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Highlights

What are the main findings?

e Individuals with CU traits (and those with ASD, ADHD, or CD) show atypical eye-
gaze behaviour, especially reduced attention to the eye region, most notably when
viewing fearful faces.

e  Co-occurrence of CU traits with ASD, ADHD, or CD amplifies avoidance of the eyes
during emotional processing, suggesting compounded socioemotional difficulties.

What are the implications of the main findings?

e  While theories such as amygdala dysfunction, oculomotor disinhibition, and hostile
attribution bias explain aspects of gaze behaviour, none fully capture the complexity,
highlighting the need to view CU traits as a developmental, cross-disorder construct
shaped by environmental factors.

Abstract

Callous—unemotional (CU) traits are characterised by reduced empathy, guilt, and emo-
tional responsiveness, and are strongly linked to atypical socioemotional processing. Eye-
tracking research provides a valuable window into these processes by capturing early
developing patterns of attention to emotionally salient social cues, particularly facial ex-
pressions. This narrative review examines how alterations in gaze behaviour contribute to
the emergence of CU traits across neurodevelopmental disorders (NDs), with a focus on
autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD), and
conduct disorder (CD). Across studies, elevated CU traits are associated with reduced
fixations on the eye region, most consistently in response to fearful faces. ASD is associated
with robust eye avoidance, ADHD with inhibitory and attentional control difficulties dur-
ing face processing, and CD with atypical gaze allocation to negative emotional expressions
such as fear and anger. These patterns appear amplified when CU traits co-occur with
NDs. Competing explanatory accounts, including aberrant amygdala functioning, oculo-
motor disinhibition, and hostile attribution biases, each capture aspects of these patterns
but fail to provide a unified explanation. Integrating developmental, neurobiological,
and environmental perspectives, we propose that CU traits reflect a transdiagnostic de-
velopmental construct shaped by early attentional-emotional mechanisms, rather than a
disorder-specific identity.
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1. Introduction

Callous—unemotional (CU) traits are defined in those who show a pattern of emotional
sensitivity including a significant lack of empathy, guilt, and emotional responsiveness [1-3].
Eye-tracking research has increasingly been used to explore the early mechanisms underly-
ing these traits, particularly in relation to how individuals attend to and process emotional
information. Our question in this review is: How do early developmental processes con-
tribute to the emergence of CU traits, particularly in relation to other neurodevelopmental
disorders (NDs)? To answer this question, we will focus on (1) gaze behaviour as a window
into early emotional and social processing, and (2) the presence and overlap of CU traits
within ASD, ADHD and CD. We do not aim to provide an exhaustive review of CU traits in
adulthood, nor do we focus on intervention strategies already established for older individ-
uals. It is particularly important to focus on infancy and early childhood, as this is a period
when emotional and behavioural patterns are more malleable and observable [4]. Early
identification is crucial, given that persistent CU traits are associated with later antisocial
outcomes, including conduct disorder and psychopathy [2].

We begin by examining CU traits and the role of gaze behaviour in uncovering their
developmental mechanism. Gaze offers a unique window into initial sensory and emotional
processing, and particularly into how individuals with elevated CU traits attend to salient
social cues, such as emotional faces, revealing early disruptions in social attention. While
CU traits have been most strongly linked with CD, increasing evidence highlights their
relevance in ASD and ADHD. These disorders frequently co-occur, share overlapping
behavioural profiles, and may involve similar disruptions in sensitivity to social cues [5,6].
By focusing on these early-emerging conditions, we aim to shed light on shared mechanisms
that contribute to the developmental pathways of CU traits from infancy onward.

Although anomalies in social and emotional processing are well-documented in ASD
and CD, they appear to be less central in ADHD [7-9]. Studies on ASD indicate altered
social-affective processing, such as difficulties in interpreting facial expressions and emo-
tional cues [10], which can resemble the emotional blunting seen in those with CU traits [11].
Individuals with CD and CU traits often exhibit reduced responsiveness to distress cues,
suggesting a potential sensory-processing component [9]. However, ADHD tends to be
more associated with non-social sensory processing difficulties, such as hyper or hypo-
reactivity to environmental stimuli, rather than deficits in emotional perception [12].

Although CU traits share behavioural features with ASD, CD and ADHD, the under-
lying mechanisms may differ [11,13]. In ASD, externalising behaviours stem from social
communication difficulties, while in CD with CU traits, they reflect a lack of empathy or
concern for others [11,14]. ADHD, by contrast, is defined by inattention and hyperactivity
rather than emotional insensibility [15]. They also differ in co-occurrence rates: CU traits
co-occur with ADHD in approximately 6% of cases, while the prevalence in ASD is esti-
mated between 36 and 51%, and in CD between 21 and 50% [16,17]. NDs typically emerge
throughout childhood due to genetically driven atypicality in the brain systems involved in
early-stage processing of environmental stimuli [18]. Individuals with an ND are diagnosed
when functional impairments become evident, often impacting family life. ASD is usually
identified by age 2-3, and is characterised by social communication impairments, repetitive
behaviours, and sensory anomalies [15,19]. ADHD is often diagnosed around the age
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of 6, and is characterised by difficulty concentrating, lack of self-control, and impulsive
behaviour [15].

Behaviour problems associated with CU traits increase across childhood and adoles-
cence. Early signs—such as irritability and callousness—can be observed within the first
two years of life and can be distinguished from typical variation as early as infancy [20-22].
Accurate diagnosis requires interdisciplinary assessment, as CU traits and ND behaviours
can resemble typical development. Early identification enables timely intervention, which
may reduce the risk of persistent socially challenging behaviours into adulthood [23]. This
risk is especially high during adolescence, where CU traits (alone or co-occurring with
NDs) are linked to greater aggression and an increase the likelihood of severe, sudden
violence [21,24,25]. To better understand the developmental mechanism of CU traits, we
must consider how individuals initially process and respond to emotional stimuli. A deeper
understanding of disruptive behaviour such as a lack of remorse, emotional dysregula-
tion, irritability, and manipulation—can enhance diagnostic accuracy, improve treatment
approaches, and deepen our understanding of the underlying pathology of NDs [1]. One
critical aspect of this understanding involves investigating individuals’ initial sensory pro-
cessing of stimuli present in their surroundings. This helps us determine how individuals
identify, process, and perceive salient cues such as emotional faces. Gaze provides a good
measure of this initial processing, and there are many observations of changes in gaze and
looking behaviour in NDs. Parents and caregivers often report that children with NDs
avoid eye contact, though patterns differ depending on the specific condition. For instance,
children with ADHD often have difficulty maintaining attention for extended periods
particularly during school hours when they are expected to focus on complex cognitive
tasks [26]. Similarly, individuals with ASD may not respond when their name is called,
often avoid making eye contact, and instead, tend to focus intently on objects for extended
periods [27]. In contrast, individuals with CD often exhibit a confrontational attitude [28].
The study of these distinct behavioural patterns has been a significant area of research.
However, observations regarding individuals with CU traits remain less clear.

In the following sections, we examine how gaze behaviour, measured using eye-
tracking technology, can help describe emotional processing in individuals with elevated
CU traits, both with and without co-occurrent NDs. Our focus will specifically be on stud-
ies employing eye-tracking technology as we explore subtle differences in gaze patterns.
We searched the literature for studies investigating gaze behaviour using eye-tracking
methods and assessing CU traits using validated clinical- or questionnaire-based measures,
in samples with CU traits either alone or co-occurring with NDs such as ASD, ADHD
or CD. Searches were conducted in major electronic databases, including PsychINFO,
Pubmed, and Web of Science. We searched the literature up to December 2025 for studies
investigating gaze in those with CU traits and co-occurring NDs, using keywords such
as: ‘callous—unemotional traits’, ‘eye-tracking’, ‘gaze’, ‘autism’, "ADHD’, ‘CD’, and ‘neu-
rodevelopmental disorders’ to identify relevant studies. Only peer-reviewed empirical
studies were considered. We also consider whether gaze, as a means of understanding
behaviour and responses to emotional stimuli, has a distinctive pattern in those with CU
traits and, if so, whether this changes over development. We also consider studies that
examine subclinical samples, as these investigations offer valuable insights into the pro-
gression of CU traits, their severity, and associations with other NDs. Subclinical samples
also provide valuable insights into how these disorders begin to develop, often before
individuals reach the criteria for a formal diagnosis [29]. Studies across developmental
stages, from early infancy to adolescence, were considered where available. For interested
readers, and future systematic efforts, we provide a detailed summary of the sample sizes,
eye-tracking paradigms, and clinical assessments used by the authors of the key papers
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in Table 1. In a recent review, [30] the authors highlighted emotion recognition difficulties
in children and adolescents with elevated CU traits. This included a focus on negative
emotions and reduced attention to the eye region. Our focus here is different because we
will examine, in particular, the co-occurrence of neurodevelopmental conditions such as
ADHD and ASD. This, along with the examination of longitudinal development from early
infancy, is critical for understanding gaze and emotion across disorders.

Table 1. Summarises the studies discussed that incorporated eye-tracking methodology as part
of their methods. Youth Psychopathic Traits Inventory (YPI); Antisocial Process Screening Device
(APSD); Child Behaviour Checklist (CBCL); Inventory of Callous Unemotional traits (ICU); Psychopa-
thy Checklist—Revised (PCL-R); Child Problematic Traits Inventory (CPTI); Clinical Assessments of
Prosocial Emotions (CAPE); Self-Report Psychopathy Test (SRPT); Emotion Recognition (ER); Emotion
Viewing (EV); Emotions Tested (ET); Attention-Deficit/ Hyperactivity Disorder (ADHD); Autism Spec-
trum Disorder (ASD); Callous-Unemotional (CU); Disruptive Behaviour Disorder (DBD); Typically

Developing Controls (TDCs); Oppositional Defiant Disorder (ODD) and Conduct Disorder (CD).

Eye-Tracking

Cu

Authors Sample Size Paradigm Measurements
ADHD group (n = 36), ADHD + CD . .
Airdrie et al., 2018 [31] group (1 = 27), TDC (n = 41); ER, ET: happiness, anger, fear, sadness, YPI
neutral
adolescents
Stratified random sample of 213
participants from a Preferential face tracking vs. a red ball APSD
Bedford, et al,, 2015 [32] population-based sample of 1233 at 5 weeks old CBCL
first-time mothers
Longitudinal study of 206 full-term No eye-tracker, face-to-face, still-face
infants and their families. reunion. Infants and mothers’ gaze
Bedford, et al., 2017 [33] Data collection from 6-month episodes as coded manually. Only ICU at 7 years old
period. ER at 6 years and CU data from the face-to-face interaction
behaviours at 7 years is part of this study
Static ER, ET: angry, happy, sad,
scared, neutral
Dynamic ER; videos varied in
Bedford et al., 2021 [34] 292 children aged 7 years old ;:Ze—eg)aze direction (direct vs averted ICU
Children selected the emotion by
matching it to one of four static facial
expressions
Billeci et al., 2019 [35] 35 children with DBD and 23 TDC ER, ET: happiness, sadness, fear, APSD
(ages 7-10) disgust, anger, neutral
122 male adolescents (50 ASD, ) .
Bours et al., 2018 [36] 44 ODD/CD, 28 TDC); ages 12-19 filizs neutral, fear, happiness, anger, IYCI}IJ
years (M =15.4,SD = 1.9)
189 adolescents with ASD; a subset
Carter Leno et al., 2021 [17] (n = 46) completed an ER, ET: neutral, sad, happy and angry ICU
eye-tracking task
ER with cued (eye cue) and uncued
171 children (99 autistic, 72 TDC, conditions
Carter Leno etal, 2023 [37] ages 10-16) ET: fear, anger, happiness, sadness, Icu
surprise
. . EV, and categorisation under
Dadds et al., 2006 [38] Two studies with 33 and 65 boys free-gaze, eye-gaze, and mouth-gaze APSD
(ages 8-15) 2
conditions
Dadds et al., 2008 [39] 100 adolescent males (mean age EV and categorisation APSD
12.4 years)
98 offenders (divided into low,
Dargis et al., 2018 [40] intermediate, and high psychopathy =~ Two eye-tracking tasks: ER and EV PCL-R

groups)
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Table 1. Cont.

. Eye-Tracking CU
Authors Sample Size Paradigm Measurements
Demetriou & Fanti, 2022 [41] 59 children (mean age = 6.35 years) Static images of children and adu.lts. CPTI
ET: fear, sadness, anger, and happiness
- . Emotion and gender categorisation.
Gehrer et al., 2019 [42] 30 participants (Psychopathlc and ET: angry, disgusted, fearful, happy, PCL-R
non-psychopathic offenders) :
neutral, sad, surprised
Gillespie et al., 2015 [43] 38 adult male non-offenders (ages EV, ET: angry, disgust, fear, happy, sad Levenson SRPT
19-39) and surprise
Hartmann & Schwenck, 2020 92 boys (7-12 years, M = 9.00, EV, ET: happy, sad, fearful, disgusted, APSD

[44]

SD =1.29)

angry, neutral

Ivanova-Serokhvostova et al.,
(2024) [45]

52 boys, M =10.29, SD = 2.06

EV, free gaze, eye gaze, and mouth
gaze conditions. ET: happiness,
sadness, anger, disgust, fear, neutral

CPTI, ICU, CAPE interview.

138 undergraduates (23 males,

EV, ET: neutral vs. distress

Kaseweter et al., 2020 [46] 115 females) expressions: fear, pain, SRPT
embarrassment, startle, sadness
EV, ET: anger, fear, happiness, sadness,
pain, neutral.
Kyranides et al., 2020 [47] 80 adults (18-21 years) A visual probe was used to direct ICU
attention to different areas of the face
(forehead, eyes, mouth)
. ) 92 boys (7-12 years old). CD EV, ET: happy, sad, fearful, disgusted,
Levantini et al., 2022 [48] (N = 12) and ODD (N = 80) angry, neutral APSD
L. 116 children, mean age 9.00 ER, ET: happiness, sadness, anger,
Levantini et al., 2023 [49] (SD =1.29), with a DBD disgust, fear, neutral APSD
Dynamic and static EV.
Martin-Key et al., 2018 [50] Adolescents with CD and TDC ET: anger, sadness, fear, happiness, ICU
surprise, disgust, and neutral
expressions
o 96 adolescents Body posture categorisation
Martin-Key et al., 2021 [51] (45 with CD, 51 TDC) (stafic and dynamic) ICU
Menks et al., 2021 [52] 58 adolescents (23 CD, 35 TDC); EV, ET: neutral, anger, fear YPI
ages 14-19 years
g I 34 participants (29 male) from a
Munoz-Centifanti et al., 2021 juvenile detention centre, aged EV, ET: fear, anger, happiness, neutral ICU

[53]

14-17

However, as detailed in Table 1, the studies included in this body of work are char-
acterised by substantial methodological heterogeneity, which constrains the synthesis
and interpretation of findings across disorders. Specifically, there is wide variation in
stimulus and task, including preferential looking paradigms in early infancy and static
emotional stimuli that manipulate emotional expression and gaze direction. Task demands
also vary considerably, from passive viewing to explicit emotion recognition, emotion
matching, or cued versus uncued attention to the eye region, resulting in a requirement
for different levels of top-down attentional control. In addition, pronounced developmen-
tal heterogeneity is evident, with samples spanning infancy, childhood and adolescence,
introducing age-related variability in face processing and emotional understanding that
may confound associations between gaze patterns and callous—unemotional (CU) features.
Finally, the operationalisation of CU traits differs across studies, with multiple instruments
used (e.g., APSD, ICU) and both dimensional and categorical approaches, which assess
overlapping but non-equivalent constructs. Collectively, these sources of heterogeneity
limit the validity of direct cross-study and cross-disorder comparisons, as observed similar-
ities or discrepancies in gaze patterns may reflect methodological differences rather than
disorder-specific mechanisms.
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2. How Does Eye-Tracking Research Reveal the Progression of CU Traits
from Infancy to Adulthood?

Recent research highlights the importance of studying infants” empathy and prosocial
behaviour during their critical developmental stage, disruptions in which could be a
precursor to CU traits later in life [22,54]. Donohue and others [55] studied infants aged
11 to 20 months through a series of tasks designed to examine whether attention towards
the face area was related to infants’ empathic and prosocial skills. These tasks included two
prosocial helping tasks (involving balls and blocks), a comforting task, and an emotional
eye-tracking task. In prosocial helping tasks, infants watched an experimenter struggle to
reach balls or blocks, with prompts like “I can’t reach” and “Can you help?” The trial ended
when the infant assisted. In a comforting task, a caregiver pretended to injure her knee,
allowing researchers to assess the infants” emotional responses and comforting behaviours.
The eye-tracking study presented a face in the centre of the screen, followed by another
face to the left or right, revealing various emotions. The findings showed that infants who
paid less attention to negatively emotional faces, especially angry ones, exhibited lower
empathy and fewer prosocial behaviours. Their focus on the eye regions also correlated
with helping behaviour, indicating that attention to the eyes was more important than
overall face attention. Infants who ignored the eye regions of angry, fearful, and sad faces
also demonstrated fewer prosocial tendencies.

Research suggests that atypical patterns of empathy and prosocial behaviour are not
merely correlated but central features of elevated CU traits [22]. One compelling line of evi-
dence implicates disrupted attention to emotionally salient facial cues, particularly the eyes,
as a potential mechanism underpinning these traits. Dadds and others [38] demonstrated
that children with elevated CU traits consistently avoided the eye region when viewing
fearful faces, instead showing a preference for the mouth, an attentional pattern that may
reflect a deeper deficit in processing others’” emotional states. This finding aligns with more
recent work by Donohue and others [55], reinforcing the view that reduced looking at the
eyes is not incidental but may be foundational to the development of CU traits. Further
supporting this claim, other authors [39] found that adolescent males with elevated CU
traits made fewer and shorter fixations on the eyes and performed worse in fear recognition
tasks, indicating a direct link between gaze behaviour and emotional understanding.

However, not all evidence supports a straightforward relationship. Hartmann and
Schwenck [44] assessed children and teenagers in an emotion viewing and categorisation
task. In these tasks, the authors tested three free-viewing emotions (anger, fear and sadness).
The study found no evidence that eye-preference mediated the relationship between CU
traits and deficits in emotion recognition or categorisation. Instead, their results point
toward slower processing speed as a more plausible explanatory factor. This raises critical
questions about whether reduced eye attention is a cause, consequence, or merely one
manifestation of a broader cognitive difference in individuals with CU traits. Adding
further complexity, Ivanova-Serokhvostova and others [45] showed that the nature of
attentional deficits varies depending on how CU traits are measured. The authors assessed
children and early adolescents during an emotion viewing task under conditions in which
participants either gazed freely or were instructed to focus on the eyes or mouth. When CU
traits were classified using the Child Problematic Traits Inventory (CPTI), participants with
elevated CU traits showed reduced attention to the eyes for fear and sadness. However,
when CU traits were assessed using the Clinical Assessments of Prosocial Emotions (CAPE),
a general attention deficit was observed across all emotions, with increased attention to
the mouth area. These inconsistencies underscore the need to refine both conceptual and
methodological approaches, rather than viewing gaze aversion as a universal marker of
CU traits.
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There is other evidence that children with elevated CU traits show reduced sensitivity
to facial emotions, fixating less on the eyes and more on the mouth, regardless of the
emotion (fear, sad, angry, or happy) or the age of the face (adult or child). This attentional
neglect to the eye region may explain their poor performance in identifying facial emo-
tions [41]. Dadds and others [56] examined eye contact in children with elevated CU traits
during interactions with their attachment figures—either their mother or father—using
behavioural coding from a video rather than eye-tracking technology. Their findings show
that children with elevated CU traits lacked eye contact with their attachment figures.
Interestingly, fathers of children with elevated CU traits showed a similar pattern, while
mothers of children with elevated CU traits did not exhibit this behaviour with their chil-
dren. Further research by Kyranides and others [47] evaluated adolescents and adults with
traits of CU, conduct problems and anxiety during an emotion recognition task, analysing
both accuracy and eye-gaze patterns. Instead of static images, videos showing dynamic
expressions of anger, fear, happiness, sadness, pain and neutrality were used to better
simulate real-world facial interactions. The results revealed that individuals with CU traits
(vs anxiety traits) performed the worst in an emotion recognition task and had fewer overall
fixations when looking at angry and fearful expressions.

These impairments in emotional processing are significant in the context of antisocial
behaviour. Frick and Viding [20] emphasise that CU traits are strongly associated with
more severe and chronic antisocial tendencies, distinguishing affected individuals from
those with less extreme behavioural issues. Beyond difficulties in emotion recognition,
CU traits are linked to cognitive deficits in moral reasoning, and emotional processing,
characterised by a lack of empathy and emotional depth, which further distinguishes them
from other individuals exhibiting less severe antisocial tendencies. This connection raises
important questions about the developmental trajectory of CU traits and their potential
role in the onset of psychopathy.

While this review does not primarily focus on Antisocial Personality Disorder (ASPD),
understanding its relationship with CU traits remains relevant. CU traits may precede the
onset of psychopathy [57]. Although the DSM-5 does not include psychopathy as a formal
diagnosis, it considers a psychopathic subtype of ASPD characterised by features such as
manipulativeness, deceitfulness, callousness, hostility, irresponsibility, impulsivity, and a
propensity for risk-taking. ASPD is defined primarily by a pervasive pattern of disregard for,
and violation of, the rights of others, typically beginning in childhood or early adolescence
and continuing into adulthood, with a diagnosis requiring evidence of CD before age 15 [15].
While psychopathy cannot be diagnosed in children; CU traits and CD may indicate risk
factors. Psychopathy affects 4.5% of adults, with a higher prevalence in males [58,59]. In
UK prisons, it is found in 7.7% of men and 1.9% of women [60]. Psychopathy is typically
conceptualised as a multidimensional personality disorder comprising affective features
(e.g., lack of empathy and guilt) and interpersonal traits (e.g., superficial charm, callous
use of others and narcissism; see [58,61,62]. Research on emotion recognition via eye-
tracking shows that individuals with psychopathy, both incarcerated and in community
samples, exhibit fewer fixations on the eye region compared to their counterparts without
psychopathy [42,43]. Incarcerated males with psychopathy focus less on fearful eyes,
while also displaying emotion interpretation deficits related to affective traits [40]. In a
community study, affective traits predicted reduced attention to pain and embarrassment
expressions, though the sample had more females so may have been unrepresentative of
psychopathy [46]. Diaz-Vazquez and others [63] systematically reviewed the literature and
confirmed that attention biases, particularly reduced gaze to emotionally informative areas
like the eyes, play a significant role in the emotion recognition difficulties associated with
psychopathic traits in youth. Their findings also emphasise that these deficits are pervasive
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across various emotional modalities and are modulated by developmental, clinical and
contextual factors, reinforcing the importance of early, tailored interventions.

To sum up, research indicates that reduced attention to the eye region is a key fea-
ture in individuals with CU traits, and also of psychopathy, affecting emotion recognition
and prosocial behaviour. Eye-tracking studies on infants reveal that reduced fixation on
emotional faces, especially negative ones, correlates with decreased empathy and helping
behaviour. Similarly, children and adolescents with CU traits exhibit reduced sensitivity
to facial emotions, preferring the mouth over the eyes, which may contribute to emo-
tion recognition deficits. These impairments extend into adulthood, where psychopathic
individuals—both incarcerated and in the community—demonstrate diminished fixations
to the eyes, particularly on fearful expressions.

3. How Do CU Traits Affect Gaze Patterns in Individuals with ASD?

ASD is a neurodevelopmental condition primarily marked by difficulties in social com-
munication, repetitive behaviours, restricted interests and sensory abnormalities [15,19,64].
The prevalence of ASD stands at around 1%, and notably higher in males than in fe-
males [65]. Individuals with ASD often exhibit a tendency to avoid eye contact, a behaviour
that has been extensively studied [66-68]. This eye avoidance is a key characteristic that
helps in recognising and understanding the various manifestations of ASD. Researchers
have closely examined this behaviour to gain insights into the broader social and communi-
cation challenges faced by individuals on the spectrum [69]. There are many meta-analyses
and reviews already focused on summarising findings in ASD, which consistently report
reduced attention to socially relevant regions, particularly the eyes and whole-face areas,
compared to non-ASD individuals [67,70-76]. Considering the phenotypic responses of
individuals with ASD in face-scanning studies, we question whether elevated CU traits
might affect gaze patterns in those with ASD. Our previous discussions have emphasised
that individuals with elevated CU traits tend to look less at angry, fearful, and sad faces,
particularly at the eyes. Is there something unique about the co-occurrence of ASD and
high CU traits? In a study conducted by Carter Leno and others [17], adolescents with ASD
watched a video of an actor expressing various emotions, including happiness, sadness,
anger, fear, and a neutral expression. The findings revealed that the ASD + CU group (vs.
ASD only) had fewer fixations on the actor’s eyes compared to her mouth when viewing
fearful faces. A later study by Carter Leno and others [37] investigated emotion recognition
under cued and uncued conditions in a subclinical sample, assessing high vs low traits of
CU and ASD in children and teenagers. In the cued condition, participants were directed
to fixate a cross at the location of the eyes, while in the uncued condition, they did not have
any specific guidance. The findings revealed significant differences between individuals
with elevated ASD and CU traits. Those exhibiting elevated CU traits had reduced emotion
recognition in the uncued condition, but this deficit was overturned when they were cued
to the eyes (and higher traits were associated with better fear recognition in this condition).
In contrast, individuals with elevated ASD traits experienced difficulties with emotion
recognition exclusively in the cued condition.

These results, therefore, suggest that deficits in recognition with CU traits are at least
partly due to a failure to spontaneously attend to the eyes. Abnormal eye contact and
emotion recognition in those with ASD traits may have a different mechanism since cueing
them to the eyes actually made their performance worse. However, we acknowledge that
little research has been done on ASD and CU to understand gaze behaviour. Given the
heterogeneity of ASD presentation, more work is needed to explore individual differences
and the underlying mechanism driving these effects.
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4. How Do CU Traits Affect Gaze Patterns in Individuals with ADHD?

ADHD is a prevalent neurodevelopmental disorder characterised by inattention, hy-
peractivity, and impulsivity [15]. The prevalence of ADHD stands at around 8% of children
and adolescents worldwide, with a higher prevalence in boys compared to girls [77,78].
The prevalence in adults is lower, sitting between 2% and 5% [77].

Emotion recognition problems are not always seen as a core symptom of ADHD (see
prominent theories from [79-81]). However, a recent meta-analysis and systematic review
by Lievore, Crisi and Mammarella [82] provided comprehensive evidence that children and
adolescents with ADHD experience notable difficulties in emotion recognition, particularly
in identifying negative emotions such as fear, anger, and sadness. Unlike individuals
with ASD, these deficits seem to be emotion-specific rather than global. The same review
cites neurophysiological evidence showing reduced gamma activity and altered amygdala
responses during emotion processing, indicating atypical neural functioning.

There is distinct and particularly evident gaze behaviour in individuals with ADHD
in the context of inattention. These individuals may struggle to maintain eye contact in
conversations or school settings to sustain attention to the speaker. This abnormal gaze
behaviour in ADHD vs. without ADHD has been widely reported and studied across
different ages [83—85]. Unlike ASD, where eye-tracking studies aim to understand social
impairments, in ADHD, the focus is on core features like inattention, hyperactivity, and
impulsivity. For instance, Bucci and others [86] investigated the oculomotor response in
postural control among children with ADHD and examined the effects of methylphenidate
(MPH) treatment (vs untreated ADHD children). Both groups (treated and untreated)
showed poor performance in the tasks. However, the untreated ADHD children showed
more considerable impairments in postural control, thus suggesting that MPH may alleviate
some of the motor deficits commonly associated with ADHD.

Numerous studies have examined social cueing, building upon the framework of
Posner Cueing Tasks [87-91]. This task measures an individuals’ attention toward the gaze
direction of others, thereby enhancing our understanding of social attention processes [92].
The results indicate that adolescents with ADHD exhibit difficulties in orienting their
gaze towards the cue compared to those without ADHD [87]. Additionally, children with
ADHD show quicker eye movement responses than those with ASD [89,90]. These two
results—abnormal gaze orienting and quicker responses—seem to reflect problems with
inhibition, i.e., the ability to suppress irrelevant stimuli and maintain focus on socially or
contextually relevant cues. This is largely tied to impairments in executive functions and
attentional control, which are core characteristics of ADHD [93,94]. Additionally, it has also
been proposed that inattentive symptoms in adults are associated with fewer microsaccadic
responses to fearful expressions [88].

To sum up, individuals with ADHD struggle with gaze control affecting attention.
Unlike ASD, ADHD research focuses on inattention and impulsivity. ADHD individuals
also have difficulty following gaze cues and exhibit quicker eye movements, reflecting
issues with inhibition and attention. Inattentive adults may show reduced eye responses to
fearful expressions. What about ADHD with CU traits? To our knowledge, there are no
studies looking uniquely at that combination, and one might speculate that the change in
sensitivity to gaze cues in ADHD might interact with the reduced attention to the face in
CU traits in an interesting way. However, since ADHD and CD often co-occur, we will now
examine investigations of gaze in CD next.

5. How Do CU Traits Affect Gaze Patterns in Individuals with CD?

CD is defined according to behaviours that infringe upon the rights of others and
violate social norms. It typically arises in childhood or adolescence and often co-occurs
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with ADHD [95]. Individuals with CD may exhibit behaviours such as aggression, bullying,
threatening or stealing [96]. The prevalence of CD is estimated at around 8% worldwide,
and males are diagnosed more often than females [97]. The co-occurrence of CD with
ADHD is well-documented, showing a great overlap between these disorders. Around
30% to 50% of children with ADHD are also diagnosed with CD, while around 40% to
70% of children with CD also have ADHD [98,99]. Early symptoms reported from nine
months in infants who later develop a CD include emotional dysregulation, which may be
exacerbated by coercive parenting practices [100]. These highlights parenting style, along
with genetic predispositions and environmental influences, as potential causal factors
in the development of this disorder. As these influences converge, childhood becomes
a pivotal stage where the earliest signs of behavioural patterns begin to emerge. It is
during this formative period that the foundational manifestations of behaviours take
shape, offering a crucial opportunity to observe and understand their roots. These early
expressions provide insight into the developmental progression of emotional recognition
and identification, shedding light on patterns that, if not addressed, could develop into
more socially challenging behaviours. The culmination of these behaviours, CD, has been
largely studied in children and adolescents. Billeci and others [35] evaluated children
with Disruptive Behaviour Disorder (DBD), which is considered part of CD, in an emotion
recognition task (with happiness, sadness, fear, disgust, anger and neutral expressions)
while also measuring CU traits. Results suggested that elevated CU traits were associated
with fewer fixations and shorter fixation duration on the eyes of sad faces leading to poor
sadness recognition. Airdrie and others [31] evaluated CD, and CU traits, in adolescents
with ADHD in an emotional recognition task. Their results indicate that individuals with
both ADHD + CD exhibit lower accuracy in recognising fear compared to those with
ADHD alone or typically developing peers. Specifically, those in the ADHD + CD group are
more likely to misinterpret fear as anger. Additionally, both subgroups with ADHD tend
to spend less time focusing on the eye region than control participants. This suggests that
while challenges in attending to the eye region are prevalent in ADHD, deficits in emotion
recognition may be most pronounced in individuals with comorbid CD, particularly among
those displaying CU traits. Similarly, Bours and others [36] found fear as a characteristic
misrecognised emotion. In their study, adolescents with ASD, CD and the control group
were assessed across neutral, fear, happiness, anger and sadness. The ASD and CD groups
showed reduced fixation duration to the eyes across emotions and longer time to the
first fixation on fearful faces. Elevated CU traits within the CD group were associated
with a shorter first fixation duration at the eye region for fearful faces compared to the
control group.

Levantini and others [48] assessed children and teenagers with CD and Oppositional
Defiant Disorder with high and low CU traits. Results showed that CU traits correlated
with reduced first fixation duration to the eyes of negative emotions and the mouth of
positive emotions. Parenting environment moderated the link between CU traits and
attention to the eyes of negative faces (higher CU traits associated with reduced attention,
but only in negative environments). The authors suggested that children with elevated CU
traits and poor emotional gaze processing have greater likelihood for severe behavioural
outcomes, especially in harsh parenting environments. In another study of Levantini
and others [49], DBD children were assessed with elevated and reduced CU traits. CU
traits negatively correlated with sadness recognition and fixation on the eyes of sad and
disgusted faces. Martin-Key and others [50] assessed adolescents with CD and Typically
Developing (TD) Controls in a dynamic and static emotion viewing task. Their results
showed that CD adolescents showed poorer recognition of fear and anger, with reduced
fixation on the eyes, especially in males. Higher CU traits were linked to better fear
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recognition in the CD group, contrary to expectations. Martin-Key and others [51] explored
how adolescents perceive emotional body postures (static and dynamic) including angry,
fearful, and neutral expressions. Their findings revealed that adolescents with CD struggle
to recognise emotional body postures, regardless of their CU traits. Interestingly, those
with CD spent less time looking to emotionally informative regions, such as the arms.
While elevated CU traits were linked to more typical fixation patterns in males with CD,
this did not translate into improved recognition performance. These findings suggest that
recognition deficits in CD stem from difficulties interpreting emotional cues rather than
inhibitory deficits.

Menks and others [52] combined eye-tracking and fMRI to examine functional brain
responses and eye gaze patterns in adolescents with CD. They discovered reduced activa-
tion in the right anterior insula during emotional face processing compared to typically
developing peers, depending on the emotion type. Adolescents with CD also spent less
time fixating on the eye region, particularly for neutral and fearful expressions. Notably,
this reduced eye fixation time influenced insula activation, highlighting how attentional
mechanism shape the brain’s response to emotional stimuli. Additionally, elevated CU
traits were associated with longer fixation on the mouth rather than the eyes, hinting at
a nuanced role of CU traits in directing attention to specific facial features. Furthermore,
Mufioz Centifanti and others [53] tested adolescents from a juvenile detention centre during
an emotion viewing task. They showed that youths with high CU traits had less reflexive
attention to fearful eye regions. These authors proposed an intervention in which teenagers
with elevated CU traits learn to focus on the eyes of individuals displaying fearful expres-
sions. This approach has shown promising results by guiding the young people to direct
their gaze towards the eye region of faces during an emotion recognition task. The authors
aimed to enhance their ability to recognise fear, thereby addressing the recognition deficits
commonly observed in those with elevated CU traits.

To sum up, adolescents with CD, particularly those with co-occurring ADHD and CU
traits, consistently show impairments in emotion recognition tasks. These difficulties are
especially pronounced for negatively valanced emotions such as fear and anger, which
are frequently misinterpreted or under-recognised. Crucially, these impairments are not
merely random errors but seem to reflect a pattern of reduced attention to key facial and
bodily cues, such as the eyes, mouth, or gestural signals from the arms and hands.

From a cognitive neuroscience perspective, these findings point to disruptions across
both low-level sensory processing and higher-level cognitive functions. On the one hand,
reduced fixation on emotionally salient areas may reflect deficits in low-level attentional
mechanisms (such as impaired bottom-up processing of salient visual features such as eyes),
which ordinarily guide the observer’s gaze toward emotionally relevant cues. In this sense,
individuals with CD and CU traits may fail to register basic visual information that typically
triggers emotional categorisation. On the other hand, even when such cues are perceived,
higher-level processes, such as emotional reasoning, social inference, and perspective taking,
may also be compromised. This includes difficulties in integrating perceptual input with
stored emotional knowledge or in flexibly interpreting ambiguous social signals. CU traits
appear to modulate these higher-order cognitive systems. Adolescents with elevated CU
traits may show an overall dampened responsiveness to distress cues, possibly reflecting
abnormalities in the amygdala and related limbic structures that underpin empathy and
moral reasoning, which is discussed in detailed in the next section.

Importantly, ADHD-related attentional variability may further compound these issues.
For instance, individuals with co-occurring ADHD and CD may demonstrate inconsistent
attention to emotional stimuli, leading to fragmented or incomplete processing of facial
and bodily cues. While ADHD may disrupt sustained attention, CU traits may specifically
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impair emotional engagement, resulting in a distinctive idiosyncratic profile of emotion
processing deficits.

Together these findings suggest that emotion recognition impairments in CD are not
rooted solely in an inability to interpret emotional meaning but are also shaped by how at-
tention is deployed at both early sensory stages and later interpretive stages. This highlights
the importance of multi-level interventions that target both attentional biases (i.e., gaze
training, such as seen in recent work [53]) and impairments in emotional understanding
(i.e., social cognitive skills training), particularly in individuals with elevated CU traits.

6. How Have Theories Accounted for Abnormal Behaviour in NDs/CU?

One possibility is that this is particularly linked to activation of the amygdala, a small,
almond-shaped structure in the brain. The amygdala is central to processing emotions,
including fear, and is heavily involved in forming memories, making decisions, navigating
social interactions and learning [101]. Extensive research in neuropsychiatry has examined
the vital function of this brain region in influencing how we interpret information [102].
The amygdala is known for its involvement in emotional processing, helping to evaluate
and respond to potential environmental threats [103-105]. Research has demonstrated the
critical role of the amygdala in predicting the trajectory of an individual’s gaze, particularly
in situations of fear [106]. This has led to the concept of an aberrant amygdala as important
for theories of emotional development [106,107]. Research suggests that amygdala abnor-
malities (whether reduced volume in CU traits and ADHD [108-110], or enlargement in
ASD [111,112]) may influence these gaze patterns. However, inconsistent findings challenge
a unified theory of dysfunction across disorders.

Hostile attribution bias (HAB), the tendency to interpret ambiguous social cues as
threatening or malevolent, is one potential outcome of amygdala dysfunction [113]. Re-
duced emotional responsiveness may predispose individuals to assume hostility in others,
facilitating aggressive behaviour even in the absence of clear provocation [114]. Thus, amyg-
dala hypoactivation may not only impair emotional learning but also bias interpretations in
a hostile direction. Conversely, in individuals with heightened amygdala reactivity such as
those with certain presentations of ASD, HAB may stem from an elevated perception of so-
cial threat, although this is likely to manifest with different behavioural consequences [115].
In ADHD, however, HAB could arise through a different mechanism, namely, difficulties
in executive functioning and emotion regulation rather than heightened threat perception
per se. For instance, impairments in inhibitory control and heightened emotional reac-
tivity may amplify impulsive or aggressive responses to ambiguous social cues, even in
the absence of a biased threat interpretation [116,117]. These patterns suggest that while
amygdala dysfunction may play a shared role in HAB across neurodevelopmental profiles,
the direction and impact of this dysfunction vary depending on the broader cognitive and
emotional context, including regulatory deficits in ADHD and hyperreactivity in ASD.

An alternative perspective stems from Barkley’s theory of ADHD as an inhibitory
disorder rather than an attention deficit [93,94]. Inhibitory dysfunction impairs executive
control, contributing to erratic eye movements [83] and difficulty maintaining gaze on
socially relevant features [89,90]. While ADHD-related deficits in oculomotor inhibition
may explain altered gaze behaviours, it remains unclear why these issues particularly affect
responses to fearful expressions. In the future, this interplay between amygdala function
and inhibitory control could offers insights into the social processing difficulties seen in
ADHD, CU traits, and related NDs that we have discussed here.
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7. CU Traits with and Without NDs: Who Is at Increased Risk?

So far, we have not discussed the evidence for genetic factors contributing to NDs and
CU traits. Developmental psychopathology offers a framework for understanding individ-
ual patterns of behavioural maladaptation [20]. Of particular importance for this review,
genes and environment will presumably influence both differences in visual attention and
variations in ND development [48]. If early differences in visual attention are indicators of
CU traits and possible future NDs, then they could be an important endophenotype for
work on the genetic origins of these disorders.

According to twin studies, the estimated heritability for elevated traits of CU be-
haviours ranges from 45% to 67% [118]. Similarly, the heritability of CD is estimated to
be between 40% and 70% [119]. In contrast, ADHD has a heritability estimate of 60% to
90% [120], while ASD shows a heritability rate of approximately 90% [121]. However,
the environment also plays a crucial role. In truth, each child’s developmental trajectory
unfolds due to their attempt to adapt to unique genetic and environmental factors [122].
Within families, genetic and environmental factors are intertwined. Siblings share part of
these factors. Large longitudinal studies of infants with a sibling with an ND diagnosis
indicate that infant siblings have a higher probability of receiving a diagnosis of ASD,
ADHD or CD compared to the ND prevalence in the general population [123]. Despite the
high heritability observed in NDs, the quest to identify a singular genetic explanation for
these disorders has consistently proven elusive [84,85,118,124,125]. This challenge arises
from the co-occurrence of NDs with other disorders and the heterogeneity manifestations
that each disorder encompasses [126].

Recent research has offered valuable insights into the looking behaviour of infants at an
increased likelihood for NDs, revealing how these behaviours might signal vulnerabilities
to specific conditions [32-34,127,128]. In a significant study by Wass and others [128],
they reported that infants classified as having an increased likelihood for ASD exhibited
notably shorter fixation durations compared to their lower likelihood peers. This finding
suggests a potential difference in how these infants visually engage with their surroundings.
Additionally, Gui and others [127] reported that infants who demonstrated longer fixation
durations on faces (alongside other objects) may be at an increased risk for developing
ADHD. This highlights the possibility that the patterns of attention infants display could be
critical indicators of future behavioural challenges, specifically to socially relevant stimuli.
However, research on older individuals diagnosed with ADHD has reported contrary
findings (previously discussed), indicating that fixation durations are shorter compared to
healthy individuals on socially relevant stimuli [89,90]. Investigating CU traits, Bedford and
others [34] examined emotional regulation in children using a static and dynamic emotion
recognition task and measuring gaze. CU and ASD traits were assessed using a parent-
reported questionnaire. Results showed that elevated CU traits were associated with poorer
emotion recognition in static expressions especially for anger and happiness. However,
controlling for autistic traits nullified the association between CU traits and static emotion
recognition. Autistic traits were associated with emotion recognition deficits across both
static and dynamic tasks. This research therefore identifies potential interactions between
CU and ASD traits and highlights that motion cues in dynamic stimuli may improve
emotion recognition by capturing attention to emotion-relevant facial features.

Recently, Ilyka and others [129] examined mutual gaze (eye contact) in infants aged 4
to 7 months with either a typical or elevated familiar likelihood of ASD and/or ADHD.
The study aimed to explore whether mutual gaze influences later social attention and
its potential correlation with ASD diagnoses. The researchers analysed data from video-
coded parent-infant interactions and eye-tracking tasks. Eye-tracking assessed infants’
face-orienting abilities through a ‘face pop-out’ task. Findings revealed that infants with
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an elevated likelihood of ASD and/or ADHD engaged in more mutual gaze with parents
compared to those with a typical likelihood. Both elevated-likelihood groups (ASD and
ADHD) demonstrated higher mutual gaze levels. Notably, increased mutual gaze at 4 to
7 months was associated with reduced face-orienting responses at 8 to 12 months in infants
with an elevated likelihood of ASD, particularly those later diagnosed with the condition.
The authors concluded that mutual gaze may serve as an early behavioural marker for
social challenges in ASD, but not ADHD.

Despite the compelling and consistent evidence from genetic studies supporting the
heritability of CU traits [130], it is essential to underscore that genetic predispositions do not
operate in a vacuum. Environmental factors, particularly those arising in early childhood,
interact with genetic vulnerabilities in shaping developmental trajectories [20]. A growing
body of research in developmental psychopathology highlights the influential role of the
caregiving environment in modulating risk and resilience in children exhibiting CU traits.
Parenting, in particular, is frequently studied as a central environmental factor given its
pervasive influence on a child’s emotional, social, and behavioural development [131,132].

Caregiving practices can either buffer or exacerbate the expression of CU traits de-
pending on their quality, consistency, and emotional tone. For instance, harsh, inconsistent,
or neglectful parenting practices have been associated with elevated CU traits [133,134],
while warm, sensitive, and responsive caregiving has shown potential in mitigating such
traits, especially in early childhood [135,136]. These findings suggest that CU traits are not
immutable and may be shaped, at least in part, by early relational experiences. Crucially,
parental warmth appears to play a particularly protective role. Children who are genetically
predisposed to CU traits but are raised in emotionally supportive environments tend to
show fewer behavioural problems and more adaptive social functioning than those raised
in emotionally cold or punitive contexts [137].

Furthermore, emotional and social skills (domains closely linked to CU traits) are
deeply rooted in early parent—child interactions. Empathy, emotion recognition, moral
reasoning, and prosocial behaviour all emerge within the context of early social learning,
most often mediated by caregivers [138]. Glenn [24] emphasises how deficits in these
domains are hallmark features of CU traits and are often preceded or accompanied by
disrupted attachment relationships and poor emotion socialisation.

Similarly, broader contextual factors (such as socioeconomic stress, exposure to vio-
lence, or unstable caregiving arrangements) may further compound risk [139,140]. These
distal influences can affect both the quality of parenting and the child’s overall emotional
climate, thus indirectly shaping the expression of CU traits. Importantly, children with ele-
vated CU traits may also evoke more negative responses from caregivers [1], a phenomenon
known as evocative gene-environment correlation, further complicating the developmental
picture. This bi-directional influence between child temperament and parenting practices
highlights the importance of considering dynamic, transactional models in understanding
CU trait development [141].

In summary, while genetic factors provide an important foundation for understanding
individual differences in CU traits, they do not determine outcomes in a deterministic
fashion. The early caregiving environment, especially the emotional quality of parent-child
relationships, plays a significant and potentially modifiable role in either reinforcing or
attenuating the emergence of CU traits. Recognising the importance of these environmen-
tal influences opens critical opportunities for early intervention and prevention efforts
targeting parenting practices and emotional socialisation [1,133].
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8. Conclusions

Understanding gaze behaviour in individuals with CU traits presents a complex
challenge, particularly given the overlap with other disorders. We have reviewed key
findings from studies examining CU traits in combination with NDs such as ADHD,
ASD and CD while also considering and examining the complexities associated with
ASPD. Notably, individuals with CU traits frequently struggle to recognise emotions—
such as anger and fear—which are critical for successful navigation of social interactions.
These difficulties can also be seen in distinctive gaze patterns, characterised by altered
fixations on socially salient regions, including the eyes, mouth and arms—areas essential
for decoding emotional expressions and engaging in effective communication. Importantly,
reduced eye fixation (particularly for fearful expressions) should not be understood as a
universal feature of CU traits, but rather as a probabilistic and task-dependent marker that
varies across experimental contexts and individual profiles. These gaze abnormalities are
unlikely to arise from a single mechanism; rather, they may reflect the interaction of early
neurobiological differences, attention control processes, and downstream socio-cognitive
biases operating across development, with these mechanisms being differentially weighted
across NDs.

This review emphasises the need to better understand the gaze behaviour distinc-
tions within and across ND conditions. While individuals with CU traits show reduced
responsiveness to social cues—suggesting a possible emotional processing deficit—this
pattern is not consistently observed across all tasks or emotional expressions, and they may
still recognise and process a broad range of emotions effectively. Accordingly, differences
in gaze (particularly reduced attention to the eye region) appear to be nuanced, context-
sensitive, and contingent on task demands rather than uniformly present. In contrast,
individuals with ASD typically experience broader impairments in social communication.
ADHD is characterised by brief, fleeting glances at socially relevant stimuli, indicative of
gaze scanning deficits. CD and ASPD may present more heterogeneous gaze behaviours,
often influenced by the presence of co-occurring disorders. From an integrative perspective,
similar gaze phenotypes associated with CU traits may therefore emerge via partially
distinct developmental pathways across disorders, including differences in limbic respon-
sivity, oculomotor regulation and learned social cognitive biases such as hostile attribution
tendencies, further underscoring that gaze patterns linked to CU traits reflect variable
expressions rather than a single uniform pathway. Further clarifying these distinctions is
essential for refining theoretical models that capture the complex interplay of these traits
and conditions.

It is also important to acknowledge that much of the existing literature is based on
male-dominant and clinically referred samples, which may limit the generalisability of cur-
rent conclusions. Sex differences in social attention, emotion processing, and behavioural
regulation are well-documented, yet remain underexplored in relation to CU-related gaze
behaviour. Similarly, reliance on clinically referred populations may introduce referral and
severity biases, potentially overrepresenting more extreme behavioural profiles. These
sampling characteristics may partly account for inconsistencies across studies reporting
reduced eye fixation in CU traits. Future research should therefore prioritise more di-
verse, population-based samples to determine the extent to which observed gaze patterns
generalise across sex, symptom severity, and community versus clinical contexts.

The research discussed in this review requires detailed measurements taken in a
lab environment (although, see Carter Leno and others [37], for an example of a study
performed remotely via the internet). The majority of these studies rely on presenting
images of single static faces to the participant. Single-image paradigms simplify analysis
but strip away essential components of real-world interactions, such as motion, context and
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reciprocal engagement. Task structure and stimulus type may therefore strongly influence
whether reduced eye fixation is observed in individual with CU traits. It may be possible to
use dynamic displays of emotion to increase the realism [51], although this can also make
conclusions more difficult as they rely on participants looking at the right feature at the
right time for the expression to be interpreted. In healthy adults, there is also considerable
evidence that observers attend to images and videos of people differently compared to
when they are in a face-to-face interaction with a real person (e.g., [142]). These limitations
may reduce the ecological validity of findings about human perception and social behaviour
from infancy to adulthood especially in a clinical context. Such constraints also limit the
ability to disentangle whether observed gaze differences reflect early perceptual salience,
attentional control limitations, or higher-order interpretative processes.

To overcome these challenges, recent studies have used video-based and conversa-
tional paradigms as laboratory stimuli [143-145]. Others have incorporated wearable
devices into naturalistic interactions with infants- and caregivers [146]. This shift allows for
deeper investigation into how individuals process complex social information in dynamic
contexts and is particularly important for testing whether gaze differences associated with
CU traits persist across context or emerge selectively under specific task demands. These
approaches are particularly well suited to testing integrative developmental models in
which early attentional and affective processes shape later social cognition and behavioural
outcomes across different neurodevelopmental trajectories.

To advance research in this domain, we strongly advocate for a comprehensive exami-
nation of co-occurrence of NDs, with particular emphasis on distinguishing core diagnostic
features from associated dimensional traits such as CU characteristics. While CU traits
are often studied in the context of CD or antisocial behaviour, there is increasing evidence
that they also emerge across a range of NDs, including ASD and ADHD. Future studies
should therefore adopt a transdiagnostic perspective to assess whether CU traits represent
a distinct developmental phenotype, a set of overlapping risk markers or a cross-disorder
construct with context-specific manifestations, including variability in gaze behaviour
across emotional and task conditions. Critically, this approach allows for the identifica-
tion of shared developmental vulnerabilities alongside disorder-specific mechanisms that
shape the expression of CU traits. Adopting a transdiagnostic, developmental framework
will be essential for determining whether CU traits reflect a distinct neurodevelopmental
phenotype, a convergence of multiple risk pathways, or a cross-disorder construct with
context-dependent expression.

In parallel, there is a pressing need to address the ecological validity limitations of
current experimental paradigms. Laboratory-based eye-tracking studies, while informa-
tive, often fail to reflect the complexity of real-world social interactions. Integrating more
naturalistic interaction scenarios, including immersive virtual reality environments and
wearable gaze-tracking technologies, will enhance the realism of experimental conditions
and more accurately capture everyday gaze behaviour. These approaches will be particu-
larly valuable in investigating how individuals with elevated CU traits engage with social
cues across different settings and how gaze patterns dynamically interact with emotional
salience, attentional control, and social interpretation in real time.

Equally important is the development of integrated, multimodal research methodolo-
gies that combine genetic analysis with detailed behavioural assessments. Such approaches
will provide a richer, more holistic understanding of how gaze behaviour manifests across
varying contexts and evolves over time. Longitudinal studies are especially critical, as they
offer insights into the developmental trajectories of NDs in relation to genetic predisposition
and environmental influences. Within this framework, gaze behaviour represents a promis-
ing intermediate phenotype linking neurobiological vulnerability with later-emerging socio-
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cognitive characteristics, including CU traits, provided it is conceptualised as variable- and
context-dependent rather than a fixed marker.

Lastly, this research must grapple with a fundamental conceptual question: should CU
traits be regarded as a distinct identity or as a cross-disorder construct? Developing a clear,
evidence-based theoretical framework that situates CU traits within the broader landscape
of social cognition and emotional processing is imperative. An integrative developmental
model that explicitly links early neural and attentional mechanisms with later cognitive
and behavioural outcomes provides a critical step toward resolving this question. Crucially,
such a model must also account for developmental timing and environmental modulation,
recognising that factors such as age, sex, caregiving context, and exposure to adversity
may shape both the emergence and contextual expression of CU-related gaze patterns,
and that these influences may interact differently across ASD, ADHD, CD and related
conditions. Such a framework will guide the development of targeted interventions,
improve differential diagnoses, and ultimately lead to better-tailored support system for
individuals with complex neurodevelopmental profiles.
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Abbreviations

The following abbreviations are used in this manuscript:

ADHD  Attention-Deficit/Hyperactivity Disorder
APSD  Antisocial Process Screening Device

ASD Autism Spectrum Disorder

CAPE Clinical Assessments of Prosocial Emotions
CBCL Child Behaviour Checklist

CD Conduct Disorder
CPTI Child Problematic Traits Inventory
CU Callous-Unemotional

DBD Disruptive Behaviour Disorder

ER Emotion Recognition

ET Emotions Tested

EV Emotion Viewing

HAB Hostile Attribution Bias

ICU Inventory of Callous Unemotional traits

ODD Oppositional Defiant Disorder
PCL-R  Psychopathy Checklist—Revised
SRPT Self-Report Psychopathy Test
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TDC Typically Developing Controls
YPI Youth Psychopathic Traits Inventory

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Frick, PJ.; Ray, J.V.; Thornton, L.C.; Kahn, R.E. Can callous-unemotional traits enhance the understanding, diagnosis, and
treatment of serious conduct problems in children and adolescents? A comprehensive review. Psychol. Bull. 2014, 140, 1-57.
[CrossRef] [PubMed]

Haas, S.M.; Waschbusch, D.A. Callous-Unemotional Traits and Their Relevance to ADHD. ADHD Rep. 2012, 20, 5-9. [CrossRef]
Tye, C.; Bedford, R.; Asherson, P.; Ashwood, K.; Azadi, B.; Bolton, P.; McLoughlin, G. Callous-unemotional traits moderate
executive function in children with ASD and ADHD: A pilot event-related potential study. Dev. Cogn. Neurosci. 2017, 26, 84-90.
[CrossRef] [PubMed]

Viding, E.; McCrory, E.J. Understanding the development of psychopathy: Progress and challenges. Psychol. Med. 2018, 48,
566-577. [CrossRef]

Rommelse, N.N.J.; Franke, B.; Geurts, H.M.; Hartman, C.A.; Buitelaar, ].K. Shared heritability of attention-deficit/hyperactivity
disorder and autism spectrum disorder. Eur. Child Adolesc. Psychiatry 2010, 19, 281-295. [CrossRef]

Waller, R.; Wagner, N. The Sensitivity to Threat and Affiliative Reward (STAR) model and the development of callous-unemotional
traits. Neurosci. Biobehav. Rev. 2019, 107, 656—671. [CrossRef]

Northam, J.C.; Dadds, M.R. Is Callous Always Cold? A Critical Review of the Literature on Emotion and the Development of
Callous-Unemotional Traits in Children. Clin. Child Fam. Psychol. Rev. 2020, 23, 265-283. [CrossRef]

Soler-Gutiérrez, A.-M.; Sdnchez-Carmona, A.J.; Albert, J.; Hinojosa, J.A.; Cortese, S.; Bellato, A.; Mayas, ]. Emotion processing
difficulties in ADHD: A Bayesian meta-analysis study. Eur. Child Adolesc. Psychiatry 2025, 34, 2369-2390. [CrossRef]
Woodworth, M.; Waschbusch, D. Emotional processing in children with conduct problems and callous/unemotional traits. Child
Care Health Dev. 2008, 34, 234-244. [CrossRef]

Trevisan, D.A.; Hoskyn, M.; Birmingham, E. Facial Expression Production in Autism: A Meta-Analysis. Autism Res. 2018,
11, 1586-1601. [CrossRef]

Pijper, ].; de Wied, M.; van Rijn, S.; van Goozen, S.; Swaab, H.; Meeus, W. Callous unemotional traits, autism spectrum disorder
symptoms and empathy in boys with oppositional defiant disorder or conduct disorder. Psychiatry Res. 2016, 245, 340-345.
[CrossRef]

Salah, A.; Amr, M.; El-Sayed, M.; ElWasify, M.; Eltoukhy, K.; Salama, S.; Tobar, S. Sensory processing patterns among children with
autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD) using short sensory profile and evoked
potentials: A case—control study. Middle East Curr. Psychiatry 2024, 31, 52. [CrossRef]

Kaat, AJ.; Lecavalier, L. Disruptive behavior disorders in children and adolescents with autism spectrum disorders: A review of
the prevalence, presentation, and treatment. Res. Autism Spectr. Disord. 2013, 7, 1579-1594. [CrossRef]

Squillaci, M.; Benoit, V. Role of Callous and Unemotional (CU) Traits on the Development of Youth with Behavioral Disorders: A
Systematic Review. Int. |. Environ. Res. Public Health 2021, 18, 4712. [CrossRef] [PubMed]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; DSM-5; American Psychiatric
Association: Washington, DC, USA, 2013.

Kahn, R.E,; Frick, PJ.; Youngstrom, E.; Findling, R.L.; Youngstrom, J.K. The effects of including a callous-unemotional specifier
for the diagnosis of conduct disorder. . Child Psychol. Psychiatry 2012, 53, 271-282. [CrossRef]

Carter Leno, V.; Bedford, R.; Chandler, S.; White, P.; Yorke, I.; Charman, T.; Pickles, A.; Simonoff, E. Callous-unemotional traits
in youth with autism spectrum disorder (ASD): Replication of prevalence estimates and associations with gaze patterns when
viewing fearful faces. Dev. Psychopathol. 2021, 33, 1220-1228. [CrossRef]

Johnson, M.H.; Charman, T.; Pickles, A.; Jones, E.J.H. Annual Research Review: Anterior Modifiers in the Emergence of
Neurodevelopmental Disorders (AMEND)—A systems neuroscience approach to common developmental disorders. J. Child
Psychol. Psychiatry 2021, 62, 610-630. [CrossRef]

Lord, C.; Charman, T.; Havdahl, A.; Carbone, P.; Anagnostou, E.; Boyd, B.; Carr, T.; de Vries, PJ.; Dissanayake, C.; Divan, G.; et al.
The Lancet Commission on the future of care and clinical research in autism. Lancet 2022, 399, 271-334. [CrossRef] [PubMed]
Frick, PJ.; Viding, E. Antisocial behavior from a developmental psychopathology perspective. Dev. Psychopathol. 2009,
21,1111-1131. [CrossRef]

Wakschlag, L.S.; Perlman, S.B.; Blair, R.J.; Leibenluft, E.; Briggs-Gowan, M.].; Pine, D.S. The Neurodevelopmental Basis of Early
Childhood Disruptive Behavior: Irritable and Callous Phenotypes as Exemplars. Am. J. Psychiatry 2018, 175, 114-130. [CrossRef]
Waller, R.; Hyde, L.W. Callous-unemotional behaviors in early childhood: The development of empathy and prosociality gone
awry. Curr. Opin. Psychol. 2018, 20, 11-16. [CrossRef] [PubMed]

https://doi.org/10.3390/children13020303


https://doi.org/10.1037/a0033076
https://www.ncbi.nlm.nih.gov/pubmed/23796269
https://doi.org/10.1521/adhd.2012.20.3.5
https://doi.org/10.1016/j.dcn.2017.06.002
https://www.ncbi.nlm.nih.gov/pubmed/28654838
https://doi.org/10.1017/S0033291717002847
https://doi.org/10.1007/s00787-010-0092-x
https://doi.org/10.1016/j.neubiorev.2019.10.005
https://doi.org/10.1007/s10567-019-00309-w
https://doi.org/10.1007/s00787-025-02647-3
https://doi.org/10.1111/j.1365-2214.2007.00792.x
https://doi.org/10.1002/aur.2037
https://doi.org/10.1016/j.psychres.2016.08.053
https://doi.org/10.1186/s43045-024-00441-6
https://doi.org/10.1016/j.rasd.2013.08.012
https://doi.org/10.3390/ijerph18094712
https://www.ncbi.nlm.nih.gov/pubmed/33925165
https://doi.org/10.1111/j.1469-7610.2011.02463.x
https://doi.org/10.1017/S0954579420000449
https://doi.org/10.1111/jcpp.13372
https://doi.org/10.1016/S0140-6736(21)01541-5
https://www.ncbi.nlm.nih.gov/pubmed/34883054
https://doi.org/10.1017/S0954579409990071
https://doi.org/10.1176/appi.ajp.2017.17010045
https://doi.org/10.1016/j.copsyc.2017.07.037
https://www.ncbi.nlm.nih.gov/pubmed/28822897
https://doi.org/10.3390/children13020303

Children 2026, 13, 303 19 of 24

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Hawes, D.].; Price, M.].; Dadds, M.R. Callous-Unemotional Traits and the Treatment of Conduct Problems in Childhood and
Adolescence: A Comprehensive Review. Clin. Child Fam. Psychol. Rev. 2014, 17, 248-267. [CrossRef]

Glenn, A L. Early life predictors of callous-unemotional and psychopathic traits. Infant Ment. Health ]. 2019, 40, 39-53. [CrossRef]
Hyde, L.W.,; Tillem, S.; Westerman, H.B.; Guzman, ].M. An Ecological Neurodevelopmental Model of the Development of Youth
Antisocial Behavior and Callous-Unemotional Traits. Annu. Rev. Dev. Psychol. 2024, 6, 273-300. [CrossRef]

Daley, D.; Birchwood, J]. ADHD and academic performance: Why does ADHD impact on academic performance and what can be
done to support ADHD children in the classroom? Child Care Health Dev. 2010, 36, 455-464. [CrossRef] [PubMed]

Lane, A.E.; Young, R.L.; Baker, A.E.Z.; Angley, M.T. Sensory Processing Subtypes in Autism: Association with Adaptive Behavior.
J. Autism Dev. Disord. 2010, 40, 112-122. [CrossRef]

Derks, L.M.; Becker, E.S.; Rinck, M.; Holtmann, M.; Legenbauer, T.; Lange, W.-G. I can’t feel your face: Callous-unemotional
traits, social anxiety, and approach-avoidance behaviour in conduct disorder. Child Adolesc. Psychiatry Ment. Health 2024, 18, 153.
[CrossRef]

Astle, D.E.; Holmes, ].; Kievit, R.; Gathercole, S.E. Annual Research Review: The transdiagnostic revolution in neurodevelopmental
disorders. |. Child Psychol. Psychiatry 2022, 63, 397-417. [CrossRef]

Moreno-Albalat, M.I.; Sdnchez-Jiménez, V. El reconocimiento emocional en nifios, nifias y adolescentes con callo emocional: Una
revision sistematica de estudios de seguimiento ocular. Psychol. Soc. Educ. 2025, 17, 71-80. [CrossRef]

Airdrie, J.N.; Langley, K.; Thapar, A.; van Goozen, S.H. Facial Emotion Recognition and Eye Gaze in Attention-
Deficit/Hyperactivity Disorder With and Without Comorbid Conduct Disorder. |. Am. Acad. Child Adolesc. Psychiatry
2018, 57, 561-570. [CrossRef]

Bedford, R.; Pickles, A.; Sharp, H.; Wright, N.; Hill, J. Reduced Face Preference in Infancy: A Developmental Precursor to
Callous-Unemotional Traits? Biol. Psychiatry 2015, 78, 144-150. [CrossRef]

Bedford, R.; Wagner, N.J.; Rehder, P.D.; Propper, C.; Willoughby, M.T.; Mills-Koonce, R.W. The role of infants” mother-directed
gaze, maternal sensitivity, and emotion recognition in childhood callous unemotional behaviours. Eur. Child Adolesc. Psychiatry
2017, 26, 947-956. [CrossRef]

Bedford, R; Leno, V.C.; Wright, N.; Bluett-Duncan, M.; Smith, TJ.; Anzures, G.; Pickles, A.; Sharp, H.; Hill, ]. Emotion Recognition
Performance in Children with Callous Unemotional Traits is Modulated by Co-occurring Autistic Traits. J. Clin. Child Adolesc.
Psychol. 2021, 50, 811-827. [CrossRef]

Billeci, L.; Muratori, P.; Calderoni, S.; Chericoni, N.; Levantini, V.; Milone, A.; Nocentini, A.; Papini, M.; Ruglioni, L.; Dadds, M.
Emotional processing deficits in Italian children with Disruptive Behavior Disorder: The role of callous unemotional traits. Behav.
Res. Ther. 2019, 113, 32-38. [CrossRef]

Bours, C.C.A.H.; Bakker-Huvenaars, M.].; Tramper, ].; Bielczyk, N.; Scheepers, F.; Nijhof, K.S.; Baanders, A.N.; Lambregts-
Rommelse, N.N.J.; Medendorp, P.; Glennon, ].C.; et al. Emotional face recognition in male adolescents with autism spectrum
disorder or disruptive behavior disorder: An eye-tracking study. Eur. Child Adolesc. Psychiatry 2018, 27, 1143-1157. [CrossRef]
Carter Leno, V.; Pickard, H.; Cybulska, L.; Smith, T.; Munafo, M.; Penton-Voak, I.; Simonoff, E.; Pickles, A.; Bedford, R. Associations
between emotion recognition and autistic and callous-unemotional traits: Differential effects of cueing to the eyes. J. Child Psychol.
Psychiatry 2023, 64, 787-796. [CrossRef]

Dadds, M.R; Perry, Y.; Hawes, D.].; Merz, S.; Riddell, A.C.; Haines, D.J.; Solak, E.; Abeygunawardane, A.I. Attention to the eyes
and fear-recognition deficits in child psychopathy. Br. |. Psychiatry 2006, 189, 280-281. [CrossRef] [PubMed]

Dadds, M.R.; EL Masry, Y.; Wimalaweera, S.; Guastella, A.]. Reduced Eye Gaze Explains “Fear Blindness” in Childhood
Psychopathic Traits. ]. Am. Acad. Child Adolesc. Psychiatry 2008, 47, 455-463. [CrossRef] [PubMed]

Dargis, M.; Wolf, R.C.; Koenigs, M. Psychopathic traits are associated with reduced fixations to the eye region of fearful faces. J.
Abnorm. Psychol. 2018, 127, 43-50. [CrossRef] [PubMed]

Demetriou, C.A.; Fanti, K.A. Are Children High on Callous-Unemotional Traits Emotionally Blind? Testing Eye-Gaze Differences.
Child Psychiatry Hum. Dev. 2022, 53, 623-634. [CrossRef]

Gehrer, N. A ; Scheeff, |.; Jusyte, A.; Schonenberg, M. Impaired attention toward the eyes in psychopathic offenders: Evidence
from an eye tracking study. Behav. Res. Ther. 2019, 118, 121-129. [CrossRef] [PubMed]

Gillespie, S.M.; Rotshtein, P.; Wells, L.]J.; Beech, A.R.; Mitchell, I.]. Psychopathic traits are associated with reduced attention to the
eyes of emotional faces among adult male non-offenders. Front. Hum. Neurosci. 2015, 9, 552. [CrossRef]

Hartmann, D.; Schwenck, C. Emotion Processing in Children with Conduct Problems and Callous-Unemotional Traits: An
Investigation of Speed, Accuracy, and Attention. Child Psychiatry Hum. Dev. 2020, 51, 721-733. [CrossRef]
Ivanova-Serokhvostova, A.; Fanti, K.; Bonillo, A.; Supér, H.; Corrales, M.; Pérez-Bonaventura, I.; Pamias, M.; Ramos-Quiroga, A.J.;
Torrubia, R.; Nadal, R.; et al. Do Children with High Callous-Unemotional Traits Have Attentional Deficits to Emotional Stimuli?
Evidence from a Multi-Method and Multi-Informant Study. Child Psychiatry Hum. Dev. 2024. [CrossRef]

https://doi.org/10.3390/children13020303


https://doi.org/10.1007/s10567-014-0167-1
https://doi.org/10.1002/imhj.21757
https://doi.org/10.1146/annurev-devpsych-120621-045355
https://doi.org/10.1111/j.1365-2214.2009.01046.x
https://www.ncbi.nlm.nih.gov/pubmed/20074251
https://doi.org/10.1007/s10803-009-0840-2
https://doi.org/10.1186/s13034-024-00831-y
https://doi.org/10.1111/jcpp.13481
https://doi.org/10.21071/pse.v17i1.17246
https://doi.org/10.1016/j.jaac.2018.04.016
https://doi.org/10.1016/j.biopsych.2014.09.022
https://doi.org/10.1007/s00787-017-0967-1
https://doi.org/10.1080/15374416.2020.1833338
https://doi.org/10.1016/j.brat.2018.12.011
https://doi.org/10.1007/s00787-018-1174-4
https://doi.org/10.1111/jcpp.13736
https://doi.org/10.1192/bjp.bp.105.018150
https://www.ncbi.nlm.nih.gov/pubmed/16946366
https://doi.org/10.1097/CHI.0b013e31816407f1
https://www.ncbi.nlm.nih.gov/pubmed/18388767
https://doi.org/10.1037/abn0000322
https://www.ncbi.nlm.nih.gov/pubmed/29369667
https://doi.org/10.1007/s10578-021-01152-3
https://doi.org/10.1016/j.brat.2019.04.009
https://www.ncbi.nlm.nih.gov/pubmed/31071611
https://doi.org/10.3389/fnhum.2015.00552
https://doi.org/10.1007/s10578-020-00976-9
https://doi.org/10.1007/s10578-024-01739-6
https://doi.org/10.3390/children13020303

Children 2026, 13, 303 20 of 24

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Kaseweter, K.; Rose, K.; Bednarik, S.; Woodworth, M. More than meets the eye: The role of psychopathic traits in attention to
distress. Psychol. Crime Law 2020, 26, 109-127. [CrossRef]

Kyranides, M.N.; Fanti, K.A.; Petridou, M.; Kimonis, E.R. In the eyes of the beholder: Investigating the effect of visual probing on
accuracy and gaze fixations when attending to facial expressions among primary and secondary callous-unemotional variants.
Eur. Child Adolesc. Psychiatry 2020, 29, 1441-1451. [CrossRef]

Levantini, V.; Muratori, P; Calderoni, S.; Inguaggiato, E.; Masi, G.; Milone, A.; Tonacci, A.; Billeci, L. Parenting practices
moderate the link between attention to the eyes and callous unemotional traits in children with Disruptive Behavior Disorder:
An eye-tracking study. J. Psychiatr. Res. 2022, 146, 272-278. [CrossRef]

Levantini, V.; Muratori, P.; Calderoni, S.; Inguaggiato, E.; Masi, G.; Milone, A.; Tonacci, A.; Billeci, L. Psychopathic traits and
emotion processing in a clinical sample of children with disruptive behavior disorder. Curr. Psychol. 2023, 42, 19981-19990.
[CrossRef]

Martin-Key, N.A.; Graf, EW.; Adams, W.].; Fairchild, G. Facial emotion recognition and eye movement behaviour in conduct
disorder. J. Child Psychol. Psychiatry 2018, 59, 247-257. [CrossRef]

Martin-Key, N.A.; Graf, EW.; Adams, W.].; Fairchild, G. Investigating Emotional Body Posture Recognition in Adolescents with
Conduct Disorder Using Eye-Tracking Methods. Res. Child Adolesc. Psychopathol. 2021, 49, 849-860. [CrossRef] [PubMed]
Menks, W.M.; Fehlbaum, L.V,; Borbas, R.; Sterzer, P.; Stadler, C.; Raschle, N.M. Eye gaze patterns and functional brain responses
during emotional face processing in adolescents with conduct disorder. Neurolmage Clin. 2021, 29, 102519. [CrossRef]

Munoz Centifanti, L.C.; Stickle, T.R.; Thomas, ].; Falcén, A.; Thomson, N.D.; Gamer, M. Reflexive Gaze Shifts and Fear Recognition
Deficits in Children with Callous-Unemotional Traits and Impulsivity /Conduct Problems. Brain Sci. 2021, 11, 1342. [CrossRef]
Hutman, T.; Dapretto, M. The emergence of empathy during infancy. Cogn. Brain Behav. 2009, 13, 367.

Donohue, M.R.; Camacho, M.C.; Drake, ].E.; Schwarzlose, R.F,; Brady, R.G.; Hoyniak, C.P; Hennefield, L.; Wakschlag, L.S.; Rogers,
C.E,; Barch, D.M,; et al. Less attention to emotional faces is associated with low empathy and prosociality in 12-to 20-month old
infants. Infancy 2024, 29, 113-136. [CrossRef]

Dadds, M.R.; Jambrak, J.; Pasalich, D.; Hawes, D.]J.; Brennan, J. Impaired attention to the eyes of attachment figures and the
developmental origins of psychopathy. J. Child Psychol. Psychiatry 2011, 52, 238-245. [CrossRef] [PubMed]

Cardoso, A.R.; Costa, M.].; Sani, A.L; Moreira, D. Callous and Unemotional Traits as Precursors to the Development of Female
Psychopathy. Int. ]. Environ. Res. Public Health 2023, 20, 6786. [CrossRef]

De Brito, S.A.; Forth, A.E.; Baskin-Sommers, A.R.; Brazil, I.A.; Kimonis, E.R.; Pardini, D.; Frick, PJ.; Blair, R.J.R.; Viding, E.
Psychopathy. Nat. Rev. Dis. Prim. 2021, 7, 49. [CrossRef] [PubMed]

Sanz-Garcia, A.; Gesteira, C.; Sanz, J.; Garcia-Vera, M.P. Prevalence of Psychopathy in the General Adult Population: A Systematic
Review and Meta-Analysis. Front. Psychol. 2021, 12, 661044. [CrossRef] [PubMed]

Coid, J.; Yang, M.; Ullrich, S.; Roberts, A.; Moran, P.; Bebbington, P.; Brugha, T.; Jenkins, R.; Farrell, M.; Lewis, G.; et al.
Psychopathy among prisoners in England and Wales. Int. ]. Law Psychiatry 2009, 32, 134-141. [CrossRef]

Hare, R.D. The PCL-R Assessment of Psychopathy. In The Wiley International Handbook on Psychopathic Disorders and the Law, 1st
ed.; Felthous, A.R., Sa3, H., Eds.; Wiley: Hoboken, NJ, USA, 2020; pp. 63-106. [CrossRef]

Thomson, N.D.; Bozgunov, K.; Psederska, E.; Vassileva, ]. Sex differences on the four-facet model of psychopathy predict physical,
verbal, and indirect aggression. Aggress. Behav. 2019, 45, 265-274. [CrossRef]

Diaz-Vazquez, B.; Lépez-Romero, L.; Romero, E. Emotion Recognition Deficits in Children and Adolescents with Psychopathic
Traits: A Systematic Review. Clin. Child Fam. Psychol. Rev. 2024, 27, 165-219. [CrossRef] [PubMed]

Hodges, H.; Fealko, C.; Soares, N. Autism spectrum disorder: Definition, epidemiology, causes, and clinical evaluation. Transl.
Pediatr. 2020, 9, S55-S65. [CrossRef]

Zeidan, ]J.; Fombonne, E.; Scorah, J.; Ibrahim, A.; Durkin, M.S.; Saxena, S.; Yusuf, A.; Shih, A.; Elsabbagh, M. Global prevalence of
autism: A systematic review update. Autism Res. 2022, 15, 778-790. [CrossRef]

Bottein, L., Hamilton, A.ED.C. Patterns of Gaze Behavior During Live Interactions in Adults and Adoles-
cents with Autism or High Autistic Traits: A Systematic Review.  Autism Adulthood 2024.  Available online:
https:/ /www.liebertpub.com/doi/abs/10.1089/aut.2023.0201 (accessed on 1 January 2026).

Senju, A.; Johnson, M.H. Atypical eye contact in autism: Models, mechanisms and development. Neurosci. Biobehav. Rev. 2009,
33, 1204-1214. [CrossRef]

Yoon, C.D,; Terol, A K.; Meadan, H.; Lee, ].D. Gaze Behaviors and Social Communication Skills of Young Autistic Children: A
Scoping Review. Rev. J. Autism Dev. Disord. 2024. [CrossRef]

Stuart, N.; Whitehouse, A.; Palermo, R.; Bothe, E.; Badcock, N. Eye Gaze in Autism Spectrum Disorder: A Review of Neural
Evidence for the Eye Avoidance Hypothesis. . Autism Dev. Disord. 2023, 53, 1884-1905. [CrossRef] [PubMed]

Falck-Ytter, T.; Von Hofsten, C. How special is social looking in ASD. In Progress in Brain Research; Elsevier: Amsterdam,
The Netherlands, 2011; Volume 189, pp. 209-222. [CrossRef]

https://doi.org/10.3390/children13020303


https://doi.org/10.1080/1068316X.2019.1634198
https://doi.org/10.1007/s00787-019-01452-z
https://doi.org/10.1016/j.jpsychires.2021.11.016
https://doi.org/10.1007/s12144-022-03138-3
https://doi.org/10.1111/jcpp.12795
https://doi.org/10.1007/s10802-021-00784-2
https://www.ncbi.nlm.nih.gov/pubmed/33609183
https://doi.org/10.1016/j.nicl.2020.102519
https://doi.org/10.3390/brainsci11101342
https://doi.org/10.1111/infa.12569
https://doi.org/10.1111/j.1469-7610.2010.02323.x
https://www.ncbi.nlm.nih.gov/pubmed/20883520
https://doi.org/10.3390/ijerph20186786
https://doi.org/10.1038/s41572-021-00282-1
https://www.ncbi.nlm.nih.gov/pubmed/34238935
https://doi.org/10.3389/fpsyg.2021.661044
https://www.ncbi.nlm.nih.gov/pubmed/34421717
https://doi.org/10.1016/j.ijlp.2009.02.008
https://doi.org/10.1002/9781119159322.ch4
https://doi.org/10.1002/ab.21816
https://doi.org/10.1007/s10567-023-00466-z
https://www.ncbi.nlm.nih.gov/pubmed/38240937
https://doi.org/10.21037/tp.2019.09.09
https://doi.org/10.1002/aur.2696
https://www.liebertpub.com/doi/abs/10.1089/aut.2023.0201
https://doi.org/10.1016/j.neubiorev.2009.06.001
https://doi.org/10.1007/s40489-024-00438-1
https://doi.org/10.1007/s10803-022-05443-z
https://www.ncbi.nlm.nih.gov/pubmed/35119604
https://doi.org/10.1016/B978-0-444-53884-0.00026-9
https://doi.org/10.3390/children13020303

Children 2026, 13, 303 21 of 24

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
94.

95.

96.

Frazier, TW.; Strauss, M.; Klingemier, E.W.; Zetzer, E.E.; Hardan, A.Y.; Eng, C.; Youngstrom, E.A. A Meta-Analysis of Gaze
Differences to Social and Nonsocial Information Between Individuals With and Without Autism. J. Am. Acad. Child Adolesc.
Psychiatry 2017, 56, 546-555. [CrossRef] [PubMed]

Johnson, B.P; Lum, J.A_; Rinehart, N.J.; Fielding, J. Ocular motor disturbances in autism spectrum disorders: Systematic review
and comprehensive meta-analysis. Neurosci. Biobehav. Rev. 2016, 69, 260-279. [CrossRef]

Papagiannopoulou, E.A.; Chitty, KM.; Hermens, D.F.; Hickie, I.B.; Lagopoulos, J. A systematic review and meta-analysis of
eye-tracking studies in children with autism spectrum disorders. Soc. Neurosci. 2014, 9, 610-632. [CrossRef]

Perna, J.; Bellato, A.; Ganapathy, P.S.; Solmi, M.; Zampieri, A.; Faraone, S.V.; Cortese, S. Association between Autism Spectrum
Disorder (ASD) and vision problems. A systematic review and meta-analysis. Mol. Psychiatry 2023, 28, 5011-5023. [CrossRef]
Riddiford, J.A.; Enticott, PG.; Lavale, A.; Gurvich, C. Gaze and social functioning associations in autism spectrum disorder: A
systematic review and meta-analysis. Autism Res. 2022, 15, 1380-1446. [CrossRef]

Velikonja, T.; Fett, A.-K.; Velthorst, E. Patterns of Nonsocial and Social Cognitive Functioning in Adults With Autism Spectrum
Disorder: A Systematic Review and Meta-analysis. JAMA Psychiatry 2019, 76, 135-151. [CrossRef]

Polanczyk, G.; de Lima, M.S.; Horta, B.L.; Biederman, J.; Rohde, L.A. The Worldwide Prevalence of ADHD: A Systematic Review
and Metaregression Analysis. Am. |. Psychiatry 2007, 164, 942-948. [CrossRef]

Thomas, R.; Sanders, S.; Doust, J.; Beller, E.; Glasziou, P. Prevalence of Attention-Deficit/Hyperactivity Disorder: A Systematic
Review and Meta-analysis. Pediatrics 2015, 135, €994—1001. [CrossRef]

Sergeant, J. The cognitive-energetic model: An empirical approach to Attention-Deficit Hyperactivity Disorder. Neurosci. Biobehav.
Rev. 2000, 24, 7-12. [CrossRef]

Sonuga-Barke, E.J. Psychological heterogeneity in AD/HD—A dual pathway model of behaviour and cognition. Behav. Brain Res.
2002, 130, 29-36. [CrossRef] [PubMed]

Sonuga-Barke, E.J. Causal Models of Attention-Deficit/Hyperactivity Disorder: From Common Simple Deficits to Multiple
Developmental Pathways. Biol. Psychiatry 2005, 57, 1231-1238. [CrossRef] [PubMed]

Lievore, R.; Crisci, G.; Mammarella, I.C. Emotion Recognition in Children and Adolescents with ASD and ADHD: A Systematic
Review. Rev. J. Autism Dev. Disord. 2023, 12, 535-565. [CrossRef]

Chamorro, Y.; Betz, L.T.; Philipsen, A.; Kambeitz, J.; Ettinger, U. The Eyes Have It: A Meta-analysis of Oculomotor Inhibition in
Attention-Deficit/Hyperactivity Disorder. Biol. Psychiatry Cogn. Neurosci. Neuroimaging 2022, 7, 1090-1102. [CrossRef] [PubMed]
Rommelse, N.N.J.; Hartman, C.A. Review: Changing (shared) heritability of ASD and ADHD across the lifespan. Eur. Child
Adolesc. Psychiatry 2016, 25, 213-215. [CrossRef]

Thapar, A. Discoveries on the Genetics of ADHD in the 21st Century: New Findings and Their Implications. Am. J. Psychiatry
2018, 175, 943-950. [CrossRef]

Bucci, M.P; Seassau, M.; Larger, S.; Bui-Quoc, E.; Gerard, C.-L. Effect of visual attention on postural control in children with
attention-deficit/hyperactivity disorder. Res. Dev. Disabil. 2014, 35, 1292-1300. [CrossRef]

Marotta, A.; Casagrande, M.; Rosa, C.; Maccari, L.; Berloco, B.; Pasini, A. Impaired reflexive orienting to social cues in attention
deficit hyperactivity disorder. Eur. Child Adolesc. Psychiatry 2014, 23, 649-657. [CrossRef] [PubMed]

Motomura, Y.; Hayashi, S.; Kurose, R.; Yoshida, H.; Okada, T.; Higuchi, S. Effects of others” gaze and facial expression on an
observer’s microsaccades and their association with ADHD tendencies. . Physiol. Anthr. 2023, 42, 19. [CrossRef]

Seernani, D.; Damania, K.; Ioannou, C.; Penkalla, N.; Hill, H.; Foulsham, T.; Kingstone, A.; Anderson, N.; Boccignone, G.; Bender,
S.; et al. Visual search in ADHD, ASD and ASD + ADHD: Overlapping or dissociating disorders? Adolesc. Psychiatry 2021,
30, 549-562. [CrossRef] [PubMed]

Seernani, D.; Ioannou, C.; Damania, K.; Hill, H.; Foulsham, T.; Smyrnis, N.; Biscaldi, M.; Klein, C. Social and non-social gaze cueing
in autism spectrum disorder, attention-deficit/hyperactivity disorder and a comorbid group. Biol. Psychol. 2021, 162, 108096.
[CrossRef] [PubMed]

Uono, S.; Egashira, Y.; Hayashi, S.; Takada, M.; Ukezono, M.; Okada, T. Reduced gaze-cueing effect with neutral and emotional
faces in adults with attention deficit/hyperactivity disorder. J. Psychiatr. Res. 2023, 168, 310-317. [CrossRef]

Frischen, A.; Bayliss, A.P,; Tipper, S.P. Gaze cueing of attention: Visual attention, social cognition, and individual differences.
Psychol. Bull. 2007, 133, 694-724. [CrossRef]

Russell, A. Barkley, ADHD and the Nature of Self-Control; Guilford Press: New York, NY, USA, 1997.

Russell, A. Barkley, Attention-Deficit Hyperactivity Disorder: A Handbook for Diagnosis and Treatment, 3rd ed.; Guilford
Press: New York, NY, USA, 2006.

Fairchild, G.; Hawes, D.]J ; Frick, PJ.; Copeland, W.E.; Odgers, C.; Franke, B.; Freitag, C.M.; De Brito, S.A. Conduct disorder. Nat.
Rev. Dis. Prim. 2019, 5, 43. [CrossRef]

Frick, PJ. Developmental Pathways to Conduct Disorder. Child Adolesc. Psychiatr. Clin. North Am. 2006, 15, 311-331. [CrossRef]

https://doi.org/10.3390/children13020303


https://doi.org/10.1016/j.jaac.2017.05.005
https://www.ncbi.nlm.nih.gov/pubmed/28647006
https://doi.org/10.1016/j.neubiorev.2016.08.007
https://doi.org/10.1080/17470919.2014.934966
https://doi.org/10.1038/s41380-023-02143-7
https://doi.org/10.1002/aur.2729
https://doi.org/10.1001/jamapsychiatry.2018.3645
https://doi.org/10.1176/ajp.2007.164.6.942
https://doi.org/10.1542/peds.2014-3482
https://doi.org/10.1016/S0149-7634(99)00060-3
https://doi.org/10.1016/S0166-4328(01)00432-6
https://www.ncbi.nlm.nih.gov/pubmed/11864715
https://doi.org/10.1016/j.biopsych.2004.09.008
https://www.ncbi.nlm.nih.gov/pubmed/15949993
https://doi.org/10.1007/s40489-023-00407-0
https://doi.org/10.1016/j.bpsc.2021.05.004
https://www.ncbi.nlm.nih.gov/pubmed/34052459
https://doi.org/10.1007/s00787-016-0830-9
https://doi.org/10.1176/appi.ajp.2018.18040383
https://doi.org/10.1016/j.ridd.2014.03.029
https://doi.org/10.1007/s00787-013-0505-8
https://www.ncbi.nlm.nih.gov/pubmed/24322656
https://doi.org/10.1186/s40101-023-00335-2
https://doi.org/10.1007/s00787-020-01535-2
https://www.ncbi.nlm.nih.gov/pubmed/32314021
https://doi.org/10.1016/j.biopsycho.2021.108096
https://www.ncbi.nlm.nih.gov/pubmed/33891995
https://doi.org/10.1016/j.jpsychires.2023.10.045
https://doi.org/10.1037/0033-2909.133.4.694
https://doi.org/10.1038/s41572-019-0095-y
https://doi.org/10.1016/j.chc.2005.11.003
https://doi.org/10.3390/children13020303

Children 2026, 13, 303 22 of 24

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.
107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.
120.

121.

Mohammadi, M.-R.; Salmanian, M.; Keshavarzi, Z. The Global Prevalence of Conduct Disorder: A Systematic Review and
Meta-Analysis. Iran. ]. Psychiatry 2021, 16, 205-225. [CrossRef] [PubMed]

Gnanavel, S.; Sharma, P.; Kaushal, P.; Hussain, S. Attention deficit hyperactivity disorder and comorbidity: A review of literature.
World J. Clin. Cases 2019, 7, 2420-2426. [CrossRef] [PubMed]

Wickens, C.M.; Kao, A.; Ialomiteanu, A.R.; Dubrovskaya, K.; Kenney, C.; Vingilis, E.; Erickson, P.; Kolla, N.J.; Stoduto, G.; Soule,
D.; et al. Conduct disorder and attention-deficit/hyperactivity disorder as risk factors for prescription opioid use. Drug Alcohol
Depend. 2020, 213, 108103. [CrossRef]

Morrell, J.; Murray, L. Parenting and the development of conduct disorder and hyperactive symptoms in childhood: A prospective
longitudinal study from 2 months to 8 years. J. Child Psychol. Psychiatry 2003, 44, 489-508. [CrossRef]

Swaab, D.F; Kreier, E; Lucassen, PJ.; Salehi, A.; Buijs, R-M. (Eds.) The human hypothalamus. Anterior region. In Handbook of
Clinical Neurology, 3rd Series; Elsevier: Amsterdam, The Netherlands, 2021; Volume 179.

Passamonti, L.; Fairchild, G.; Fornito, A.; Goodyer, L.M.; Nimmo-Smith, I.; Hagan, C.C.; Calder, A.]. Abnormal Anatomical
Connectivity between the Amygdala and Orbitofrontal Cortex in Conduct Disorder. PLoS ONE 2012, 7, e48789. [CrossRef]
[PubMed]

Adolphs, R. What does the amygdala contribute to social cognition? Ann. New York Acad. Sci. 2010, 1191, 42—-61. [CrossRef]
Adolphs, R.; Spezio, M. Role of the amygdala in processing visual social stimuli. In Progress in Brain Research; Elsevier: Amsterdam,
The Netherlands, 2006; Volume 156, pp. 363-378. [CrossRef]

Cao, R.; Dubois, J.; Mamelak, A.N.; Adolphs, R.; Wang, S.; Rutishauser, U. Domain-specific representation of social inference by
neurons in the human amygdala and hippocampus. Sci. Adv. 2024, 10, eado6166. [CrossRef]

Gamer, M.; Biichel, C. Amygdala Activation Predicts Gaze toward Fearful Eyes. J. Neurosci. 2009, 29, 9123-9126. [CrossRef]
Gamer, M.; Schmitz, A.K,; Tittgemeyer, M.; Schilbach, L. The human amygdala drives reflexive orienting towards facial features.
Curr. Biol. 2013, 23, R917-R918. [CrossRef]

Dotterer, H.L.; Waller, R.; Hein, T.C.; Pardon, A.; Mitchell, C.; Lopez-Duran, N.; Monk, C.S.; Hyde, L.W. Clarifying the Link
Between Amygdala Functioning During Emotion Processing and Antisocial Behaviors Versus Callous-Unemotional Traits Within
a Population-Based Community Sample. Clin. Psychol. Sci. 2020, 8, 918-935. [CrossRef]

Narai, A.; Hermann, P; Radosi, A.; Vakli, P; Weiss, B.; Réthelyi, ].M.; Bunford, N.; Vidnyanszky, Z. Amygdala Volume is
Associated with ADHD Risk and Severity Beyond Comorbidities in Adolescents: Clinical Testing of Brain Chart Reference
Standards. Res. Child Adolesc. Psychopathol. 2024, 52, 1063—-1074. [CrossRef]

Viering, T.; Naaijen, J.; van Rooij, D.; Thiel, C.; Philipsen, A.; Dietrich, A.; Franke, B.; Buitelaar, J.; Hoekstra, P.J. Amygdala reactivity
and ventromedial prefrontal cortex coupling in the processing of emotional face stimuli in attention-deficit/hyperactivity disorder.
Eur. Child Adolesc. Psychiatry 2022, 31, 1895-1907. [CrossRef]

Morgan, J.T.; Nordahl, C.W.; Schumann, C.M. The Amygdala in Autism Spectrum Disorders. In The Neuroscience of Autism
Spectrum Disorders; Elsevier: Amsterdam, The Netherlands, 2013; pp. 297-312. [CrossRef]

Nordahl, C.W.; Scholz, R.; Yang, X.; Buonocore, M.H.; Simon, T.; Rogers, S.; Amaral, D.G. Increased Rate of Amygdala Growth in
Children Aged 2 to 4 Years With Autism Spectrum Disorders. Arch. Gen. Psychiatry 2012, 69, 53—61. [CrossRef] [PubMed]
Smeijers, D.; Bulten, E.B.; Brazil, . A. The Computations of hostile biases (CHB) model: Grounding hostility biases in a unified
cognitive framework. Clin. Psychol. Rev. 2019, 73, 101775. [CrossRef] [PubMed]

Wagels, L.; Hernandez-Pena, L. Neural correlates of hostile attribution bias—A systematic review. Aggress. Violent Behav. 2024,
78,101975. [CrossRef]

Kirst, S.; Bogl, K.; Gross, V.L.; Diehm, R.; Poustka, L.; Dziobek, I. Subtypes of Aggressive Behavior in Children with Autism in the
Context of Emotion Recognition, Hostile Attribution Bias, and Dysfunctional Emotion Regulation. J. Autism Dev. Disord. 2022,
52,5367-5382. [CrossRef] [PubMed]

Brotman, M.A; Rich, B.A.; Guyer, A.E.; Lunsford, J.R.; Horsey, S.E.; Reising, M.M.; Thomas, L.A.; Fromm, S.J.; Towbin, K.; Pine,
D.S.; et al. Amygdala Activation During Emotion Processing of Neutral Faces in Children With Severe Mood Dysregulation
Versus ADHD or Bipolar Disorder. Am. . Psychiatry 2010, 167, 61-69. [CrossRef]

Musser, E.D.; Galloway-Long, H.S.; Frick, P].; Nigg, J.T. Emotion Regulation and Heterogeneity in Attention-Deficit/Hyperactivity
Disorder. |. Am. Acad. Child Adolesc. Psychiatry 2013, 52, 163-171.e2. [CrossRef]

Viding, E.; Frick, PJ.; Plomin, R. Aetiology of the relationship between callous-unemotional traits and conduct problems in
childhood. Br. ]. Psychiatry 2007, 190, s33—s38. [CrossRef]

Salvatore, J.E.; Dick, D.M. Genetic influences on conduct disorder. Neurosci. Biobehav. Rev. 2018, 91, 91-101. [CrossRef]

Faraone, S.V.; Doyle, A.E. The Nature and Heritability of Attention-Deficit/Hyperactivity Disorder. Child Adolesc. Psychiatr. Clin.
N. Am. 2001, 10, 299-316. [CrossRef]

Sandin, S.; Lichtenstein, P.; Kuja-Halkola, R.; Hultman, C.; Larsson, H.; Reichenberg, A. The Heritability of Autism Spectrum
Disorder. JAMA 2017, 318, 1182-1184. [CrossRef] [PubMed]

https://doi.org/10.3390/children13020303


https://doi.org/10.18502/ijps.v16i2.5822
https://www.ncbi.nlm.nih.gov/pubmed/34221047
https://doi.org/10.12998/wjcc.v7.i17.2420
https://www.ncbi.nlm.nih.gov/pubmed/31559278
https://doi.org/10.1016/j.drugalcdep.2020.108103
https://doi.org/10.1111/1469-7610.t01-1-00139
https://doi.org/10.1371/journal.pone.0048789
https://www.ncbi.nlm.nih.gov/pubmed/23144970
https://doi.org/10.1111/j.1749-6632.2010.05445.x
https://doi.org/10.1016/S0079-6123(06)56020-0
https://doi.org/10.1126/sciadv.ado6166
https://doi.org/10.1523/JNEUROSCI.1883-09.2009
https://doi.org/10.1016/j.cub.2013.09.008
https://doi.org/10.1177/2167702620922829
https://doi.org/10.1007/s10802-024-01190-0
https://doi.org/10.1007/s00787-021-01809-3
https://doi.org/10.1016/B978-0-12-391924-3.00021-1
https://doi.org/10.1001/archgenpsychiatry.2011.145
https://www.ncbi.nlm.nih.gov/pubmed/22213789
https://doi.org/10.1016/j.cpr.2019.101775
https://www.ncbi.nlm.nih.gov/pubmed/31726277
https://doi.org/10.1016/j.avb.2024.101975
https://doi.org/10.1007/s10803-021-05387-w
https://www.ncbi.nlm.nih.gov/pubmed/34931277
https://doi.org/10.1176/appi.ajp.2009.09010043
https://doi.org/10.1016/j.jaac.2012.11.009
https://doi.org/10.1192/bjp.190.5.s33
https://doi.org/10.1016/j.neubiorev.2016.06.034
https://doi.org/10.1016/S1056-4993(18)30059-2
https://doi.org/10.1001/jama.2017.12141
https://www.ncbi.nlm.nih.gov/pubmed/28973605
https://doi.org/10.3390/children13020303

Children 2026, 13, 303 23 of 24

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Frankenhuis, W.E.; Gopnik, A. Early adversity and the development of explore—exploit tradeoffs. Trends Cogn. Sci. 2023,
27, 616-630. [CrossRef] [PubMed]

Miller, M.; Musser, E.D.; Young, G.S.; Olson, B.; Steiner, R.D.; Nigg, J.T. Sibling Recurrence Risk and Cross-aggregation of
Attention-Deficit/Hyperactivity Disorder and Autism Spectrum Disorder. JAMA Pediatr. 2019, 173, 147-152. [CrossRef] [PubMed]
Ostrosky, E,; Decety, ].; Lozano, A.; Lujan, A.; Perez, M.; Munguia, A.; Castafieda, D.; Diaz, K,; Lara, R.; Sacristan, E.; et al. Can
psychopathy be prevented? Clinical, neuroimaging, and genetic data: An exploratory study. Child Neuropsychol. 2024, 30, 861-881.
[CrossRef]

Ribasés, M.; Mitjans, M.; Hartman, C.; Artigas, M.S.; Demontis, D.; Larsson, H.; Ramos-Quiroga, J.; Kuntsi, J.; Faraone, S.;
Borglum, A.; et al. Genetic architecture of ADHD and overlap with other psychiatric disorders and cognition-related phenotypes.
Neurosci. Biobehav. Rev. 2023, 153, 105313. [CrossRef]

Zavaleta-Ramirez, P.; Rosetti, M.F.; Albores-Gallo, L.; Vargas-Soberanis, M.A.; Lépez, O.N.; Medina-Mora, M.E. Pathways to a
Diagnosis of Autism Spectrum Disorder. Psychiatr. Serv. 2020, 71, 1120-1126. [CrossRef]

Gui, A.; Mason, L.; Gliga, T.; Hendry, A.; Ali, ].B.; Pasco, G.; Shephard, E.; Curtis, C.; Charman, T.; Johnson, M.H.; et al. Look
duration at the face as a developmental endophenotype: Elucidating pathways to autism and ADHD. Dev. Psychopathol. 2020,
32,1303-1322. [CrossRef]

Wass, S.V.; Jones, E.J.LH.; Gliga, T.; Smith, T.].; Charman, T.; Johnson, M.H.; Team, B.; Baron-Cohen, S.; Bedford, R.; Bolton, P; et al.
Shorter spontaneous fixation durations in infants with later emerging autism. Sci. Rep. 2015, 5, 8284. [CrossRef]

Ilyka, D.; Jiang, Y.; Begum-Ali, J.; Mason, L.; Gui, A.; Gliga, T.; Lloyd-Fox, S.; Jones, E.; Charman, T.; Johnson, M. Mutual gaze and
later social attention development in infants at typical and elevated familial likelihood for ASD and/or ADHD. Early Hum. Dev.
2025, 211, 106398. [CrossRef]

Viding, E.; McCrory, E.J. Genetic and neurocognitive contributions to the development of psychopathy. Dev. Psychopathol. 2012,
24,969-983. [CrossRef] [PubMed]

Kendall, S.; Nash, A.; Braun, A.; Bastug, G.; Rougeaux, E.; Bedford, H. Acceptability and understanding of the Ages & Stages
Questionnaires®, Third Edition, as part of the Healthy Child Programme 2-year health and development review in England:
Parent and professional perspectives. Child 2019, 45, 251-256. [CrossRef]

Squires, J.; Bricker, D. Ages & stages questionnaires. In Questionnaires Set; Brookes: Baltimore, MD, USA, 2009.

Waller, R.; Gardner, F.; Hyde, L.W. What are the associations between parenting, callous—unemotional traits, and antisocial
behavior in youth? A systematic review of evidence. Clin. Psychol. Rev. 2013, 33, 593-608. [CrossRef] [PubMed]

Pasalich, D.S.; Dadds, M.R.; Hawes, D.J.; Brennan, J. Do callous-unemotional traits moderate the relative importance of parental
coercion versus warmth in child conduct problems? An observational study. J. Child Psychol. Psychiatry 2011, 52, 1308-1315.
[CrossRef]

Hawes, D.J.; Dadds, M.R.; Frost, A.D.; Hasking, P.A. Do Childhood Callous-Unemotional Traits Drive Change in Parenting
Practices? J. Clin. Child Adolesc. Psychol. 2011, 40, 507-518. [CrossRef]

Kochanska, G.; Kim, S.; Boldt, L.J.; Yoon, J.E. Children’s callous-unemotional traits moderate links between their positive
relationships with parents at preschool age and externalizing behavior problems at early school age. J. Child Psychol. Psychiatry
2013, 54, 1251-1260. [CrossRef]

Waller, R.; Gardner, E; Hyde, L.W.; Shaw, D.S.; Dishion, T.].; Wilson, M.N. Do harsh and positive parenting predict parent reports
of deceitful-callous behavior in early childhood? J. Child Psychol. Psychiatry 2012, 53, 946-953. [CrossRef]

Gross, ].J. (Ed.) Handbook of Emotion Regulation, 2nd ed.; Paperback Edition; The Guilford Press: New York, NY, USA; London,
UK, 2015.

Jaffee, S.R.; Caspi, A.; Moffitt, T.E.; Dodge, K.A.; Rutter, M.; Taylor, A.; Tully, L.A. Nature x nurture: Genetic vulnerabilities
interact with physical maltreatment to promote conduct problems. Dev. Psychopathol. 2005, 17, 67-84. [CrossRef]

Trentacosta, C.J.; Hyde, L.W.; Shaw, D.S.; Dishion, T.]J.; Gardner, F.; Wilson, M. The relations among cumulative risk, parenting,
and behavior problems during early childhood. J. Child Psychol. Psychiatry 2008, 49, 1211-1219. [CrossRef]

Sameroff, A. (Ed.) The transactional model. In The Transactional Model of Development: How Children and Contexts Shape Each Other;
American Psychological Association: Washington, DC, USA, 2009; pp. 3-21. [CrossRef]

Laidlaw, K.E.W.; Foulsham, T.; Kuhn, G.; Kingstone, A. Potential social interactions are important to social attention. Proc. Natl.
Acad. Sci. USA 2011, 108, 5548-5553. [CrossRef]

Dawson, J.; Martinez-Cedillo, A.P.; Forby, L.; Karstadt, B.; Kingstone, A.; Foulsham, T. Social Attention Through a New
Lens: Autistic and ADHD Traits and Eye Occlusion Affect Gaze During Conversation Watching. Q. J. Exp. Psychol. 2025,
17470218251390498. [CrossRef] [PubMed]

Freeth, M.; Foulsham, T.; Kingstone, A. What Affects Social Attention? Social Presence, Eye Contact and Autistic Traits. PLoS
ONE 2013, 8, €53286. [CrossRef] [PubMed]

https://doi.org/10.3390/children13020303


https://doi.org/10.1016/j.tics.2023.04.001
https://www.ncbi.nlm.nih.gov/pubmed/37142526
https://doi.org/10.1001/jamapediatrics.2018.4076
https://www.ncbi.nlm.nih.gov/pubmed/30535156
https://doi.org/10.1080/09297049.2023.2277396
https://doi.org/10.1016/j.neubiorev.2023.105313
https://doi.org/10.1176/appi.ps.201900518
https://doi.org/10.1017/S0954579420000930
https://doi.org/10.1038/srep08284
https://doi.org/10.1016/j.earlhumdev.2025.106398
https://doi.org/10.1017/S095457941200048X
https://www.ncbi.nlm.nih.gov/pubmed/22781866
https://doi.org/10.1111/cch.12639
https://doi.org/10.1016/j.cpr.2013.03.001
https://www.ncbi.nlm.nih.gov/pubmed/23583974
https://doi.org/10.1111/j.1469-7610.2011.02435.x
https://doi.org/10.1080/15374416.2011.581624
https://doi.org/10.1111/jcpp.12084
https://doi.org/10.1111/j.1469-7610.2012.02550.x
https://doi.org/10.1017/S0954579405050042
https://doi.org/10.1111/j.1469-7610.2008.01941.x
https://doi.org/10.1037/11877-001
https://doi.org/10.1073/pnas.1017022108
https://doi.org/10.1177/17470218251390498
https://www.ncbi.nlm.nih.gov/pubmed/41099424
https://doi.org/10.1371/journal.pone.0053286
https://www.ncbi.nlm.nih.gov/pubmed/23326407
https://doi.org/10.3390/children13020303

Children 2026, 13, 303 24 of 24

145. Forby, L.; Anderson, N.C.; Cheng, ].T.; Foulsham, T.; Karstadt, B.; Dawson, ]J.; Pazhoohi, F.; Kingstone, A. Reading the room:
Autistic traits, gaze behaviour, and the ability to infer social relationships. PLoS ONE 2023, 18, €0282310. [CrossRef]

146. Zhang, Y.; Martinez-Cedillo, A.P.; Mason, H.T.; Vuong, Q.C.; Garcia-De-Soria, M.C.; Mullineaux, D.; Knight, M.L; Geangu, E. An
automatic sustained attention prediction (ASAP) method for infants and toddlers using wearable device signals. Sci. Rep. 2025,
15,13298. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/children13020303


https://doi.org/10.1371/journal.pone.0282310
https://doi.org/10.1038/s41598-025-96794-x
https://www.ncbi.nlm.nih.gov/pubmed/40247023
https://doi.org/10.3390/children13020303

	Introduction 
	How Does Eye-Tracking Research Reveal the Progression of CU Traits from Infancy to Adulthood? 
	How Do CU Traits Affect Gaze Patterns in Individuals with ASD? 
	How Do CU Traits Affect Gaze Patterns in Individuals with ADHD? 
	How Do CU Traits Affect Gaze Patterns in Individuals with CD? 
	How Have Theories Accounted for Abnormal Behaviour in NDs/CU? 
	CU Traits with and Without NDs: Who Is at Increased Risk? 
	Conclusions 
	References

