
on children’s ratings, 10 scenes of 1-minute duration were selected as the best representatives of
each category from two classic Disney movies, “Bambi” (Disney Animation Studios, 1942) and
“Aladdin” (Disney Animation, 1992). All the scenes were in Greek and included music and some

dialogue or commentary of approximately equal duration.

Apparatus. For experimental phase, timing of the events, presentation of the visual and
auditory emotional stimuli, and recording of participants’ responses to the rating questions were
controlled by an E-Prime 2.0 script (Schneider, Eschmann, & Zuccolotto, 2002). Auditory
stimuli (i.e., films’ soundtrack and white noise- startle probe) were presented binaurally with
headphones in order to mask ambient noise. Visual stimuli (i.e., emotional video clips) were
presented on a 22 inch (maximum resolution of 1680 x 1050 pixels) computer screen, placed 60
cm from the participant. All physiological signals were collected using BIOPAC MP150 for
Windows bioamplifiers and transducers, running an Acg4.3 data acquisition software (Biopac
Systems Inc, Santa Barbara, CA). Physiological measures were continuously monitored during

the experiment.

Startle probes. Startle probes are white-noise stimuli use with the purpose of eliciting
the blink startle reflex. Probes were created using the Audacity software package, and constituted
of 50-ms bursts of 100-dB white noise. In order to reduce predictability, startle probes were
presented at varying points during videos. Two of 10 scenes included 3 startle probes each,

presented in the beginning (10s), middle (25s) and near the end (45s) of the video. Four scenes
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included two startles probes each, occurring either at the beginning and middle of the video, at
the beginning and the end, or at the middle and end of the video. Finally, two scenes included
only one startle probe, presented either at the beginning, middle, or end of the scene and the
remaining scenes did not include any startle probe. Participants heard a total of 12 startle-probes,
equally distributed across each emotional video category (3 per fear, sad, angry, happy) and 4

startle probes during neutral video clips.

Heart Rate (HR). HR data were acquired using the ECG module of Biopac system. For
recording HR activity, two 11-mm disposable Ag/AgCl pre-gelled electrodes were placed on the
left and right inner forearms of the participant. ECG signals amplified with a gain of 500, filtered
using a Biopac ECG100C bioamplifier, sampled online at 1000Hz, and then converted offline to
beats per minute values. In addition, during the conversion, a visual artifact inspection was
conducted, and high proportions of artifacts and/or recordings that occurred during technical
errors (detachment, touching or scratching the electrodes) removed by deleting the physiological
data for the specific emotional task. A mean level of resting HR was calculated during a 60s
baseline, preceding experiment onset (rest).Following the baseline, the video stimuli were
presented and the mean level of HR during each affective and neutral scene was collected (i.e.

HR activity).

Skin Conductance (SC). SC data acquired in microSiemens (uS) using the galvanic skin
response (GSR) module of Biopac system. For measuring SC, two 11-mm disposable pre-gelled
Ag/AgCl electrodes were placed adjacently on the hypothenar eminence of the palmar surface of
the non-dominant hand. In order to reduce hand movement artifacts, participants were instructed
to keep their hand facing palm-up. The signal was amplified with a gain of 10uS/V and sampled
online at 250 Hz. Similar to HR, SC screening for artifacts, removing recordings occurred during
technical errors. In addition, mean level of SC calculated during the 60s baseline period
preceding experiment onset (rest), and during the presentation of each affective and neutral

stimuli (i.e. SC activity).

Startle reflex. Startle reflex data acquired using the EMG module of Biobac system,
recoding EMG signals for the orbicularis oculi (ORB). Those signals sampled at 1000 Hz using
two miniature Ag/AgCl electrodes, filled with electrode gel and placed over the ORB muscle
under the under the left eye, using the guidelines of Fridlund and Cacioppo (1986). Raw EMG
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was rectified and integrated using a 10-ms time constant. Startle amplitude was scored offline, by
identifying peak EMG deflections, within a time of 20 — 120 ms, after each startle probe. Mean
baseline of the ORB calculated for 2s prior to each startle probe, and subtracted from the peak
amplitude occurring within the 20-120 ms scoring window. Similar to Fanti et al. (2016), in
order to establish a common metric for all participants, the difference score was converted to T-
scores units for each participant, by standardizing raw values across trials. T-scores were also
averaged to represent startle magnitude values within each video category (happy, sad, fear,
angry, neutral). Extreme outlier trials, at the level of each film segment were detected using a
Boxplot-function (3 IQR from the median; Ashare, Hawk & Mazzullo, 2007) and excluded from

further analyses.

Affective ratings. Following the presentation of each video, participants were provided
with a multiple-choice question, asking them to identify the emotional state of the main character
from the list of five different choices (1= happy, 2= sad, 3= angry, 4= fear, 5= neutral).
Participants entered their ratings using a compact keyboard placed by their dominant hand. If the
answer was correct then the accuracy rate of the current scene was 1, while in case of wrong

answer the rate was 0.
Experimental procedure

Upon participants’ arrival at the University a researcher greeted families, answered any
questions that came up and explained the consent form in detail. Then participants were
informed that during the experimental procedure they: (1) will be seated in a comfortable chair in
front of a computer screen, (2) fitted with physiological sensors, (3) watch different cartoon
videos, and (4) they will need to identify the main character’s emotion (happy, sad, anger, fear
and neutral) after watching each scene. Subsequently, parents (either mother or father, or both of
them) signed the consent form and children were seated in a height-adjustable chair, adjusted to
the point at which they were looking directly towards the computer screen. Next, they were fitted
with the physiological sensors and instructed to relax in order to evaluate the effectiveness of the
recordings. Baseline physiological activity was recorded for a 60s period, while participants
viewed a blank computer screen. Following each video clip, participants entered their ratings

regarding main character’s emotion using a compact keyboard placed by their dominant hand.
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The experiment took approximately 25 minutes to complete — 10 minutes for preparation and 15

minutes for the actual task. Once the experiment was completed, participants were debriefed.
Plan of Analysis

First, correlation analyses were conducted in SPSS 21.0, in order to investigate the
association between CU and autistic traits with baseline HR and SC physiological measures as
well as HR, SC, and startle reactivity after controlling for the neutral condition. Specifically, for
physiological reactivity, difference scores were computed by subtracting activity during neutral
scenes from activity during emotional scenes, a method used and verified by previous work (see
Fanti et al., 2015; 2017). In addition, correlation analyses were conducted between CU and
autistic traits with emotion recognition accuracy. Moreover, in order to test the unique
association between CU and autistic traits with physiological measurements, two partial
correlation analysis was conducted, whilst controlling for autistic and CU traits respectively.
Next, we performed a series of hierarchical multiple regression analysis with the predictors in
each model being CU, autistic traits, sex and the interaction of those variables. More over, we
use age as predictor only in step 1. Dependent variables were physiological reactivity for each
emotional video stimuli and emotion recognition accuracy. In step 1, sex (O=males; 1=females)
CU and autistic traits were entered. In step 2, we entered the 2-way interactions: CU traits X sex,
autistic traits X sex and CU traits X autistic traits. In step 3, we entered the 3-way interaction
between all independent variables: CU traits X autistic traits X sex. The procedures followed for
both 2-way and 3-way interactions are the same as the one described in method section of the

first study (see plan of analysis of the first study).

Study 1 Results
Correlation analysis for physiological measurements

Zero-order correlations between CU and autistic traits with physiological measures and
emotion recognition are reported in Table 1. As shown in the table, CU and autistic traits were
moderately correlated (r=.60; p<.001), although the majority of bivariate associations with
physiological measures were not statistically significant. Next, a partial correlation was run to

determine the correlation between CU and physiological reactivity whilst controlling for autistic
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traits. Results revealed that CU traits were partially negatively correlated with SC reactivity
during sad videos (r= -.29; p<.01). This points to a suppressor effect of autistic traits in the
relation of CU traits with SC reactivity during sad stimuli, where autistic traits seem to suppress
the relation between CU and physiological reactivity. Similar to previous analysis with CU traits,
a partial correlation was run to determine the relation between autistic traits and physiological

reactions whilst controlling for CU, revealing no significant relations.
Associations with Physiological Measures

Resting HR and SC. As shown in Table 1, neither CU and autistic traits did not show
any negative zero order correlation with both HR and SC at baseline. However, regression
analysis for these measures revealed that autistic traits was uniquely predictive of higher baseline
HR (B=.26; p<.05) (see Table 2). No interactive effect, sex or age differences were found. The
fact that correlations were non-significant at the zero order level for both traits, but increased and
become significant within the joint regression model for autistic trait only, indicates that HR

baseline is uniquely associated with autistic traits.

HR reactivity. As shown in Table 3, there was no direct association for CU and autistic
traits with HR activity during the emotional scenes after controlling for the neutral condition.
However, during exposure to fear videos, there was a significant two-way interaction between
CU and autistic traits (Bcu wraits X PAutistic rait=--30, p<.01). The significant interaction is depicted in
Figure 1. According to the graph, CU traits were associated with higher levels of HR during the
fear scene at low levels of autistic traits (f=.33; p<.05) but not for high levels of autistic traits
(f=-.26; p=.12). Also there was a positive significant relation between age and HR reactivity in

both sad (f=.24; p<.05) and angry (f=.24; p<.05) emotional stimuli.

SC reactivity. Regarding SC reactivity there was a significant two-way interaction
between CU and sex (Bcu traits X Psex=-35, p<.01) predicting SC reactivity during sad videos
(Table 4). Separate regression analysis for boys and girls revealed a significant negative relation
of CU traits and SC for boys (f=-.76, p<.001) but not for girls (f=-.05, p=.81). These findings
are depicted in Figure 2. Two significant two-way interactions between CU traits and sex (Bcu
traits X Psex= .43, p<.05) and between autistic traits and sex (Bautistic traits X Psex= --40, p<.05) were
identified during the fear scene. As before, we performed two separate regression analysis for

boys and girls. As shown in Figures 3 and 4, results revealed that in boys, CU traits negatively
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predicted SC reactivity during fear scenes (f=-.50; p<.01), although a positive association was
found for autistic traits ($=.38; p<.05). Non-significant prediction was revealed in girls for both

CU (f=.10, p=.59) and autistic traits (f=-.18, p=.31)

Startle reflex modulation. Analyses focusing on startle modulation scores (emotional
videos minus neutral) revealed a significant two-way interaction between CU and sex only for
emotional videos depicting fear (Bcuy taits X Psex= --33, p<.05) (see Table 5). However, separate
regression analysis for boys (f=-.28 p=.11) and girls (f=-05, p=.80) did not revealed any
significant relation between startle and CU traits during fear emotional video. No associations
with CU traits during happy and angry scenes were identified. Similar, autistic traits did not

significantly predicted startle modulation during any emotional video.
Associations with Emotion Recognition

As shown in Table 1, significant zero order correlations between emotion recognition
accuracy and, CU and autistic traits were evident only for the neutral scenes. Both autistic
(r =24, p<.01) and CU traits (r =.-28, p<.01) were negatively correlated with emotion
recognition during neutral scenes. Moreover, findings from the regression analysis did not
indicate any relation between the independent variables and their interaction, and emotion
recognition, suggesting that the association with neutral emotions was lost after controlling for
the covariance of CU and autistic traits (Table 6). However, there were significant positive
relations between age and emotion recognition of happy (f=.26; p<.05)., fear (5=.22; p<.05) and

angry (f=.28; p<.05) emotional scenes.

Study 2 Methods
Participants

The same sample participated in the second task of the study. Again, due to experimental
errors and technical problems, not all data from the participants were available. Final Ns based
on physiological measurements were as follows: heart rate, n= 99; skin conductance, n= 99;

orbicularis oculi electromyography (startle modulation), n= 98.
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Experimental assessment and procedure

Participants’ physiological activity in study 2 was assessed in the same lab with the same
experimental materials and apparatus (please refer to Study 1 methods for more detailed
descriptions of physiological measures and apparatus). Thus, as with Study 1, E-Prime 2.0
scripts was used for the presentation of pictures and BIOPAC MP150 for the collection of HR,
SC and startle modulation physiological signals. No baseline measures were collected, since both
HR and SC baseline physiological reactivity were reported in Study 1. After finishing the
emotional video experimental task (see Study 1), participants remained seated with attached
physiological sensors and were informed about the second experimental task. In the current study
children viewed pictures of varied emotional content including distress (e.g., malnourished
children), threat (e.g., angry dog ready to attack), positive (e.g. kids having fun in a park) and
neutral (e.g., book) emotions. In order to follow a similar procedure as in study 1, the affective
pictures (distress, threatening, positive) were computed and compared to neutral pictures. The
task used in the current study was developed using pictures taken from the International
Affective Picture System (IAPS; Lang, Bradley, & Cuthert, 1997). These pictures were selected
because they have been used in previous studies with children aiming to investigate emotional
processing and affective reactions during exposure to aversive stimulus (Kimonis et al., 2006;
McManis, Bradley, Berg, Cuthbert, & Lang, 2001) (see Appendix A for the codes of pictures
used). During the procedure, the participants were instructed to try to keep their movements to
minimum level and watch the pictures the entire time they were on the screen. During the

experimental procedure the participants were alone in the room.

The task consisted of 40 pictures, 10 corresponding to each emotion. Pictures were
presented with a random order for duration of 5s each. Before the presentation of the picture an
asterisk was appeared in the centered of the screen. Intertrial intervals varied from 3.5 to 10.5s.
In order to elicit the blink startle reflex, a startle probe was delivered randomly between 1s and
4s into the viewing period of 32 pictures. Eight startle probes were delivered at each emotional
stimulus, and also 8 probes were delivered between the pictures. The experiment took
approximately 15 minutes to complete — 5 minutes for preparation and 10 minutes for the actual
task. Once the experiment was completed, sensors were removed and participants were

debriefed.
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Plan of Analysis

Same analysis plan was followed as in Study 1 for physiological measurements. For all
physiological measures, difference scores were computed by subtracting activity during neutral
pictures from activity during emotional pictures. Initially, a correlation analysis was conducted to
investigate the association between the main two variables with physiological measurements
after controlling for neutral condition (HR, SC and startle modulation) for each emotion.
Moreover, in order to test the unique association between CU and autistic traits, and
physiological measurements, two partial correlation analysis was conducted, whilst controlling
for autistic and CU traits respectively. Subsequently we conducted a series of hierarchical
multiple regression analyses with the predictors in each model being CU, autistic traits, sex and
age, and the interaction of the first three variables. Steps were the same as in the regression
analysis for physiological measurements in study 1. Depended variables were the physiological

difference scores for HR, SC and startle modulation for each emotional scene.

Results study 2
Correlation analysis for physiological measurements

Bivariate associations among the study variables are reported in Table 7 for physiological
reactivity after controlling for the neutral condition. As shown, there was no significant zero
order correlations between CU and autistic traits with physiological measurements. Interestingly,
the majority of associations with physiological measures were in the opposite direction for CU
compared to autistic traits. Next a partial correlation analysis was run to determine the
correlation between CU traits and physiological measurements whilst controlling for autistic
traits. Results revealed that CU traits were partially positively correlated with startle modulation
during positive (r= .26; p<.05) and threatening (r= .23; p<.05) images. No significant results
were revealed for the rest of the measures. Similar to previous analysis with CU, a partial
correlation was run to determine the relation between autistic traits and physiological
measurements whilst controlling for CU traits. Results revealed that autistic traits were partially
negatively correlated with HR reactivity during threatening (r= -.22; p<.05) and startle

modulation during positive (r= -.26; p<.05) pictures.
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Associations with Physiological Measures

HR reactivity. As shown in Table 8, there was a significant negative relation between
sex and HR reactivity (f=-.22; p<.05), suggesting that boys exhibit low levels of HR reactivity
during exposure to positive emotional pictures compared to girls. In addition, a significant
negative prediction of autistic traits during exposure to threatening pictures was also revealed for
HR reactivity (B=-.29; p<.05). No significant predictions were revealed for CU, and HR

reactivity in all emotional stimuli.

SC reactivity Relations between CU and autistic traits, and SC reactivity during
emotional pictures are presented at Table 9. As shown, no significant unique association or
interaction for both CU and autistic traits and SC reactivity was revealed during exposure to
positive pictures. However, a negative significant two-way interaction was found between CU
traits and sex (Bcu traits X Psex=--46, p<.05). Thus we conducted separate regression analyses for
boys and girls. Significant predictions of CU traits in SC reactivity during distress pictures was
revealed in boys (f=.43; p<.05) but not in girls (B=-.18; p=.35). Regarding threatening pictures,

no significant predictions were revealed for both CU and autistic traits.

Startle reflex modulation. Analyses focusing on startle modulation scores, revealed a
significant negative prediction of autistic traits (B=-.33; p<.05) but a significant startle
potentiation in CU traits (f=.32; p<.05) during exposure to positive pictures (Table 10). In
distress pictures, autistic traits significantly negatively predicted startle modulation (p=-.28;
p<.05), while no significant relation was revealed for CU traits. Similar, no significant relation
was revealed between both traits and startle modulation during threatening pictures. Moreover, in
all emotional pictures, results did not reveal any significant interaction, sex differences or age

effect.

Discussion

The current study set out to investigate the unique and interactive associations between
CU and autistic traits in: (a) physiological measurements during exposure to emotional videos
and pictures, and (b) emotion recognition after watching emotional video scenes, within a sample

of children in early development. Angry, sad, fear and happy emotional stimuli were used in
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video task, while positive, threatening and distress stimuli in picture task. Regarding the first aim
of the study several interesting findings were revealed for CU traits and physiological
measurements. Specifically, results indicated no correlation between CU and autistic traits with
physiological measurements in all emotions and emotional tasks. However, these results
differentiated when we accounted for the covariance between these traits in regression analysis.
For example, we found that CU traits were related with low SC reactivity during negative stimuli
when we controlled for autistic traits. Regarding sex differences, we found that boys exhibited
lower levels of HR reactivity when exposed to positive pictures compared to girls. However,
these results were not replicated when participants exposed to happy emotional videos.
Concerning our second aim, findings did not point out any association between CU and autistic
traits, and emotion recognition accuracy, except in neutral videos, where both individuals with

high levels of CU and autistic traits exhibit deficits in recognizing neutral emotional scenes.
Physiological arousal during rest

Findings regarding baseline physiological measurements revealed that children with high
levels of autistic traits exhibit higher levels of HR activity but not SC during baseline. Several
studies have reported anxiety symptoms for individuals with ASD and autistic traits (e.g.,
Kuusikko et al., 2008; MacNeil, Lopes, & Minnes, 2009), with published studies proposing a
range of 20-80% comorbidity between autism spectrum and anxiety (see Vasa & Mazurek,
2015). Thus, a possible explanation of the elevated levels of HR activity during baseline is that
children with high levels of autistic traits were experiencing higher levels of anxiety. This result
is in accord with Bal et al. (2010) findings, proposing high levels of HR baseline for individuals
with autistic traits. In addition, since baseline measurements are collected at the beginning of the
experiment, there is a possibility that participants with high levels of autistic traits experience
high levels of anxiety at the beginning of the experimental task, due to the procedure (use of
sensors on their hands and under their eye) and the new environment that they were exposed. On
the other hand, in line with prior studies (e.g., Fanti, et al., 2017; 2018) no differences in SC and
HR baseline in children with high levels of CU traits were revealed, indicating that it is more

important to investigate their reactivity during emotional stimuli.
Physiological reactivity in CU traits

First, findings propose that older children exhibited higher levels of HR reactivity during
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sad and angry emotional stimuli. This is an interesting finding, proposing that as children get
older they exhibit higher levels of arousal during negative aversive stimuli. Since our study is not
longitudinal, we cannot make a strong claim about these results. However, our findings can
inform future work in terms of the need to take a developmental perspective. Our hypothesis that
CU traits would be related with low levels of HR and SC during sad and fear videos, and
threatening and distress pictures relative to neutral condition was partially supported. In line with
our predictions, findings suggest that low SC arousal among young children with CU traits is
evident during exposure to fear and sad emotional stimuli, but only for boys. The majority of
prior work found low autonomic activity among high CU children after exposure to negative
(e.g., violent) stimuli (e.g., Anastassiou-Hadjicharalambous & Warden, 2008), but, there is a lack
of studies investigating sex differences among high CU individuals. Moreover, previous studies
were based mainly on male samples (e.g., de Wield et al., 2012; Muioz, Frick, Kimonis &
Aucooin, 2008). Thus, these findings provide novel evidence that low SC is evident only in high
CU boys but not in girls. A possible explanation is derived from Blair (2013) theory. According
to Blair (2013) when an individual is exposed to distress cues of others (e.g., someone being fear
or sad), this leads to an aversive physiological reaction (elevated levels of autonomic arousal), as
a result of recognizing and sharing the emotional state of the other person. This reaction is
related with stimuli-reinforcement deficits, which in turn will make high physiological arousal
undesirable to the individual. Thus in CU traits, deficits in empathy are associated with
individuals’ inability of processing specific emotions but also hypo-arousal during exposure to
negative cues. Thus, when boys are exposed to negative emotional situation, they do not exhibit

elevated levels of physiological arousal but instead low levels.

According to Dadds et al. (2009) and to first study’s results, in the case of CU traits, boys
exhibit deficits in both sharing and understanding others emotions (affective and cognitive
empathy) a result that may lead to low physiological reaction towards negative emotions, and
thus low SC reactivity. However, since girls with high levels CU traits are able to share the
emotional state of other, they may not exhibit deficits in autonomic arousal during emotional
stimuli in the same degree with boys, and as a result they do not exhibit low SC reactivity.
Another possible explanation can be derived from Fontaine et al. (2010) study, proposing sex
differences in the contribution of genetic and environmental factors in the development of CU

traits. Specifically, it was found that different etiologic factors lead to CU traits, where boys were
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primarily affected by genetic factors while girls by environmental. Thus, low autonomic arousal
in children in early development might be a result of genetic etiologic processes and it is related

mainly with boys and not with girls.

Findings did not replicate prior evidence for SC reactivity during exposure to distress
pictures. Specifically we found that CU boys exhibit high levels of SC reactivity at these
emotional cues compared to girls. This is also interesting, since our results regarding video
stimuli revealed the exact opposite findings. A possible explanation can be derived from
exposure time. In video task, participants were exposed for 60s while in the case of pictures for
Ss. There 1s a possibility that initially, boys with high levels of CU traits exhibit the expected
physiological arousal - thus high levels of SC reactivity, which however reduced quickly.
Moreover, some researches proposed that CU traits are associated with sensation seeking (Essau,
Sasagaw, et al., 2006), and for this reason they engaged in risking, high-sensation seeking
behavior. Thus, initially those children acquire the typical reactivity or even high levels — an

indicator of sensation seeking (Zuckerman, 1990), but they cannot maintain it.

Contrary to our expectations, results did not reveal any unique relation between CU traits
and HR reactivity in negative emotional stimuli. Some prior studies have found results
supporting no differences on HR reactivity in both children and adults with high levels of CU
traits (e.g., Fanti et al., 2017; 2018) suggesting that elevated levels of HR are related with a more
grandiose-manipulative profile and not with callous-unemotionality. However, while
investigating for possible interactions, an interesting result was revealed. Specifically, we found
that the relation of CU traits and HR reactivity during fear stimuli, was moderated by low levels
of autistic traits, leading to elevated HR reactivity in children with high levels of CU traits. This
finding is surprising, since it demonstrated the exact opposite relation of CU traits and HR
reactivity during fear, and not the negative or absent relation as prior studies proposed
(Anastassiou-Hadjicharalambous & Warden, 2008; Fanti et al., 2017). This result can be also
associated with the sensation seeking profile of high CU traits, suggesting that children with high
levels of CU traits exhibit high levels of HR reactivity during novel emotional stimuli as an
indicator of their sensation seeking tendencies. Another explanation can be offered from studies
investigating the heterogeneity of CU traits (Fanti et al., 2018). For example, in their recent
work, Fanti and colleagues suggest that high CU traits individuals differentiate on anxiety levels,

exhibit different physiological reactions towards emotional stimuli, compared to individuals high
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on both CU and anxiety, which exhibit higher levels of physiological activity. Thus, there is a
possibility that other characteristics, for example anxiety, may interact with CU traits and lead to
HR hyper-activity. All in all, it is suggested that physiological mechanisms might function
differently according to this heterogeneity (e.g., conduct problems or anxiety), indicating that it
is important to consider it in future studies. In addition, since this is the very first study
investigating interaction of CU and autistic traits with physiological measurements, more studies

are clearly needed.
Physiological reactivity in autistic traits

Findings related to autistic traits and physiological arousal, did not fully support our
hypothesis of a general hyper-arousal during aversive emotional stimuli. Regarding SC
reactivity, results revealed an association with over-reactivity during fear video stimuli, only in
boys. To the author’s knowledge, there are no prior studies investigating sex differences in
physiological arousal for individuals with high levels of autistic traits. These findings are in
accordance with some prior work demonstrating that autistic traits are associated with
physiological over reactivity (e.g., Bal et al., 2010; Prince et al., 2017). A possible explanation is
derived from the self-regulation deficits that children with autistic traits seem to exhibit
(Hirstein, Iversen, & Ramachandran, 2001). Hirstein et al. (2001) propose that these children
experience deficits in their autonomic system, and they are seeking to regulate this dysfunction
through repetitive activities. Regarding gender, there is no prior evidence about sex differences
in autistic traits, except that girls might exhibit higher levels of cognitive empathy compared to
boys (Baron-Cohen, 2009; Goldenfeld, Baron-Cohen, & Wheelwright, 2005). Thus, SC
reactivity in response to fear stimuli may act as a biomarker differentiating boys with autistic and

CU traits.

However this relation was not true for HR during threatening situation, where
surprisingly autistic traits were related to low HR reactivity. To the authors knowledge this is the
first study suggesting HR hypo-activity during threatening emotional cues in autistic traits. A
possible explanation is derived from the stimuli that were used in the task. Specifically in the rest
emotional stimuli, participants were watching others’ being in an aversive emotional situation, or
general pictures related with specific emotions. However, during threatening pictures, some

stimuli, were directed towards the participant - for example a picture of someone pointing a gun
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at the participant. As a result these stimuli may lead to an increase of HR reactivity at individuals
with low levels of autistic traits compared to other stimuli, while there was no HR reactivity in
individuals high on autistic traits. Moreover, emotion recognition task revealed that individuals
did not exhibit deficits in understanding the videos’ characters emotion. There is a possibility
that since boys with high levels of autistic traits successfully understood the emotional state of
the character, this lead to their physiological arousal. Regarding static pictures, maybe children
did not manage to accurately understand the emotion and it’s valence. However, we did not
investigate emotion recognition accuracy during picture task, thus these findings, should be
interpreted with caution. Overall, our results propose that boys with high levels of autistic traits
exhibit increased SC reactivity, and this can be used as a biomarker differentiating boys with

high levels of autistic and CU traits.
Startle reactivity

Our hypothesis that children with high levels of CU traits will be associated with
diminished startle modulation primarily during fear and threatening stimuli but also during sad
and distress emotional cues was not supported. Prior studies investigating startle modulation in
CU traits propose a fearlessness temperament related to low levels of startle modulation during
negative cues (e.g., Fanti et al., 2016; Kyranides et al., 2016). According to Patrick (1994), the
lack of startle modulation in CU individuals is related with deficits at the defensive system,
which affects reactions towards threatening cues. However, in a study investigating distinct
neurophysiological profiles in primary (non anxious) and secondary (anxious) group of high CU
children and adults, results proposed that anxiety and not CU traits may account for the
differences in startle reactivity between CU individuals (Fanti et al., 2018). These findings are
also in accord with studies supporting the heterogeneity among CU individuals (Frick et al.,
2004; Fanti et al., 2016). Investigating differences during positive pictures, we found that high
levels of CU traits were related with startle attenuation. Among typical children, it is expected
that the exposure to positive stimuli will lead to a startle attenuation and startle potentiation
during negative (Bradley & Lang, 2000). Current findings suggest that high CU traits seems to
have a typical startle reflex reaction during positive stimuli, but no specific reaction during
aversive stimulus, suggesting that CU traits exhibit similar startle reactivity as typical children
regarding positive stimuli but no at the case of negative stimuli. To the author knowledge, this is

the first study reporting high levels of startle potentiation during positive stimuli, thus the
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opposite relation of what we expect.. This is a very surprising result, highlighting the importance
of investigating startle reaction of individuals high on CU traits in positive emotional cues. Yet,
since there are no previous theories supporting these findings, results should be interpreted with
caution. In addition, no interactions between CU and autistic traits were revealed, suggesting that

there is no interaction related with differences in startle modulation.

Last, our hypothesis regarding autistic traits and startle modulation was partially
supported. In contrast with limited previous studies proposing that autistic traits exhibit normal
startle modulation during emotional cues (Bernier et al., 2005; Salmond et al., 2003), current
findings suggest that children with high levels of autistic traits exhibit low startle modulation
during exposure to both positive and distress pictures. These findings are interesting since this is
the first study suggesting diminished startle modulation during specific emotional cues in
children with high levels of autistic traits. Investigating startle reflex during emotional tasks is an
indirect method to test amygdala activity, where diminished startle modulation is related with
amygdala hypoactivity. According to Baron-Cohen et al. (2000), autism is related with
abnormalities in amygdala, which in turn affects their ability to interpret others’ behaviors,
empathize and predict how they feel. Specifically, they proposed that adults with high-
functioning autism exhibit less activation of amygdala during tasks where participants had to

interpret the mental state of a person.

A possible explanation of the current results derived from findings of few previous
studies suggesting reduced amygdala responses in individuals with autism, during exposure to
emotional facial expression (Ashwin et al., 2007; Critchley et al., 2000). In the current study,
during exposure to emotional picture tasks, participants also viewed a number of emotional facial
expressions (people being sad, happy, in pain or crying), and this may linked to a low startle
modulation. Thus, low startle reactivity during distress and positive pictures may function as an
indicator of reduced amygdala responses in individuals with high levels of autistic traits. In
addition, our findings can also advance prior work focusing on faces, expanding findings in
general emotions and not only in facial expressions. All in all, these results suggest that startle
reactivity might function differently in autistic traits — low reactivity - indicating that it is
important for future studies to investigate it in more depth, using facial emotional expressions. In
addition, more studies investigating physiological reaction and startle reactivity in children with

autistic traits are clearly needed, specifying in greater detail if these traits are related with low
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startle modulation or not.
Emotion recognition in CU and autistic traits

It has been proposed that in CU traits, impairments in amygdala lead to stimuli-
reinforcement deficits, diminishing the ability of learning through distress cues, and thus their
emotion recognition accuracy in distress cues (Blair, 2009). On the other hand in the case of
autistic traits, individuals exhibit difficulties to receive and interpret information for the
emotional state of the other, from the eye region, leading to deficits in recognizing other people
emotions (Baron-Cohen, 2001). Contrary to our expectations, no unique and interaction
association was revealed between CU and autistic traits, and recognizing emotions during
emotional scenes. Literature on autism and autistic traits revealed an inconsistency of findings
regarding emotion recognition, with evidence suggesting the absence of any emotion recognition
impairment (e.g., Castelli, 2005; Rosset et al., 2007). For CU traits, although deficits in
recognizing fear and sad emotions have been proposed from several studies, suggesting that the
inability to attend to other people distress cues lead to deficits in emotional empathy (Blair,
2009; Blair & Coles, 2000; Blair, Colledge, Murray, & Mitchell, 2001; Dadds et al., 2006;

2008), this relation in our sample was no revealed.

There are several possible explanations for our results. First, previous studies have
focused mainly on facial emotion recognition in both autistic and CU traits, investigating
individuals’ ability in recognizing displays of facial expression, and not general emotional scenes
(Dadds et al., 2006; Fairchild et al., 2009; Humphreys et al., 2007; for a metanalysis see: Marsh
& Blair, 2008). In the current study we investigated children’s ability in recognizing emotions
from videos, including both auditory and optical stimuli. Based on the current findings we can
assume that participants, in contrast with tasks demanding of focusing in facial expression,
manage to combine all the information (music, spoken language, images etc) during the one-
minute exposure to each emotional scene and accurately recognize the emotional state of the
main character. Thus, CU and autistic traits may be related with deficits in facial recognition, but
their ability of combining verbal and environmental contents and information remains intact,
leading to decoding emotions correctly. Second, previous studies used humans expressing
emotion as emotional stimuli, while in the current study we used cartoon characters. This is not

to suggest of course that individuals high on CU and autistic traits show deficits in recognizing
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emotions expressed by humans and not in the case of cartoons, but rather to highlight that the
animated character used on the current study might affect the final results. Third the subclinical
nature of the sample and the heterogeneity in both traits may explain our findings. The clinical
presentation of autistic symptoms is heterogeneous suggesting a spectrum with different levels of
abilities, intelligence and severity, while several studies propose heterogeneity among CU traits
(Fanti et al., 2016, 2017) that may explain the absence of relation between autistic and CU traits
and emotion recognition. Last, results revealed that older participants were scoring better in
emotion recognition accuracy in fear, angry and sad emotional videos. A possible explanation for
these results can be derived from Dadds et al. (2009) study. Specifically, Dadds suggested that as
individuals are getting older and entering puberty, they learn and become more capable of
understanding other peoples’ emotions. However, there is a need of longitudinal studies in order

to confirm this explanation.
Strengths and limitations

The current study has several strengths that should be noted. First, a multi-method
physiological assessment, using HR, SC and startle modulation activity was used to identify
unique differences and interactions in CU and autistic traits. Second, a large community sample
was used during the screening phase for identification of the individuals that participate in the
current study. Third we used a multi-assessment method using both emotional videos and
pictures. Forth, this is the first study investigating interaction effect between CU and autistic
traits in both physiological measurements and emotion recognition. However, current findings
should be interpreted within the context of some limitations. First, both CU and autistic traits
were assessed using parent reports. Future studies will be benefit from incorporating clinical
interviews, teacher reports, and self-reports, as additional assessment for identifying each profile
more accurately. Second we examined differences on physiological measurements and emotion
recognition in subclinical, community sample of young children. Future studies should also
investigate different emotional profiles in clinical samples of ASD and Limited Prosocial
Emotion. Third, for emotion recognition tasks we used general emotional videos and static
pictures and not specific facial expressions. It seems that in both traits, children do not exhibit
deficits in recognizing general emotion but deficits in recognizing facial expressions. Thus it will
be useful to replicate the same study using human static or dynamic facial expressions pictures.

Fourth, assessment conducted only for early development children. Implementing a longitudinal
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design study, expanding our findings in adolescents and adults will be important in order to
understand the physiological and emotional processing of individuals with CU and autistic traits,
across development. Last, regarding physiological tasks, children participate first at the video

task and then at the picture task, an event that may affect their reactions.
Conclusion

In conclusion, our findings highlight the importance of different physiological markers in
understanding the emotional processing of children with CU and autistic traits, despite their
surface similarities in empathy deficits. First, findings propose that SC reactivity during fear
emotional stimuli can be used as a physiological marker for both CU and autistic traits in boys.
Findings suggest that this mechanism functions differently in these two traits, where boys with
high levels of CU exhibit low SC reactivity, and boys with autistic traits high SC reactivity. In
addition, this is the first study suggesting different physiological mechanism in boys and girls for
both CU and autistic traits. Second, regarding startle reactivity, current study proposed that in
children with high levels of autistic traits, findings of low startle modulation during positive and
distress emotional stimuli may suggest impairments in amygdala. In addition, we extend
physiological findings for both traits in children, since the majority of previous studies focused
on adolescents and adults. Last, current findings in combination with results from previous
studies suggest that in both psychological conditions, individuals despite their deficits in facial
emotion recognition, they are capable of combining environmental and verbal information for
accurately decoding and recognizing general emotions. All in all, our findings suggest that
despite surface similarities on empathy deficits, CU and autistic traits have different underlying
emotional processing mechanisms. An advance to prior work is that we investigate these
differences by comparing both traits in the same study and experimental tasks, and not separately
for each trait. Moreover, we shed more light to sex differences, suggesting that it is important to
take them into account, since we have evidence that boys and girls with these traits may also
exhibit different physiological profile. Last we highlight that heterogeneity and co-occurrence
seems to be also an important factor that future studies should take into account. Taking into
consideration these results, focusing in biological, physiological markers, and heterogeneity can
help in shaping etiological hypothesis and understanding underlying mechanisms related to
emotional processing in autistic and CU traits. An event, which will eventually lead to the

development and improvement of prevention and intervention programs. For example, high
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levels of SC reactivity in boys with high levels of autistic traits might br related with a general
oversensitivity to distressing stimuli and high emotionality. Thus interventions aiming to help
individuals cope with oversensitivity and emotion regulation are clearly needed. On the other
hand, in boys with high levels of CU traits, more rewarding tasks that focus on emotion
recognition and role taking task might be needed, since their profile is related with low
emotionality. Moreover, teachers and parents should understand the different “modus operandi”

for those children behavior, and react based on what is beneficial and effective.
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General overview and conclusion

The two studies of the project explored three different dimension of CU and autistic traits
— empathy, physiological measurements and emotion recognition, the distinct profile in case of
interaction and gender differences. The main findings of both studies are briefly mentioned

bellow, followed by a general conclusion.

Study 1, has demonstrated that CU and autistic traits have distinct empathy deficits
profile. It seem that autistic traits are related only with difficulties in the cognitive empathy,
while high levels of CU traits with impairments in both affective and cognitive empathy. This
lead to a new perspective in understanding CU traits, where the ability of understanding others’
emotions is also impaired in those individuals. Moreover it shed more light in the concept of
gender differences in CU traits. Specifically boys with high levels of CU seems to exhibit
deficits in both empathy subcomponents, while in girls, only the co-occurrence of CU traits with

high levels of autistic traits is related with deficits in affective empathy.

Study 2, revealed different physiological profile in both traits. It seems that children with
high levels of autistic traits exhibit higher levels of HR but not SC activity during baseline. An
event, which may be associated with high levels of anxiety. Moreover it was revealed that SC
reactivity during fear emotional stimuli can be used as a physiological marker for both CU and
autistic traits in boys, where CU traits is related with low reactivity and autistic traits with high,
suggesting also different physiological mechanism in boys and girls with these traits. In line with
these results, boys with high levels of CU traits were also related with low SC reactivity during
sad stimuli. In addition low startle reactivity was revealed during positive and distress emotional
stimuli, in children with high levels of autistic traits, suggesting potential impairments in
amygdala. Surprisingly, no such deficits were revealed for CU traits. On the contrary, high levels
of CU traits were related with startle potentiation during positive stimuli. Last in both traits,
individuals are capable of combining environmental and verbal information for accurately

decoding and recognizing general emotions.

The two studies, taken together have confirmed our initial assumptions. That each
physiological condition, despite their superficial similarities, is related with distinct empathy and

physiological profile. It is revealed that distinct underlying mechanism lead to distinct empathy
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abilities, suggesting a different “modus operandi” in each case. Furthermore, findings from both
studies suggest that the co-occurrence and interaction of both traits can lead to different deficits,
but also highlight the importance of gender differences. Regarding interaction effects, we
highlight the importance of heterogeneity by pointing to a different psychological profile — at
least in girls. In combination with previous studies we have some strong indications that the
notion of “double-hit” is at work. However, does this profile represent the interaction of CU and
autistic traits or the co-occurrence of specific characteristics of those traits e.g., behavioral
problems and anxiety? Theories propose that anxiety is a main characteristic of autistic traits
profile. Similar, studies regarding CU traits propose a heterogenous structure, where anxiety
interacts with CU traits, leading to two different profile: primary and secondary. Taking these
results into account, there is a possibility that the interaction of CU and autistic traits is actualy
an interaction of CU traits and anxiety All in all, there is a clear need of replication of the current
findings, and in depth investigation of this relation, addressing the limitations of the current

study.

Another interesting finding was gender differences in both traits. Specifically, it was
revealed that SC reactivity can be used as a biomarker for both traits only in boys, suggesting
that girls exhibit typical SC reactivity. Moreover it is proposed that girls with high levels of CU
traits do not exhibit deficits in sharing the emotional state of others, but only in case of co-
occurrence with autistic traits. In the research field, which focused on CU and autistic traits, is
often discussed that males and females may exhibit different underlying impairments.
Specifically, there is a huge discussion, especially about CU traits, regarding the differences
between males and females, and a general belief that these traits are related with higher levels of
severity and stability in boys compared to girls. In case of autistic traits, it has been suggested
that women exhibit less severe empathy deficits than men. However studies are mainly focused
on male samples and females are under-represented in prior work, which makes clear the need
for more studies investigating gender differences using mix-gender sample or even focused more
in girls. One question that remains unanswered, is whether there are actual gender differences -
different underlying mechanisms and emotional profile -, or actually these traits are predominant
in boys. Current findings are in line with theories suggesting that girls with CU traits do not
exhibit deficits in affective empathy. This was evident in both questionnaire and physiological

measurements, since girls scored typically in affective empathy and they did not exhibit low
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levels of SC reactivity. However, as it is mentioned above, there is a need of more studies
focusing on different behaviors and emotional processing models between genders. Regarding
age, in the majority of our analyses, we did not reveal any significant results, indicating that age
differences between children in early development does not affect the relation between CU and

autistic traits with empathy, physiological arousal and emotion recognition.

An important strength of the current project was the young age of the sample (children in
early development). The fact that we were able to identify different emotional profiles during a
very young age is beneficial for both clinical assessment and intervention. Of course, future
studies will benefit from the use of an exclusively preschool sample, but still our findings can
inform clinical practice and child interventions. First, regarding assessment, specific biomarkers
can clarify the distinct underlying mechanism that lead to superficial un-empathic behaviors and
reactions, early in development. This suggest that combining physiological measurements with
psychological assessment, can lead to a more accurate understanding of psychological conditions
and a more complete case conceptualization. This suggestion is related with the Research
Domain Criteria (RDoC) framework proposed by the National Institute of Mental Health for
investigating mental disorder. The aim of this framework is to integrate many levels of
information from genetics and physiological measurements to self-reports, in order to understand
the nature of mental health in terms of varying degrees of dysfunctions in both psychological and
biological systems. Our findings are line with this framework, since: 1) we investigate CU and
autistic traits as continuous and no categorical/ cut-off score dimensions, and 2) proposed
possible biomarkesr for autistic and CU traits. Thus, the use of physiological methods during
clinical assessment can lead to a more accurate understanding of psychological conditions and
personality traits, even in the case of young children. Such findings can lead to more effective
interventions based on the specific deficits in emotional processing, empathy and underlying

physiological mechanisms and not the behavior per se.

Needless to say, despite that the current project have demonstrated the importance of co-
investigating CU and autistic traits, for both unique and interactive effect, more studies are
clearly needed for understanding the different emotional processing profiles in both traits, and
more findings regarding co-occurrence of both traits. Replication studies should take into

account the limitations of the current project and also zoom into other specific components
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related to these traits, like disruptive behavior and anxiety. It is only through continuous
exploration and replication of studies, that we will be able to have significant and clinical useable
conclusions — which will lead to the ultimate purpose of research in clinical psychology: to guide

treatment and promote best practices in applied psychology.

63



References

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(5th ed.). Washington, DC: Author.

Anastassiou-Hadjicharalambous, X., & Warden, D. (2008). Physiologically-indexed and self-
perceived affective empathy in conduct-disordered children high and low on callous-
unemotional traits. Child Psychiatry and Human Development, 39(4), 503-517.

Ashare, R.L., Hawk, L.W., & Mazzullo, R.J. (2007). Motivated attention: incentive effects on
attentional modification of prepulse inhibition. Psychophysiology, 44, 839-845.

Ashwin, C., Chapman, E., Colle, L., & Baron-Cohen, S. (2006). Impaired recognition of
negative basic emotions in autism: a test of the amygdala theory. Social
Neuroscience, 1(3-4), 349-363.

Asscher, J. J., van Vugt, E. S.; Stams, G. J. J., Dekovi¢, M., Eichelsheim, V. 1., & Yousfi, S.
(2011). The relationship between juvenile psychopathic traits, delinquency and (violent)
recidivism: A meta-analysis. Journal of Child Psychology and Psychiatry, 52(11), 1134-
1143.

Bal, E., Harden, E., Lamb, D., Van Hecke, A. V., Denver, J. W., & Porges, S. W. (2010).
Emotion recognition in children with autism spectrum disorders: Relations to eye gaze
and autonomic state. Journal of Autism and Developmental Disorders, 40(3), 358-370.

Baron-Cohen, S. (2000). Theory of mind and autism: A review. International Review of
Research in Mental Retardation, 23, 169-184.

Baron-Cohen, S., & Wheelwright, S. (2004). The empathy quotient: an investigation of adults
with Asperger syndrome or high functioning autism, and normal sex differences. Journal
of Autism and Developmental Disorders, 34(2), 163-175.

Baron-Cohen, S., Ring, H. A., Bullmore, E. T., Wheelwright, S., Ashwin, C., & Williams, S. C.
R. (2000). The amygdala theory of autism. Neuroscience & Biobehavioral
Reviews, 24(3), 355-364.

Baron-Cohen, S., Spitz, A., & Cross, P. (1993). Do children with autism recognise surprise? A
research note. Cognition & Emotion, 7(6), 507-516.

Baron- Cohen, S. (2009). Autism: the empathizing—systemizing (E-S) theory. Annals of the

New York Academy of Sciences, 1156(1), 68-80.

64



Baron-Cohen, S. (2009). Autism: the empathizing—systemizing (E-S) theory. Annals of the New
York Academy of Sciences, 1156(1), 68-80.

Beauchaine, T. P. (2012). Physiological markers of emotion and behavior dysregulation in
externalizing psychopathology. Monographs of the Society for Research in Child
Development, 77(2), 79-86.

Bernier, R., Dawson, G., Panagiotides, H., & Webb, S. (2005). Individuals with autism spectrum
disorder show normal responses to a fear potential startle paradigm. Journal of Autism
and Developmental Disorders, 35(5), 575-583.

Blair, R. J. R. (1999). Responsiveness to distress cues in the child with psychopathic
tendencies. Personality and Individual Differences, 27(1), 135-145.

Blair, R. J. R. (2005). Responding to the emotions of others: dissociating forms of empathy
through the study of typical and psychiatric populations. Consciousness and
Cognition, 14(4), 698-718.

Blair, R. J. R. (2008). Fine cuts of empathy and the amygdala: dissociable deficits in
psychopathy and autism. The Quarterly Journal of Experimental Psychology, 61(1), 157-
170.

Blair, R. J. R. (2013). The neurobiology of psychopathic traits in youths. Nature Reviews
Neuroscience, 14(11), 786-799.

Blair, R. J. R., & Coles, M. (2000). Expression recognition and behavioural problems in early

adolescence. Cognitive Development, 15(4), 421-434.

Blair, R. J. R., Colledge, E., Murray, L., & Mitchell, D. G. V. (2001). A selective impairment in
the processing of sad and fearful expressions in children with psychopathic
tendencies. Journal of Abnormal Child Psychology, 29(6), 491-498.

Blair, R. J., Jones, L., Clark, F., & Smith, M. (1997). The psychopathic individual: A lack of

responsiveness to distress cues? Psychophysiology, 34, 192—198.
Bolte, S., Poustka, F., & Constantino, J. N. (2008). Assessing autistic traits: cross-cultural

validation of the social responsiveness scale (SRS). Autism Research, 1(6), 354-363.
Bons, D., van den Broek, E., Scheepers, F., Herpers, P., Rommelse, N., & Buitelaaar, J. K.

(2013). Motor, emotional, and cognitive empathy in children and adolescents with autism

65



spectrum disorder and conduct disorder. Journal of Abnormal Child Psychology, 41(3),
425-443.
Buchel, C., & Dolan, R. J. (2000). Classical fear conditioning in functional neuroimaging.

Current Opinions in Neurobiology, 10, 219-223.

Capps, L., Kasari, C., Yirmiya, N., & Sigman, M. (1993). Parental perception of emotional
expressiveness in children with autism. Journal of Consulting and Clinical
Psychology, 61(3), 475-484.

Castelli, F. (2005). Understanding emotions from standardized facial expressions in autism and
normal development. Autism, 9(4), 428-449.

Chabrol, H., van Leeuwen, N., Rodgers, R. F., & Gibbs, J. C. (2011). Relations between self-
serving cognitive distortions, psychopathic traits, and antisocial behavior in a non-clinical
sample of adolescents. Personality and Individual Differences, 51, 887—-892.

Ciucci, E., Baroncelli, A., Golmaryami, F. N., & Frick, P. J. (2015). The emotional correlates to
callous—unemotional traits in children. Journal of Child and Family Studies, 24(8), 2374-
2387.

Constantino, J. N., & Gruber, C. P. (2012). Social responsiveness scale (SRS). Torrance, CA:
Western Psychological Services.

Constantino, J. N., & Todd, R. D. (2003). Autistic traits in the general population: a twin
study. Archives of General Psychiatry, 60(5), 524-530.

Constantino, J. N., Davis, S. A., Todd, R. D., Schindler, M. K., Gross, M. M., Brophy, S. L., ...
& Reich, W. (2003). Validation of a brief quantitative measure of autistic traits:
comparison of the social responsiveness scale with the autism diagnostic interview-
revised. Journal of Autism and Developmental Disorders, 33(4), 427-433.

Constantino, J. N., Przybeck, T., Friesen, D., & Todd, R. D. (2000). Reciprocal social behavior
in children with and without pervasive developmental disorders. Journal of
Developmental and Behavioral Pediatrics, 21(1), 2-11.

Critchley, H. D., Daly, E. M., Bullmore, E. T., Williams, S. C., Van Amelsvoort, T., Robertson,
D. M., ... & Murphy, D. G. (2000). The functional neuroanatomy of social behaviour:
changes in cerebral blood flow when people with autistic disorder process facial

expressions. Brain, 123(11), 2203-2212.

66



Cuthbert, B. N., & Insel, T. R. (2013). Toward the future of psychiatric diagnosis: the seven
pillars of RDoC. BMC medicine, 11(1), 126.

Dackis, M. N., Rogosch, F. A., & Cicchetti, D. (2015). Child maltreatment, callous—unemotional
traits, and defensive responding in high-risk children: An investigation of emotion-
modulated startle response. Development and Psychopathology, 27(4pt2), 1527-1545.

Dadds, M. R., El Masry, Y., Wimalaweera, S., & Guastella, A. J. (2008). Reduced eye gaze
explains, “fear blindness” in childhood psychopathic traits. Journal of the American
Academy of Child and Adolescent Psychiatry, 47, 455—463.

Dadds, M. R., Hawes, D. J., Frost, A. D., Vassallo, S., Bunn, P., Hunter, K., & Merz, S. (2009).
Learning to ‘talk the talk’: the relationship of psychopathic traits to deficits in empathy
across childhood. Journal of Child Psychology and Psychiatry, 50(5), 599-606.

Dadds, M. R., Hawes, D. J., Frost, A. D., Vassallo, V., Bunn, P., Hunter, K., & Merz, S. (2008b).
The measurement of empathy in children using parent reports. Journal of Child
Psychiatry and Human Development, 39, 111-122.

Dadds, M. R., Perry, Y., Hawes, D. J., Merz, S., Riddell, A. C., Haines, D. J.,, ... &
Abeygunawardane, A. 1. (2006). Attention to the eyes and fear-recognition deficits in
child psychopathy. The British Journal of Psychiatry, 189(3), 280-281.

Davis, M. H. (1983). Measuring individual differences in empathy: evidence for a
multidimensional approach. Journal of Personality and Social Psychology, 44(1), 113-
126.

Davis, M. H. (1994). Empathy: A social psychological approach. Westview Press.

Davis, M., & Whalen, P. J. (2001). The amygdala: vigilance and emotion. Molecular
psychiatry, 6(1), 13-34.

De Los Reyes, A., & Kazdin, A. E. (2005). Informant discrepancies in the assessment of
childhood psychopathology: a critical review, theoretical framework, and
recommendations for further study. Psychological Bulletin, 131(4), 483-509.

de Wied, M., van Boxtel, A., Matthys, W., & Meeus, W. (2012). Verbal, facial and autonomic
responses to empathy-eliciting film clips by disruptive male adolescents with high versus
low callous-unemotional traits. Journal of Abnormal Child Psychology, 40(2), 211-223.

Decety, J., & Jackson, P. L. (2004). The functional architecture of human empathy. Behavioral

and Cognitive Neuroscience Reviews, 3(2), 71-100.

67



Dolan, M., & Fullam, R. (2006). Face affect recognition deficits in personality-disordered
offenders: association with psychopathy. Psychological Medicine, 36(11), 1563-1569.

Dziobek, 1., Rogers, K., Fleck, S., Bahnemann, M., Heekeren, H. R., Wolf, O. T., & Convit, A.
(2008). Dissociation of cognitive and emotional empathy in adults with Asperger
syndrome using the Multifaceted Empathy Test (MET). Journal of Autism and
Developmental Disorders, 38(3), 464-473.

Eisenberg, N., Eggum, N. D., & Di Giunta, L. (2010). Empathy-related responding: associations
with prosocial behavior, aggression, and intergroup relations. Social Issues and Policy
Review, 4(1), 143-180.

Essau, C. A., Sasagawa, S., & Frick, P. J. (2006). Callous-unemotional traits in a community
sample of adolescents. Assessment, 13(4), 454-469.

Ezpeleta, L., Osa, N. D. L., Granero, R., Penelo, E., & Domenech, J. M. (2013). Inventory of
callous-unemotional traits in a community sample of preschoolers. Journal of Clinical
Child & Adolescent Psychology, 42(1), 91-105.

Fairchild, G., Van Goozen, S. H., Calder, A. J., Stollery, S. J., & Goodyer, I. M. (2009). Deficits
in facial expression recognition in male adolescents with early-onset or adolescence-onset
conduct disorder. Journal of Child Psychology and Psychiatry, 50(5), 627-636.

Fanti, K. A. (2013). Individual, social, and behavioral factors associated with co-occurring
conduct problems and callous-unemotional traits. Journal of Abnormal Child Psychology,
41, 811-824.

Fanti, K. A. (2016). Understanding heterogeneity in conduct disorder: a review of
psychophysiological studies. Neuroscience and Bio-behavioral Reviews. doi:
http://dx.doi.org/10.1016/j.neubiorev.2016.09.022

Fanti, K. A., Colins, O. F., Andershed, H., & Sikki, M. (2016). Stability and change in callous—
unemotional traits: Longitudinal associations with potential individual and contextual risk
and protective factors. American Journal of Orthopsychiatry, 87(1), 62-75.

Fanti, K. A., Kyranides, M. N., Georgiou, G., Petridou, M., Colins, O. F., Tuvblad, C., &
Andershed, H. (2017). Callous-unemotional, impulsive-irresponsible, and grandiose-
manipulative traits: Distinct associations with heart rate, skin conductance, and startle
responses to violent and erotic scenes. Psychophysiology, 54(5), 663-672

Fanti, K. A., Kyranides, M. N., Petridou, M., Demetriou, C., & Georgiou, G. (2018)

68



Neurophysiological Markers Associated With Heterogeneity in Conduct Problems,
Callous Unemotional Traits, and Anxiety: Comparing Children to Young Adults.
Developmental Psychology. http://dx.doi.org/10.1037/dev0000505

Fanti, K. A., Panayiotou, G., Kyranides, M. N., & Avraamides, M. N. (2016b). Startle
modulation during violent films: Association with callous—unemotional traits and
aggressive behavior. Motivation and Emotion, 40(2), 321-333.

Fanti, K. A., Panayiotou, G., Lazarou, C., Michael, R. & Georgiou, G. (2015). The better of two
evils? Evidence that conduct problem children with or without callous-unemotional traits
score on opposite directions on physiological and behavioral measures of
fearfulness. Development and Psychopathology, 1-14.

Fanti, K.A., Kyranides, M.N., & Panayiotou, G. (2015b). Facial reactions to violent and comedy
films: Association with callous—unemotional traits and impulsive aggression. Cognition
and Emotion, 1-16.

Feshbach, N. D. (1989). Empathy training and prosocial behavior. In J. Grobel & R. A. Hinde,
(Eds.), Aggression and war: Their biological and social basis (pp. 101-111). New York:
Cambridge University Press.

Fontaine, N. M., Rijsdijk, F. V., McCrory, E. J., & Viding, E. (2010). Etiology of different
developmental trajectories of callous-unemotional traits. Journal of the American
Academy of Child & Adolescent Psychiatry, 49(7), 656-664.

Frick, P. J. (2004). Inventory of callous-unemotional traits. Unpublished rating scale, University
of New Orleans.

Frick, P. J., & Morris, A. S. (2004). Temperament and developmental pathways to conduct
problems. Journal of Clinical Child and Adolescent Psychology, 33(1), 54-68

Frick, P. J., & White, S. F. (2008). Research review: The importance of callous-unemotional
traits for developmental models of aggressive and antisocial behavior. Journal of Child
Psychology and Psychiatry, 49(4), 359-375.

Frick, P. J., Cornell, A. H., Bodin, S. D., Dane, H. E., Barry, C. T., & Loney, B. R. (2003).
Callous-unemotional traits and developmental pathways to severe conduct

problems. Developmental Psychology, 39(2), 246-260.

69



Frick, P. J., Stickle, T. R., Dandreaux, D. M., Farrell, J. M., & Kimonis, E. R. (2005). Callous—
unemotional traits in predicting the severity and stability of conduct problems and
delinquency. Journal of Abnormal Child Psychology, 33(4), 471-487.

Fridlund, A. J., & Cacioppo, J. T. (1986). Guidelines for human electromyographic
research. Psychophysiology, 23(5), 567-589.

Georgiou, G., Kimonis, E., & Fanti, K. A. (under review). What Do Others Feel? Cognitive
Empathy Deficits Explain the Association between Callous- Unemotional Traits and
Conduct Problems among Preschool Children. European Journal of Developmental
Psychology.

Goldenfeld, N., Baron-Cohen, S., & Wheelwright, S. (2005). Empathizing and systemizing in
males, females and autism. Clinical Neuropsychiatry, 2(6), 338-345.

Hansen, A. L., Johnsen, B. H., Thornton, D., Waage, L., & Thayer, J. F. (2007). Facets of
psychopathy, heart rate variability and cognitive function. Journal of Personality
Disorders, 21(5), 568.

Harms, M. B., Martin, A., & Wallace, G. L. (2010). Facial emotion recognition in autism
spectrum disorders: a review of behavioral and neuroimaging studies. Neuropsychology
Review, 20(3), 290-322.

Hill, E. L., & Frith, U. (2003). Understanding autism: insights from mind and
brain. Philosophical Transactions of the Royal Society of London B: Biological
Sciences, 358(1430), 281-289.

Hirstein, W., Iversen, P., & Ramachandran, V. S. (2001). Autonomic responses of autistic
children to people and objects. Proceedings of the Royal Society of London B: Biological
Sciences, 268(1479), 1883-1888.

Hoffman, M.L. (2008). Empathy and prosocial behavior. Handbook of Emotions, 3, 440-455.

Holmbeck, G. N. (2002). Post-hoc probing of significant moderational and mediational effects in
studies of pediatric populations. Journal of Pediatric Psychology, 27(1), 87-96.

Hubert, B. E., Wicker, B., Monfardini, E., & Deruelle, C. (2009). Electrodermal reactivity to
emotion processing in adults with autistic spectrum disorders. Autism, 13(1), 9-19.
Humphreys, K., Minshew, N., Leonard, G. L., & Behrmann, M. (2007). A fine-grained analysis

of  facial expression processing in high-functioning adults with

autism. Neuropsychologia, 45(4), 685-695.

70



Johnson, S. A., Filliter, J. H., & Murphy, R. R. (2009). Discrepancies between self-and parent-
perceptions of autistic traits and empathy in high functioning children and adolescents on
the autism spectrum. Journal of Autism and Developmental Disorders, 39(12), 1706-
1714.

Jones, A. P., Happé, F. G. E., Gilbert, F., Burnett, S., & Viding, E. (2010). Feeling, caring,
knowing: different types of empathy deficit in boys with psychopathic tendencies and
autism spectrum disorder. Journal of Child Psychology and Psychiatry, and Allied
Disciplines, 51, 1188-1197.

Kimonis, E. R., Fanti, K. A., Anastassiou-Hadjicharalambous, X., Mertan, B., Goulter, N., &
Katsimicha, E. (2015). Can callous-unemotional traits be reliably measured in
preschoolers?. Journal of Abnormal Child Psychology, 1-14.

Kimonis, E. R., Frick, P. J., Fazekas, H., & Loney, B. R. (2006). Psychopathy, aggression, and
the processing of emotional stimuli in non-referred girls and boys. Behavioral sciences &

the law, 24(1), 21-37.
Knafo, A., Zahn-Waxler, C., Davidov, M., Van Hulle, C., Robinson, J. L., & Rhee, S. H. (2009).

Empathy in early childhood. Annals of the New York Academy of Sciences, 1167(1), 103-
114.

Kohut, H. (1977). The restoration of the self Madison. Connecticut: International Universities
Press Inc.

Kuusikko, S., Haapsamo, H., Jansson-Verkasalo, E., Hurtig, T., Mattila, M. L., Ebeling, H., ... &
Moilanen, I. (2009). Emotion recognition in children and adolescents with autism
spectrum disorders. Journal of Autism and Developmental Disorders, 39(6), 938-945.

Kuusikko, S., Pollock-Wurman, R., Jussila, K., Carter, A. S., Mattila, M. L., Ebeling, H., ... &
Moilanen, I. (2008). Social anxiety in high-functioning children and adolescents with
autism and Asperger syndrome. Journal of Autism and Developmental Disorders, 38(9),
1697-1709.

Kyranides, M. N., Fanti, K. A., & Panayiotou, G. (2016). The Disruptive Adolescent as a
Grown-Up: Predicting Adult Startle Responses to Violent and Erotic Films from
Adolescent Conduct Problems and Callous-Unemotional Traits. Journal of

Psychopathology and Behavioral Assessment, 38(2), 183-194.

71



Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1997). International affective picture system
(IAPS): Technical manual and affective ratings. NIMH Center for the Study of Emotion
and Attention, 39-58.

Lecavalier, L. (2006). Behavioral and emotional problems in young people with pervasive
developmental disorders: Relative prevalence, effects of subject characteristics, and
empirical classification. Journal of Autism and Developmental disorders, 36(8), 1101-
1114.

Leist, T., & Dadds, M. R. (2009). Adolescents' ability to read different emotional faces relates to
their history of maltreatment and type of psychopathology. Clinical Child Psychology
and Psychiatry, 14(2), 237-250.

Leno, V. C., Charman, T., Pickles, A., Jones, C. R., Baird, G., Happé, F., & Simonoff, E. (2015).
Callous—unemotional traits in adolescents with autism spectrum disorder. The British
Journal of Psychiatry, 207(5), 392-399.

Lindner, J. L., & Rosén, L. A. (2006). Decoding of emotion through facial expression, prosody
and verbal content in children and adolescents with Asperger’s syndrome. Journal of
Autism and Developmental Disorders, 36(6), 769-777.

Lockwood, P. L., Bird, G., Bridge, M., & Viding, E. (2013). Dissecting empathy: high levels of
psychopathic and autistic traits are characterized by difficulties in different social
information processing domains. Frontiers in Human Neuroscience, 7, 760.

Lombardo, M. V., Barnes, J. L., Wheelwright, S. J., & Baron-Cohen, S. (2007). Self-referential
cognition and empathy in austism. PLoS ONE, 2(9). doi:10.1371/journal.pone.0000883

Lorber, M. F. (2004). Psychophysiology of aggression, psychopathy, and conduct problems: a
meta-analysis. Psychological Bulletin, 130(4), 531.

MacNeil, B. M., Lopes, V. A., & Minnes, P. M. (2009). Anxiety in children and adolescents with
autism spectrum disorders. Research in Autism Spectrum Disorders, 3(1), 1-21.

Marsh, A. A., & Blair, R. J. R. (2008). Deficits in facial affect recognition among antisocial
populations: a meta-analysis. Neuroscience & Biobehavioral Reviews, 32(3), 454-465.

Marshall, L. E., & Marshall, W. L. (2011). Empathy and antisocial behaviour. Journal of
Forensic Psychiatry & Psychology, 22(5), 742-759.

72



Mazza, M., Pino, M. C., Mariano, M., Tempesta, D., Ferrara, M., De Berardis, D., ... & Valenti,
M. (2014). Affective and cognitive empathy in adolescents with autism spectrum
disorder. Frontiers in Human Neuroscience, 8. 791.

McDonald, N. M., & Messinger, D. S. (2011). The development of empathy: How, when, and
why. Moral Behavior and Free Will: A Neurobiological and Philosophical Aprroach,
341-368.

McManis, M. H., Bradley, M. M., Berg, W. K., Cuthbert, B. N., & Lang, P. J. (2001). Emotional
reactions in children: Verbal, physiological, and behavioral responses to affective
pictures. Psychophysiology, 38(2), 222-231.

Montagne, B., van Honk, J., Kessels, R. P., Frigerio, E., Burt, M., van Zandvoort, M. J., ... & de
Haan, E. H. (2005). Reduced efficiency in recognising fear in subjects scoring high on
psychopathic personality characteristics. Personality and Individual Differences, 38(1),
5-11.

Moul, C., Hawes, D. J., & Dadds, M. R. (2017). Mapping the developmental pathways of child
conduct problems through the neurobiology of empathy. Neuroscience & Biobehavioral
Reviews. doi:https://doi.org/10.1016/j.neubiorev.2017.03.016

Mullins-Nelson, J. L., Salekin, R. T., & Leistico, A. M. R. (2006). Psychopathy, empathy, and
perspective-taking ability in a community sample: Implications for the successful
psychopathy concept. International Journal of Forensic Mental Health, 5(2), 133-149.

Muioz, L. C., Frick, P. J., Kimonis, E. R., & Aucoin, K. J. (2008). Types of aggression,
responsiveness to provocation, and callous-unemotional traits in detained
adolescents. Journal of Abnormal Child Psychology, 36(1), 15-28.

Muioz, L. C., Qualter, P., & Padgett, G. (2011). Empathy and bullying: Exploring the influence
of callous-unemotional traits. Child Psychiatry & Human Development, 42(2), 183-196.

Murphy, B. A. (2017). The Griffith Empathy Measure Does Not Validly Distinguish between
Cognitive  and  Affective  Empathy in  Children. Australian  Psychologist.
doi:10.1111/ap.12336

Pardini, D. A. (2006). The callousness pathway to severe violent delinquency. Aggressive
Behavior, 32(6), 590-598.

73



Pardini, D. A., Lochman, J. E., & Frick, P. J. (2003). Callous/unemotional traits and social-
cognitive processes in adjudicated youths. Journal of the American Academy of Child &
Adolescent Psychiatry, 42(3), 364-371.

Pasalich, D. S., Dadds, M. R., & Hawes, D. J. (2014). Cognitive and affective empathy in
children with conduct problems: Additive and interactive effects of callous—unemotional
traits and autism spectrum disorders symptoms. Psychiatry Research, 219(3), 625-630.

Patrick, C. J. (1994). Emotion and psychopathy: Startling new insights. Psychophysiology, 31(4),
319-330.

Pfabigan, D. M., Seidel, E. M., Wucherer, A. M., Keckeis, K., Derntl, B., & Lamm, C. (2014).
Affective empathic responses differ in psychopathic and non-psychopathic in carcerated
male violent offenders. Journal of Personality Disorders, 16, 1-20.

Pijper, J., de Wied, M., van Rijn, S., van Goozen, S., Swaab, H., & Meeus, W. (2016). Callous
unemotional traits, autism spectrum disorder symptoms and empathy in boys with
oppositional defiant disorder or conduct disorder. Psychiatry Research, 245, 340-345.

Piven, J., Palmer, P., Jacobi, D., Childress, D., & Arndt, S. (1997). Broader autism phenotype:
evidence from a family history study of multiple-incidence autism families. American
Journal of Psychiatry, 154(2), 185-190.

Prince, E. B., Kim, E. S., Wall, C. A., Gisin, E., Goodwin, M. S., Simmons, E. S., ... & Shic, F.
(2017). The relationship between autism symptoms and arousal level in toddlers with
autism spectrum disorder, as measured by electrodermal activity. Autism, 21(4), 504-508.

Rogers, J., Viding, E., Blair, R. J., Frith, U., & Happe, F. (2006). Autism spectrum disorder and
psychopathy: shared cognitive underpinnings or double hit?. Psychological
Medicine, 36(12), 1789-1798.

Rosset, D. B., Rondan, C., Da Fonseca, D., Santos, A., Assouline, B., & Deruelle, C. (2008).
Typical emotion processing for cartoon but not for real faces in children with autistic
spectrum disorders. Journal of Autism and Developmental Disorders, 38(5), 919-925.

Salmond, C. H., De Haan, M., Friston, K. J., Gadian, D. G., & Vargha-Khadem, F. (2003).
Investigating individual differences in brain abnormalities in autism. Philosophical
Transactions of the Royal Society of London B: Biological Sciences, 358(1430), 405-413.

Schneider, W., Eschmann, A., & Zuccolotto, A. (2002). E-Prime vl. 1.Pittsburgh, PA:
Psychology Software Tools Inc.

74



Schwenck, C., Mergenthaler, J., Keller, K., Zech, J., Salehi, S., Taurines, R., ... & Freitag, C. M.
(2012). Empathy in children with autism and conduct disorder: Group- specific profiles

and developmental aspects. Journal of Child Psychology and Psychiatry, 53(6), 651-659

Shalom, D. B., Mostofsky, S. H., Hazlett, R. L., Goldberg, M. C., Landa, R. J., Faran, Y., ... &
Hoehn-Saric, R. (2006). Normal physiological emotions but differences in expression of
conscious feelings in children with high-functioning autism. Journal of Autism and
Developmental Disorders, 36(3), 395-400.

Smith, A. (2006). Cognitive empathy and emotional empathy in human behavior and
evolution. Psychological Record, 56(1), 3-21.

South, M., Taylor, K. M., Newton, T., Christensen, M., Jamison, N. K., Chamberlain, P., ... &
Higley, J. D. (2017). Psychophysiological and Behavioral Responses to a Novel Intruder
Threat Task for Children on the Autism Spectrum. Journal of Autism and Developmental
Disorders, 47(12), 3704-3713.

Syngelaki, E. M., Fairchild, G., Moore, S. C., Savage, J. C., & van Goozen, S. H. (2013).
Affective startle potentiation in juvenile offenders: The role of conduct problems and
psychopathic traits. Social Neuroscience, 8(2), 112-121.

Tye, C., Bedford, R., Asherson, P., Ashwood, K. L., Azadi, B., Bolton, P., & McLoughlin, G.
(2017). Callous-unemotional traits moderate executive function in children with ASD and
ADHD: A pilot event-related potential study. Developmental Cognitive Neuroscience, 26,
84-90.

Vaidyanathan, U., Patrick, C. J., & Bernat, E. M. (2009). Startle reflex potentiation during
aversive picture viewing as an indicator of trait fear. Psychophysiology, 46(1), 75-85.

Vasa, R. A., & Mazurek, M. O. (2015). An update on anxiety in youth with autism spectrum
disorders. Current Opinion in Psychiatry, 28(2), 83-90.

Viding, E., Sebastian, C. L., Dadds, M. R., Lockwood, P. L., Cecil, C. A., De Brito, S. A., &
McCrory, E. J. (2012). Amygdala response to preattentive masked fear in children with
conduct problems: the role of callous-unemotional traits. American Journal of
Psychiatry, 169(10), 1109-1116.

Visser, J. C., Rommelse, N. N., Lappenschaar, M., Servatius-Oosterling, I. J., Greven, C. U., &

Buitelaar, J. K. (2017). Variation in the early trajectories of autism symptoms is related to

75



the development of language, cognition, and behavior problems. Journal of the American
Academy of Child & Adolescent Psychiatry, 56(8), 659-668.

Vrana, S. R., Spence, E. L., & Lang, P. J. (1988). The startle probe response: a new measure of
emotion?. Journal of Abnormal Psychology, 97(4), 487.

Wall, T. D., Frick, P. J., Fanti, K. A., Kimonis, E. R., & Lordos, A. (2016). Factors
differentiating callous-unemotional children with and without conduct problems. Journal
of Child Psychology and Psychiatry, 57(8), 976-983.

Wilbarger, J. L., McIntosh, D. N., & Winkielman, P. (2009). Startle modulation in autism:
Positive affective stimuli enhance startle response. Neuropsychologia, 47(5), 1323-1331.

Wilmshurst, L. (2008). Abnormal child psychology: A developmental perspective. Taylor &
Francis.

Woodworth, M., & Waschbusch, D. (2008). Emotional processing in children with conduct
problems and callous/unemotional traits. Child: care, health and development, 34(2),
234-244.

Young, S. K., Fox, N. A., & Zahn-Waxler, C. (1999). The relations between temperament and
empathy in 2-year-olds. Developmental Psychology, 35(5), 1189-1197.

Zahn-Waxler, C., Radke-Yarrow, M., Wagner, E., & Chapman, M. (1992). Development of
concern for others. Developmental Psychology, 28(1), 126-136.

Zuckerman, M. (1990). The psychophysiology of sensation seeking. Journal of
Personality, 58(1), 313-345.

76



Study 1 Tables

Tablel: Estimates from correlational analyses indicating the bivariate associations among study
variables

Cognitive Affective CU Autistic
Empathy mpathy Traits Traits
Cognitive
Empathy -
Affective
Empathy 07 -
CU
Traits ~AT ~23 Y .
Autistic 4G 09 605
Traits -
Age -.04 .04 22%* 28%* _
Descriptives
4.95
Mean 7.28 10.21 21.81 4177
SD 8.41 10.76 9.89 21.31 97

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 2: Results of Hierarchical Regression Analysis for variables predicting empathy

subcomponents
Cognitive Empathy Affective Empathy

Variable B SEB b R B SEB b R

Step 1 29w 24
Sex 26 1.30 .02 -1.24  1.89 -.06
Age .67 A7 A1 65 .70 .09
CU -.23 .08 - 28 -29 12 -2
Autistic Traits -.13 04 - 33 .03 .06 .07

Step 2 .30 .30
Sex .30 1.32 .02 -1.47  1.89 -.07
Age .68 48 12 .64 70 .09
CU -31 25 -.38% -38 .37 -.35
Autistic Traits -.11 A2 - 28%* 03 .17 .07
CU*Sex .06 .16 10 05 .23 .07
Autism*Sex -.02 .08 -.06 04 11 .10
CU*Autistic Traits .001 .003 .04 -01 .004 -.20

Step 3 .30 36%
Sex 79 1.55 .05 1.17 2.18 .05
Age .69 48 12 67 .69 .09
CU -29 25 -.36%* -26 .37 -.24
Autistic Traits -.14 A3 -35%* -13 .18 -.26
CU*Sex .04 .16 .08 -05 .23 -.06
Autism*Sex .01 .09 .02 d6 12 46
CU*Autistic Traits .01 .01 .19 -02 .01 -.68
CU*Autistic Traits*Sex  -.004 .01 -.16 -02 .01 -.63%

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Study 2 Tables

Table 1: Correlations between CU and autistic traits with physiological measurements and,
emotion recognition accuracy during exposure to emotional videos

CU traits Autistic traits
r r
CU traits -—-- .60
Baseline HR .02 18
Baseline SC .08 .00
Emotional videos
Heart Rate
Fear .06 .02
Sad 01 .02
Angry .02 -.02
Happy -.11 -.01
Skin Conductance
Fear -.06 -.02
Sad -.11 -.04
Angry .07 .06
Happy -.00 .01
Startle modulation
Fear -11 -.05
Sad -.02 A1
Angry 15 -.09
Happy -.06 .05
Emotion Recognition
Angry Accuracy .05 .01
Fear Accuracy .03 -.09
Happy Accuracy -.08 -.09
Neutral Accuracy - 28%%* -24%%
Sad Accuracy -.05 -.12

Note: CU = callous-unemotional; r = correlations controlling for neutral condition. Two-
tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 2: Unique and interactive effects of CU and autistic traits with baseline HR and SC

measures
Baseline HR Baseline SC
Variable B SE B b R B SE B b R
Step 1 21 12
Sex 93 253 .04 -1.81 242 -.08
Age -1.32 92 -.15 -91 .88 -.11
CU -.18 .16 -.14 15 15 12
Autistic Traits 15 .07 26% -.04 .07 -.07
Step 2 31 .20
Sex 1.20  2.51 .05 -1.56 243 -.07
Age -1.36 .93 -.15 -.82 .90 -.10
CU .65 49 S 57 48 47
Autistic Traits .07 23 11 -.25 22 -45
CU*Sex -.54 31 -.65 =27 .30 -.34
Autism*Sex .03 15 .07 12 14 31
CU* Autistic Traits .01 .01 12 -.01 .01 -.14
Step 3 32 23
Sex 254 294 .10 -3.11  2.85 -.13
Age -1.35 .93 -.15 -.85 .89 -.10
CU 712 .50 .56 49 48 40
Autistic Traits -.02 25 -.03 -.16 24 -.28
CU*Sex -.59 31 =71 -21 .30 =27
Autism*Sex .09 .16 22 .05 .16 12
CU* Autistic Traits .02 .02 .39 -.01 .02 -.19
CU*Autistic Traits*Sex -.01 .01 -.29 .01 .01 35

Note: CU = callous-unemotional traits; HR = heart rate; SC = skin conductance. Two-tailed

significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 3: Relations between CU and autistic traits and heart rate reactivity during exposure to emotional videos

Happy Sad Angry Fear
Variable B SEB b R B SE B b R B SE B b R B SE B b R
Step 1 .19 A1 .01 .09
Sex 71 .58 13 -.81 80 -1 -.28 66 -.05 -35 .64 -.06
Age 40 21 21 .62 29 0 24% 52 23 24% .09 24 .04
CuU -05 .04 -19 .00 .05 .00 .02 .04 .05 .02 .04 .08
Autistic Traits .02 .02 12 .00 .02 .02 -.01 02 -.05 -.01 .02 -.03
Step 2 24 24 .26 29
Sex .66 .58 12 -.86 80 -12 -36 .65 -.06 -44 .63 -.07
Age 40 21 21 .68 29 26% .56 23 267 .09 23 .04
CuU -08 .05 -24 -.00 07  -01 .00 06 -01 .03 .06 .10
Autistic Traits .02 .02 19 -.01 03  -.04 -.01 .03 -.05 -.01 .03 .03
CU*Sex .02 .07 .05 .01 .10 .01 .02 .08 .05 -.03 .08 -.07
Autism*Sex .00 .04 .01 .06 .05 .20 .04 .04 17 .03 .04 A2
CU*Autistic Traits -00 .00 -.14 -.00 00 -5 -.00 00  -23 -.00 00 -30%*
Step 3 .26 .25 32 .36
Sex 27 .68 .05 -1.18 95  -16 -1.02 75 =17 -1.20 .73 -.19
Age 40 21 21 .68 28 .26% .55 23 .26% .08 23 .04
CuU -07 .05 -25 -.01 07 -.02 -.01 06 -.02 .03 .05 .08
Autistic Traits .03 .02 23 -.05 03 -.02 .00 .03 02 .02 .03 11
CU*Sex .03 .07 .07 .01 .10 .02 .04 .08 .09 -.01 .08 -.02
Autism*Sex -02 .04 -07 .05 .05 15 .01 .04 .05 -.01 .04 -.02
CU*Autistic Traits -00 .00 -23 -.00 .00 .20 -.01 00  -35% -.01 00 -45%*
CU*Autistic *Sex .00 .00 16 .00 .00 .10 .01 .00 .25 .01 .00 .28

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 4: Relations between CU and autistic traits, and skin conductance reactivity during exposure to emotional videos.

Happy Sad Angry Fear

Variable B SEB b R B SE B b R B SEB b R B SEB b R

Step 1 .04 21 13 A1
Sex -18 56  -.04 .59 .53 A2 -66 .68 -1l -.69 79 -.09
Age 31 .20 17 31 19 17 3125 14 .28 29 A1
Cu -00 .04 -01 -06 .03 -22 02 .04 .07 -.03 .05 -.07
Autistic Traits 00 .02 .02 .02 .02 17 00 .02 .01 .00 .02 .02

Step 2 .07 .30 .26 33%
Sex -18 57  -03 55 .53 A1 -71 .67 -1 -.80 77 -11
Age 31 .21 17 29 .19 .16 28 .25 13 19 28 .08
Cu -02 .05 -07 -12 .05 -48%* -06 .06 -19 -.15 .07 -40%
Autistic Traits 01 .02 .04 .04 .02 .35 03 .03 19 .07 .03 38%
CU*Sex 04 .07 .09 14 .07 35% A7 .08 .36+ 25 .09 A3*
Autism*Sex -01 .04 -.06 -04 .03 -21 -05 .04 -22 -11 .05 -40%*
CU*Autistic Traits .00 .00 .04 .00 .00 -.04 00 .00 -02 -.00 .00 -13

Step 3 .08 .36 .30 37
Sex -24 68  -05 1.18 .61 23 -16 .79 -03 -.14 .89 -.01
Age 31 21 17 .30 18 17 29 25 13 .20 28 .08
CuU -02 .05 -07 -12 .05 -47* -06 .06 -19 -.38 15 -39%
Autistic Traits 01 .02 .05 .03 .02 .28 02 .03 14 14 .08 32
CU*Sex 04 .07 .10 A2 .07 31 16 .09 .33 23 .10 A40*
Autism*Sex -02 .04 -07 -01 .04 -.08 -03 .05 -12 -.08 .05 -.28
CU*Autistic Traits -00 .00 .03 .01 .00 11 .00 .00 .09 .01 .01 -.01
CU*Autistic *Sex .00 .00 .03 -.01 .00 -29 -01 .00 -20 -.01 .00 -23

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 5: Relations between CU and autistic traits and startle modulation during exposure to emotional videos.

Happy Sad Angry Fear

Variable B SE B b R B SE B b R B SEB b R B SEB b R

Step 1 22 18 .20 12
Sex -50 1.38 -.04 .98 1.21 .08 228 1.5 .13 -08 1.29 -.01
Age .01 .01 11 .01 .01 .08 .01 .01 11 .01 .01 .06
CU -.09 .09 -13 -.09 .08 -.14 -.15 A1 -16 -.08 .08 -.13
Autistic Traits .04 .04 12 .06 .04 .20 .01 .05 .01 .01 .04 .02

Step 2 25 27 .28 .25
Sex -45 1.40 -.03 1.09 1.19 .09 246 174 .14 .07 1.28 .01
Age .01 .01 11 .01 .01 .09 .01 .01 12 .01 .01 .06
Cu -.05 12 -.07 .05 .23 .09 .05 15 .06 .08 1 12
Autistic Traits .02 .06 .07 -.01 11 -.02 -.07 .07 -.17 -.04 .05 -.13
CU*Sex -.07 18 -.07 -.28 15 -.30 -40 22 -29 -.33 .16 -.33%
Autism*Sex .03 .09 .05 13 .07 .26 12 A1 17 .07 .08 13
CU*Autistic Traits .00 .00 .04 .00 .00 .06 .00 .00 .10 .00 .00 .10

Step 3 25 27 .28 .25
Sex -.63 1.66 -.05 1.00 1.41 .08 311  2.06 17 22 1.52 .02
Age .01 .01 11 .01 .01 .09 .01 .01 13 .01 .01 .06
Cu -.05 A2 -.08 .05 A1 .09 .06 15 .06 .08 A1 12
Autistic Traits .02 .06 .07 -.01 .05 -.02 -.08 .07 -.19 -.04 .05 -.14
CU*Sex -.07 18 -.06 -28 15 -29 -42 22 -.30 -33 .16 -.33%
Autism*Sex .02 .10 .03 12 .08 25 15 12 21 .07 .09 .14
CU*Autistic Traits .00 .00 .03 .00 .00 .05 .01 .01 .14 .00 .00 11
CU*Autistic *Sex .00 .01 .03 -.00 .01 .02 -.01 .01 -.08 -.00 .01 -.03

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 6: Results of Hierarchical Regression Analysis for variables predicting emotion recognition during emotional videos

Happy Sad Neutral Fear Angry

Variable B SEB b R B SE B b R B SE B b R B SEB b R B SE B b R

Step 1 A1 .16 32 .20 15
Sex -.02 .05 -.05 -.06 06  -.10 -.09 07 -12 A1 .07 .16 -.09 .06 -.14
Age .04 .02 .26% .01 02 .06 .04 02 .15 .05 02 22% 06 .02 .28*
Cu -.00 .00 -.03 .00 00 .04 -.01 .00 -.19 .00 .00 A1 .00 .00 .08
Autistic Traits -.00 .00 -.07 -.00 00 -.15 -.00 00 -13 -.00 .00 -5 -.00 .00 -.04

Step 2 13 18 34 23 25
Sex -.02 .05 -.05 -.06 06 -.10 -.09 07 -12 A1 .07 .16 -.10 06 -.15
Age .04 02 .26% .01 02 .06 .04 03 .15 .05 02 21%* .06 02 27*
Cu .00 .01 .05 .01 .01 15 .00 01 .03 .02 .01 42 -.01 01 -27
Autistic Traits .00 .00 .06 .00 01 -.03 -.00 01 -14 -.00 00  -.15 .01 .01 40
CU*Sex -.00 -01 -.09 -.00 01 -12 -.01 01 -25 -.01 .01 -.33 .01 .01 .34
Autism*Sex -.00 .00 -.14 -.00 00 -13 .00 .00 .07 .00 .00 .06 -.00 .00 -36
CU*Autistic Traits .00 .00 -.03 .00 .00 -.01 .00 00 -12 .00 .00  -.06 .00 .00 -.18

Step 3 A3 .19 .35 24 .26
Sex -.03 .05 -.06 -.09 07 -14 -.05 .08 -.07 13 .08 .19 -.13 07 -20
Age .04 .02 .26% .01 02 .05 .04 03 .15 .05 03 .22% .06 02 27*
Cu .00 .01 .04 .00 .01 11 .00 01 .08 .02 .01 45 -.01 01 -32
Autistic Traits .00 .01 .09 .00 .01 .08 -.01 01 -28 -.01 .01 =27 .01 .01 .54
CU*Sex -.00 .01 -.08 -.00 01  -.07 -.01 01 -31 -.01 .01 -.36 .01 .01 .39
Autism*Sex -.00 .00 -.16 -.00 00 -25 .00 00 .22 .00 .00 15 -.02 .00 -.51
CU*Autistic Traits .00 .00 -.07 .00 .00 -22 .00 00 15 .00 .00 .09 -.00 .00 -46
CU*Autistic *Sex .00 .00 .05 .00 00 22 .00 .00 -29 .00 .00  -16 .00 .00 .30

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 7: Correlations between CU and autistic traits with physiological measurements during
exposure to emotional pictures

CU traits Autistic traits
r r
Emotional pictures
Heart Rate
Positive -.02 12
Distress -.00 .14
Threatening -.06 .07
Skin Conductance
Positive A1 -.06
Distress 14 -.06
Threatening A3 -.06
Startle modulation
Positive 12 -.14
Distress -.04 -.20
Threatening 14 -.03

Note: CU = callous-unemotional; r = correlations controlling for neutral condition. Two-
tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.



Table 8: Relations between CU and autistic traits and heart rate reactivity during exposure to emotional

pictures.
Positive Distress Threatening
Variable B SE B b R B SEB b R B SEB b R
Step 1 .30 16 29
Sex -1.47 74 -22% -12 .82 -.02 24 .89 .03
Age -51 .26 =22 04 .30 01 -15 33 -05
CU .02 .05 .07 04 .05 A2 .00 .06 .01
Autistic Traits -.04 .02 -.25 -03 .02 -.20 -06 .03 -29%
Step 2 31 28 .30
Sex -1.50 a5 0 -22% -25 81 -.04 23 .90 .03
Age -.54 27 -23 -.01 .30 -.00 -13 33 -.05
CU .01 .07 .04 -03 .07 -.07 02 .08 .05
Autistic Traits -.03 .03 -.17 01 .03 .03 -07 .04 -35
CU*Sex .01 .09 .02 A3 .10 23 -04 11  -.06
Autism*Sex -.01 .05 -.05 -05 .05 -.17 .03 .06 .61
CU*Autistic Traits -.00 .00 -.09 -00 .00 -22 -00 .00 -30
Step 3 31 31 32
Sex -1.48 .89 -.22 =77 96 -.11 -37 1.07 -.05
Age -.54 27 -23 -02 .30 -.01 -14 33  -05
CU .01 .07 .04 -03 .07 -.08 02 .08 .04
Autistic Traits -.03 .03 -.17 01 .03 07 -06 .04 -30
CU*Sex .01 .10 -.02 d4 10 25 -02 .12 -.03
Autism*Sex -.01 .05 -.04 -07 .06 -.25 .01 .06 .02
CU*Autistic Traits -.00 .00 -.09 -.01 00 -30* -00 .00 -.12
CU*Autistic *Sex .00 .00 -.01 .00 .00 A7 .01 .01 A7

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 9: Relations between CU and autistic traits and skin conductance measures during exposure to

emotional pictures.
Positive Distress Threatening
Variable B SEB b R B SEB b R B SEB b R
Step 1 17 .09 12
Sex -39 37 -12 -29 .60 -.05 -41 40 -1
Age 07 .13 .06 A1 22 .06 .00 A5 .00
Cu -02 .02 -13 03 .04 10 .01 03 .06
Autistic Traits 00 .01 .05 -.01 .02 -.08 -.00 01 -.05
Step 2 25 31 .20
Sex -36 37 -11 -25 .59 -.05 -.37 41 -.10
Age 07 .14 .07 A3 .22 .07 .02 A5 .01
Cu -.03 03 -.16 A2 .05 43% .04 04 .23
Autistic Traits 00 .02 .00 -03 .02 -.25 -.02 02 -20
CU*Sex 02 .05 .07 -19 .07 -46* -.06 05 -22
Autism*Sex -.01 02 -.08 05 .04 23 .02 03 .13
CU*Autistic Traits 00 .00 .21 .00 .00 -.03 .00 00 .11
Step 3 .26 32 21
Sex -29 44 -09 .01 .70 .00 -40 48 -1
Age 07 .14 .07 A3 22 .07 .02 A5 .01
Cu -.03 03 -.16 A2 .05 44% .04 04 .23
Autistic Traits -00 .02 -.01 -03 .03 -27 -.02 02 -.19
CU*Sex 02 .05 .07 -20 .08  -.49% -.06 05 -21
Autism*Sex -.01 03 -.04 06 .04 .28 .02 03 .12
CU*Autistic Traits 00 .00 .23 .00 .00 .03 .00 .00 .10
CU*Autistic *Sex -00 .00 -.05 -.00 .00 -.10 .00 00 .02

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Table 10: Relations between CU and autistic traits and startle modulation measures during exposure to

emotional pictures.
Positive Distress Threatening

Variable B SEB b R B SEB b R B SEB b R

Step 1 .29 23 25
Sex -64 1.73  -.04 -1.06  2.54 -.05 -1.19 82 -6
CuU 25 11 32% A5 .16 A3 09 05 24
Autistic Traits -12 .05 -33* -15 .07  -.28% -03 .02 -17

Step 2 .30 24 31
Sex -63 1.77 -.04 -93 2.58 -.04 -1.25 82 -.17
Cu 28 .15 35 A7 .23 15 -04 .07 .11
Autistic Traits -12 .07 -32 - 18 .11 -.35 01 .03 .07
CU*Sex -06 22 -05 -02 .33 -.01 09 .10 .16
Autism*Sex 01 11 -.02 03 .16 .03 -08 .05 -28
CU*Autistic Traits .00 .00 .00 01 .01 .10 -00 .00 -.10

Step 3 .30 25 32
Sex -19 211 -01 08 3.06 .00 -1.49 98 -20
CuU 28 .15 .35 A7 .23 A5 04 .07 -10
Autistic Traits -13 .08 -34 -20 .11 =37 02 .04 .09
CU*Sex -13 23 -.06 -04 .33 -.03 A0 11 18
Autism*Sex 03 .12 .01 08 .18 .09 -09 .06 -32
CU*Autistic Traits 00 .01 .03 01 .01 15 -00 .00 -.14
CU*Autistic *Sex -00 .01 -.07 -01 .01 -.10 00 .00 .07

Note: Two-tailed significance: * entries are significant at p<.05, ** p<.01 and ***p<.001 level.
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Study 1 Figures

Figure 1: Differences between CU and Autistic traits in boys predicting affective empathy.
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Figure 2: Interaction between CU and Autistic traits in girls predicting affective empathy.
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Study 2 Figures

Figure 1: Interaction between CU and Autistic traits on HR during fear emotional video.
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Figure 2: Sex differences in CU traits, for SC during sad emotional videos
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Figure 3: Sex differences for CU traits, in SC during fear emotional videos
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Figure 4: Sex differences for autistic traits, in SC during fear emotional videos
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Appendix
The International Affective Picture System (IAPS) identification numbers are as
follows. Positive: 1710, 1750, 1920, 2000, 2010, 7330, 7350, 7410, 8496, 8540. Distress:
2095, 2276, 2703, 2800, 2900, 3220, 3301, 9041, 9220, 9421. Neutral: 2190, 2200, 2210,
7000, 7002, 7006, 7009, 7010, 7025, 7035. Terrifying: 1050, 1205, 1300, 1321, 1931,

2100, 2110, 2120, 2682, 6250.
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