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1. Introduction

My personal experience as Guest Editor of the Special Issue (SI) entitled “Advances in Autism
Research” began with a nice correspondence with Andrew Meltzoff, from the University of Washington,
Seattle (WA, USA), which, in hindsight, I consider as a good omen for the success of this Special Issue:
“Dear Antonio . . . .I am happy you are editing a special issue on this important topic. It will be useful for society,
as well as for psychology, neuroscience, and of course the children and families . . . . . . .Best, Andy.”

Advances in Autism Research was a unique experience from a scientific and human point of view;
50 contributions took part in this SI from five Continents (see Appendix A). Globally, all the articles
involved 356 authors and 156 reviewers between researchers and clinicians actively engaged in the field
of autism spectrum disorder (ASD).

The SI saw, alongside a significant representation of the major Italian institutions that deal with
ASD, the contribution of worldwide recognized experts in ASD such as Professor Sally Rogers from
MIND Institute, CA, USA.

The SI took place during a very important historical period for the world community; the COVID-19
pandemic has profoundly changed our way of living every day as human beings and the way in which
we are carrying out our work as researchers and clinicians.

The SI addressed many topics including: (1) COVID-19 pandemic; (2) Epidemiology and
prevalence; (3) Screening and early behavioural markers; (4) Diagnostic and phenotypic profile;
(5) Treatment and intervention; (6) Etiopathogenesis (Biomarkers, Biology, Genetic, Epigenetic and
Risk Factor); (7) Autism and comorbidity; (8) Autism and adulthood; and (9) Broader Autism
Phenotype (BAP).

2. COVID-19 Pandemic

The SI hosted three papers that described the COVID pandemic. First, Narzisi’s editorial [1]
whose goal was to help clinicians and parents manage the difficult moment of the lockdown that
people with autism and their families have had to endure. Second, the research paper of Colizzi
and colleagues [2] aimed to investigate the impact of the COVID-19 pandemic on ASD individuals.
COVID-19 emergency resulted in a challenging period for 93.9% of families, increased difficulties
in managing daily activities, especially free time and structured activities and children presenting with
more intense and more frequent behavior problems. Third, the retrospective study of Brondino and
colleagues [3] evaluated the impact of COVID-19 restrictions on challenging behaviors in a cohort of
people with severe ASD attending a daycare center at the beginning of the pandemic. Authors showed
that during the first two weeks of the pandemic, there were no observed variations in challenging
behaviors. This suggested that adaptations used to support individuals with ASD in adapting to
the COVID-19 emergency restrictions were effective for managing their behavior.

Brain Sci. 2020, 10, 948; doi:10.3390/brainsci10120948 www.mdpi.com/journal/brainsci1
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3. Epidemiology and Prevalence

In the field of epidemiology, Chiarotti and Venerosi [4], from the Italian National Institute of Health,
presented an interesting review of the ASD prevalence estimates published since 2014. Data confirmed
a high variability in prevalence across the world, likely due to methodological differences in case
detection, and the consistent increase of prevalence estimates within each geographical area.

4. Screening and Early Behavioural Markers

The SI included six papers about the screening of ASD. Petrocchi and colleagues’ study [5]
provided a systematic review of level 1 and level 2 screening tools for the early detection of ASD under
24 months of age. Levante and colleagues [6] examined the cross-cultural generalisability of the First
Year Inventory (FYI) on an Italian sample, testing its construct validity, consistency, and structural
validity. Their findings supported the generalisability of the Italian version of the FYI and its validity.
Devescovi and colleagues [7] aimed to identify early signs of atypical development consistent with
ASD or other developmental disorders in a population of 224 low-risk toddlers through a two-stage
screening approach applied at 12 and 18 months of age using the Communication and Symbolic
Behavior Scales Developmental Profile (CSBS DP) Infant–Toddler Checklist (I-TC) and the Quantitative
Checklist for Autism in Toddlers (Q-CHAT). Their results showed that autistic signs can be detected as
early as the first year even though a few questions extrapolated from both screeners with potential
benefit in terms of the screening procedure. Taresh and his group [8] presented a conceptual framework
aimed to utilize the current literature to present a discussion on preschool teachers’ knowledge, belief,
identification skills, and self-efficacy (KBISSE) in identifying children with ASD and making decisions
to refer children suspected with ASD to specialists. The conceptual framework emphasized the need
for preschool teachers to be educated in ASD via an educational module that could increase teachers’
self-efficacy in identifying children with ASD. Finally, the studies of Baccinelli [9] and Caruso [10],
coordinated by Maria Luisa Scattoni from the Italian National Institute of Health, were aimed to
investigate the early motor trajectories of infants at high-risk (HR) of ASD through MOVIDEA,
a semi-automatic software developed to analyze 2D and 3D videos and provide objective kinematic
features of their movements. Results revealed that early developmental trajectories of specific motor
parameters were different in HR infants later diagnosed with Neuro-Developmental Disorders from
those of infants developing typically.

5. Diagnostic and Phenotypic Profile

5.1. Motor Profile

Alsaedi’s study [11] aimed to determine the prevalence, severity, and nature of the motor
abnormalities in children with ASD as well as to elucidate the associated developmental profiles.
The short-form of the Bruininks–Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) was used
to assess various aspects of the motor performance of children with ASD and typically developing
from three Gulf states. The results revealed the high prevalence of motor abnormalities among the ASD
group when compared with the normative data derived from the BOT-2 manual as well as with the data
concerning the typically developing group.

5.2. Language Profile

Barsotti and colleagues [12] aimed to study the grammatical comprehension of children with ASD.
The presence of receptive difficulties in school-age ASD children with relatively preserved non-verbal
cognitive abilities could provide important hints to establish rehabilitative treatments. The main
finding of the study showed that language comprehension is the most impaired language domain
in ASD. The Gladfelter and Barron’s study [13] explored whether global–local processing differences
influence the type of semantic features children with ASD, developmental language disorder (DLD),
and their neurotypical peers learn to produce when learning new words. Results indicated that
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the children with ASD and DLD produced more global, rather than local, semantic features in their
definitions than the children with typical language. Shield [14] presented a longitudinal case study of
a single child with ASD, a hearing, signing child of Deaf parents. Lexical signs and fingerspelled letters
were coded for the four parameters of sign articulation (handshape, location, movement, and palm
orientation). Longitudinal data suggested that palm orientation errors could be rooted in both imitation
differences and motoric difficulties.

5.3. Neuropsychological Profile

Cristofani and colleagues [15] aimed to examine the role of empathic dimensions and executive
skills in regulating externalizing behaviors. This study further corroborated developmental models
of empathy and their clinical implications, for which externalizing behaviors could be attenuated by
enhancing executive functioning skills.

The aim of the Andreou and Skrimpa’s review [16] was to present the most recent available
studies with respect to the connection between the function of mirror neurons in individuals with ASD
and ToM-reflecting sensorimotor, social and attentional stimuli. The majority of these studies approach
the theory of broken mirror neurons critically. Findings from electroencephalography (EEG) studies
so far indicate that further research is necessary to shed more light on the mechanisms underlying
the connection(s) between ToM and neurophysiological operations.

The study of Papangelo and the group of Maddalena Fabbri-Destro [17], from the Institute of
Neurology of National Council of Research of Parma, was aimed to evaluate the performance of
human figure drawings (HFD) of children with ASD relative to typically developing (TD) controls.
Findings suggested that the use of HFD tests with individuals with ASD may not be used in clinical
practices. However, in basic research, HFDs could be used to highlight dependencies between drawing
performance and neuropsychological features, thus possibly providing hints on the functioning
of autism.

5.4. Sensory Profile

The study of Panerai and colleagues [18] was aimed to better understand the relationship
between sensory and feeding problems in ASD by comparing the sensory responsiveness of ASD
children with (ASD-W) and without (ASD-WO) feeding problems. Both groups showed strengths
in Visual/Auditory sensitivity, Low-Energy/Weak, and Movement sensitivity, again more marked
in ASD-WO. The work of Perin and his group [19] was aimed to investigate the Physiological Profile
Assessment (PPA) in children and adolescents with ASD compared with age-matched typically
developing (TD) individuals and examine the relationship between the PPA subset within the ASD and
TD participants according to different age groups. Performance in most of the PPA tests significantly
improved with older age in the TD group but not in the ASD group. Molinaro and colleagues [20]
conducted a review of visual impairments in ASD. They highlighted the finding that in the absence of
a valid methodology adapted for the visually impaired population, diagnosis of ASD in children with
VI is often based on non-objective clinical impression, with inconclusive prevalence data. The study
of Valori and colleagues [21] assessed the feasibility and offered some early insights from a new
paradigm for exploring how children and adults with ASD interact with Reality and Immersive
Virtual Realities (IVR) when vision and proprioception are manipulated. The pilot indicates the good
feasibility of the paradigm. Preliminary data visualisation suggests the importance of considering
inter-individual variability.

5.5. Migrant Background

The study of Garcia-Primo and colleagues [22] explored (i) differences in age at ASD diagnosis
between children with and without a migrant background in the main diagnostic centre for ASD
in Upper Austria (ii) factors related to the age at diagnosis and (iii) whether specific factors differed
between the two groups. No delay in diagnosing ASD in children with a migrant background
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in a country with universal health care and an established system of paediatric developmental
surveillance was found. Awareness of ASD, including Asperger’s syndrome, should be raised among
families and healthcare professionals.

6. Treatment and Intervention

Fuller and the group of MIND Institute directed by Sally Rogers [23] conducted a meta-analysis
in order to examine the effects of the Early Start Denver Model (ESDM) for young children with ASD
on developmental outcome measures. Findings showed improvements in cognition and language.
No significant effects were observed for measures of autism symptomology, adaptive behavior,
social communication, or restrictive and repetitive behaviors. Marino and colleagues [24] presented an
interesting RCT on telehealth. It was aimed at comparing the effect of a tele-assisted and in-person
intervention based on a behavioral intervention protocol for families with children affected by ASDs.

Substantial improvements in the perception and management of children’s behavior by parents,
as well as in the influence of a reduction in parent stress levels on said children’s behavior through
the use of a tele-assisted intervention, were obtained. This trial demonstrated the evidence-based
potential for telehealth to improve the treatment of ASDs. Bentenuto and colleagues [25] investigated
intervention effects in terms of mediators and moderators in order to explain the variability and
to highlight mechanisms of change in children with ASD. The findings support the importance of
parental involvement in targeting ASD core symptoms. Further, results informed our understanding of
early predictors in order to identify specific elements to be targeted in the individualized intervention
design. Yazdani and colleagues [26] conducted an important review to evaluate the early behavioral
intervention studies of ASD based on their participant exclusion criteria. Results indicated that studies
that used restrictive exclusion criteria demonstrated greater differences in terms of outcomes between
experimental and control groups in comparison to studies that used loosely defined exclusion criteria
and/or did not define any exclusion criteria. The authors described implications for the generalizability
of the studies’ outcomes in relation to exclusion criteria. The study of Baker and colleagues [27]
measured the reward positivity (RewP) in response to social and nonsocial stimuli in seven adolescents
with ASD before and after participation in the Program for the Education and Enrichment of Relational
Skills (PEERS®) intervention. Findings have implications for how neuroscience can be used as an
objective outcome measure before and after intervention in ASD. Melongo and colleagues [28] reported
a single case in which an intervention implemented to assist a 13.2-year-old boy with ASD without
intellectual disability, aimed at improving his ability to compose persuasive texts was described.
The Billeci and colleagues’ paper [29] was aimed to evaluate the process applied in subjects with
ASD to elaborate and communicate their experiences of daily life activities, as well as to assess
the autonomic nervous system response that subtends such a process. This was a proof-of-concept
study on the application of the cognitive–motivational–individualized (c.m.i.®), which needs to
be extensively validated in the clinical setting. In terms of general care treatment, Narzisi and
colleagues [30] described an experience of dental care supported by Information and Communication
Technologies (ICT), for children with ASD in a public health service. The project demonstrated
acceptability by parents, suggesting that public health dental care and prevention can be successfully
implemented without resorting to costly pharmacological interventions (with potential side effects),
taking better care of children’s health.

7. Etiopathogenesis: Biomarkers, Biology, Genetic, Epigenetic and Risk Factor

Troisi and his group [31] described GEMMA (Genome, Environment, Microbiome and Metabolome
in Autism), a prospective study supported by the European Commission, that follows at-risk infants
from birth to identify potential biomarker predictors of ASD development followed by validation
on large multi-omics datasets. The project includes clinical and pre-clinical studies in humanized
murine models and in vitro colon models. This study will support the progress of a microbiome-wide
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association study (of human participants) to identify prognostic microbiome signatures and metabolic
pathways underlying mechanisms for ASD progression and severity and potential treatment response.

Magdalena and colleagues [32] studied the preconception risk factors that are still poorly
understood. The authors considered thirteen parameters for conception problems, conception with
assisted reproductive techniques, the use and duration of oral contraception, the number of previous
pregnancies and miscarriages, time since the previous pregnancy (in months), the history of mental
illness in the family (including ASD), other chronic diseases in the mother or father and maternal
and paternal treatment in specialist outpatient clinics. Findings showed that three factors statistically
significantly increased the risk of developing ASD: mental illness in the mother/mother’s family,
maternal thyroid disease and maternal oral contraception. Pascucci and colleagues [33], coordinated
by Antonio M. Persico from University Hospital of Messina (Italy), assessed the effects of a single
acute injection of low- or high-dose of p-cresol in behavioral and neurochemical phenotypes of BTBR
mice, a reliable animal model of human ASD. Findings support a gene–environment interaction
model, whereby p-cresol, acting upon a susceptible genetic background, can acutely induce autism-like
behaviors and produce abnormal dopamine metabolism in the reward circuitry. Lombardo and
colleagues [34] aimed to evaluate markers of infections and immune activation in ASD by performing
a meta-analysis of publicly available whole-genome transcriptomic datasets of brain samples from
autistic patients and otherwise normal people. Overall, the data did not support an association
between infection and ASD. Prosperi and his group [35] investigated the role of inflammatory
biomarkers in ASD and their correlations with clinical phenotypes. The results did not highlight
the presence of any systemic inflammatory state in ASD subjects neither disentangling children
with/without GI symptoms. Lee and colleagues [36] aimed to verify noteworthy findings between
genetic risk factors and ASD by employing the false-positive report probability (FPRP) and the Bayesian
false-discovery probability (BFDP). In this study, the authors found noteworthy genetic comparisons
highly related to an increased risk of ASD. Multiple genetic comparisons were shown to be associated
with ASD risk. The Caria and colleagues’ review [37] aimed to provide a critical synthesis of evidence
linking alterations of the hypothalamus with impaired social cognition and behavior in ASD by
integrating results of both anatomical and functional studies in individuals with ASD as well as
in healthy carriers of oxytocin receptor (OXTR) genetic risk variant for ASD. Findings indicated
that morphofunctional anomalies are implicated in the pathophysiology of ASD and call for further
investigations aiming to elucidate anatomical and functional properties of hypothalamic nuclei
underlying atypical socioemotional behavior in ASD. The review of Fusar-Poli and colleagues [38]
was aimed to summarize the literature regarding the use of cannabinoids in ASD. The findings
were promising, as cannabinoids appeared to improve some ASD-associated symptoms, such as
problem behaviors, sleep problems, and hyperactivity, with limited cardiac and metabolic side effects.
Conversely, the knowledge of their effects on ASD core symptoms is scarce. Tanaka and colleagues [39]
in their pilot study focused on the neuroendocrinological response to participatory art activities,
which are known to have a positive effect on emotion, self-expression, sociability, and physical
wellbeing. These preliminary results suggested that the beneficial effects of participatory art activities
may be partially mediated by oxytocin release, and may have therapeutic potential for disorders
involving social dysfunction. The Stella Maris group [40] examined toddlers at their first diagnosis and
after six months during two initiating joint attention (IJA) tasks using eye tracking. Findings suggest
the potential use of eye-tracking technology as an objective, biological oriented marker, non-intrusive,
adjunctive tool to measure developmental trajectories in toddlers with ASD.

8. Autism and Comorbidity

Masi and colleagues [41] conducted an exploratory study that addressed increased risk for suicidal
ideation in high functioning autism spectrum disorders (HF-ASD). They studied this issue in a clinical
group of 70 inpatient adolescents referred to a psychiatric emergency unit. Adolescents with Bipolar
Disorder (BD) and HF-ASD and severe suicidal ideation or attempts (BD-ASD-S), were compared
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to adolescents with BD and HF-ASD without suicidal ideation or attempts (BD-ASD-noS), and to
adolescents with BD and suicidal ideation or attempts without ASD (BD-noASD-S). Individuals with
BD-ASD-S had a higher intelligence quotient, more severe clinical impairment, more lethality in suicide
attempts, more internalizing symptoms, less impulsiveness, and lower social competence. The severity
of ASD traits in individuals and parents did not correlate with suicidal risk. Some dimensions
of resilience were protective in terms of repulsion by life and attraction to death. Gulisano and
colleagues [42] aimed to identify the incidence of ASD in a large clinical sample of individuals affected
by Gilles de la Tourette syndrome (GTS). Findings showed that the incidence of GTS with ASD was
significantly lower in children than in adolescents. The incidence of GTS and ASD comorbidity in this
study was high, and this has several implications in terms of treatment and prognosis.

9. Autism and Adulthood

Griffiths and colleagues [43] developed an online survey instrument to assess employers’
perspectives on hiring job candidates with ASD. The cluster analysis indicated that company structures,
policies and practices, and perceptions, as well as the needs of employers and employees, were important
in determining who would successfully hire individuals with ASD. Key areas that require focused
policies and practices include recruitment and hiring, training, accessibility and accommodations,
and retention and advancement. Damiani and colleagues [44] aimed to test the association between
epilepsy and regressive ASD. Secondly, they explored differences in behavioral and pharmacological
profiles related to the presence of each of these conditions, as worse behavioral profiles have been
separately associated with both epilepsy and regressive ASD in previous studies. The preliminary
results suggested the presence of specific associations of different clinical conditions in subjects with
rarely investigated phenotypes. In their paper, Keller and colleagues [45] described the experience
of the Regional Center for Autism in Adulthood in Turin, Italy. It sought to develop a personalized
rehabilitation and enablement program for people with ASD who received a diagnosis of autism
in childhood/adolescence or for individuals with suspected adulthood ASD. This program is based on
a Multistep Network Model involving people with ASD, family members, social workers, teachers,
and clinicians. Findings indicated that the development of public centers specialized in assisting and
treating people with autism (PWA) can improve the accuracy of ASD diagnosis in adulthood and
foster specific habilitative interventions aimed to improve the quality of life of both PWA and their
families. The study of Runge and colleagues [46] retrospectively analyzed the Cerebrospinal fluid
(CSF) findings of adult patients with ASD. CSF basic measures (white blood cell count, total protein,
albumin quotient, immunoglobulin G (IgG) index, and oligoclonal bands) and various antineuronal
antibodies were compared with an earlier described mentally healthy control group of patients with
idiopathic intracranial hypertension. The results of the study were limited by its retrospective and open
design. The group differences in blood–brain barrier markers could be influenced by a different gender
distribution between ASD patients and controls. The paper of Fusar-Poli and colleagues [47] was aimed
to investigate self-reported autistic traits in individuals with ASD, schizophrenia spectrum disorders
(SSD), and non-clinical controls (NCC), using the Autism-Spectrum Quotient (AQ) questionnaire.
Findings showed that the AQ did not correlate with clinician-rated ADOS-2 scores in the ASD
sample. Results confirmed that symptoms are partially overlapping in adults with ASD and psychosis.
Moreover, they raise concerns regarding the usefulness of AQ as a screening tool in clinical populations

10. Broader Autism Phenotype (BAP)

Leonardi and colleagues [48] explored the construct of alexithymia in parents of children
with and without ASD using a multi-method approach based on self-rated and external rater
assessment. Results suggested the importance of using multi-method approaches to control for
potential measurement bias and to detect psychological constructs such as alexithymia in subclinical
samples such as parents of children with ASD. Riva and colleagues [49] conducted a prospective
study of typically developing infants and measured frontal asymmetry in alpha oscillation (FAA) as
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a mediator between both maternal and paternal autistic traits and child ASD traits. Findings showed
a potential cascade of effects whereby paternal autistic traits drive EEG markers contributing to ASD
risk. Bianco and the group coordinated by Cosimo Urgesi [50] investigated whether the distribution of
autistic traits in the general population, as measured through the Autistic Quotient (AQ), is associated
with alterations of context-based predictions of social and non-social stimuli. Findings showed that
the prediction of both social and non-social stimuli was facilitated when embedded in high-probability
contexts. However, only the contextual modulation of non-social predictions was reduced in individuals
with lower “Attention switching” abilities. The results provide evidence for an association between
weaker context-based expectations of non-social events and higher autistic traits.

11. Conclusions

The published papers in this Special Issue (SI) testify to the complexity of performing research
in the field of ASD. The multifactorial etiology inevitably calls different professional figures to a close
collaboration. The published contributions underlined areas of progress and ongoing challenges which
in the coming years could be able to give us more certain data.

To conclude, a special thank you to all authors who submitted their work to this Special Issue
“Advances in Autism Research” and also the reviewers for dedicating their time and for helping to
improve the quality of the published manuscripts.

Taking up the words of Andrew Meltzoff, who opened this editorial, the wish for this SI is that it
might be, in its small way, useful for society, as well as for psychology, neuroscience, and of course the children
and families.
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1. Introduction

COVID-19 has become pandemic [1] and many government decrees have declared restrictive
measures in order to prevent its wider spread. For parents and children, staying at home is one of
these measures. In this situation the handling of young children with special needs such as autism
spectrum condition (ASC) could be challenging for families and caregivers. Usually these children
have interventions for several hours a week at home with special therapists or in dedicated hospitals
and institutes. However at the moment, due to contagion containment measures, both the families and
the ASC children are not physically supported by their therapists and they cannot attend the outside
interventions. These measures, necessary for the health of all of us, need to be carefully handled to
avoid an increase in parental stress and an exacerbation of children’s behavioral problems. ASC is
a severe multifactorial disorder characterized by an umbrella of specific peculiarities in the areas of
the social communication, restricted interests, and repetitive behaviours [2]. The incidence of ASC is
worldwide and recent epidemiological data estimated it to be higher than 1/100 [3,4]. The main aim of
this editorial is to give some advice, summarized in 10 tips, to help families to handle children with
ASC during this period.

2. The 10 Tips for Helping Parents and Caregivers of Young Children

2.1. Explain to Your Child What COVID-19 Is

Children with ASC have a concrete cognitive style and some of them can have serious verbal
issues and show difficulties in phenomenological perception [5]. It is important to explain what
COVID-19 is and why we all have to stay at home. The explanation has to be simple and concrete.
For this purpose it is possible to appeal to augmentative alternative communication (AAC). It is also
possible to ask for help from therapists in preparing a brief pamphlet titled ‘What is COVID-19?’ using
individualized AAC strategies. For verbal young children the explanation should be supported with
concept mapping to make it easier for the child to understand.

2.2. Structure Daily Life Activities

It is widely reported that children with ASC have executive functioning deficits [6] and they could
show issues in planning their daily life activities, especially when their routine is broken. For this
reason it is important, especially now, to structure daily life activities. The home is the unique setting
in which activities take place. It would be useful to subdivide the daily activities, assigning a different
room for each one of them. This structure can be useful not only for children with ASC who are low
and/or middle functioning but also for those who are high functioning. This can be an activity to share
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with the entire family as a type of game. Using a blackboard, each member of the family can have his
space to write the planned activities.

2.3. Handle Semi-Structured Play Activities

Children with ASC enjoy playing, but they can find some types of play difficult because of sensory
issues or because they prefer structured or semi-structured activities [7].

During the day it will be important to handle play activities. These can be individual and/or shared.
Choose activities that your child prefers. For example, LEGO therapy [8,9] could be a good solution for
children with ASC who are low or high functioning. LEGO-based therapy is an increasingly popular
social skills programme for children and young people with social communication problems such as
ASC. It can be a semi-structured play activity shared with parents or siblings in a home setting [10].

2.4. Use of Serious Games

Serious games can be useful to improve social cognition and to recognize facial emotions, emotional
gestures, and emotional situations in children with ASC [11]. Serious games can be a fundamental
resource for ASC children. Many serious games are free and can be downloaded as an App for tablet
and/or PC from specialized sites. Serious games could be an educational alternative to video games or
the internet tout-court.

2.5. Shared Video Game and/or Internet Sessions with Parents

Video games and the internet are extremely attractive for children with ASC but they could
become an absorbent interest [12], especially in this period when children are called to stay at home.
It is not possible to avoid children playing with the computer but at the moment, when parents are
also at home, it could be useful establish a rule whereby children are expected to share the video
games/internet (with parents, siblings, or other caregiver). This could avoid a potential risk of isolation
of the child and an internet addiction.

2.6. Implement and Share Special Interests with Parents

Special interests can be a characteristic of the people with ASC. There is a growing amount of
evidence recognizing the potential benefits that special interests can bring [13]. Special interests have
to be supported from parents and/or caregivers. Trains, maps, animals, comic books, geography,
electronics, and history can be just a few of potential special interests. In this period in which parents
and children stay at home they could plan some activities sharing these special interests.

2.7. Online Therapy for High-Functioning Children

It is well recognized that psychiatric vulnerabilities and/or comorbidities are high in children
with ASC. Among these comorbidities anxiety disorder is one of the most reported [14]. Psychiatric
comorbidities could contribute to a developmental breakdown especially in adolescence age. The
actual state of alert for COVID-19 could be an event that is difficult to mentalize for children with ASC.
For this reason, if the children were engaged in psychotherapy before the COVID-19 alert, it is very
important that they continue it. Since many therapists have stopped their face-to-face therapy, it is
strongly advised to continue the psychotherapy in an online video or audio modality with the same
weekly appointments. It could reduce the anxiety, check the mood, and offer to the children a private
space in which to talk with a specialist.

2.8. Weekly Online Consultations for Parents and Caregivers

Parents of children with autism experience more stress and are more susceptible than parents of
children with other disabilities [15]. At the moment, parents are alone in the handling of their children
with ASD. This can represent a further high risk for their stress levels, which are already severely tried.
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For this reason it can be very useful to have the opportunity for a weekly online consultation with the
therapists of their children. It is valid for parents of both low- and high-functioning children. In the
case of low functioning, parents could share a brief home video with the therapists about the behavior
of the children during free play or structured sessions at home. In the case of children who are high
functioning the consultation could be a dialogical exchange focused on the most appropriate ways
to manage this difficult time of COVID-19 alert and to update parents about the degree of coping
strategies of the children.

2.9. Maintain Contact with the School

A growing body of research supports the suggestion that the relationships which children form
with their teachers and classmates have an impact on learning [16]. It is very important to dedicate a
time slot for the homework. This is a routine that has to be maintained. For the maintenance of social
contacts with the school companions it is suggested to have at least a weekly contact with one of the
class companions. The modality of this contact should depend from the child’s preferences. It could
be an online video for those that prefer it. For children with ASC who do not prefer to use video for
online contacts they could be encouraged to write a letter to one of their school companions or to call
them via phone [17]. For both children and parents, it is strongly encouraged to maintain contact with
a special teacher online or by phone.

2.10. Leave Spare Time

Children with ASC have to be stimulated, as pointed in tips 1–9, but it is also possible be leave
them a proper quota of spare time during the day (e.g., take a short walk near the house).

In this period children could have an increase in stereotypies. This does not need to be a particular
concern. At the moment, when habits are changing, the stress levels can be elevated for children with
ASC and the increase of stereotypies could be the behavioral result of perceived stress. They will
certainly not regress.

3. Conclusions

These suggestions are obviously not exhaustive but they could represent a useful help for parents
and/or caregiver of children with ASC to handle the severe situation caused COVID-19 and to optimize
the person–environment fit.

COVID-19 is questioning the routine of our young children with ASC and they are called to
respect rules and habits that are not always understandable for them (i.e., disinfect your hands, do not
touch your eyes or nose, and cover your mouth. They are also not able to see people they would like
to meet and must stay at home). These changing routines could cause them profound suffering. For
this reason we all (parents, therapists, and researchers) must be united and quickly establish new and
functional routines to allow our young children to be safe and peaceful. As ASC experts we have to
find different ways to be close to our patients and their families.

I wish to conclude this editorial by citing and sharing a sentence from Italian colleagues currently
engaged in the emergency medical system in Milano: “The Italian public health authorities has just
started to fight a battle that must be won” [18].
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Abstract: Suicidal ideation and attempts in adolescents are closely associated to bipolar disorders (BD).
Growing evidence also suggests that high functioning autism spectrum disorders (HF-ASD) are at
increased risk for suicidal ideation and behaviors. Although BD and HF-ASD are frequently comorbid,
no studies explored suicidality in these individuals. This exploratory study addressed this issue in a
clinical group of inpatient adolescents referred to a psychiatric emergency unit. Seventeen adolescents
with BD and HF-ASD and severe suicidal ideation or attempts (BD-ASD-S), were compared to
17 adolescents with BD and HF-ASD without suicidal ideation or attempts (BD-ASD-noS), and to
18 adolescents with BD and suicidal ideation or attempts without ASD (BD-noASD-S), using a
structured assessment methodology. Individuals with BD-ASD-S had a higher intelligence quotient,
more severe clinical impairment, more lethality in suicide attempts, more internalizing symptoms,
less impulsiveness, and lower social competence. Severity of ASD traits in individuals and parents did
not correlate with suicidal risk. Some dimensions of resilience were protective in terms of repulsion
by life and attraction to death. Main limitations are the small sample size, the lack of a control group
of typically developing adolescents. However, a better understanding of the specificities of bipolar
HF-ASD individuals with suicidality may improve prevention and treatment strategies.

Keywords: autism spectrum disorder; bipolar disorder; suicidal ideation; suicidal attempts; adolescence

1. Introduction

The concept of suicidality includes both suicidal ideation, with or without a plan, and with a
wide range of severity, and suicidal attempts, that is self-injurious behaviors intended to kill oneself,
with or without medical implications, but nonfatal, while completed suicides are fatal [1]. The term
suicidality has long fallen out of favor with psychiatrists and psychologists, due to its imprecision,
as it includes heterogeneous clinical conditions, not only in terms of presentation, but also in etiology,
diagnosis, prognosis, and treatment. Disentangling this wide range of individuals in more specific
subgroups, according to age and gender, psychiatric diagnoses, neurodevelopmental pathways,
personality traits, psychiatric familial load, previous traumatic experiences, and social difficulties,
may favor a more precise definition of risk factors, and more focused and appropriate prevention and
treatment strategies [2,3].
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There is growing evidence that a diagnosis of Autism Spectrum Disorders (ASD) is one of the
risk factors for suicide [4,5]. In a population-based cohort of ASD probands (n = 27,122, all diagnosed
between 1987 and 2009) compared with gender-, age-, and county of residence-matched controls
(n = 2,672,185), Hirvikoski et al. [6] reported a probability for ASD to die by suicide 10 times greater
than in the general population. In a clinical cohort study, including 367 high functioning individuals
with ASD, 243 (66%) presented self-reported suicidal ideation, and 127 (35%) self-reported plans or
attempts at suicide. They more likely reported lifetime experience of suicidal ideation than the UK
population sample (odds ratio 9.6 (95% CI 7.6–11.9), p < 0.0001), than people with one, two, or more
medical illnesses (p < 0.0001), or with psychotic illness (p = 0.019) [7].

Suicidality in high functioning (HF)-ASD can present with specific features [4]. Thoughts can become
easily ruminative, not only in terms of triggering situations for suicidal ideation (i.e., impaired interpretation
of social relationships), but also in methods of searching information aimed at planning a suicide attempt [8].
Furthermore, the high lethality and violence of the suicidal methods in ASD individuals (such as hanging,
gunshot, railway hitting, or jumping off a bridge) increases the risk of a completed suicide during an
attempt, compared to other psychiatric populations [9]. This evidence suggests that ASD should be
considered a specific and independent risk factor for suicide [10,11].

Studies specifically addressing suicidal risk factors in youth with ASD have underlined
the role of extreme loneliness [12,13], social adverse experiences [14,15], previous traumas [16],
internalizing symptoms (anxiety/mood disorders), low emotional regulation, and ADHD [16,17],
particularly in HF-ASD individuals [18–20]. Some cognitive features, such as decreased cognitive flexibility,
insight of disease, and communication skills may flatten the expression of subjective suffering [21,22].
This is particularly true in adolescence, the age range with the highest suicidal risk [4]. HF-ASD adolescents
are mostly exposed to increased social pressure, they can become more acutely aware of their disability,
and they have to face the unbridgeable gap between themselves and neurotypical peers [22].

Among the factor increasing suicide risk, mood disorders, have been shown to be strongly related
to suicidal outcomes [23]. Even if depressive disorders have been traditionally linked to the concept of
suicidality [24], bipolar disorder (BD) has increasingly become, in the last decades, even more closely
related to suicidal risk [25]. A systematic review (1970–2017) including articles on completed suicide in
individuals with BD showed that suicide rates in BD are approximately 20- to 30-fold greater than
in general population, with higher risk in BD-II individuals, and with a heritability of completed
suicide of about 40%. Factors related to completed suicide are early onset, family history of suicide
among first-degree relatives, previous attempted suicides, type of treatment, somatic, and psychiatric
comorbidities [25].

Psychiatric comorbidity in ASD is still under-investigated, even if nearly 70% of people with ASD,
including children and adolescents, experience at least one comorbid psychiatric disorder, and around
40% may have two or more psychiatric disorders [9,26,27]. Regarding the different comorbidities in
ASD, the prevalence of mood disorder among 21,797 participants with ASD has been reported as 18.8%
(95% CI: 10.6–31.1) [28]. The prevalence of depressive disorders has been reported by Lai and colleagues
as 11% (95% CI: 9–13) in children and adults [29], and by Hudson and colleagues (meta-analysis
including 66 studies) as 12.3% (95% CI: 9.7–15.5) and 14.4% (95% CI: 10.3–19.8) (current and lifetime
prevalence, respectively) [30].

The BD-ASD association has been more recently highlighted, along with its important clinical and
therapeutic implications [31]. Two reviews assessed the co-occurrence of bipolar disorders in ASD [29,32].
Vannucchi and colleagues found that the prevalence of bipolar disorders ranged from 6% to 21.4% across
studies [32], whereas Lai and colleagues reported a prevalence of 5% (95% CI: 3–6) among 153,192 ASD
individuals [29]. Regarding only children and adolescents, Joshi and colleagues [31] found that 30%
(47/155) of bipolar I probands met criteria for ASD (diagnosis based on DSM-III-R criteria).

While both BD and HF-ASD represent independent risk factors for suicidal ideation and behavior,
their association in terms of increased suicidal risk is strongly under-explored in clinical samples.
Dell’Osso and colleagues [33] investigated the prevalence of suicidal ideation in 34 adult individuals
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with ASD without intellectual disability, 68 with subthreshold ASD (“autistic traits”), and 160 healthy
controls. Individuals with ASD reported significantly higher scores than the other two groups in
mood disorders and depression, while the subthreshold autistic individuals presented higher scores
than the heathy control group. Of note, both individuals with ASD and subthreshold ASD scored
higher in suicidality, compared to healthy controls, without significant differences between clinical and
subthreshold ASD individuals. The depressive score and the restricted interests and rumination domain
score were the strongest predictors of suicidality. These results underline the association between
mood spectrum and suicidality in adult individuals with ASD, including those with subthreshold
forms. These correlations have not been explored in adolescents with ASD, albeit the high rates of
suicidal ideation and attempts in this age range.

Among the different personality features possibly related to suicidal risk in adolescents, three
domains were considered as particularly significant, according to the available literature, the attitude
to life and death, the impulsivity, and the resilience to life stressors. The repulsion by life and the
attraction (or low fearlessness) about death have been proved to be related to suicidality in adolescents
with psychiatric diagnoses [34,35]. Highly impulsive adolescents tend to act rashly in the context of
negative emotions, because long-term benefits are less important than the immediate short-term gains
of emotion regulation [36]. Finally, life adversities or stressful life events increase the risk of suicidal
ideation and behaviors) [3], and low adaptive resilience abilities after stressful life events are a further
vulnerability factor and a possible target for interventions [37].

The aim of our study is to explore if within the bipolar spectrum, adolescents with ASD and
suicidality may present specificities in three personality dimensions usually related to suicidality
in adolescence (resilience, impulsivity, and attitude to life and death). We compared subjects with
BD, ASD, and suicidality (Group 1), with BD; and suicidality, but without ASD (Group 2); and BD
and ASD, but without suicidality (Group 3), in order to possibly disentangle the role of autism
and suicidality in bipolarity. We hypothesized that bipolar adolescents with HF-ASD could present
specific clinical characteristics in their suicidal manifestations, including clinical severity, cognitive
abilities, psychiatric comorbidities, and personality features, compared to those without suicidality
or without ASD, which may represent possible targets for the diagnostic procedures and treatment
plans. Given the exploratory design of the study, we investigated these psychological features without
a-priori hypotheses.

2. Materials and Methods

2.1. Sample

This was a naturalistic study based on a clinical database of 52 adolescents (age range 11 to
18 years) with BD, all referred as individuals to our psychiatric emergency unit between January
2018 and July 2019. Seventeen individuals (age range 11 to 18 years) had a comorbid HF-ASD and
severe suicidal ideation or suicide attempt(s) (BD-ASD-S group), 17 (age range 11 to 18 years) a
comorbid HF-ASD, but without suicidal ideation or suicidal attempt(s) (BD-ASD-noS group), and 18
(age range 11 to 18 years) with severe suicidal ideation or suicide attempts, but not ASD (BD-NoASD-S).
The diagnosis of BD was based on DSM 5 criteria, and a diagnostic interview, the Kiddie Schedule
for Affective Disorders and Schizophrenia for School-Aged Children-Present and Lifetime Version
(K-SADS-PL) [38], administered to the patient and at least one parent.

The diagnosis of ASD was based on the DSM 5 diagnostic criteria [39], and confirmed with
the module 3 of Autism Diagnostic Observation Schedule—Second Version (ADOS-2) [40]. Only a
minority of individuals’ caregivers were interviewed with the Autism Diagnostic Interview-Revised
(ADI-R) [41]. The ADI-R is less effective in the diagnosis of HF-ASDA and it may not recognize more
subtle forms of ASD [42]. It is therefore possible that, in these individuals with HF-ASD, the symptoms
may not be evident at 4 to 5 years of age (developmental period investigated in the ADI-R), but could
emerge only when social demands exceed these individuals’ limited capacities [39].
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The diagnosis of severe suicidal ideation or suicide attempt was based on a score 3 or above
at the Columbia–Suicide Severity Rating Scale [CSSRS] [43]. All the individuals presented normal
intelligence (Full scale IQ above 85), based on the Wechsler Intelligence Scale for Children—Fourth
Edition (WISC-IV) [44].

2.2. Measures

All the individuals received a diagnostic assessment with the K-SADS-PL, a semi-structured
interview to diagnose childhood mental disorders in children aged 6 to 18, administered by trained child
psychiatrists, in order to diagnose BD (including Type I, Type II, and type NOS), ASD, and comorbidities.
All the individuals were assessed with the WISC-IV, to exclude an Intellectual Disability.

The ADOS-2 was administered to support the diagnosis of ASD to all the individuals with
first diagnosis of ASD based on historical information and the diagnostic interview K-SADS-PL.
The ADOS-2 is a semi-structured interaction that measures symptoms of autism through a standard
set of probes. It provides an empirically derived algorithm that differentiates children with ASDs from
those with other delays or with typical development. The ADOS-Calibrated Severity Score was used
to assess the severity of autistic symptoms [45].

The global clinical severity was assessed with the Clinical Global Impression Severity (CGI-S) [46],
while the functional impairment with the Child Global Assessment Scale (C-GAS) [47].

For a dimensional assessment of psychopathology, all individuals were assessed with the Child
Behavior Checklist (CBCL) [42,48], a 118-item scale, completed by parents, assessing how often a
certain behavior applies to their offspring, on a three-point scale (0 = absent, 1 = occurs sometimes,
2 = occurs often), clustered in two broad-band scores, designated as Internalizing Problems and
Externalizing Problems, a Total Problem Score, and with 8 different syndromes scales (Withdrawal,
Somatic complaints, Anxiety/depression, Social problems, Thought problems, Attention, Rule-breaking
behavior, Aggressive behavior). In the current study, we assessed the presence of Emotional Dysregulation
using the CBCL Dysregulation Profile (CBCL-DP), based on the sum of t-scores of the three CBCL
subscales, Anxious/depression, Attention problems, and Aggressive behaviors [43,49]. The reliability
coefficients (Cronbach) of CBCL Attention Problems, Aggression, and Anxious/Depressed subscales were
0.82, 0.81, and 0.82, respectively.

Type of suicidality and severity of suicidal ideation and behavior were assessed using the
Columbia–Suicide Severity Rating Scale (CSSRS), (score 3 or higher), recommended by the Center for
Disease Control and Prevention and Food and Drug Administration for the assessment of adolescents
at high suicidal risk.

In order to explore further psychological features possibly related to suicidal risk, that is attitude
to life and death, impulsivity, and resilience abilities facing life adversities, three specific measures
were included in the assessment for all the individuals included in the study.

The Multi-Attitude Suicide Tendency Scale (MAST) [50] was used to assess attitude for life
and death, related to the fearlessness about death, and to the capability for suicide. This measure,
designed to assess suicidal tendencies in youth, is a 30-item scale exploring four types of attitudes:
attraction to life, repulsion by life, attraction to death, and repulsion by death. All four factor scales
showed good reliability estimates, as well as relationships with measures of suicidal behavior and
ideation and general psychopathology [50,51].

Impulsivity was assessed with the Barratt Impulsiveness Scale-11 (BIS-11) [52,53], including 30 items
that are scored to yield second-order factors, Attentional, Motor, and Non-planning impulsiveness.

Resilience was explored with the Resilience scale for Adolescent (READ) [54–56], a self-administered
28-item questionnaire, with a score for each item ranging from 1 (totally disagree) to 5 (totally agree),
which incorporates intrapersonal and interpersonal protective factors mapping onto the three salient
domains of resilience, including individual, family, and external environment. Confirmatory factor
analysis validated the original five-factor structure of the READ, including Personal Competence,
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Social Competence, Structured Style, Family Cohesion, and Social Resources. The measures showed good
reliability and validity in adolescents [57].

All participants and parents were informed about the assessment instruments. Written informed
consent was obtained from participants and parents. The study conformed to Declaration of Helsinki;
the Ethics Committee of the Hospital approved the methodology of the study (Identification Code
2014/0001507).

2.3. Statistical Analyses

Descriptive analyses were used to describe demographic and clinical characteristics of the whole
sample. Chi-square analyses were performed on categorical variables, and a t-test or one-way ANOVA
on continuous variables, with statistical significance set at 0.05. The Bonferroni–Holm method was
used for multiple comparisons. The Student’s t-test, with Bonferroni correction, was used in order to
compare the calibrated severity score of ADOS-2 between BD-ASD-S and BD-ASD-noS.

A structural equation modeling (SEM) was conducted to examine the association between
resilience protective factors measured by READ scales and suicide tendency measured by the MAST
(attraction and/or repulsion to life and/or death) in all individuals. The SEM model has been tested
using the maximum likelihood (ML) method since none of the variables exceed the value of |1| for
univariate skewness and kurtosis. To examine model fit, several goodness-of-fit indices were used:
the comparative fit index (CFI), the Tucker and Lewis index (TLI), the standardized root mean square
residual (SRMR), and the root mean square error of approximation (RMSEA).

3. Results

The three groups BD-ASD-S, BD-noASD—S, and BD-ASD-noS did not differ according to mean age
(14.53 ± 2.03 years, 14.78 ± 1.86 years and 14.94 ± 2.22 years, respectively, F = 0.175, df = 51, p = 0.840),
while gender ratio was uneven, as in the BD-ASD-S the male/female was 14/3, in BD-noASD-S 6/12, and in
BD-ASD-noS 10/7, (χ2 = 8.62, df = 2, p = 0.013). Regarding the frequency of the BD types (BD I, BD II,
and BD Not Otherwise Specified) in the three groups, they were respectively, six, seven, and five in
the BD-ASD-S; six, eight, and three in the BD-noASD—S; and seven, five, and five in the BD-ASD-noS.
Differences among groups were not statistically significant (χ2 = 0.92, df = 4, p = 0.921, ns).

The intellectual quotient, measured with the WISC-IV, was significantly higher in the BD-ASD-S
group than in the other two groups for the full scale IQ and for the verbal comprehension index,
while for the perceptual reasoning and working memory indices, BD-ASD-S scored significantly higher
than BD-ASD-NoS. The processing speed index did not differ among groups (Table 1).

Regarding clinical severity, assessed with the CGI-S, the BD-ASD-S group was the most severely
impaired (6.41 ± 0.71), compared to the BD-noASD-S (6.00 ± 0.68), and BD-ASD-noS (4.82 ± 0.95)
(F = 18.5, p < 0.001). Similarly, the BD-ASD-S group presented the greatest functional impairment,
assessed with the C-GAS (28.76 ± 7.35), compared to the BD-noASD-S (35.06 ± 7.11), and the
BD-ASD-noS (41.47 ± 7.97) (F = 12.25, p < 0.001).

According to the type of suicidality, assessed with the CSSI-R, types of suicidal ideation, frequency
of ideation, control over ideation, deterrents from suicide behavior, and reasons for ideation did not
differ among groups. Preparatory acts did not differ, but potential lethality higher than 1 was more
frequent in the BD-ASD-S group (41.2%), compared to the BD-noASD-S group (11.1%) (p = 0.042).

Regarding psychiatric diagnoses, according the K-SADS-PL, only obsessive compulsive disorder was
more frequently reported in individuals with BD-ASD-S (70.6%), and with BD-ASD-noS (41.2%), compared
to those with BD-noASD-S (5.6%) (χ2 = 15.70, df = 2, p < 0.001 for both BD- ASD-S and BD-ASD-noS after
Bonferroni–Helm method). All the other categorical diagnoses (ADHD, anxiety disorders, depression,
and disruptive behavior disorders) did not differ among groups.

Regarding the comparison among groups according to the CBCL, individuals with BD-ASD-S
presented higher scores in the internalizing problems, and, among the syndrome scales, in the thought

25



Brain Sci. 2020, 10, 750

disorders scale, while the anxiety-depressed and the withdrawal scales only approached statistical
significance, and the three groups did not differ according to the dysregulation profile score (Table 2).

Table 1. Wechsler Intelligence Scale for Children—Fourth Edition (WISC-IV) (Wechsler, 2003).
Comparisons among groups. Legenda; BD-ASD-S = Bipolar Disorder + High Functioning Autism
Spectrum Disorder + Severe Suicide Ideation or Attempt; BD-noASD-S = Bipolar Disorder + Severe
Suicide Ideation or Attempt, without High Functioning Autism Spectrum Disorder; BD-ASD-noS =
Bipolar Disorder + High Functioning Autism Spectrum Disorder, without Severe Suicide Ideation
or Attempt; SD: Standard Deviations; FSIQ: Total Intellectual Quotient; VCI: Verbal Comprehension
Index; PRI: Perceptual Reasoning Index; WMI: Working Memory Index; PSI: Processing Speed Index.
Statistical significance at p < 0.05.

Group 1 Group 2 Group 3 One-Way Bonferroni–Holm

BD-ASD-S BD-no ASD-S BD-ASD-NoS ANOVA
Gr1 vs.

Gr.2
Gr.1 vs.

Gr.3
Gr.2 vs.

Gr.3
Mean; SD Mean; SD Mean; SD (F); p p p p

FSIQ 112.9; 16.2 97.3; 13.2 84.8; 18.8 (9.43); 0.001 0.041 0.000 ns
VCI 116.6; 18.4 99.8; 15.1 91.0; 17.1 (7.67); 0.002 0.029 0.002 ns
PRI 115.5; 16.9 104.2; 13.2 96.9; 19.8 (4.12); 0.024 Ns 0.023 ns

WMI 102.4; 14.1 91.4; 11.7 80.0; 12.1 (7.59); 0.002 Ns 0.001 ns
PSI 92.3; 10.7 94.94; 18.4 80.0; 18.4 (2.43); ns Ns ns ns

Table 2. Child Behavior Checklist (CBCL): Comparisons among groups. Legenda: BD-ASD-S =
Bipolar Disorder + High Functioning Autism Spectrum Disorder + Severe Suicide Ideation or Attempt;
BD-noASD-S = Bipolar Disorder + Severe Suicide Ideation or Attempt, without High Functioning
Autism Spectrum Disorder; BD-ASD-noS = Bipolar Disorder +High Functioning Autism Spectrum
Disorder, without Severe Suicide Ideation or Attempt. Statistical significance at p < 0.05.

Group 1 Group 2 Group 3 One-Way

BD-ASD-S BD-no ASD-S BD-ASD-NoS ANOVA
Gr1 vs.

Gr.2
Gr.1 vs.

Gr.3
Gr.2 vs.

Gr.3
Mean; SD Mean; SD Mean; SD (F); p p p p

Internalizing 72.7; 7.6 69.9; 4.8 66.4;9.1 (3.1); ns ns 0.049 ns
Externalizing 60.8; 7.9 63.2; 9.1 60.7; 6.4 (0.57); ns ns ns ns

Total 68.1; 6.2 67.6; 5.6 65.6; 6.7 (0.79); ns ns ns ns
Anxious/Depressed 75.1; 9.8 72.9; 9.2 66.9; 10.8 (3.1); ns ns ns ns

Withdrawn 75.7; 9.3 73.2; 11.3 67.3; 9,9 (3.0); ns ns ns ns
Somatic Complaints 62.8; 9.9 59.3; 7.0 59.2; 9.3 (0.93); ns ns ns ns

Social Problems 65.9; 8.2 64.9; 7.6 67.4; 7.4 (0.46); ns ns ns ns
Thought Problems 70.9; 9.3 70.2; 5.3 63.28: 9.2 (4.7); 0.013 ns 0.023 0.042

Attention 59.4.; 4.9 62.9; 8.9 64.2; 7.9 (1.9); ns ns ns ns
Rule Breaking Problems 59.5; 6.2 627; 8.8 58,8; 5.83 (1.5); ns ns ns ns

Aggressive behavior 61.9; 9.4 64.8; 9.5 60.9; 6.1 (1.0); ns ns ns ns
Dysregulation Profile 196.4; 16.0 200.7; 19.1 192.1; 19.7 (0.96); ns ns ns ns

Autism severity according to ADOS-Calibrated Severity Score, did not differ significantly between
suicidal and non-suicidal individuals with ASD (BD-ASD-S: M = 5.85, SD = 1.15 versus BD-ASD-noS:
M = 5.59, SD = 0.76 t = 0.701, p = 0.243).

All the four scales of the prevalent attitude (repulsion or attraction) for life and death (attraction to
life, repulsion by life, attraction to death, and repulsion by death) failed to reach statistical difference
among groups.

Similarly, the attentional and motor impulsivity, as well as the total score of the BIS, did not differ
in the three groups. On the contrary, the non-planned impulsivity was higher in the BD-noASD-S
group, compared to BD-ASD-S and BD-ASD-noS groups (F = 3.85, p = 0.028). More specifically,
in multiple comparisons, ASD suicidal individuals presented less non planned impulsivity than
individuals without ASD (p = 0.040).

On the Resilience test (READ), only Personal Competence differed among groups (F = 6.85,
p = 0.004), as, after multiple comparisons, individuals with BD-ASD-noS significantly outscored those
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with BD-noASD-S (p = 0.003). All the other four dimensions of the scale (Social Competence, Structured
Style, Family Cohesion, and Social Resources), as well as total score, were similar among groups.

Results of the path analysis (χ2 (7) = 6.232, p = ns, CFI = 1, TLI = 1; SRMR = 0.057, RMSEA =
0.000 (0.000–0.164), p = ns) attest that some resilience dimensions were significantly associated with
suicide tendency. In particular, personal competences (unstandardized coefficient: −0.19, S.E. = 0.09)
and structured style (unstandardized coefficient: −0.29, S.E. = 0.10) were negatively associated with
repulsion by life, and social resource (unstandardized coefficient: −0.24, S.E. = 0.12) was negatively
associated with attraction to death. The model explained the 25% of repulsion by life variance,
and 0.05% of attraction to death variance (Figure 1).

 

Figure 1. Relationships between Resiliency and Suicide Tendency. Note: READ CP=Personal Competence,
READ CS = Social Competence, READ SS = Structured Style, READ RS = Social Resources, READ CF =
Family Cohesion, Mast RL = repulsion by life, Mast AD = attraction to death. *: p < 0.05, **: p < 0.01.

4. Discussion

If BD is a well-known risk factor for suicide ideation and behavior, this risk may be markedly
increased in bipolar individuals with HF-ASD. In fact, persons with HF-ASD experience the world in a
specific way, compared with typically developing individuals, from basic information processing and
attribution processing patterns, to social perspectives, such as the difficulties in expressing feelings
and communicating with others [4,8,32,53,54,58]. A better comprehension of possible peculiarities in a
very special population with both BD and HF-ASD may improve our understanding on how suicidal
behaviors may be recognized, managed and treated. In our study, suicidal bipolar individuals with
ASD were more frequently males, and presented greater clinical severity and functional impairment.
Furthermore, they presented higher potential lethality of their suicidality, compared to the group

27



Brain Sci. 2020, 10, 750

without ASD, consistently with literature findings [17,32,55,56,59,60]. These differences were not
accounted for by the type of BD, which did not differ among groups.

The suicidal individuals with ASD presented also a higher IQ, suggesting that the psychopathological
severity has a greater impact on global functioning than their cognitive functioning [57,61]. Consistently,
studies on populations with neurodevelopmental disorders reported that individuals with intellectual
disabilities show a lower suicide rate than general population [57,58,61,62]. A high IQ may represent a
specific risk factor [59,60,63,64], as it may imply an increased self-consciousness of one’s own disability,
leading to painful feelings of inadequacy, guilt, and exclusion from peer groups. Such aspects may be
more evident during adolescence, when heightened social requests can easily go beyond the individual’s
coping abilities, further worsening the social withdrawal [58,61–63,65–68].

Regarding psychiatric diagnoses, only OCD differed among groups, and was more frequently
reported in ASD individuals, irrespective of the presence of suicidality. However, a recent study
showed that rumination was significantly associated with a history of attempted suicide in a sample of
75 adults with ASD [8,16].

Suicidal individuals with BD-ASD individuals presented at the CBCL (completed by parents)
significantly more internalizing problems and thought problems. Internalized symptoms can represent
a risk factor for suicide in individuals with ASD [16,24]. Hence, investigating symptoms with
standardized scales with both individuals and caregivers, including direct psychiatric interviews,
is crucial, given that many individuals with HF-ASD are able to “camouflage” internalized symptoms.

The severity of autistic traits in individuals with or without suicidality, according to ADOS-2,
did not differ between the two groups, suggesting that this feature does not affect the suicidal risk.
Available evidence on this topic is inconsistent. While a number of studies on “Asperger syndrome”
populations have shown a negative correlation between suicidal ideation and autistic traits [15,23,67,69],
on the contrary Cassidy et al. [7,15] reported that persons diagnosed with Asperger syndrome with
previous suicide attempts showed significantly higher autistic traits than individuals with this diagnosis
without a history of attempted suicide.

In our study, the three groups did not differ according to repulsion or attraction for life and death.
On the contrary, non-planned impulsivity was highest in the BD-noASD-S group, compared to both
the ASD groups (with or without suicidality), suggesting that in individuals with ASD the suicidality
may be less impulsive than in individuals without ASD, although both the groups have a diagnosis of
BD This could imply a “colder” transition from ideation to suicide attempt, leading to more lethal
strategies [68,70].

Regarding resilience, personal competence was lowest in individuals with BD-noASD-S
individuals, and highest in those with BD-non suicidal ASD, with intermediate scores in the BD-ASD-S
group, suggesting that the feeling of a low personal competence is more urgent in non-autistic
individuals, and namely in those who present suicidal ideation or behavior, in whom it may have a
triggering role in their suicidality.

A structural equation modeling was applied to examine the influences among variables that may
interact, namely, between resilience protective factors, and suicide tendency, in terms of attraction
and/or repulsion to life and/or death. Some dimensions of resilience, particularly personal competences
and structured style were protective in terms of repulsion by life, while social resource was protective
in terms of attraction to death. This information may guide possible therapeutic interventions aimed
at reinforcing specific areas of resilience in order to improve some risk factors related to suicide
vulnerability in adolescence.

Our study shows a number of limitations that could limit the generalization of the results.
Major limitations of the study are the small sample size, and the lack of a control group of
typically developing adolescents. Furthermore, these groups were not recruited through an age- and
gender-matching protocol design, although no statistically significant age difference emerged, and the
female component was only scarcely represented. Finally, only a selected number of features were
considered as relevant, and the diagnostic exploration did not include other potentially important elements.
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Our study provides a first, exploratory contribution for better understanding the peculiarities of
adolescents with BD and ASD and severe suicide ideation or suicide attempts, helpful for subsequent
targeted examination of suicidality in autism/bipolar disorder. These specificities may help clinicians
not only in the diagnostic process, focusing investigations on specific areas, but also in the prevention
and treatment strategies, for planning timely and finely customized educational and therapeutic
approaches, at the individual level, contributing to a precision medicine even in these complex and
often misunderstood individuals.
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Abstract: Autism Spectrum Disorder (ASD) affects approximately 1 child in 54, with a 35-fold increase
since 1960. Selected studies suggest that part of the recent increase in prevalence is likely attributable
to an improved awareness and recognition, and changes in clinical practice or service availability.
However, this is not sufficient to explain this epidemiological phenomenon. Research points to
a possible link between ASD and intestinal microbiota because many children with ASD display
gastro-intestinal problems. Current large-scale datasets of ASD are limited in their ability to provide
mechanistic insight into ASD because they are predominantly cross-sectional studies that do not allow
evaluation of perspective associations between early life microbiota composition/function and later
ASD diagnoses. Here we describe GEMMA (Genome, Environment, Microbiome and Metabolome in
Autism), a prospective study supported by the European Commission, that follows at-risk infants
from birth to identify potential biomarker predictors of ASD development followed by validation on
large multi-omics datasets. The project includes clinical (observational and interventional trials) and
pre-clinical studies in humanized murine models (fecal transfer from ASD probands) and in vitro
colon models. This will support the progress of a microbiome-wide association study (of human
participants) to identify prognostic microbiome signatures and metabolic pathways underlying
mechanisms for ASD progression and severity and potential treatment response.

Keywords: microbiome; metabolomics; autism; study design; biomarker discovery; precise medicine

1. Introduction

Autism Spectrum Disorder (ASD) is a lifelong neurodevelopmental disorder characterized by
deficits in social communication and social interaction, in addition to restricted, repetitive patterns of
behavior, interests, or activities [1]. As a spectrum disorder, its symptoms may range from mild to
severe. Some children may have strong language and intellectual abilities whereas others may not be
verbal and may require lifelong care. Globally, ASD incidence has shown a 35-fold increase compared
to the 1960s and 1970s, when the first epidemiological studies were conducted [2–6]. As documented
by the Centers for Disease Control and Prevention, ASD affects 1 in 54 children in USA [7] and 1 in 89
in Europe [8].

Children born in a family with an affected sibling show a ten-fold higher risk of developing the
condition [9]. These data, including a large-scale exome sequencing study [10], suggest a combination
of non-Mendelian genetic and environmental factors in ASD pathogenesis [11,12]. One environmental
factor that is emerging as important for ASD risk is the immune system [13–16]. Indeed, individuals
with ASD show increased expression of genes encoding mediators of the innate immune response [15].
Low-grade systemic inflammatory events [17,18], combined with the hypofunction of protective,
anti-inflammatory mechanisms [19], lead to mechanisms related to the biochemical and neuroanatomical
characteristics associated with autism pathogenesis [20–22]. Immunoregulation, in addition to
dysregulated immunoregulation, particularly during the first 1000 days of life [23], are guided by
the gut microbiome. Low-grade systemic inflammatory responses can lead to psychiatric disorders,
such as ASD and psychological stress, which leads to further inflammation through pathways involved
in the intestinal microbiota homeostasis [24,25].

Many individuals with ASD have symptoms of associated comorbidities. These include medical
comorbidities, such as gastrointestinal (GI) and immune system disorders (namely gut dysbiosis,
susceptibility to infections, and increased prevalence of autoimmune disorders), sleep problems,
feeding problems and epilepsy; comorbid psychopathology, including Attention-Deficit/Hyperactivity
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Disorder (AD/HD), anxiety, mood problems, disruptive behavior; and developmental comorbidity,
namely the presence of an intellectual disability.

A large number of individuals are living with ASD. Thus, ASD is a serious public health
concern. The medical expenditure for ASD is higher than that for cancer, heart disease, and stroke
combined [26,27]. Blumberg et al. [28] suggested that the recent increase in prevalence could be in part
attributed to greater recognition and awareness, or changes in clinical practice or service availability.
However, these changes are not sufficient to explain this phenomenon [6]. ASD is a multifactorial
disorder; therefore, the contribution of environmental factors could explain its development in addition
to why different therapeutic approaches, based on gene/environment interaction theory, have achieved
conflicting results [29–31]. The GEMMA (Genome, Environment, Microbiome and Metabolome in
Autism) team hypothesizes that many environmental factors can alter intestinal microbiota composition
and activity, causing epigenetic modifications, changes in the metabolome profile, and increases in
intestinal barrier permeability and macromolecule trafficking with the alteration of immune responses,
thus contributing to the progression and development of ASD. Furthermore, it is hypothesized that the
genome/metagenome interaction determines the switch from immune tolerance to immune response.
Environmental stimuli, including dietary and microbial factors, can trigger an immune response,
such as the neuroinflammation responsible for the behavioral changes that characterize ASD and
intestinal inflammation causing its GI comorbidity.

The existence of a gut–brain axis was hypothesized by Bolte in the late 1990s [32]. This was one of
the first reports of unhealthy changes in the intestinal tract’s resident community (microbiome), driving
both behavioral and GI problems in babies with ASD. Finegold et al. [33] showed that the increase
in toxin-producing gut bacteria populations directly affects the brain via the vagus nerve. Currently,
changes in gut microbiota of ASD patients with and without GI symptoms are well established [34–36],
suggesting the potential beneficial effect of fecal transplantation [37,38].

Unfortunately, current large-scale studies of ASD are mainly of cross-sectional study design, which
can provide information about associations between microbiome changes and ASD diagnoses but lack
the information regarding the temporality of these changes. This limits inferences about causality
or utility as an early life biomarker. Indeed, currently, there are no established biomarkers for ASD
to enable its clinical diagnosis, which relies on behavioral evaluations. In addition, no medications
are currently available to treat the core symptoms of ASD and results from intervention research are
mixed [39].

2. Study Design

GEMMA is a multi-center, prospective, open-label, uncontrolled study with an observational
and an interventional arm, comprised of collaborators in the European Union and the United States.
It is coordinated by the European Biomedical Research Institute of Salerno (EBRIS), in Campania,
Italy. GEMMA aims to study genomic, environmental, microbiome, and metabolomic factors that,
via the immune system, may contribute to the development of ASD longitudinally. This study
offers the potential to identify the mechanisms and/or biomarkers involved in either development
or exacerbation of ASD signs and symptoms, which will potentially broaden the range of available
therapeutic interventions (Figure 1).

The project includes clinical (observational and interventional trials) and pre-clinical studies.
Several pre-clinical studies in humanized murine models (fecal transfer from ASD probands) and
in vitro colon models will be performed simultaneously with clinical studies from the moment of
recruitment of at-risk infants and their affected ASD sibling. This will support the progress of
a microbiome-wide association study (of human participants) to identify prognostic microbiome
signatures and metabolic pathways underlying mechanisms for ASD progression and severity and
potential treatment response. The preclinical work will provide valuable information regarding
validation of specific biomarkers mechanistically linked to the onset of ASD, which will be used to
rationalize future patient stratification for primary intervention.
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Figure 1. GEMMA (Genome, Environment, Microbiome and Metabolome in Autism) study design.

2.1. Pre-Clinical Studies

An in vitro micro-scale colon microbiota model or “colon microcosm” that mimics the microbiota
of the human colon will be used to investigate effects of various combinations of prebiotic fiber types
and probiotics on microbiota composition and functionality. The colon microcosms will be inoculated
with fecal samples collected from children diagnosed with ASD with and without a history of GI
problems, and from healthy siblings (controls) between the ages of 3 and 14. Samples will be excluded
if the participants have used psychotropic medications in the previous 6 months and antibiotics and/or
probiotics in the previous 2 months (Figure 2).

Figure 2. Preclinical studies—development of humanized mouse models by transplanting fecal samples
from a well-characterized ASD diagnosed proband (and sibling controls). Four groups of children,
each with 4 children, recruited in one center in Europe (Italy): autistic with no GI problems, autistic
with GI problems, controls without or with GI problems. Ongoing.
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The impact of pre- and probiotic combinations on microbiota composition and function
will be measured by 16S rRNA gene sequencing, metagenomics, and targeted and untargeted
metabolites analyses.

The preclinical studies in murine models will be carried out simultaneously with the other studies
for two reasons: to provide further information on validation of specific biomarkers mechanistically
linked to the onset of ASD and, consequently, to treat future patients primarily with a more
precise intervention.

The preclinical studies in murine models include the development of humanized mouse models
through transplanting fecal samples from a well-characterized ASD diagnosed proband (and sibling
controls) in the families included in the clinical observational study. The fecal samples will be the
same as those collected for the in vitro studies described above. In addition to wild type naïve mice,
fecal transplantation will be conducted in genetically vulnerable (PCDH-KO), food allergic (CMA),
and valproate-treated (VPA) male mice which have been previously demonstrated to show ASD-like
behavior [40–43]. The natural gut microbiota of these mice will be depleted before transplantation
with the human fecal samples. This will be achieved at the age of 3 weeks, with antibiotic treatment
followed by a bowel cleansing according to procedures described by Le Roy and coworkers [44]. Fecal
transplantation will also be conducted in germ-free male mice, which have abnormal development of
the nervous system and show deficits in cognition, social behavior, and stress-related behaviors [45–51].
The microbial content of human donors will be orally administered to recipient microbiota-depleted or
germ-free mice. Behavior, microbiota composition, gut permeability, metabolites, mucosal and systemic
immune profiles (intestinal tract, mesenteric lymph nodes, blood, and spleen), neurotransmitters,
and neuroinflammation in the brain will be evaluated to investigate the mechanistic evidence of
the intestinal microbiota–brain axis in ASD. In addition, ASD-humanized VPA and CMA male
mice will be suitable splenocyte donors for transferring their behavioral phenotype to naïve mice
to reveal whether the ASD-like phenotype is microbiome-immune system-dependent. A second
series of preclinical studies will establish whether correction of intestinal microbial dysbiosis by
pre/pro/synbiotic intervention prevents and/or treats ASD-like behavior in ASD murine models. Selected
ASD humanized murine models will be fed diets supplemented with selected pre/pro/synbiotics, which
will be prescreened using microcosms systems as described above. Those that affect neurodevelopment,
behavior, and the GI tract positively will be used in the clinical intervention trial.

2.2. Clinical Study

2.2.1. Participants

GEMMA aims to enroll 600 infants younger than 6 months/26 weeks of age, who have an older
sibling with ASD for the observational trial. The recruitment will be carried out in three different
centers: Irish Center for Autism and Neurodevelopmental Research (ICAN) at the National University
of Ireland, Galway, Azienda Sanitaria Locale Salerno (ASL), and satellite centers in Italy, and Mass
General Hospital for Children (MGHFC) Lurie Center for Autism in USA. The first study samples must
be collected prior to the introduction of solid foods. Children who have started any other therapeutic
intervention for ASD will also be excluded from the study. According to our previous experience with
similar projects involving two cohorts of infants at-risk of celiac disease [52,53], enrollment will be
performed by inviting parents’ of the autistic patients who are followed by the recruitment clinics to
participate in the study in the case of newborns, and advertising the study among ASD support and
ASD patients’ groups. Moreover, a traditional and social media diffusion plan was created to increase
the project knowledge and support. No compensation will be provided to the participant.

Infants aged 18–36 months who were recruited, completed the observational study, developed
clinical signs and symptoms of ASD, and whose parents permit the intervention of solely dietary and
oral therapy in this study, will be invited to enroll for a follow-on dietary interventional trial.
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2.2.2. Observational Trial

This study phase will evaluate infants at high risk of ASD. To achieve the sample size needed for
clinical and biological comparisons, and ensure there is a reasonable representation across study sites,
each site will target recruitment of 200 infants at high risk of developing ASD, over a 3 year period.
All recruited children will undergo regular clinical and laboratory evaluations for 36 months, or more
in the case of ASD development based on the annual intermediate clinical data check. Blood, urine,
stools, and saliva samples will be collected every 6 months until 36 months of age.

Regarding GI symptoms, children will be evaluated for chronic irregular bowel movements
(constipation, diarrhea), encopresis, recurrent abdominal pain, gastroesophageal reflux, and vomiting or
food aversion. On these bases, the evaluable target study population (see Table 1 for inclusion/exclusion
criteria) will be divided into four groups (depending on their clinical outcome: neuro competent at-risk
infants with (NC-GI) and without GI symptoms (NC), ASD infants with GI symptoms (ASD-GI) and
ASD infants without GI symptoms (ASD)). Maternal and paternal genomic samples will be taken
from parents of infants at the time of enrollment and analyzed to examine inherited and de novo
genetic traits.

Table 1. Inclusion and exclusion criteria for the observational trial.

Inclusion Criteria (All Must be Met)
Exclusion Criteria (Participant Will be Excluded

from the Study if Any of the Criteria are Met)

1. Healthy newborns or infants
2. First-degree relatives of ASD participant

(at least one sibling affected by ASD)
3. Younger than 6 months/26 weeks
4. Have never received solid food (elementary

formula feeding permitted)

1. Newborns with significant health issues that
require surgical treatments or continuous
medical treatments and/or surgical treatments

2. Infants older than 6 months/26 weeks
3. Infants who have been introduced to solid food

(including occasional use)
4. Severe GI problems requiring immediate

treatment (life-threatening)
5. Severely underweight/malnourished children
6. Dietary restriction in the previous 3 months
7. Tube feeding
8. Drugs since birth which may affect the

biomarkers being assessed, for example
9. Antibiotics within one month prior to

enrollment; antibiotics used as a continuous
course for ≥28 days prior to enrolment

Autism Diagnostic Observation Schedule (ADOS Toddler) evaluation [54] will be conducted every
6 months by a trained physician, starting at 12 months of age. For children younger than 24 months
who test positive in the ADOS Toddler evaluation, the evaluation will be repeated one month later
to confirm diagnosis to enroll the infant in an interventional study, and will be used to divide the
participants into two groups: ASD children or non-ASD children (typically developing). Typically
developing children will be followed until 36 months (see Figure 3) of age and their data will be
selected at the end of the study to provide the information for the matched control comparisons.

Additional behavioral assessments include Early Screening for Autism and Communication
Disorders and Repetitive Behavior Scale [55,56], Mullen Scales of Early Learning (MSEL) [57],
and Vineland Adaptive Behavior Scales (VABS) [58]. These assessments will take place at 24 and
36 months of age.
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Figure 3. Clinical trials—prospective multi-center observational study evaluating infants at risk of
ASD. 600 infants—newborns, less than 6 months of age—at risk, i.e., first-degree relatives of ASD
individuals, recruited in US, Italy, and Ireland (200 infants at each site, over a 3-year period). Ongoing.

2.2.3. Interventional Trial

This prospective, multi-center, open-label, uncontrolled study (Figure 4) evaluates the effects of
pre/pro/synbiotics supplementation started in infants between the ages of 18 and 36 months with a
diagnosis of ASD.

Figure 4. Interventional trial—prospective, multi-center, open-label, uncontrolled study to evaluate
the effects of pre/pro/synbiotics supplementation in infants with a diagnosis of ASD. Forty children
between the ages of 18 and 36 months diagnosed with ASD from the observational trial will be recruited
(with parental consent).

A minimum of 40 children diagnosed with ASD from the observational trial will be recruited
to the interventional trial, subject to parental consent. Each ASD infant will undergo a Positron
Emission Tomography (PET) scan of their brain, at the beginning and end of the interventional study,
to obtain information on the degree of neuro-inflammation and the potential effect of the intervention.
The presence/absence of GI symptoms will also be evaluated.

Clinical and laboratory assessments will be made at the time of enrollment, monthly for 3 months,
and then at the conclusion of the 6 month study.
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The study was approved by the relevant ethics committee of each enrolling country. In particular:
CE Campania Sud (IRB n.30/2019) for Italy; Partners Human Research (IRB ver.01/04/2019) for USA; and
Clinical Research Ethics Committee of Galway University Hospital (IRB n. C.A. 2127/19) for Ireland.
A written consent form will be signed by each participant or their legal representative. The clinical
trial was registered with the access number: NCT04271774 (https://clinicaltrials.gov).

2.3. Data Collection

The timetables of data and sample collection are shown in Supplementary Tables S1–S3 and in
Figure 3. Pre-screening may occur verbally via a telephone call or in person at a hospital clinic. Parents
who wish to enroll their infant in the study will provide proof of ASD diagnosis for the child with the
condition. Each clinical site will be responsible for its own data collection and management. Data will
be monitored remotely for completeness and coherence by the project management team. All data will
be collected through a secure, internet-based electronic capture system (REDCap) [59]. Participating
institutions will be granted access to the electronic storage module with all appropriate forms and
schedules pre-loaded. Each institution will only be able to view data for participants enrolled at their
site. The coordinating center will be granted access to unidentified data from all sites through the
electronic data capture system.

Parental and Child Questionnaires

An online questionnaire will be filled out by the family every month during the 6 months of
intervention. Moreover, it will be filled out by the family at 9, 15, 21, 27, and 33 months of age and
will include infant dietary data and the use of concomitant medication (vaccinations and antibiotics),
demographics, infant clinical history including but not limited to infections, onset of food intolerance,
and chronic stress. Parents will also be requested to complete the Aberrant Behavior Checklist (ABC)
at all visits and at 9 months. Assessment scales for infant development (Rome 3 Criteria GSRS,
ADOS-Toddler, Mullen scale, CGI-S, CGI-I) will be assessed, during the interventional trial, every
month for the first three months of the study, and three months later at the final 6-month study visit.

2.4. Serological Markers

2.4.1. Whole Blood

Blood sampling will take place at enrollment, 0–6 months post birth, and at 12, 18, 24, 30,
and 36 months of age. Blood for hematology, biochemistry evaluation, biomarker identification, and
genetic assays will be collected from infants fasting for at least 3 h. The blood collection procedure is as
follows: via umbilical cord for infants enrolled during gestation, or by heel sampling at enrollment
(at 0–6 months of at-risk infant age), 1 mL every 6 months from 12 months of age, and finally at
development of ASD or at the 36-month (observational study termination visit). The assays that will
be performed on blood include whole genome sequencing on infants that develop ASD. Furthermore,
DNA methylation (DNAm) will be measured among infants that develop ASD using samples obtained
at three time points: (1) enrollment, (2) the time of ASD diagnosis, and (3) the completion of the
interventional trial. In preparation for future testing, a biorepository will be established. A blood
sample will be taken after 12 months for peripheral blood mononuclear cell (PBMC) isolation and
immune profiling analysis.

Moreover, serum testing will take place at enrollment of the clinical study, 0–6 months post birth,
and at 12, 18, 24, 30, and 36 months of age. A quantity of 500 uL of serum will be taken from the infant
fasting for 3 h to evaluate serum zonulin (20 μL); serum IgA and IgG anti-gliadin and anti-casein
antibody determination (40 μL) by the ELISA method; serum pro-inflammatory cytokines, including
cIL-1, TNF-α, IFN-, IL-10, IL-12, IL-6, IL15, and IL-8 by Bioplex assay (75 μL) [60]; and cytokine gene
expression by RT-PCR.

If ASD is developed, whole genome sequencing of the infant and of both parents will be performed.
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2.4.2. Stool, Urine, and Saliva Samples

Every 3 months after enrollment, urine and stool samples will be collected at home and shipped to
the laboratory for biomarker assay. Because patient samples are divided according to the presence and
absence of a history of GI problems with an onset earlier than the initiation of toilet training, the aim is
to select children with a biological rather than psychological etiology of GI discomfort. The control
group includes fecal samples from age- and gender-matched control participants without previous
diagnosis of a neurodevelopmental disorder and without a history of GI problems. Exclusion criteria
for the use of patients and control samples include the use of psychotropic medication for the previous
6 months and antibiotics and/or probiotics for the previous 2 months.

Saliva samples will be taken for microbiome and glycome (the whole set of carbohydrates)
analysis. Moreover, when possible subsequent analysis/correlation with blood biomarker levels either
within this protocol or at a later timepoint will be performed. The saliva samples will be analyzed for
pro-inflammatory markers and for six inflammatory markers selected from a previous study [61].

3. Factor of Interest

3.1. Environmental

Birthing delivery mode, method of infant feeding, and introduction of solid food and allergen to
the infant diet could represent potential environmental factors causing ASD, so these will be recorded
for each enrolled participant [53,62,63]. A diary of antibiotic usage will be completed by the parents
monthly for the first year of life, and food diaries completed at the same time points will assess duration
of breastfeeding (or other preferred feeding mode).

After the first year of life, detailed, although less frequent, records of antibiotic use will be obtained
with each stool sample for the remaining duration of the study. Although the food diary will be
discontinued at this time, pertinent dietary habits of both the mother and child will continue to be
carefully recorded approximately every six months.

Moreover, details such as antibiotic exposure in early infancy, family living address, exposure to
pets, and gastrointestinal sporadic symptoms will also be recorded.

3.2. Genetics

Currently, ASD heritability based on mono- and dizygotic twins is estimated to be about
79–80% [64,65]. Concordance is higher in monozygotic twins than dizygotic twins.

First-degree relatives of ASD probands show behavioral or cognitive features associated with
autism intensification, such as language and social dysfunction, albeit in lesser forms [66], known as
“broader phenotype” [67–70].

ASD-related social impairments are heritable [71] and increase in unaffected parents and children
of autistic probands [72]. Several studies evaluating sub-threshold ASD traits in population cohorts
suggested that different components, separately representing language, social function, and repetitive
or stereotyped behaviors contribute to ASD [73–75]. Globally, these results suggest that ASD features
represent a continuum of function that may be inherited in distinct patterns. This is consistent with the
knowledge that specific genetic factors contribute to the development and function of specific brain
structures, and that distinct brain circuits may underlie different components of autism [76].

Moreover, several genetic syndromes, including Fragile X, Tuberous Sclerosis, Joubert Syndrome
and Smith Lemli Opitz, are known to cause, although with low penetrance, ASD-like symptoms [76,77].
This evidence further favors a genetic cause for ASD [78].

To assess the contribution of genetic risk factors, in combination with exposure and other omics
data, we will perform whole genome sequencing in all participants with ASD, in addition to their
parents. This will enable investigation of both common and rare variants that contribute to ASD risk.
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3.3. GI Microbiome and Metabolome

The complete understanding of the host-GI microbiome genomics is necessary for the prediction
of the activation of metabolic pathways linked with functional and clinical outcomes. Urine and
stool samples will be collected and analyzed for a metabolomic phenotype of the GI microbiota and
metabolomics profiles, including metabolites linked to bacterial activity in ASD. The metabolomic
profiles, exploratory semi-quantitative assays, and targeted quantitative assays will be conducted
throughout the study. Systems models of integrated metabolomic phenotypes will be created
with the statistically linked data between the microbiota and immune function. By conjoining
microbiota data and metabolomic data we will be able to understand the functions associated with GI
comorbidity of children with ASD and the ASD patient-derived microbiota. Dietary interventions
with pre/pro/synbiotics will be created based on the results found in the humanized mouse models
undergoing fecal transplantation with ASD-specific microbiota.

3.4. Immune Function

The peripheral blood mononuclear cells (PBMCs) will be harvested and studied for immune
functions. Standard flow cytometry will be used to measure monocyte and T-cell intracellular cytokine
patterns. By looking at the T cell populations in children with ASD with and without GI symptoms
we will be able to understand what cellular activation and functional alterations are present. Assays
performed on serum samples collected at clinical visits include: serum zonulin determination; serum
IgA and IgG anti-gliadin and anti-casein determination by the ELISA method; serum pro-inflammatory
cytokines, including IL-1, TNF, IFN, IL-10, IL-12, IL-6, IL-15, and IL-8 by Bioplex assay; and cytokine
gene expression by RT-PCR. Protein glycosylation is directly involved in nearly every biological
process presenting altered glycosylation as potential biomarkers in many human conditions including
inflammation, diabetes, rheumatism, cancer, and neurological disorders [79]. Serum immunoglobulin
glyco-signaturing will be performed using lectin microarrays and anti-glycan ELISA profiling. Saliva
samples will also be analyzed for proinflammatory cytokines and inflammatory markers selected from
a previous study [61], and altered glycan and glycation products.

4. Statistical Approach

4.1. Statistical Methods

Categorical data will be described using frequency counts and percentages, and continuous data
with mean, standard deviation, median, minimum, and maximum. Both parametric and non-parametric
methods will be used to analyze the data. All omics data will be preprocessed with appropriate
methods. The multi-omics analyses will be performed with statistical tests, regression models, and
more advanced methods such as sparse canonical correlation analysis and random forest analysis.
The false discovery rate (FDR) method will be used to adjust the p-values for multiple comparisons.
Statistical significance will be set at p < 0.05.

4.2. Power Analysis

We estimated a conservative drop-off of 20% based on our previous experience with similar
projects involving two cohorts of infants at-risk of celiac disease, one that has been followed for 10 years
with a 20% drop-off [52] and a second that has been followed up to 7 years with a 12% drop-off [53].
The final cohort will comprise approximately 500 at-risk infants. Expected prevalence of ASD at
18–24 months in first-degree relatives is 14.7% [9], so in this study we estimate 73 ASD diagnoses.
The expected prevalence of GI symptoms in an ASD population is 60% [80], so we anticipate 44 of the
73 ASD diagnosed infants to also present GI symptoms.
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4.3. Developing an Integrative Multilevel Model to Predict ASD

Path a: A causal path between the genetics and the final effect on the onset of ASD, with the
microbiome as the mediator (a1 × a2), so that the intestinal microbiome will be altered for the genetics
to ultimately influence the development of the disorder (microbiome-mediated epigenetic pressure).

Path b: A causal path of the microbiome’s effect on ASD mediated (b1 × b2) by the metabolic
activity of intestinal bacteria, which, through the production of metabolites, affects the intestinal
transcriptome and proteome. Including a bidirectional path between microbiome and metabolomics to
capture how metabolism could alter the microbial metabolism and ultimately the risk for ASD.

Path c: A bidirectional path between the transcriptome and the microbiome because their causal
relationship will depend on each other.

Path d: A direct relationship between lifestyle factors and the onset of the disorder mediated
(d1 × d2) by alterations in the microbiome.

Path e: The environment affecting the onset of the disorder as a mediator and affecting
the composition of the microbiome and resulting metabolome, in turn, influencing gene and
protein expression.

Full Model: Time points will be clustered within individual characteristics; analyzing all of the
paths listed above, individuals will be clustered within families, and families within regions.

5. Discussions and Conclusions

The implementation of primary prevention strategies for ASD via manipulation of the intestinal
microbiota represents a complete paradigm shift of treatment and prevention of ASD. The identification
of specific ASD metagenomics and metabolomics phenotypes can also help to define additional
biomarker-based diagnostic tools and therapeutic interventions. Additionally, GEMMA’s biorepository
will encourage future epigenetic studies and validation of biomarkers. Our findings may also impact
the prevention and treatment of other neuroinflammatory conditions.
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the enrolled participants.
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Abstract: This study aimed to verify noteworthy findings between genetic risk factors and autism
spectrum disorder (ASD) by employing the false positive report probability (FPRP) and the Bayesian
false-discovery probability (BFDP). PubMed and the Genome-Wide Association Studies (GWAS)
catalog were searched from inception to 1 August, 2019. We included meta-analyses on genetic
factors of ASD of any study design. Overall, twenty-seven meta-analyses articles from literature
searches, and four manually added articles from the GWAS catalog were re-analyzed. This showed
that five of 31 comparisons for meta-analyses of observational studies, 40 out of 203 comparisons
for the GWAS meta-analyses, and 18 out of 20 comparisons for the GWAS catalog, respectively,
had noteworthy estimations under both Bayesian approaches. In this study, we found noteworthy
genetic comparisons highly related to an increased risk of ASD. Multiple genetic comparisons were
shown to be associated with ASD risk; however, genuine associations should be carefully verified
and understood.

Keywords: autism spectrum disorder; false positive report probability (FPRP); Bayesian
false-discovery probability (BFDP); meta-analysis; Genome-Wide Association Studies (GWAS)

1. Introduction

Autism spectrum disorder (ASD) is a brain-based neurodevelopmental disorder characterized
by pervasive impairments in reciprocal social communication, social interaction, and restricted
and repetitive behaviors or interests, resulting in a substantial burden of individuals, families, and
society [1,2]. The repeated reports of recent increase in the prevalence of ASD have raised substantial
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public concerns. For example, in large, nationwide population-based studies, the estimated ASD
prevalence was reported to be 2.47% among U.S. children and adolescents in 2014–2016 [3–5].

Although the full range of etiologies underlying ASD remain largely unexplained, progress has
been made in the past decade in identifying some neurobiological and genetic risk factors, and it
has been well established that combination of genetic and environmental factors is involved in the
etiopathogenesis of autism [1,6]. There is a strong genetic background of ASD, which was demonstrated
by the fact that heritability is as high as 80–90% [7,8]. It is possible to estimate the heritability of ASD
by taking into the account its covariance within twins, as twins are matched for many characteristics,
including in utero and family environment, as well as other developmental aspects [7,9,10].

ASD is polygenic and genetic variants contribute to ASD risk and phenotypic variability. The
results of previous studies showed genome-wide genetic links between ASD [11,12]. They indicated
that typical variation in social behavior and adaptive functioning and multiple types of genetic risk for
ASD influence a continuum of behavioral and developmental traits.

To the best of our knowledge, this is the comprehensive study to summarize the loci that are
associated with ASD among the several known loci reported to be related with ASD. We have
synthesized all available susceptibility loci for ASD retrieved from meta-analyses regarding the
association between the individual polymorphisms and ASD. For the study, we reviewed observational
studies, Genome-Wide Association Studies (GWAS) meta-analyses, the combined analysis of GWAS
discovery and replication cohorts, the GWAS catalog and GWAS data from GWAS meta-analyses [13].
Furthermore, we applied a Bayesian approaches including false positive report probability (FPRP) and
Bayesian false discovery probability (BFDP) to estimate the noteworthiness of the evidence [14,15].
Using these popular Bayesian statistics (i.e., FPRP and BFDP), our study shows that the results of
genotype associations between the gene variant and disease were found to be noteworthy (genuine
associations). Through these methods, we selected only statistically meaningful values excluding
false-positive values and analyzed them again. We aimed to provide an overview to interpret the
statistical significance of reported findings and discuss the identified associations in the suggested
genetic risk factors for ASD.

2. Materials and Methods

This review was conducted following a registered protocol. The specified methods are available
on the PROSPERO database with the registration number CRD42018091704. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines of this review are shown in
Supplementary Table S1.

2.1. Experimental Section

2.1.1. Inclusion and Exclusion Criteria

Studies were included if they satisfied the following conditions: (1) estimated the risk of ASD in
humans using meta-analyses in terms of odds ratio (OR) and 95% confidence interval (CI); (2) published
in English. Articles were excluded if (1) they did not cover the subject of genetic polymorphism or
ASD; (2) did not have individual results for ASD; (3) did not use statistical methods of meta-analysis.

2.1.2. Search Strategy

A PubMed search was performed to extract data from meta-analyses regarding the gene
polymorphisms of ASD published until 1 August, 2019. Two of the authors (MJ Son and CY
Son) used the search terms (autism AND meta OR meta-analysis) and obtained relevant articles, first,
by scanning the titles and abstracts and, second, by reviewing the full-text (Figure 1). During the
selection process, all genetic, gen*, and related terms were included in the relevant articles. Any
disagreements were resolved by discussion and consensus. In the case of GWAS, the GWAS catalog
was additionally used, as well as PubMed, for a more precise search.
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Figure 1. Flow chart of literature search.

2.1.3. Data Extraction

From each article, we extracted the first author, year of publication, the number of individual
studies included, the number of cases and controls, and the number of families if a meta-analysis
included family-based studies, the type of statistical model (fixed or random) and study design. We
also recorded gene name, gene variants, genotypic comparison, OR with 95% CI, and the corresponding
p-value. We retrieved all the main data (preferably adjusted), and, for comprehensiveness we
additionally extracted subgroup analysis data if the main data were not statistically significant. When
data were incomplete, we contacted the corresponding authors for additional information.

Reported association was considered statistically significant if p-value < 0.05 for meta-analyses
of observational studies, and <5 × 10−8 for GWAS or meta-analyses of GWAS. Meanwhile, genetic
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associations with a 5 × 10−8 < p-value < 0.05 were defined as being of borderline significance in GWAS
or meta-analyses of GWAS. In addition, we recorded genetic comparisons with p-value < 5 × 10−8 for
our gene network, even when they were not re-analyzable due to insufficient raw data.

2.2. Statistical Analysis

Evaluations of the statistical significance of studies about genetic polymorphisms too often
inferred false positives, when the evaluations were solely based on p-value [15]. Therefore, to
clarify “noteworthy” association between re-analyzable genetic variants and ASD, we employed
the two Bayesian approaches: FPRP and BFDP [15]. We used the Excel spreadsheets created by
Wacholder et al. [15] and Wakefield [14] to calculate FPRP and BFDP, respectively. We computed FPRP
at two prior probability levels of 10−3 and 10−6 and used statistical power to detect two OR levels, 1.2
and 1.5, so that readers can make their own judgment about the evidence for each genetic variant.
BFDP is similar to FPRP but uses more information than FPRP [14]. Both prior probability levels were
chosen as one of the low and very low values of levels, respectively. We computed BFDP at two prior
probabilities levels, 10-3 and 10−6. We set the thresholds of noteworthiness of FPRP and BFDP to be
<0.2 and <0.8, respectively, as recommended by the original papers and highlighted corresponding
results in bold type [14,15]. Gene variants were determined to have a noteworthy association with
ASD if they satisfied both thresholds.

2.3. Construction of Protein-Protein Interaction (PPI) Network

We collected genetic comparisons either with noteworthy results under both FPRP and BFDP or
with p-value < 5 × 10−8 to establish a network of genes using STRING 9.1 (protein-protein interaction
network, PPI network) related to ASD [16]. Genetic comparison results, which show genome-wide
significance (p-value< 5× 10−8) or borderline significance (p-value< 0.05) with a noteworthy association
under both Bayesian approaches, were included. Any results with a p-value < 5 × 10−8 that were not
re-analyzable were also added in the network analysis. PPI networks provide a critical assessment of
protein function on ASD including direct (physical) as well as indirect (functional) associations.

3. Results

3.1. Study Characteristics

The initial PubMed literature search yielded 747 articles. Out these, 656 articles were excluded after
screening the title and abstract, and 64 articles were omitted after reviewing the full-text. Twenty-seven
studies were finally included for the re-analysis of observational studies, GWAS, and meta-analyses of
GWAS (Figure 1).

Additionally, 25 articles were searched on the GWAS catalog, but 14 articles did not meet the
criteria were excluded. Among the remaining 11 articles, five articles were not re-analyzable due to
insufficient raw data. Moreover, five articles were already included in our dataset from the PubMed
search. However, we retained three of the non-re-analyzable articles [17–19] since they satisfied the
cut-off value of statistical significance for our PPI network (p-value < 5 × 10−8). Out of the remaining
six articles, two were already in our dataset from the literature search from PubMed. Finally, four
articles from the GWAS catalog were manually added to 27 articles previously screened from PubMed,
leading to a total of 31 eligible articles [17–47] being included in the systematic review (Figure 1).

3.2. Re-Analysis of Meta-Analyses

This paper is divided into two parts: (1) the observational studies part, and (2) the GWAS part.
In the observational studies, all statistics were collected considering the overlapping, and results of
gene variants with/without statistical significance (Table 1, Supplementary Table S2). Even though
genetic variants examined in several studies, we excluded the studies if the data were not significant
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performed by FPRP or BFDP. In the GWAS part, data from previously published meta-analyses and
newly added data from the GWAS catalog were re-analyzed.

3.2.1. Re-Analysis of Meta-Analyses of Observational Studies

Among the 31 eligible studies, 19 were meta-analyses of observational studies, which corresponded
to 125 genetic comparisons. Thirty one out of 125 genotype comparisons were reported as being
statistically significant using the criteria of p-value < 0.05 as listed in Table 1.

Out of the 31 genotype comparisons (Table 1), three (9.7%), and two (6.5%) were verified to be
noteworthy (<0.2) using FPRP estimation, at a prior probability of 10−3 and 10−6 with a statistical power
to detect an OR of 1.2; seven (22.6%) and two (6.5%) were verified to be noteworthy (<0.2) using FPRP
estimation, at a prior probability of 10−3 and 10−6 with a statistical power to detect an OR of 1.5. In terms
of BFDP, five (16.1%) and two (6.5%) comparisons had noteworthy findings (<0.8) at a prior probability
of 10−3 and 10−6. Two single nucleotide polymorphisms (SNPs) were found to be noteworthy under
FPRP estimation only, and not under BFDP (Comparison T vs. C, SLC25A12/rs2292813 [20]; C vs. T,
SLC25A12/rs2292813 [24]). In contrast, none of the SNPs were identified to be noteworthy exclusively
under BFDP. Consequently, five out of 31 SNPs were found noteworthy using both FPRP and BFDP
(T vs. C, MTHFR C677T; T (minor), MTHFR C677T; Comparison G vs. A, DRD3/rs167771; C vs. G,
RELN/rs362691; A (minor), OXTR/rs7632287).

3.2.2. Re-Analysis of Meta-Analyses of GWAS

Seven GWAS meta-analyses and one study with a combined analysis of GWAS discovery
and replication added up to 203 genetic comparisons [30–34,46–48] with statistical or borderline
significant results. Out of 277 comparisons, 44 had p-value ≥ 0.05 (Table S2), none of which showed
noteworthy estimation of FPRP and BFDP with statistical or borderline significant results. From the 203
comparisons, only one (0.5%), MACROD2/rs4141463 A (minor allele), was statistically significant under
the genome-wide significance threshold (p-value < 5 × 10−8), while the remaining 202 comparisons
(99.5%) satisfied the criteria of borderline significance (5 × 10−8 < p-value < 0.05) previously defined.

We examined the 203 genetic comparisons with a genome-wide or borderline significance using
both FPRP and BFDP estimation. With FPRP estimation, forty-one (20.2%) and four (2.0%) were
assessed to be noteworthy at a prior probability of 10−3 and 10−6 with statistical power to detect an OR
of 1.2. Moreover, fifty-four (26.6%) and eight (3.9%) were identified as noteworthy at a prior probability
of 10−3 and 10−6 with statistical power to detect an OR of 1.5. Overall, forty genetic comparisons
(19.7%) were found noteworthy under both Bayesian approaches, which included a single genetic
comparison satisfying the conventional significance threshold of p-value < 0.05 (Table 2).
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3.2.3. Re-Analysis of Results from the GWAS Catalog and GWAS Datasets Included in the GWAS
Meta-Analyses

Genetic comparisons additionally extracted from the GWAS catalog were also re-analyzed (Table 3).
Among the 20 included comparisons, two (10.0%) genotype comparisons, MACROD2/rs4141463 and
LOCI105370358-LOCI107984602/rs4773054, extracted from the GWAS catalog were reported to be
significant with a p-value < 5 × 10−8. The remaining 18 comparisons were of borderline statistical
significance (p-value between 0.05 and 5 × 10−8).

While assessing noteworthiness, five (25.0%) and three (15.0%) were verified as being noteworthy
using FPRP estimation, at a prior probability of 10−3 and 10−6, respectively, with the statistical
power to detect a 1.2 OR. In addition, eighteen (90.0%) and four (25.0%) showed noteworthiness at a
prior probability of 10−3 and 10−6 with the statistical power to detect a 1.5 OR, respectively. In the
BFDP estimation, nineteen (95.0%) and two (10.0%) were assessed as being noteworthy at a prior
probability of 10−3 and 10−6, respectively. Finally, 18 genetic associations (95%) of both significant and
borderline statistically significant results were verified as being noteworthy under both the FPRP and
BFDP approaches. The total number of associations included two comparisons with genome-wide
significance (p-value < 5 × 10−8) and sixteen comparisons with borderline significance (p-value between
0.05 and 5 × 10−8).

In order to develop the analysis further, we extracted the GWAS data that was both statistically
significant and noteworthy under both Bayesian approaches, from the GWAS meta-analysis and GWAS
catalog. They were extracted from five articles [30–34], with 70 of the GWAS data being noteworthy
under both FPRP and BFDP. Results with noteworthy association are summarized in Table 4.
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3.3. Protein-Protein Interaction (PPI) Network

We established PPI networks related to the risk of ASD by filtering genes noteworthy under both
FPRP and BFDP or genes with a p-value < 5 × 10−8. We included the results of both re-analyzed
and non-re-analyzable genetic comparisons from meta-analyses of observational studies and GWAS,
GWAS included in meta-analyses of GWAS, and the GWAS catalog. The statistically significant results
of non-re-analyzable studies are presented in the Supplement Table S3.

The major genes that included a strong genetic connection were the myc-associated factor
X (MAX) network transcriptional repressor (MNT), oxytocin receptor (OXTR), nucleolar and
coiled-body phosphoprotein (NOLC1), peroxisome proliferator-activated receptor gamma related
coactivator-related 1 (PPRC1), pyruvate carboxylase (PC), methylenetetrahydrofolate reductase
(MTHFR), multiple epidermal growth factor like domains 10 (MEGF10), nuclear factor kappa B
subunit 2 (NFKB2), histone deacetylase 4 (HDAC4), etc. (Figure 2 and Table 5).

Figure 2. Protein-protein interaction network of ASD. There were 34 distinct genes with about 30
genetic connections among them. The thickness of the line connecting genes represents the score of
PPI interaction using STRING9.1 and the color of each gene represents the source of the data; orange,
GWAS data: green, GWAS catalog: purple, meta-analysis of GWAS: light green, meta-analysis of
observational studies.
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4. Discussion

To our knowledge, this study is the first study of ASD genetic risk factors, which assessed the
levels of evidence of the published meta-analyses showing the association between susceptible loci
and ASD. Overall, genetic comparisons with noteworthy results were confirmed as risk factors for
ASD. The genetic comparisons highly related to an increased risk of ASD might reflect the implication
in neurodevelopment and specific synaptogenesis of ASD.

According to the PPI network, composed of noteworthy results obtained when using both
Bayesian approaches, multiple genes were included as a risk factor for ASD. Investigating the lists
genes as a risk factor, promising candidates encoded the protein associated with neural development
and specification, and also with neurotransmitters and its receptors. These genes were RELN and
DRD3 from observational studies, and PC, OPCML, ERBB4, OR2M4, MEGF10, OR2T33, NMB, and
NOLC1, from GWAS. In line with our findings, previous reports have supported that the migration
and proliferation of neuronal cells is essential to understanding neurodevelopmental disorders such
as ASD or schizophrenia [49,50]. In addition, apart from anatomical approaches, genes correlated
with neuropeptides and receptors, such as those in the brain or hippocampus, also explain the
pathophysiology of the disease at a molecular level [51]. The list of genes included is presented in
Table 5.

The present comprehensive re-analyses shows that, although a large number of studies have
suggested numerous possible genetic risk factors for ASD, truly significant results are small and
a partial part of whole results. For instance, we detected false positive results in 26 out of 31
(83.9%) meta-analyses of observational studies and 163 out of 203 (80.3%) in meta-analyses of GWAS,
respectively. However, only a small portion of genetic comparisons with a p-value < 0.05 exhibited
noteworthy associations with ASD under both Bayesian approaches (Tables 1–4).

Moreover, we also detected that genetic comparisons with borderline statistical significance (5
× 10−8 < p-value < 0.05) accounted for 53 out of 126 (42%) noteworthy comparisons from GWAS or
meta-analyses of GWAS. These genetic comparisons might have been neglected if the p-value alone was
considered to determine noteworthiness. Using the two Bayesian approaches as we did, or relaxing
the current GWAS threshold as Panagiotou et al. suggests, might enable better interpretation of GWAS
results [48].

Based on the observational studies, out of 31 statistically significant genotype comparisons, five
(16.1%) were found noteworthy under both FPRP and BFDP: T vs. C, MTHFR C677T; T (minor),
MTHFR C677T; G vs. A, DRD3/rs167771; C vs. G, RELN/rs362691; A (minor), OXTR/rs7632287. From
the meta-analyses of GWAS, we could confirm that 34 distinct genes are noteworthy under both
Bayesian approaches with about 30 genetic connections. However, the fact that all three comparisons
with a p-value < 5 × 10−8—rs1879532 (Table S3), rs4773054 (Table 2), rs4141463 (Table 2)—displayed
noteworthiness may indicate that the stringent threshold of p < 5 × 10−8 is a good tool for verification
of the true noteworthiness of genetic risk factors.

There are several limitations in our review. First, we did not include studies that have not been
meta-analyzed, or meta-analyses that had insufficient data in our review. Secondly, we only included
the single findings of a meta-analysis with the lowest p-value per genetic variant. Therefore, we could
not consider potentially meaningful subgroup analyses for different ethnicity, location, gender, and
type of genotype comparison (i.e., random or fixed) when selecting a certain outcome. We focused
on whether the individual genotype variant was truly associated with ASD or not, regardless of the
specific type of the genotype comparison or ethnicity.

Our study has several strengths and implications. For example, to our knowledge, this is the first
study that simultaneously analyzed a sizeable amount of data about genetic factors including not only
GWAS but also the GWAS catalog. Despite the known high heritability of ASD and abundant research
in ASD that has focused on the underlying genetic causes, the literature on genetic risk factors for ASD
has not fully reached a consensus. This comprehensive review of genetic associations linked to ASD
may improve understanding of the strengths and limitations of each form of research, and advance
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better and novel approaches for examining ASD in the field of genetic research. The findings of this
study could provide mechanisms that may be explored for the development of novel neurotherapeutic
agents both for the prevention and treatment of ASD.

5. Conclusions

In conclusion, we synthesized published meta-analyses on risk factors of ASD to acquire
noteworthy findings and false positive results by adopting two Bayesian approaches for genetic
factors. We attempted to synthesize all meta-analyses on genetic polymorphisms linked to ASD and
found noteworthy genetic factors highly related to an increased risk of ASD. We also investigated
their validity by discovering false positive results under Bayesian methods. To verify results obtained
from genetic analyses, both approaches may have advantages, especially for interpretation of results
obtained from observational studies. We found noteworthy results from GWAS, not only with p-value
ranging between 0.05 and 5 × 10−8, but also from genetic variants within borderline significance rage
which were almost half of the genetic variants. This finding speculates that the genetic variants with
borderline significance needs to be further analyzed to determine what associations are genuine.
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Supplementary Table S1. PRISMA 2009 Checklist; Supplementary Table S2. Gene variants without statistical
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Abstract: A sound postural system requires sensorimotor integration. Evidence suggests that
individuals with Autism Spectrum Disorder (ASD) present sensorimotor integration impairments.
The Physiological Profile Assessment (PPA) can be used to evaluate postural capacity assessing
five physiological subsets (i.e., vision, reaction time, peripheral sensation, lower limb strength,
balance); however, no studies applied the PPA in young individuals. Therefore, this study aimed
to investigate the PPA in children and adolescents with ASD compared with age-matched typically
developing (TD) individuals and examine the relationship between the PPA subset within the ASD
and TD participants according to different age groups. Percentiles from the PPA were obtained from
the TD children and adolescents (n = 135) for each test. Performances of the individuals with ASD
(n = 18) were examined relative to the TD percentiles. ASD participants’ scores were above the 90th
percentile (i.e., poor performance) in most sensory, motor and balance parameters. Performance in
most of the PPA tests significantly improved with older age in the TD group but not in the ASD
group. The study findings support the use of the PPA in TD children and adolescents while further
research should investigate postural capacity in a larger ASD sample to enhance the understanding
of sensorimotor systems contributing to compromised postural control.

Keywords: autism spectrum disorder; neurodevelopmental disorders; assessment; sensorimotor
integration; postural balance

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder affecting ~1 in 59 with
four males diagnosed for each female in North America [1] and 1 in 87 children aged 7–9 years
in Italy [2]. According to the Diagnostic and Statistical Manual of Mental Disorders fifth edition
(DSM-5) [3], individuals with ASD are diagnosed based on some core features that manifest during
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the early developmental years. Deficits in social communication and social interaction are associated
with repetitive patterns of behavior, interests or activities that cause significant impairment in social,
occupational or other areas of functioning. In addition to these characteristic features, several motor
dysfunctions have been described in ASD children and teenagers including disruptions in motor
milestone development [4,5], clumsiness, impaired motor coordination, disturbance in reach-to-grasp
movements [6–8], deficits in gross and fine motor skills [9] and abnormal gait patterns [10,11] Postural
control impairments have also been reported in ASD individuals [12–17].

Postural control is a fundamental skill in daily human life for the ability to plan the coordination of
movement and in maintaining dynamic and static balance for social interactions [18]. Postural control
relies on the sensorimotor integration of various sources such as vestibular, visual and somatosensory
pathways and actual states [19]. Interestingly, children and adolescents with ASD appear to have
sensory processing that differentiate them from typically developing (TD) peers [20–22]. Individuals
with ASD exhibited deficits in functional balance and motor performance [14].

To date, studies of postural control in children with ASD have used standardized clinical tests to
assess gross motor proficiency in children such as the Movement Assessment Battery for Children-2
(MABC-2) [23] and the Test of Gross Motor Development [24], the Zurich Neuromotor Assessment [25]
and the Physical Neurological Examination of Subtle Signs (PANESS) [26] or force platform instrumental
approaches [13,27–29]. However, these tests have not integrated the multiple features of sensorimotor
parameters involved in postural control for the maintenance of balance.

Lord et al. [30] developed the Physiological Profile Assessment (PPA) for a comprehensive
assessment of sensorimotor functions related to postural capacity. The PPA assesses five physiological
systems, i.e., vestibular function, peripheral sensation, muscle force, vision and reaction time, which are
involved in the maintenance of stable and dynamic balance.

The PPA has been used on healthy individuals [31], subjects with neurological disorders to assess
postural impairments [32–34] and the elderly with musculoskeletal disorders [35]. This instrument,
based on interval scales [36], has been demonstrated to have psychometrically sound proprieties
with a lower administrative burden compared with biomechanical assessments using motion capture
and force platforms [30,33].

Although the PPA was successfully administrated in the adult population, no studies investigated
its applicability in younger individuals. Therefore, the first aim of this cross-sectional study was to
examine the sensory and motor functions involved in postural control in TD children and adolescents
and in age-matched individuals with ASD using the PPA. The second aim was to investigate
the relationship between each PPA subset within ASD and TD participants for each age group.
The preliminary results were presented in abstract form [37].

2. Materials and Methods

2.1. Participants

TD individuals were recruited from three public schools in the suburbs of a metropolitan city in
northern Italy. Children and adolescents with ASD were recruited from a Neuropsychiatric Institute
where ASD patients were followed. Inclusion criteria were as follows: age between 6 and 18 years and an
ASD diagnosis according to the DSM-5 criteria [3] confirmed through an Autism Diagnostic Observation
Schedule (ADOS-2) [38]. Exclusion criteria were neurological or orthopedic co-morbidities that might
influence the test performances, lack of compliance with the PPA, interruption of the assessments
and/or showing signs of irritation. Control participants (TD) were typically developing children
and adolescents aged between 6 and 18 years. Exclusion criteria were neurological, cognitive or
orthopedic impairments that might influence performance in the sensorimotor and balance tests
(e.g., the ability to sit, stand and ambulate independently).
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The study was conducted following the declaration of Helsinki and was approved by the local
Ethics Committee (Protocol Number: 3532017). All parents provided written, informed consent to
allow their child’s participation in the study.

2.2. Physiological Profile Assessment

All ASD and TD children and adolescents were assessed using the PPA [30]. The PPA is a
multi-item instrument that evaluates physiological domains contributing to postural control. The PPA
includes tests of vision, peripheral sensation, lower limb muscle strength, simple reaction time
and balance, which are detailed below. The assessment for ASD children was performed by two
residents in physical medicine and a rehabilitation clinician. TD children were assessed by six trained
residents in physical medicine and a rehabilitation clinician. All assessors were trained to administer
the PPA. The clinicians were not blind when performing the PPA with ASD and TD participants.
The researchers involved in the data analysis were blind.

2.2.1. Vision

Visual acuity was measured using a letter chart with high- and low-contrast (10%) letters.
Acuity was assessed binocularly with participants wearing their distance glasses (if applicable) at
a test distance of 3 m and measured in terms of the logarithm of the minimum angle resolvable in
minutes of arc (logMAR). Edge contrast sensitivity was assessed using the Melbourne Edge Test,
which presents 20 circular patches containing edges with reducing contrast. The lowest contrast patch
correctly identified was recorded as the participant’s contrast sensitivity in decibel units where one
dB = 10 log10 contrast. Depth perception was measured using a Howard-Dohlman depth perception
apparatus. This device presents two vertical rods; one is fixed and the other one can move forward
and back along a track using two strings. Participants are required to pull on the strings to adjust
the position of the movable rod to align it to the fixed one. Participants are seated three meters away
from the apparatus. The error in aligning the rods is recorded in centimeters. The average of four trials
was computed.

2.2.2. Peripheral Sensation

Tactile sensitivity on the dominant ankle was measured with a Semmes-Weinstein-type pressure
aesthesiometer. The filaments were applied to the center of the lateral malleolus of the ankle. Participants
were instructed that the filament would be placed on their ankle when the examiner said “A” or “B.”
If they felt the filament in contact with their skin, they had to report to the examiner whether they felt
it on “A” or “B.” The finest filament correctly detected was identified. Pressure (in grams) exerted by
this filament was converted to log10 0.1 mg, yielding a scale of approximately equal intensity intervals
between filaments. Proprioception was measured using a lower limb matching test that recorded
the difference (in degrees) in matching the great toes on either side of a vertical transparent acrylic
sheet inscribed with a protractor and placed between the legs. Participants were required to perform
the test with their eyes closed. The mean error of five trials was computed.

2.2.3. Reaction Time

Simple reaction time was assessed in milliseconds using a hand-held electronic timer and a light
as the stimulus and depression of a switch by the finger and the foot as the responses. A modified
computer mouse was used as the response box for the finger press task and a pedal switch was used for
the foot press task. Five practice trials were undertaken followed by 10 experimental trials. The mean
of these 10 trials was computed.

77



Brain Sci. 2020, 10, 681

2.2.4. Lower Limb Muscle Strength

Isometric knee extensor and flexor muscle strength were assessed on the dominant leg using a
spring gauge. The force of the knee extensor and flexor muscles was measured with the participant
sitting in a tall chair with a strap around the leg 10 cm above the ankle joint and the hip and knee joint
angles positioned at approximately 90 degrees. In three trials per muscle group, the subject attempted
to push/pull against the strap assembly with maximal force for 2 to 3 s; the greatest force for each
muscle group was recorded in kilograms. Ankle isometric dorsiflexion strength was assessed using a
footplate attached to a spring gauge. Participants were seated in a standard chair and their dominant
foot was secured to the footplate with the angle of the knee at approximately 110 degrees. The greatest
maximal dorsiflexion force (in kilograms) measured out of three trials was recorded.

2.2.5. Balance

Participants performed the balance tests barefoot using a swaymeter that measured displacements
of the body at the level of the waist. The device consisted of a 40 cm-long rod with a vertically mounted
pen at its end. The rod was attached to the subject by a firm belt and extended posteriorly for the tests
of postural sway and anteriorly for the tests of maximal balance range and coordinated stability.
Postural sway was assessed with eyes open and closed; first on a firm surface then on a medium
density foam rubber mat (15 cm thick). In each of the four conditions, the pen on the extremity of
the swaymeter recorded the subject’s sway on a sheet of millimeter graph paper fastened to the top of
an adjustable-height table as the subject attempted to stand as still as possible for 30 s. For each trial,
anteroposterior and mediolateral sway were recorded in mm and the sway area (anteroposterior x
mediolateral distances) was calculated in mm2. Limits of stability and control of the center of mass
(COM) movements were assessed using the maximal balance range and coordinated stability tests.
The maximum balance range test measured the limits of stability in the anteroposterior plane as
the participants were instructed to lean as far forward and as far back as possible without moving
the feet or bending at the hips. The test was repeated three times with the highest anteroposterior
range taken as the test result. The score was obtained by multiplying the distance in mm by a factor
that considered the average height per age [39] and the age of the subject. The coordinated stability
test required each participant to adjust their balance by leaning or rotating the body without moving
the feet so that the pen followed and remained within the borders of a 1.5 cm-wide convoluted track.
A total error score was calculated by summing the number of occasions that the pen failed to stay
within the path; five points were accrued for a cut corner and one for a crossed side. Participants
performed one practice trial before the experimental trial. A score corresponding to mean plus three
standard deviations calculated per age was attributed to the subjects unable to perform some subsets
of the PPA according to Lord, Menz and Tiedemann [30].

2.3. Statistical Analysis

The TD participants were divided into eight age groups (i.e., one group per year) that matched
the individual ages of the ASD participants: 6 years, 8 years, 11 years, 12 years, 13 years, 14 years, 16 years
and 18 years old. Data normality was confirmed through the visual inspection of quantile-quantile (Q-Q)
plots and Kolmogorov–Smirnov tests. Given the skewness of the data distribution, we used percentiles
for each PPA item and age group to obtain a reference database of TD children and adolescents.
We calculated the 10th, 50th and 90th percentiles for each performance and each age range. For some
parameters (edge contrast sensitivity, lower limb strength, maximum balance range test), the scale
was inverted so that all items scoring over the 90th percentile indicated poorer performance and those
scoring under the 10th percentile indicated better performance. For each test, we compared scores of
single ASD subjects with the scores obtained by TD subjects in the age-matched group. Spearman
correlations were used to assess correlations between the PPA performance scores and age in each
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group separately. Data were analyzed using SPSS version 25 for Windows (SPSS, Inc., Chicago, IL, USA)
and the p-value was set at <0.05.

3. Results

One hundred and thirty-five (100/35 male/female) TD children and adolescents were recruited
according the following age groups: 6 years (n = 11), 8 years (n = 16), 11 years (n = 21), 12 years (n = 12),
13 years (n = 14), 14 years (n = 24), 16 years (n = 18) and 18 years (n = 19).

Eighteen age-matched children and adolescents with ASD were enrolled (age: 12.4 ± 3.7 years;
16/2 male/female). Participants with ASD were age-matched according the following groups: 6 years
(n = 2), 8 years (n = 3), 11 years (n = 2), 12 years (n = 2), 13 years (n = 1), 14 years (n = 4), 16 years
(n = 3) and 18 years (n = 1) old. Their intellectual disability ranged from mild (n = 5), moderate
(n = 11) to severe (n = 2). Eight participants had an ASD severity level of 1, nine participants of 2
and one participant of 3. Analysis of the Autism Diagnostic Observation Schedule Calibrated Severity
Score (ADOS CSS) showed five participants had a score in the Autism Spectrum Disorder range
and 13 participants in Autism range. Detailed characteristics are shown in Table 1.

Table 1. Demographic and clinical characteristics of ASD subjects.

ID Age (yrs) Sex
Intellectual
Disability †

ASD Severity
Level † ADOS CSS

1 6 F mild 1 4
2 6 F mild 1 4
3 8 M mild 1 8
4 8 M mild 1 7
5 8 M moderate 2 6
6 11 M moderate 2 8
7 11 M moderate 2 7
8 12 M moderate 1 5
9 12 M moderate 2 7
10 13 M moderate 1 4
11 14 M moderate 1 4
12 14 M mild 1 6
13 14 M moderate 2 6
14 14 M moderate 2 6
15 16 M moderate 2 7
16 16 M severe 3 8
17 16 M severe 2 7
18 18 M moderate 2 6

Note: ADOS CSS = Autism Diagnostic Observation Schedule Calibrated Severity Score; M = male; F = female;
ASD= autism spectrum disorder; † = intellectual disability and level of severity of autism according to DSM-5 criteria.

The test took between 60 and 90 min; two participants (ID 16 and 17) completed the assessment in
two sessions. No TD participants or individuals with ASD reported fatigue during the assessment.

Figures 1–4 present performances of the ASD participants relative to the reference values
(percentiles) of age-matched TD participants for vision, sensation, reaction time, force and balance
tests, respectively. All percentiles for TD children and adolescents divided according to age groups can
be found in Supplementary Table S1.
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3.1. Vision

As shown in Figure 1, up to half of the ASD participants performed over the 90th percentile
corresponding with a worse performance in the following tests: visual acuity high-contrast (n = 8),
visual acuity low-contrast (n = 10), edge contrast sensitivity (n = 4) and depth perception (n = 6).
Conversely, only a few ASD participants performed below the 10th percentile, indicating better
performance in the following tests: visual acuity high-contrast (n = 4), visual acuity low-contrast (n = 2)
and depth perception (n = 1).

Three-quarters of ASD subjects (n = 13) scored above the 90th percentile in the test of tactile
sensitivity and one subject under the 10th percentile. In the test of proprioception, five subjects scored
over the 90th percentile and one under the 10th percentile (See Figure 2).

3.2. Reaction Time

Eleven ASD individuals had prolonged hand reaction time over the 90th percentile relative to TD
individuals and eight ASD individuals performed over the 90th percentile in the foot reaction time test.
Of note though, one child with ASD had foot reaction times under the 10th percentile (Figure 2).

3.3. Lower Limb Muscle Strength

As displayed in Figure 3 regarding ankle dorsiflexor muscle strength, four subjects scored over
the 90th percentile. For knee strength, six subjects scored over the 90th percentile for the knee extensor
muscles and 12 subjects for the knee flexor muscles.

3.4. Balance

As shown in Figure 4, between seven and 10 subjects performed over the 90th percentile in
the balance tests: sway on floor eyes open (n = 7), sway on floor eyes closed (n = 8), sway on foam
eyes open (n = 8), sway on foam eyes closed (n = 10), coordinated stability test (n = 11) and maximum
balance range test (n = 9). Conversely, three children performed under the 10th percentile for age in
both tests of sway on the floor, two children in the test of sway on the foam with eyes open and two
children in the test of sway on the foam with eyes closed and one child in the maximum balance range
test. Figure 5 depicts the subjects’ profile according to the percentile for each of the PPA subtests.
Notably, all ASD subjects showed poor performance at least in three subtests and all participants
showed poor performance in one of the balance tests.

3.5. Relationships between Test Performance and Age

In TD participants, all items of the PPA significantly correlated with age except for edge contrast
sensitivity, proprioception and sway on floor with eyes open and closed. In ASD participants,
only performance in the test of coordinated stability was significantly correlated with age. Correlations
are shown in Table 2.
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Figure 5. ASD subjects’ profile. Each ASD subject’s PPA performance box is colored with
the correspondence of range percentile. Light gray to dark gray corresponds with better to worse
performance. Abbreviations: yrs, years; VAhc, visual acuity high-contrast; VAlc, visual acuity
low-contrast; EC, edge contrast sensitivity; DP, deep perception; P, proprioception; TS, tactile sensitivity;
RTh, hand reaction time; RTf, foot reaction time; AD, ankle dorsiflexors force; KE, knee extensors force;
KF, knee flexors force; Sfl eo, sway on floor eyes open; Sfl ec, sway on floor eyes closed; Sfo eo, sway
on foam eyes open; Sfo ec, sway on foam eyes closed; CS, coordinated stability test; MB, maximum
balance range test. * indicates the percentile scale was inverted so that all items scoring over the 90th
percentile indicated poorer performance.

Table 2. Correlations between individual test performance and age.

ASD TD

Rho Spearman Rho Spearman

Visual acuity high-contrast −0.254 −0.415 **
Visual acuity low-contrast −0.021 −0.455 **
Edge contrast sensitivity 0.069 0.066

Depth perception 0.273 −0.294 **
Proprioception −0.072 −0.053

Tactile sensitivity 0.219 0.275 **
Ankle dorsiflexion force 0.338 0.677 **

Knee extensor muscle force 0.383 0.765 **
Knee flexors muscle force 0.361 0.883 **

Reaction time: hand 0.105 −0.698 **
Reaction time: foot −0.058 −0.770 **

Sway floor eyes open 0.320 −0.040
Sway floor eyes closed 0.330 −0.123
Sway foam eyes open 0.317 −0.319 **

Sway foam eyes closed 0.140 −0.218 *
Coordinated stability test −0.565 * −0.596 **

Maximum balance range test −0.298 0.288 **

Note: ASD = autism spectrum disorder; TD = typically developing;
* = correlation significant with p < 0.05; ** = correlation significant with
p < 0.01.
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4. Discussion

The results support the use of the five physiological measures of the PPA in TD children
and adolescents. The PPA was also successfully administered to a subset of individuals with ASD
during developmental ages. No fatigue and adverse events were reported from both groups.

We compared each PPA subtest between ASD and TD participants across age groups. Postural
impairments might have a significant impact on the development of perceptual motor skills and social
functioning in individuals with ASD [14]. According to Mergner’s multisensorial feedback model [40],
an efficient postural control system requires the interaction of sensory, motor and integration systems.
The central nervous system (CNS) integrates multiple inputs from visual, vestibular, proprioceptive
and tactile somatosensory systems. The CNS includes both predictive and adaptive components whose
regulation depends on a sensory reweight of the feedbacks enabling the human body to function
correctly against gravity and environmental perturbation forces [19]. A marked deficit in any one of
the feedback systems or a combination of mild impairments in multiple sensorimotor physiological
domains may lead to postural disorders [18]. Sensorimotor organization mutates during human
development [41] due to a variety of reasons including learning and aging processes that make
individuals reach adult assets at around the age of 13–14 years old [42]. However, individuals with
ASD appear to have patterns of sensory processing that differentiate them from TD peers [20–22].

As performances of the TD population in the sensory, motor and balance tests were entirely
consistent, percentiles were used to represent the variables’ distribution. Our approach overcame
the limitations of previous studies [14] by examining all components of balance systematically to obtain
a complete profile of postural control in individuals with ASD.

Within our study, the presence of intellectual disability could not be ruled out to justify the different
performances between TD subjects and participants with ASD. Therefore, the lower scores on the PPA
items may be a consequence of an underlying intellectual disability or a combination with the presence
of ASD. However, our sample was representative of a large subset of individuals with ASD. Notably,
Newschaffer et al. [43] estimated that 70–75% of children with ASD have an intellectual disability.

4.1. Vision

According to a narrative review of literature by Bakroon and Lakshminarayanan [44], 29 to 44% of
children and adolescents with ASD reported the presence of refractive errors. Here, half of our sample
of children and adolescents with ASD performed poorly in the tests of visual acuity, particularly when
the lighting conditions were poor (low-contrast). This result contrasts with the postulated superior
visual acuity (eagle vision) of ASD subjects reported by some authors [45–47]. In fact, in our study only
five ASD participants performed below the 10th percentile, which demonstrated a very high visual
acuity performance. For static contrast sensitivity, our findings seemed to corroborate those presented
in Simmons’ review [48] whereby there were no differences between ASD and TD performances.
As also noted by Simmons et al. [48], depth perception or stereopsis was apparently preserved but has
been scarcely studied; here, we found poor depth perception in more than a third of ASD participants.
The reasons for the disagreement between the findings reported in the literature and ours may include
different modalities of data collection (e.g., different tools to assess vision such as the Freiburg Acuity
and Contrast Test) [45]; some authors also outlined the role of visual attention and its importance in
visual integration [49].

4.2. Peripheral Sensation

Tactile sensitivity was inferior in our ASD population with three-quarters of participants scoring
above the 90th percentile and one performing below the 10th percentile. Our results are in agreement
with the literature [50,51] although a recent review questioned the high prevalence of tactile processing
dysfunction in ASD [52]. It pointed out the difficulty to assess tactile sensitivity due to the subjectivity of
clinical assessments, the heterogeneity of ASD cohorts and the diversity of tactile sensitivity measures;
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although it mostly concerns pain stimulation, another potential confounder to consider relates to
emotional-affective conditioning in sensitivity tests [53]. Here, we used an aesthesiometer to be
more accurate. One-quarter of ASD participants performed poorly in the test of proprioception.
Similar to other sensory systems such as vision, the literature on the integrity of proprioception in
ASD is conflicting. Some studies have reported altered proprioception [54] while others do not [55];
such discrepancies can be partly attributed to the variety of the test modality used. Notably, we tested
proprioception in the leg, which has more relevance to standing postural control but is not as commonly
investigated as in the upper limbs. In synthesis, the peripheral sensation was impaired in the ASD
participants with most participants showing clear deficits in tactile sensitivity at the ankle and fewer
underperforming in the proprioception assessment.

4.3. Reaction Time

We assessed simple reaction time with both the lower and upper limbs in individuals with
ASD. More than half of our participants performed above the 90th percentile in the tests of simple
reaction time at the finger and the foot, confirming previous reports of slow processing speed in ASD
individuals [56]. Some studies [57–59] have also shown an increased response time variability in ASD
but these works considered ASD subjects with Attention Deficit Hyperactivity Disorder. We might
conclude that children and adolescents with ASD are slower compared with age-matched TD peers.

4.4. Lower Limb Muscle Strength

Over a quarter of the children and adolescents with ASD presented muscle weakness in at least
one of the three lower limb muscle groups we investigated. Such deficits in muscle strength are likely
to contribute to the altered gait patterns reported in ASD [60]. Interestingly, all of the adolescents
with ASD aged 13 years and above presented evident knee flexor muscle weakness compared with
age-matched TD peers. These older participants also included individuals with higher levels of
intellectual disability and increased ASD severity. Interestingly, Kern et al. [61] reported that handgrip
strength in children with ASD was related to the severity of the disorder.

4.5. Balance Tests

Our results for the sway tests with eyes closed are in line with most studies that showed increased
postural sway of ASD subjects under these conditions [16,62,63]. Poor performance in the tests of
coordinated stability and maximum balance range reflects the difficulty individuals with ASD have
to control their center of mass at the limits of their stability [64]. Although the prevalence of balance
problems in ASD is well acknowledged, explanations regarding the causes of the postural stability
deficits diverge. For example, some authors outline the role of anxiety on postural instability [65] while
others attribute the problem to poor cognition [66]. Nevertheless, most of the debate lies in whether
postural deficits are related to sensorimotor or integrational problems. In fact, a body of literature
suggests that rather than poor perceptive ability, failure in the integration of visual, somatosensory
and vestibular information could be the primary contributors to poor balance [28]. While we agree
that sensory integration needs to be considered, our findings demonstrate that poor performances in
the single sensorimotor tests administered clearly impact on postural control in ASD.

4.6. Correlation with Age

The second aim of this work was to determine if the correlation between age and physiological
parameters was similar for TD and ASD children and adolescents. Spearman correlation coefficients
calculated for all variables showed a marked difference between the groups. In fact, TD participants’
performances improved with increasing age in most components of the PPA (except for edge contrast
sensitivity, proprioception and sway on floor eyes open and closed) while for ASD participants,
only the coordinated stability test performance was significantly correlated with age. Our findings
support previous reports that tactile sensitivity [67], visual acuity [68] and reaction time [69] improve
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with increasing age in children and adolescents but disagree with those regarding contrast sensitivity [68]
and proprioception [70,71]. In these latter studies, proprioception was assessed in the forearm while here
proprioception was evaluated in the leg. To this end, our findings suggest that most balance-influencing
parameters mature with age but not in ASD.

4.7. Limitations

We acknowledge that our work has some limitations. The first is that we did not collect
the intelligence quotient for all participants in this study. We therefore cannot make firm conclusions
regarding the potential contribution of cognition on sensorimotor integration and balance in the ASD
sample. The second limitation involves the significant amount of interpersonal interactions between
the participant and the examiner required to conduct the PPA, which might have affected the testing
given communication issues are inherent to ASD. Third, the duration of the PPA could also deter
individuals from participating. Finally, the reduced sample sizes of the age-matched individuals
with ASD may affect the generalizability of the postural findings to the ASD population. Moreover,
we recommend that future studies should investigate postural capacity in individuals with ASD
compared with different populations matched on the degree of intellectual disability.

5. Conclusions

In conclusion, our findings support the applicability of the PPA in TD children and adolescents.
Moreover, the PPA was successfully administered to a subgroup of age-matched individuals with ASD.

The normative data provided for the TD children and adolescents can be used in clinical
and research settings for assessing postural capacity. Although preliminary, the subset data from
participants with ASD may contribute to the understanding of postural impairments in developmental
disorders. Interestingly, we found a reduced balance performance and age-related development
progress decreased in individuals with ASD. Further studies in a larger sample size should investigate
sensorimotor integration for postural control using the PPA in individuals with ASD as well as study
each postural domain across age groups and ASD severity.
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Abstract: Autism spectrum disorder (ASD) occurs in 1 in 160 children worldwide. Individuals with
ASD tend to be unique in the way that they comprehend themselves and others, as well as in the way
that they interact and socialize, which can lead to challenges with social adaptation. There is currently
no medication to improve the social deficit of children with ASD, and consequently, behavioral
and complementary/alternative intervention plays an important role. In the present pilot study,
we focused on the neuroendocrinological response to participatory art activities, which are known to
have a positive effect on emotion, self-expression, sociability, and physical wellbeing. We collected
saliva from 12 children with ASD and eight typically developed (TD) children before and after
a visual art-based participatory art workshop to measure the levels of oxytocin, a neuropeptide
involved in a wide range of social behaviors. We demonstrated that the rate of increase in salivary
oxytocin following art activities in ASD children was significantly higher than that in TD children.
In contrast, the change rate of salivary cortisol after participatory art activities was similar between
the two groups. These results suggest that the beneficial effects of participatory art activities may be
partially mediated by oxytocin release, and may have therapeutic potential for disorders involving
social dysfunction.

Keywords: autism spectrum disorder; oxytocin; cortisol; group activity; stress; art
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1. Introduction

Autism spectrum disorder (ASD) is estimated to occur in 1 in 160 children worldwide [1];
ASD tends to begin in childhood and tends to persist for life. Deficits in social skills are the defining
symptoms of ASD [2], which greatly impede the ability of individuals to function in community settings
throughout their lives. Effective social interaction is essential for building friendships and avoiding
unnecessary aversive interactions with peers during the early years, while communication with
coworkers and customers is necessary for successful work performance in adults. Thus, social deficits
are likely to lead ASD individuals to socially withdraw or isolate. Despite these serious consequences of
social deficits in ASD, there is currently no medication to attenuate the impairment of social behaviors.

Moreover, in many cases, depression and anxiety accompany social deficits and other core
symptoms of ASD such as repetitive behaviors and a narrow range of interests [2,3]. Therefore,
numerous studies have focused on the hypothalamic–pituitary–adrenal (HPA) axis with regard to
level of cortisol (CORT), which is frequently used as a stress biomarker [4]. The HPA axis is a highly
regulated system that enables stress adaptation and diurnal rhythm, and CORT is secreted when the
HPA axis is activated [5,6]. Previous studies have shown that in children with ASD, diurnal rhythm of
CORT differs from that in typically developed (TD) children; in addition, children with ASD exhibit
hyperresponsive CORT secretions in the social evaluative context or social situations [7]. Dysfunction
of the HPA axis has been shown to negatively affect mental health in TD children and children with
ASD [3,8]. Thus, management of stress in children with ASD may help decrease the risk of a concurrent
mental disorder.

Recently, the therapeutic use of oxytocin (OT), which has a diverse role in mammalian social
behaviors, has gained increasing attention. OT is a nonapeptide produced by the hypothalamic neurons
in the brain. It is released to the bloodstream to reach peripheral organs or within the hypothalamic
and other limbic regions of the brain [9]. The involvement of OT in social recognition, selective social
bonding, attachment, anxiety, and stress coping has been demonstrated in a considerable amount of
animal studies [9,10]. Indeed, mice that have a deficiency in OT release, such as OT null mice or CD38
knockout mice, are unable to recognize previously encountered conspecifics [11,12]. Furthermore,
OT has been shown to be important for mate-bonding in monogamous prairie voles [13], as well as
in parent-infant bonding in prairie voles, sheep, and primates [14,15]. The OT system is activated in
stressful, challenging, and threatening conditions, and functions to facilitate stress coping [9]. OT has
also been implicated in human emotions and social behaviors [14]; for instance, physical interaction
between parents and infants increase endogenous OT in both the mother and father, and the increase
in OT correlates with the level of affectionate behavior of the mother [15].

Exogenously administrated OT has been shown to modulate social behaviors, stress, and anxiety
both in healthy individuals and in patients with neuropsychiatric disorders [16]. Moreover, intranasal
administration of OT affects social perception, in that it improves discrimination of facial
expressions [17,18] and increases the gaze to the eye region [19]. In addition, OT application
has been previously shown to enhance feelings of trust [20] and generosity [21]. Thus, the peripheral
application of OT has been considered a potentially effective therapeutic treatment for autism and
schizophrenia; however, recent clinical trials have shown conflicting results [22]. Although this is in
part due to the underpowered design of the trials, the use of exogenous OT as a therapeutic agent is
questionable given it has low blood brain barrier permeability and metabolic stability in plasma [23].
Therefore, nonpharmacological interventions that increase endogenous OT are needed to ameliorate
the social deficit of patients with ASD, especially those that can effectively stimulate the release of OT
in the brain.

The World Health Organization (WHO) recently summarized how art-based interventions can help
improve health and well-being, as well as contribute to the prevention of, and recovery from mental and
physical illness [24]. Participatory art, in which participants engage in creative activities during social
interaction, is known for its beneficial effects on physical health and emotional well-being [25,26]. In fact,
the experience of participating in the creative process itself improves mental health conditions, thereby
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building resilience, boosting social and communicative skills, and improving self-confidence [26–28].
More broadly, such activities are included in social prescribing, an emerging intervention modality that
has garnered interest and attention in the academic and clinical communities [29]. With participatory
art, as well as social prescribing, the approach to treating various health ailments is holistic and
practical, whereby activities such as art, exercising, and gardening are supervised by trained specialists,
many of whom are nonclinicians [30]. Because ASD is a neurodevelopmental disorder for which no
specific intervention has been established, such activities may provide valuable coping mechanisms
across the life span for those affected and their families.

In the present study, we conducted the preliminary study to investigate whether the salivary OT
level changes following participation in visual art-based activities in ASD and typically developed
(TD) children. Because ASD individuals often struggle to adapt to changes or a new environment,
we also measured the salivary CORT level, which is often used as a psychological stress biomarker.
To the best of our knowledge, this is the first study to assess the neuroendocrinological changes in
individuals who have taken part in participatory art activities.

2. Materials and Methods

2.1. Participants

For this study, 10 TD children (aged 8–9 years) and 13 children (8–13 years) with ASD were
recruited. All the children were volunteers; however, all children did not participate in all five sessions
of visual art-based participatory workshops, and the data from children who participated less than
twice were not used for analysis. Four boys and 4 girls, aged 8–9 years, who were TD and 11 boys
and 1 girl, aged 8–13 years, who had ASD were analyzed (Table 1). ASD was diagnosed by children’s
psychiatrists or pediatricians, who used criteria from the American Psychiatric Association’s Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) or Fifth Edition
(DSM-V) or from the International Statistical Classification of Diseases and Related Health Problems,
10th edition (ICD-10). The evaluations included IQ testing, behavioral observation, and questionnaires;
depending on the child, the Childhood Autism Rating Scale (CARS), Autism Diagnostic Observation
Schedule (ADOS), Diagnostic Interview for Social and Communication Disorders (DISCO), or Pervasive
Developmental Disorders Autism Society Japan Rating Scale (PARS) was used.

Table 1. Age, mean scores of Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical
Examinations-Questionnaire (ESSENCE-Q) and education for each group of children.

TD ASD

Numbers 8 (male: 4, female: 4) 12 (male: 11, female: 1)

Age 96–119 months 113–162 months
mean: 107, SD: 6.9 mean: 135, SD: 16.7

ESSENCE-Q Yes: 0.4, Maybe/A Little: 0.1/0.3 Yes: 2.83, Maybe/A Little: 1.58/2.83

Education regular class regular or special needs classes or
special education support classes

The participants’ parents were asked to respond to the Early Symptomatic Syndromes Eliciting
Neurodevelopmental Clinical Examinations-Questionnaire (ESSENCE-Q) in order to screen the current
status of TD children and children with ASD. The ESSENCE-Q is a brief screening questionnaire
established specifically for the purpose of shortening the identification process of a wide variety of
neurodevelopmental problems [31].

Among the children with ASD, 10 were enrolled in either regular or special needs classes at local
schools in Japan. The other 2 children in this group were students at special support education schools.
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2.2. Ethics Statement

The study was approved as a noninvasive medical study by Kanazawa University Graduate
School of Medicine in 2018 (approval number #2790-2). The study was performed according to the
Declaration of Helsinki and the Ethical Guidelines for Clinical Studies of the Ministry of Health,
Labor and Welfare of Japan. After the children and their parents had been given a complete explanation
of the study, they provided written informed consent. The participants were informed that they could
choose not to supply their saliva on each occasion, even after agreeing to participate in the study.

2.3. Visual Art-Based Participatory Art Workshop

During the visual art-based participatory art workshops, participants created their own original
stories and made characters and props with different kind of materials. Then participants used the
Smoovie application on an iPad (Apple, Inc., Cupertino, CA, USA) to make their own movies with
short stop-motion animation. The subjects of their stories varied from their everyday life to the objects
that surrounded them; the theme of the project was fully participant led. The aim of this workshop
was to let the participants express themselves as freely as possible and not to make them feel as if they
were working on a school task or a job. We provided arts and crafts materials that stimulated different
senses—paper (colored, textured, plain; different weights of paper), fabric (patterned, textured),
tape (washi tape, colored tape), soft clay (colored, neutral), soft construction material (bubble wrap,
wrapping material, cardboard), glue (hot glue gun, glue stick), paint, colored pens, and decorative
material (sequins, gems, buttons).

The facilitators and supporters of the art workshop set up a comfortable venue, prepared the tools,
explained how to use them, and provided a variety of materials. The art workshops conducted in this
study were facilitated by a visual artist and supported by the art faculty, students from the University
of the Arts, and a staffmember who is licensed in special education. During the activity, the organizers
interacted with the participants as and when appropriate and encouraged them throughout the creative
processes of generating ideas and producing animations.

2.4. Assessment

The visual art-based participatory art workshops were held five times between 22 July–10 August
in 2018 and 2019. The workshops in 2018 were held from 14:30–16:30, while those in 2019 were held
from 14:00–15:30. Sessions for TD children and ASD children were organized separately. The saliva
samples were collected within 10 min of arrival, and just after the participatory art was finished.
The percentage of salivary OT or CORT for each session was determined as (concentration after
session/concentration before session) × 100. The total number of sessions analyzed before and after
the art workshop and the percentage after the workshops for TD and ASD group were 33 and 42,
respectively. The personal average percentage after the workshops was calculated as a mean percentage
of all the sessions that each child participated (8 subjects for TD group and 12 subjects for ASD group).

2.5. Saliva Collection and Analysis

The saliva samples (0.3–1.0 mL) were collected in a sterile 50 mL polypropylene tube (Greiner
Bio-one Co. Ltd., Tokyo, Japan), and were immediately placed in ice for storage at −20 ◦C. Three to
5 days later, the samples were thawed and centrifuged twice at 4 ◦C at 1500× g for 10 min. The samples
were divided into 1.5-mL microtubes, each containing 100 μL, and kept again at −80 ◦C until required
for the assay. The salivary OT level was measured using a 96-plate commercial OT-ELISA kit (Enzo Life
Sciences, Farmingdale, NY, USA), as described previously [32–34]. The measurements were performed
in duplicate. Samples (100 μL) without fractionation were treated according to the manufacturer’s
instructions. The optical density of the samples and standards was measured at wavelengths of 405 nm
by a microplate reader (Bio-Rad, Richmond, CA, USA). The salivary CORT level was measured using a
cortisol enzyme immunoassay kit (Salimetrics, State College, PA, USA) as previously described [35].
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Samples (25 μL) were treated according to the manufacturer’s instructions. The optical density of the
samples and standards were measured at wavelengths of 450 nm by a microplate reader (Bio-Rad,
Richmond, CA, USA). Measurements were performed in duplicate. Sample concentrations were
calculated according to the relevant standard curve. The intraassay and interassay coefficients were
<12.4% and <12.1%, respectively.

2.6. Statistical Analysis

Statistical analysis was performed using Prism 8 software (GraphPad Software Inc.,
San Diego, CA, USA). Wilcoxon rank-sum tests were used to compare the levels of salivary OT or
CORT of TD children with children with ASD before and after each visual art-based workshop session.
The Mann–Whitney U test was used to compare the average percentage of OT or CORT of TD children
with children with ASD after each session. Two-tailed student’s t test was used to assess the personal
average percentage of salivary OT or CORT after each session in which a child participated. All data
were calculated as means ± standard errors of the means. In all analyses, p < 0.05 was considered
statistically significant.

3. Results

The salivary OT level after each session of visual art-based participatory art workshop showed a
significant decrease in the TD group (before, 161.5 ± 19.4 pg/mL, after 136.6 ± 16.0 pg/mL; p = 0.015)
(Figure 1a), whereas there was no significant difference in the ASD group (before 167.9 ± 17.9 pg/mL,
after 175.5 ± 16.4 pg/mL; p = 0.880) (Figure 1a). However, the average percentage of salivary OT after
each session of the ASD group was significantly higher than that of the TD group (TD, 90.8% ± 6.9%;
ASD, 127.9% ± 11.8%; p = 0.024) (Figure 1b). Also, the personal average percentage of salivary OT
after each participated session of the ASD group was significantly higher than that of the TD group
(TD, 88.4% ± 4.8%; ASD, 134.5% ± 15.6%; p = 0.03) (Figure 1c).

The concentrations of salivary cortisol were not significantly different before and after the
participatory art workshop in either the TD or ASD group (Figure 2a). No significant difference was
observed between the TD and ASD groups with regards to the average percentage after each session,
and/or in the average percentage of personal salivary CORT after each session (Figure 2b,c).
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Figure 1. The salivary oxytocin levels before and after participatory art workshops. (a). Salivary
oxytocin level before and after each session in the typically developed (TD) children and those with
autism spectrum disorder (ASD). Note that not all children attended all five sessions of the art
workshop (total number of sessions analyzed: 33 for the TD children and 42 for the children with
ASD). (b). Percentage of salivary oxytocin in the TD children and those with ASD after each session.
Note that not all children attended all five sessions of the art workshop (total number of sessions
analyzed—33 for the TD children and 42 for the children with ASD). (c). Personal average percentage
of salivary oxytocin level after each session in the TD and ASD groups (number of children assessed:
TD, n = 8; ASD, n = 12). Data are mean ± sem. * p < 0.05.

 

Figure 2. The salivary cortisol level before and after participatory art workshop. (a). Salivary cortisol
level before and after each session in the TD and ASD groups. Note that not all children attended
all five sessions of the art workshop (total number of sessions analyzed—33 for the TD children and
42 for the children with ASD). (b). Percentage of salivary cortisol after each session in the TD and
ASD groups. Note that not all children attended all five sessions of the art workshop (total number of
sessions analyzed—33 for the TD children and 42 for the children with ASD). (c). Personal average
percentage of salivary cortisol level after each session in the TD and ASD groups (number of children
assessed: TD, n = 8; ASD, n = 12). Data are mean ± sem.
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4. Discussion

The current trial was a pioneering study to assess salivary OT and CORT concentrations in ASD
and TD children in response to a positive social activity, participatory arts. Although we could not
detect a statistical difference in OT levels after each session in the ASD group, the average percentage
of salivary OT after each session, and the personal average percentage of salivary OT after each session
were increased in ASD children. However, no significant difference in the cortisol level was detected
before and after participatory art activities in either the ASD or TD group. Since the cortisol level did
not change significantly during the participatory art activities, we suggest that OT is released as a
result of positive social activities, rather than a response to stress.

Because all the children participated voluntarily in the visual art-based participatory art workshop,
the TD children were expected not to feel anxious or stressed about their participation, and we initially
assumed that their OT levels would increase after participatory art activities. However, the OT level
decreased instead. As the CORT level in TD children did not change significantly, the decrease in the
OT level may not be a result of the stress response. Because both groups of children enjoyed the art
activities, the results suggest that the TD children may have felt driven to complete their artwork,
which corresponded with a decrease in the OT level afterwards. A decrease in OT levels has been
suggested to reflect a reduction in social qualities of attention or, more broadly, in social interaction [36].
In our case, the decrease in the TD group may correspond to a shift in attention upon completion
of their work. The children with ASD, on the other hand, required the experience to form a part of
their routine over the course of the workshop attendance and may have gained more pleasure out
of the process of creativity. It has been reported that attention systems are disrupted and atypical in
children with ASD [37]. It is possible that our participants with ASD required more sessions than
the TD children in order to understand the structure of the workshops and to focus on their creative
activities. Alternatively, there might have been an increase in the OT level in TD children during the
activities, but the time course may have differed from that observed in the children with ASD. Larger
sample sizes and further follow up will allow a better understanding of the process.

Our preliminary study had several limitations. First, the study was designed to examine the
immediate OT response of participatory art activity. Although the percentage change of OT level
was increased in ASD children, we failed to show a statistical difference in the salivary OT level
before and after each of the workshop due to the modest sample size and the large variance in the OT
concentration. Therefore, it is necessary to conduct a further trial with a larger sample size of ASD
children to obtain reliable data. Second, we did not include any psychological, emotional, or behavioral
measurement that may be relevant to the OT response. As shown in Figure 1c, there is a diverse
variability in the personal percentage change in ASD children compared to the TD children; as a result,
we need to conduct a further study to elucidate the correlation between the traits of children and
the OT responsiveness to participatory art activities. Third, it is worth pointing out that our study
did not include a control condition in order to disentangle the potential effect of participatory art
from other more generic activities involving crafting or animation making. Such a control could have
simply involved being in the premise for the workshop sessions, as in a wait-list group. However,
each workshop typically required the entire duration of the children’s visit in terms of staff cover and
their families who need to fit in taking and collecting their children. Staffs and participants were all
volunteers and we faced several practical difficulties which prevented from adding this important
aspect to our design this time. We will be mindful for exploring options for adding the control in our
future work.

The WHO recently summarized how art interventions can help improve health and well-being,
and can help to prevent both mental and physical illness [24]. They also stated that while art is
conceptually difficult to define, it is important to verify the effectiveness of art. Indeed, although a
wide variety of studies use diverse methodologies, these are often based on psychological tests or
subjective feedback. Our study aimed to capture the fluctuations in the neuroendocrine response to
participatory art activities. In the future study, we will investigate the association of the neuroendocrine
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response and the traits of children in order to elucidate for whom and in what aspect participatory
art activities can be effective. We will also evaluate the effectiveness of participatory arts activities in
the long term. Further, experience in multi-sensory processing has been showing some promising
results in children with autism spectrum disorders [38]. Given that crafting and creative activities are
familiar and popular in typical as well as atypical development, it would be an important agenda to
study the therapeutic role of multi-sensory experiences involved in activities such as participatory
art. Ultimately, we would like to utilize our research findings related to the use of neuroendocrine
responses in combination with psychological, emotional, or behavioral measurement to establish a
method to verify the effectiveness of participatory art activities.

In the current study, ELISA was used to measure the saliva OT concentrations; however, with this
technique, there remains the issue of antibody specificity. The antibody may not only detect the free
form of the target analyte, but different forms, such as precursors and metabolites, or a form within
other protein complexes. These phenomena may partially explain the differences in values observed
between different ELISA kits, as well as between ELISA and HPLC-MS or radio immunoassay. Indeed,
our detected OT concentration range is one digit higher than that reported by other studies [15,39,40].
However, since we have detected the relative change in salivary OT in the context of physical
interaction and/or in social interaction [32,34,41], although the values may not be reflecting the absolute
physiological value of free OT, the relative change in monitored values are likely to be comparable.

In conclusion, the current experiment was designed to assess salivary OT and CORT concentrations
in ASD and TD children in response to participation in visual art-based activities, since art is known
to improve mental and physical health and overall quality of life. We demonstrated increased OT
release after participatory art activities that was unrelated to the stress response. Thus, our case study
is the first to show the biological link between the social experience of participatory art and its positive
psychosocial effects.
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Abstract: Background: Telehealth is useful for both autism spectrum disorder (ASD) diagnosis
and treatment, but studies with a direct comparison between teletherapy and traditional in-person
therapy are limited. Methods: This randomized control trial—ISRCTN (International Standard
Randomised Controlled Trial Number) primary clinical trial registry ID ISRCTN15312724—was
aimed at comparing the effect of a tele-assisted and in-person intervention based on a behavioral
intervention protocol for families with children affected by ASDs. Forty-two parents with children
with autism (30 months to 10 years old) were randomly assigned to 12 sessions of an applied
behavioral analysis (ABA) intervention implemented in an individual and group setting, either with
or without the inclusion of tele-assistance. Pre- and postintervention assessments were conducted
using the Home Situation Questionnaire (HSQ-ASD) and the Parental Stress Index (PSI/SF). Results:
Substantial improvements in the perception and management of children’s behavior by parents,
as well as in the influence of a reduction in parent stress levels on said children’s behavior through
the use of a tele-assisted intervention, were obtained. Conclusions: This randomized controlled trial
demonstrates the evidence-based potential for telehealth to improve treatment of ASDs.

Keywords: telehealth; ASD; ABA; behavioral intervention; RCT

1. Introduction

Social communication deficits and restricted and repetitive interests and behaviors are the core
symptom domains of autism spectrum disorders (ASDs) [1,2]. In addition, language, perceptual
and sensory processing abnormalities, as well as delays in ASD detection and access to care during
the crucial toddler years, remain unique challenges [3,4]. Nevertheless, intensive evidence-based
treatments supported by parent-mediated interventions are crucial to obtain improvements in the
developmental trajectories and functional outcomes of children with ASDs [5]. Telehealth represents
a new technology able to emphasize the strengths of current treatment methods [4,6], mainly because
it offers: (i) possible remote diagnostic methods with a consequent reduction in the delay in ASD
detection; (ii) a continuous and ubiquitary access to care for families with children with autism; (iii) the
chance to directly involve family members in the child’s development by actively applying effective
parent-mediated interventions.
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Telehealth is defined by the Global Health Observatory (GHO) of the WHO as the delivery of
healthcare services, where patients and providers are separated by distance [7]. Information and
communication technologies are used to interact directly with both clinicians and algorithms. Telehealth
is also used for exchanging information to enable the diagnosis and treatment of diseases and injuries,
as well as for improving patient access to quality, cost-effective, health services, wherever they may be.
It is especially relevant for vulnerable groups [7].

Telehealth is a delivery model demonstrating the potential to deliver early intervention services
effectively and efficiently, thereby improving access and reducing the impact of resources shortages
in underserved areas. The use of a telehealth delivery model facilitates interdisciplinarity and services
coordination, and it also makes possible the consultation with specialists not available within a local
community [8].

Despite the undeniable advantages of telehealth and the interest in exploring the feasibility of
implementing telehealth-supported behavioral interventions, the number of papers suggesting its
effectiveness with children or adults with ASDs are extremely limited in the literature [3,6,9–12].
Recent findings of a scoping review [3] show the potential for telehealth to improve access for the
assessment and diagnosis of ASDs, even in the very early diagnostic stages. A recent systematic
literature review analyzed 28 studies reporting how telehealth is useful for both diagnosis and
treatment in the case of ASDs [9], and the authors concluded that more research is needed before
considering telehealth as an efficacious evidence-based treatment model. This seems mainly due to
the shortage of direct comparisons between on-site and online teletherapy with ASDs [6]. The most
widely used implementation is parent training programs for families with children with ASDs in order
to increase their knowledge about the condition, to suggest behavioral intervention strategies to
manage the children’s inadequate behaviors in everyday life, and to recommend psychotherapy for
parents to ameliorate their emotional burden and to reduce their stress levels. In various studies,
the objective of telehealth has been to make parents competent, as well as to ensure that they are able
to perform a functional analysis of their children’s behavior and to learn functional communication
techniques. Such objectives are usually achieved through dedicated remote training with the support
of educational videos, web-based programs, and weekly videoconferencing coaching sessions with
an operator [3,9–12]. The results show that, in the case of direct training with a behavioral analyst,
parents become competent and increase their ability to perform a functional analysis and to use
functional communication techniques. Thus, telematic tools become effective, acceptable, and usable
for the parents [3,6,9,12–17]. The application of these techniques by parents makes it possible to reduce
the inadequate behavior of children, with a peak reduction greater than 90%, and to improve the
children’s social communication skills.

2. Materials and Methods

To contribute to the growing research of telehealth applied to ASDs, in this paper, we aimed
to investigate the feasibility and efficacy of a tele-assisted parent-mediated intervention for children
with ASD in the context of an applied behavior analysis (ABA)-based treatment [9,18]. We compared,
in a randomized controlled trial (RCT), the efficacy of the parent-mediated intervention that was
delivered via telehealth or in-person approaches. The RCT is registered with ID ISRCTN15312724
at the ISRCTN (International Standard Randomised Controlled Trial Number) primary clinical trial
registry—http://www.isrctn.com/ISRCTN15312724. Using tele-interventions, we aim at reducing
parental distress due to commute time, strict schedules and unfamiliar environments. Furthermore,
we aim to create a higher family engagement in the therapy and foster skills generalization in the
home context.

We hypothesize that the parents of children on the autism spectrum randomly assigned to the
tele-assisted intervention will perceive (1) a decrease in the severity of disruptive and noncompliant
behavior in their children after the intervention and (2) that their children become easier to manage
compared to children on the autism spectrum who undergo the intervention without telehealth
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assistance, and that he/she will show (3) lower parental distress and (4) improvements in the parent–child
functional interaction.

The tele-assisted intervention was designed and implemented through a web platform,
providing video conference tools and ABA assignments for parents that included cues, prompts,
and reinforcements. The tele-assisted intervention was planned by chartered ABA psychotherapists,
well-experienced in parent coaching and treatment, who delivered the intervention to both
groups. The psychotherapists were teamed with bioengineers who implemented the intervention
protocol via a web platform. The web platform was developed within the G Suite, a suite of cloud
computing, productivity, and collaboration tools, software, and products developed by Google
(https://gsuite.google.com).

2.1. Applied Behavior Analysis Therapy for Autism Spectrum Disorders

The ABA method studies particular dynamic interactions between the organism and its
environment, and this method has been adapted to improve challenging behaviors in children
with ASDs [18,19]. ABA therapy for autism is usually administered with a high intensity and used to
achieve specific, measurable goals [19]. In this field, ABA is based on behaviorist theories that state that
simple and complex behavior can be taught through a system of rewards and consequences. Most of
the time, this therapy is intended to “extinguish” undesirable behaviors and to teach desired behaviors
and skills.

ABA focuses on a behavioral approach, making it possible to simultaneously improve behavioral,
cognitive, social, and communicative skills [19,20]. This system uses “reinforcement” (i.e., rewards) to
motivate children with autism to learn new skills, as well as multiple trials that start with a prompt
(i.e., antecedent) to execute the desired behavior. ABA therapy starts with an evaluation to determine
a child’s challenges and strengths in the areas of behavior, cognition, communication, and social
interactions. Then, the ABA therapist sets appropriate goals for the child and recommends a particular
number of hours of therapy per week.

The basic structure of an ABA intervention is a set of repeated behavioral trials consisting of an
antecedent, behavior, and consequence in discrete trial training (DTT) implementation, while in natural
environment teaching (NET), the motivators are selected by the preferences of the children during
natural social interactions, while any attempt at compliance is rewarded [21].

Overall, systematic reviews [18,19,21,22] have demonstrated that ABA interventions show
promising evidence in terms of efficacy and are a viable intervention for individuals on the autism
spectrum, both in telehealth and in-person [9,23], although the variability of the study designs,
the heterogeneity of the participants’ clinical presentation, and the methodological limitations reduce
the generalizability of study findings.

ABA protocols in children and adults on the autism spectrum are individually delivered, with the
involvement of family members or in a group-based format. While individual ABA protocols ensure
a better personalization of the therapy objectives and strategies to the specific needs and skills of the
single subject, group-based ABA interventions take advantage of the influence of social interaction,
promoting experience-sharing, improving self-acceptance, and supporting insights of both personal
strengths and impairments.

2.2. Inclusion Criteria

The inclusion criteria were as follows: (1) parents of children aged between 30 months and
10 years; (2) a clinical diagnosis of an ASD for the children of the recruited families based on the
Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition (DSM-5) criteria from a licensed
clinical child neuropsychiatrist; (3) DSM-5 severity scores from moderate (level 2) to severe (level 3) in
both the social communication and the restricted interests and repetitive behaviors domains; (4) not
being on psychiatric medication; (5) not receiving any other intervention directly related to behavioral
skills during the trial.
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All children had a previous diagnosis that was further confirmed through the assessment and the
consensus of the experienced professionals on the research team (i.e., a child neuropsychiatrist and
a clinical psychologist).

2.3. Participants

Families were recruited as part of an ongoing research program and were tested at our clinical
facilities. We enrolled N = 88 parents of 44 children with ASDs, aged 30 months–10 years. A first
screening based on inclusion criteria was implemented, and n = 74 parents of children with ASDs were
eligible; n = 36 (30:6 male/female) children fully met the entry criteria and their parents were enrolled
in the present study (Figure 1).

Figure 1. Subject recruitment, assignment, and assessment procedures.

Parents were randomly assigned to the tele-assisted group (TG) or to the control group (CG),
applying exactly the same protocol without telehealth assistance. A randomized block design was
used to ensure that intervention groups were balanced with respect to gender, age, and developmental
quotient (DQ). Finally, another 30 parents were excluded due to missing data. There were no dropouts
during the interventions. Data were complete for N = 20 parents (9:11 males/females) of N = 11 children
(9:2 males/females; mean age in months = 69.6; standard deviation (SD) = 32.9; mean DQ = 68.8;
SD = 21.4) in the CG and for N = 22 parents (10:12 males/females) of N = 12 children (10:2 males/females;
mean age in months = 69.1; SD = 22.5; mean DQ = 63.8; SD = 16.9) in the experimental group (Table 1).

Table 1. Demographic and clinical characteristics of the sample.

CG (n = 20) TG (n = 22) Comparison between Groups

Preintervention Variables M SD M SD M SE t d.f. * p-Value

Child Demographic Age in months 69.6 32.9 69.1 22.5 0.509 8.79 0.058 33.1 0.945
DQ 68.8 21.4 63.8 16.9 4.93 5.99 0.822 36.1 0.416

Outcome Variables

PSI/SF

PD 30.1 9.31 31.8 10.5 −1.77 3.05 −579 40.0 0.566
P−CDI 28.6 9.41 29.4 7.09 −0.809 2.59 −0.312 35.2 0.757

DC 38.2 6.79 40.0 8.50 0.245 2.36 0.104 39.4 0.918
Total 96.9 13.8 99.2 11.7 −2.33 3.97 −0.588 37.6 0.560

HSQ-ASD
SI 3.10 1.69 3.68 1.50 −0.577 0.495 −1.17 40.0 0.251
DS 2.48 1.41 2.46 1.60 0.026 0.465 0.056 40.0 0.956

Total 2.67 1.34 2.92 1.42 −0.258 0.427 −0.604 40.0 0.549

Developmental Quotient (DQ); Mean (M); Standard Deviation (SD); Standard Error (SE); Parental Stress Index/Short
Form (PSI/SF); Home Situation Questionnaire-ASD Version (HSQ-ASD); Parental Distress (PD); Parent–Child
Dysfunctional Interaction (P–CDI); Difficult Child (DC); * equal variance not assumed.

All of the above-mentioned children were attending mainstream public schools for 27 h a week,
with a special teacher for 10–12 h. All children were Italian.

All children were scored at or above the clinical cut-off on the Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2), module three. The child psychologist collected information from
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parents concerning developmental milestones (including joint attention, social interaction, pretend
play, and repetitive behaviors, with an onset prior to 3 years of age) and current behaviors.

2.4. Intervention Protocols

The protocol consisted of three consecutive phases. In phase I, all of the enrolled parents
received 12 2 h-long plenary sessions of informative parent training about ASD characteristics and
ABA/behavioral principles. The intervention protocol then consisted of two consecutive sections of
12 weeks each, i.e., phases II and III. The present study reports the results of the phase III comparison
between CG and TG groups.

Phase II lasted 12 weeks. In phase II, all of the enrolled parents received 2 h/week of
group behavioral therapy administered in homogeneous groups (based on the developmental age,
target behaviors, and ASD level of their children). In this phase, all of the children of the enrolled
parents received 1 h/week of one-to-one ABA therapy, where parents were allowed and invited to
observe the therapists during treatment sessions.

Phase III lasted 12 weeks. In phase III, the intervention protocol consisted of the administration of
2 h/week of tele-assisted one-to-one behavioral parent training and coaching to participants belonging
to the TG, while 2 h/week of in-person one-to-one behavioral parent training and couching was
administered to participants belonging to the CG.

All of the therapies were administered by a clinical psychologist with a postmaster’s degree
in behavioral modification and analysis. Considering the usual ABA protocols last 25–40 h/week,
our protocol can be considered to be low intensity. Testing the efficacy of low-intensity protocols,
mediated by parents in natural environments, is of the utmost importance to develop more
efficient implementations.

2.5. Ethics

All subjects gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved
by the Ethic Committee of the Research Ethics and Bioethics Committee (http://www.cnr.it/ethics) of
the National Research Council of Italy (CNR) (Prot. N. CNR-AMMCEN 54444/2018 01/08/2018). All of
the parents of the children who took part in the study gave their consent to participate in this study,
signing a written consent form.

2.6. Outcome Measures

The outcome measures for all of the TG and CG participants were assessed during the weeks
before and after the intervention sessions (week 1 and week 12 of phase III, respectively). The general
measures were assessed by direct observations of the parents. The primary outcome measurement tools
were the Home Situation Questionnaire (HSQ-ASD) [24] and the Parental Stress Index (PSI/SF) [25,26],
both of which are objective measures of the perception and influence of children’s behavior on the
psychological state of their parents. The investigators who assessed the outcome measures were blinded
to intervention allocation. There were no significant differences between the prephase III outcome
measures of either group (Table 1).

2.6.1. Home Situation Questionnaire (HSQ-ASD)

The HSQ-ASD is a caregiver-rated scale designed to assess the severity of disruptive and
noncompliant behavior in children. Its modified and revised version for ASD consists of 27 items
describing different situations or settings that are common for children on the spectrum. Parents are
asked to indicate whether their children have problems with compliance in these situations and,
if so, to rate the severity on a 0–9 Likert scale, with higher scores indicating greater non-compliance.
Factor analysis of the questionnaire yielded two distinctive 12-items subscales: (1) Social Inflexibility
(SI) (α = 0.84) and (2) Demand-Specific (DS) (α = 0.89) [24]. The first subscale comprises items regarding
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compliance with changes in daily social routines, while the second one is related to demand avoidance
for daily living tasks. The two subscales are moderately correlated (r = 0.51). The subscale totals’
test–retest reliability were all significant with r = 0.57 for socially inflexible, r = 0.58 for demand specific,
and r = 0.57 for the combined total. Convergent validity was assessed with previously known scales.
HSQ-ASD was correlated with scales measuring problem behaviors and daily living skills, while was
not correlated with IQ or communication skills.

2.6.2. Parental Stress Index/Short Form (PSI/SF)

The PSI/SF is a self-assessment questionnaire designed for the early identification of factors that
can compromise the normal development of a child. The Italian validation of the test affects only
the short form (PSI/SF), which derives directly from the extended form, since it contains all entries
with identical words. The test is based on the hypothesis that the stress that a parent experiences
is the joint result of certain characteristics of their children, the parents themselves, and a series of
situations closely related to their parental role. Data relating to the mother have been added to the
short form, including age, marital status, education, and profession. This test investigates three main
domains of stressors, namely, those associated with the characteristics of the children, those of the
parents, and those of situational-demographic events. The short form is composed of 36 items, divided
into three subscales: (1) Parental Distress (PD), which taps into parental feelings; (2) Parent–Child
Dysfunctional Interaction (P–CDI), which focuses on the perception of the child as not responding
to parental expectations; (3) Difficult Child (DC), which is centered on some of the characteristics of
the child that make it easy or difficult to manage. The expected time to complete the questionnaire
was between 10 and 15 min [25]. Raw total scores above 90 or 33 on the PD and DC subscales and
above 27 on the PCDI subscale are considered clinically elevated. Test–retest reliability coefficients
of the total stress score have been reported to be r = 0.84, for the PD subscale r = 0.85, for the PCDI
subscale r = 0.68 and for the DC subscale r = 0.78. For the internal consistency of the PSI/SF, reports for
total stress have been α = 0.91, for PD α = 0.87, for PCDI α = 0.80 and for the DC subscale α = 0.85.
A subsequent study on parents of ASD children [26] found a similar internal consistency: PD α = 0.91,
for PCDI α = 0.85 and for the DC subscale α = 0.82 and α = 0.91 for the total score.

2.7. Statistical Analysis

After having controlled for multivariate analysis of covariance (MANCOVA) assumptions of
normality using the Shapiro–Wilk test and homogeneity using Box’s M test of the equality of covariance
matrices, parametric statistics were applied in order to analyze the group effects on the intervention.
Levene’s test of equality of error variances was performed post hoc.

Total HSQ-ASD and PSI/SF scores were used as primary outcome measures, while the single
subscales were used as secondary measures. Group and parental gender were used as factors, while
child age and DQ, together with the preintervention variables, were used as covariates. A two-sided
test with an alpha level of 0.05 was used, after adjustment using the Šidák correction for multiple
comparisons. Sensitivity analysis was performed using G*Power 3.1 for MANOVA with 2 groups and
2 factors and 4 covariates. With a total sample size of 42, we can identify large effects with sizes with
f 2(U) > 0.631. To increase the confidence in the results, we computed 95% bias-corrected confidence
intervals for our data using a bias-corrected and accelerated (BCa) bootstrap (n = 1000).

Finally, to further explore the intervention effects, as an ancillary analysis we also used a paired
t-test between pre- and postintervention variables for each group separately.

The raw data for each participant comprising the demographics and assessment, HSQ-ASD and
PSI/SF preintervention and postintervention scores (Table S1), as well as the complete statistics for the
assumptions (Tables S2–S5), are provided in the Supplementary Materials, together with the complete
analysis of covariance (ANCOVA) for the secondary outcomes variables (Tables S6 and S7), in order to
provide an analytical picture of the sample distribution and to allow replicability.

SPSS software (v. 26, IBM Corporation, Armonk, NY, USA) was used to run statistical analyses.
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3. Results

The demographic and clinical characteristics of the sample are reported in Table 1. No significant
differences between the TG and the CG were found with respect to any demographic or clinical variable
(Table 1).

The multivariate test found no effect of age, DQ, or parental gender on the outcome variables.
There was a statistically significant effect in the outcome variables PSI/SF, F(2, 33) = 39.9, p < 0.001
(Wilk’s Λ = 0.293, ηp

2 = 0.707) and HSQ-ASD, F(2, 33) = 3.59, p = 0.039 (Wilk’s Λ = 0.821, ηp
2 = 0.179).

There was also a significant effect of the experimental group, F(2, 33) = 11.7, p < 0.001 (Wilk’s Λ = 0.586,
ηp

2 = 0.414) (Table 2). Univariate analyses led to a significant effect of the group on both outcome
variables: PSI/SF (M = 8.28, standard error (SE) = 1.91; F(1, 34) = 18.7, p < 0.001, ηp

2 = 0.355) and
HSQ-ASD (M = 0.742, SE = 0.358; F(1, 34) = 4.30, p = 0.046, ηp

2 = 0.112) with a larger decrease in the
TG (Table 3).

Table 2. Multivariate tests for primary outcome variables.

Effect Wilks’ Λ F(2, 33) p-Value ηp
2 Obs. Power

PSI/SF 0.293 39.9 <0.001 * 0.707 1.00
HSQ-ASD 0.821 3.59 0.039 * 0.179 0.624

Group 0.586 11.7 <0.001 * 0.414 0.990
Parental Gender (PG) 0.976 0.406 0.669 0.024 0.110

Group × PG 0.978 0.378 0.688 0.022 0.106
Intercept 0.830 3.37 0.046 * 0.170 0.596

Age 0.955 0.785 0.464 0.045 0.172
DQ 0.994 0.103 0.902 0.006 0.064

Developmental Quotient (DQ) i.e., Griffiths Mental Development Scales III total score; Parental Stress Index/Short
Form (PSI/SF); Home Situation Questionnaire-ASD Version (HSQ-ASD); Design: Intercept + Age + DQ +PSI + HSQ
+ Group + PG + Group × PG. * p < 0.001.

Table 3. Univariate Analysis for primary outcome variables.

Source Dependent Variable Hyp. df df Errors MS F p-Value ηp
2 Obs. Power

Group PSI/SF 1 34 686 18.7 <0.001
* 0.355 0.988

HSQ-ASD 1 34 5.50 4.30 0.046 * 0.112 0.522
Parental Gender PSI/SF 1 34 30.2 0.824 0.370 0.024 0.143

HSQ-ASD 1 34 0.010 0.005 0.946 0.000 0.051
Group × PG PSI/SF 1 34 11.1 0.305 0.586 0.009 0.083

HSQ-ASD 1 34 0.660 0.517 0.477 0.015 0.108

Mean Square (MS). Design: Intercept+Age+DQ+PSI+HSQ+Group+Parental Gender+Group. * Parental Gender.

Extending the analyses to the subscales, we found no interaction among the secondary outcome
variables and age, DQ, or parental gender. All subscales had a significant multivariate effect (Table S6).
Univariate effects for group differences were significant for PD (M = 4.93, SE = 2.16; F(1, 31) = 5.23,
p = 0.029, ηp

2 = 0.145), SI (M = 4.92, SE = 0.386; F(1, 31) = 5.69, p = 0.023, ηp
2 = 0.155), and DS (M = 1.16,

SE = 0.383; F(1, 31) = 9.23, p = 0.005, ηp
2 = 0.229), while barely significant for P–CDI (M = 3.82, SE = 1.92;

F(1, 31) = 3.94, p = 0.056, ηp
2 = 0.113) and not significant for DC (M = 0.173, SE = 2.63; F(1, 31) = 0.004,

p = 0. 948, ηp
2 < 0.001).

Finally, we analyzed the two groups separately; as shown in Figure 2 (and Table 4), the TG displayed
a significant improvement in PSI/SF, t(21) = 5.10, p = 0.001, with a decrease in stress of 7%. Conversely,
the CG showed no significant change—t(19) = −1.19, p = 0.241. Likewise, the postintervention
total scores of the HSQ-ASD decreased by 20% in the TG (Figure 3). The paired t-test indicated
a significant improvement in the TG, t(21) = 2.32, p = 0.035, but not in the CG, t(19) = 0.145, p = 0.890.
All children in the TG improved. Complete descriptive statistics of outcome variables are reported
in the Supplementary Materials (Tables S8 and S9).

The complete raw data (Table S1) and pre- and postphase III results for each participant are
reported in the Supplementary Materials (Tables S2–S9).
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Figure 2. Box-plot of postphase III gains for Control Group (CG) and Tele-assisted Group (TG) in the
Parental Stress Index/Short Form (PSI/SF) Test.

 

Figure 3. Box-plot of postphase III gains for gains for control group (CG) and tele-assisted group (TG)
in the Home Situation Questionnaire-ASD Version (HSQ-ASD) Test.

Table 4. Pre- and postphase III comparison of outcome measures for control group (CG) and tele-assisted
group (TG) separately.

Group Test Factor MD SE t df BCa 95% Difference C.I. p-Value

CG

PSI/SF

PD −0.450 2.03 −0.225 19 −4.46 - 3.26 0.844
P−CDI 1.65 2.13 0.777 19 −3.27 - 5.89 0.464

DC −3.00 2.34 −1.30 19 −7.45 - 1.79 0.225
Total −1.80 1.44 −1.19 19 −4.53 - 0.797 0.241

HSQ-ASD
SI 0.050 0.172 0.288 19 −0.230 - 0.422 0.778
DS 0.140 0.227 0.596 19 −0.250 - 0.573 0.542

Total 0.020 0.133 0.145 19 −0.208 - 0.275 0.890

TG

PSI/SF

PD 3.13 1.75 1.80 21 −0.176 - 6.16 0.090
P−CDI 3.68 1.22 3.02 21 1.17 - 6.32 0.010 *

DC 0.227 2.50 0.091 21 −5.39 - 5.26 0.919
Total 6.95 1.34 5.10 21 4.57 - 9.67 0.001 *

HSQ-ASD
SI 0.823 0.393 2.06 21 0.036 - 1.53 0.052
DS 1.03 0.351 2.90 21 0.378 - 1.69 0.012 *

Total 0.863 0.367 2.32 21 0.137 - 1.57 0.035 *

Mean Difference (MD) between pre- and postintervention for each scale; Standard Deviation (SD); Standard
Error (SE); Parental Stress Index/Short Form (PSI/SF); Home Situation Questionnaire-ASD Version (HSQ-ASD);
Parental Distress (PD); Parent–Child Dysfunctional Interaction (P–CDI); Difficult Child (DC); Bias Corrected
Accelerated Bootstrap (BCa). * p < 0.05.
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4. Discussion

In this study, the feasibility and efficacy of a tele-assisted ABA intervention program for families
with children with ASDs was described and evaluated in a randomized controlled trial. To the
best of our knowledge, this study is one of the first to focus on a tele-assisted ABA intervention
program [9]. The intervention consisted of informative group parent training, behavioral group therapy,
and individual therapy, engaging parents in behavioral interactive play activities with their young
children, aged 3–10, with or without the addition of tele-assistance.

We found an effect of the tele-assisted intervention group on the parents’ stress levels and
perception of the disruptive and noncompliant behavior of their children. This can be inferred by
a significant change in the PSI/SF scores in the TG with a mean decrease of 8.28 points (−8.39%),
in comparison to the CG and HSQ-ASD scores by the TG with a mean decrease of 0.742 points (−28.1%).

We found an increased ability of parents belonging to the TG to face stress, as highlighted by
the PD subscale (−4.93 points; −16.1%), in comparison to the CG, and to cope with their children’s
inadequate behaviors, as pointed out by a significant decrease in the SI (−0.920 points; −30.1%) and DS
(−1.16 points; −49.5%) subscales and as suggested by the barely significant effect of the P–CDI subscale
(−3.82 points; −14.2%).

Interestingly, we found no change in the judgment of the difficulties associated with a specific
child (DC subscale, as well as if both the parental stress was reduced and the children’s behaviors were
perceived as improved). This result is not surprising, given that our experimental intervention focused
on teaching parents coping and interactional skills to manage challenging behaviors, rather than to
change their perception regarding their children’s temperament. The strength of this study is also
its limitation. Focusing on parental perception allowed us to better understand it, but in order to
generalize the results and to assess the therapeutic efficacy of the protocol, future replication should
also assess behavioral changes through direct and independent measures.

We had no parents drop out during the trial. All of the parents in the TG demonstrated high
interest in the web-based platform and sustained motivation throughout each experimental session.
Unfortunately, 40% of the parents did not complete all of the pre- and post-tests and were therefore
excluded; thus, increasing the parents’ collaboration not only for the therapy sessions, but also to
complete the tests would be important for future replications. Participants identified several benefits
associated with telehealth including its flexibility, reduction in commute time, access to providers,
and more family engagement. Parents and children experiencing the tele-assisted sessions showed
the usually demonstrated parent–child interactions at home, especially initiating and sharing play
activities. This is in line with the previous literature reporting how effective, acceptable, and usable
ubiquitous communication technology is for the parents [27–29]. Moreover, as reported by themselves,
all parents in the TG spontaneously practiced the learned lessons at home subsequent to the tele-assisted
intervention, just as is usually reported by parents following in-person parent coaching sessions.

Parent–child interactions were not influenced by computer, tablet, or general technology concerns,
e.g., internet connection, digital divide, or anxiety regarding their performance when using technology.
These qualitative results are in contrast with those reported by Cole et al. who identified access to
high speed internet and the opinion that telehealth was not as effective as in-person treatment as their
primary barriers [30]. Our hypothesis is that given the specificity of our center, which is highly focused
on technology, recruited parents could had a more favorable propensity toward technology, and future
study should replicate the results with a more diverse population and aim to validate structured
interviews or questionnaires to assess parental propensity to initiate a tele-intervention in an easily
replicable fashion.

Furthermore, while ABA interventions are usually time-intensive, we administered a low-dose
intervention, suggesting that the additional hour of tele-assistance could be pivotal for the success of
the implementation. From informal exchanges with the participants, many parents reported challenges
in generalizing and personalizing the techniques learned during the courses and in generalizing
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the daily life situations the skills learned through observations in the laboratory. The addition of
tele-assistance helped the therapists fill the gap, reaching families of children with ASDs in their homes.

This evidence encourages further experimental studies regarding the long-term application of
tele-assisted interventions in ASD therapy.

5. Conclusions

The obtained results support the idea that an ABA tele-assistive intervention can be an effective
treatment for families with children on the autism spectrum following initial parent training. In line
with our hypothesis, we found a significant positive effect of the ABA tele-assistive intervention
in terms of parents’ stress levels, perception of the disruptive and noncompliant behavior of their
children, coping with their children in cases of inadequate behaviors, as well as in the influence on
their children’s behavior. We expect that further studies with larger samples may replicate these
findings. All of the raw data gathered, and the analysis described in this study, are reported in the
Supplementary Materials for future comparisons.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/10/9/649/s1,
Table S1. Raw Data of Analyzed Participants, Tables S2–S9: Pre- and postintervention results for each participant.
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Abstract: An online survey instrument was developed to assess employers’ perspectives on hiring
job candidates with Autism Spectrum Disorder (ASD). The investigators used K-means clustering
to categorize companies in clusters based on their hiring practices related to individuals with ASD.
This methodology allowed the investigators to assess and compare the various factors of businesses
that successfully hire employees with ASD versus those that do not. The cluster analysis indicated
that company structures, policies and practices, and perceptions, as well as the needs of employers
and employees, were important in determining who would successfully hire individuals with
ASD. Key areas that require focused policies and practices include recruitment and hiring, training,
accessibility and accommodations, and retention and advancement.

Keywords: autism spectrum disorder; machine learning; employment

1. Introduction

Research suggests that competitive employment may be difficult to attain for individuals with
Autism Spectrum Disorder (ASD). Although companies are beginning to recognize the value of hiring
employees with ASD, the academic literature on the benefits and current practices of recruiting people
with ASD is limited [1,2]. Providing supportive employment services for adults with ASD is seen as
a positive investment. Individuals with ASD can typically gain employment with the right support [3].
Research indicates that employees with ASD have many skills that can contribute a great deal to the
workforce. Despite the skill sets of individuals with ASD, the unemployment and underemployment
rates for these individuals, as compared to the general population, remains staggeringly low [4–10].
This discrepancy suggests that it is critical to understand employers’ perspectives and experiences, so
that hiring practices and outcomes may be improved for both organizations and employees with ASD.

2. Background

Organizations’ interest in hiring neurodiverse individuals, including those with ASD,
has increased [2]. This interest is due in part to companies recognizing the value of hiring employees with
ASD. Research indicates that employees with ASD typically pay close attention to detail, enjoy certain
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job tasks that other employees may find repetitive or socially isolating, and bring a different perspective
to issues, allowing for innovative solutions to common problems [3,11]. Research also suggests that
employees with ASD have high levels of trustworthiness, integrity, and honesty. They are reliable, precise,
efficient, and consistent [4,7,12,13].

Additionally, employees with ASD may demonstrate “above standard” workplace performance
compared to their counterparts related to increased attention to detail, work ethic, and quality of
work [9]. Employees with ASD have been found to have fewer absences and are more likely to arrive
at work on time than other employees [12,14,15]). Research has also found that employees with autism
have dramatically lower turnover rates than neurotypical employees. Turnover is a large expense
for organizations. In some industries, such as software, the turnover rate is close to fifteen percent
nationally. Employees with autism have a seven percent turnover rate. The costs of replacing a worker
earning less than $50,000 are estimated to be twenty percent of their annual salary [16]. As salaries rise,
so do the costs of replacing those employees.

Moreover, an increase in the employment of people with ASD can lead to significant economic
benefits to society [3,17–19]. A study in Australia found that reducing the unemployment of people
with ASD by one-third would lead to a $43 billion increase in the Australian Gross Domestic
Product [20]. The Dandelion Employment Program in Australia calculates that every 100 individuals
with ASD who were previously unemployed, and who participate in the program for three years,
save the Australian government over six million dollars in the form of tax gains, savings in welfare
benefits, and savings in unemployment services costs.

Despite these individual positive qualities, and benefits to organizations and society,
many individuals with ASD remain unemployed, underemployed, and underpaid. Recent unemployment
statistics for adults with ASD reveal that 85% are unemployed (National Autistic Society, 2016).
Research has shown that many individuals with ASD have never been members of the labor force [21].
The authors of [10] found that thirty-five percent of young adults with autism have never held a job, been
members of the labor force, or attended educational programs after high school [10,21]. A study of 200
transition-age young adults with ASD found that 81% were unemployed [22].

Understanding the factors that contribute to unemployment is critical. The number of people
affected by Autism Spectrum Disorder (ASD) is estimated in the tens of millions worldwide and
3.5 million in the United States [2]. Moreover, it is predicted that over the next decade, close to half a
million children with ASD will reach adulthood (https://www.cdc.gov/ncbddd/autism/index.html).
If they cannot be employed and live independently, the services they will require will place a financial
toll on families and society [3]. Supporting an individual with ASD may exceed two million dollars
throughout their lifetime [17]. The total cost of ASD support services in the U.S. exceeds 236 billion
dollars annually [17]. This number is expected to rise to one trillion dollars by 2025 [4]. There are
additional financial and non-financial costs that are difficult to measure, such as income losses for
individuals with ASD and their families, as well as the emotional and psychological costs associated
with long term unemployment [1].

Research must examine why organizations hire individuals with ASD and the barriers to their
employment [2]. The literature on the employment of people with disabilities has found that,
although many employers say they are willing to hire those with disabilities, their actual hiring
practices do not show efforts in this area [23–25]. Employer’s attitudes and perceptions towards people
with disabilities, and organizational practices and policies, are two significant barriers to employment
success [23]. This paper examines the role of employers’ attitudes, perceptions, organizational practices,
and policies on the hiring and retention of employees with ASD.

2.1. Research on Employer Attitudes and Perceptions

The literature on employer attitudes and perceptions towards employees with ASD is limited.
However, there are studies in the disabilities literature that may lend insight into employers’ attitudes
and perceptions of individuals with ASD. Investigators at Cornell University surveyed over 800 private
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sector employers and over 400 federal sector employers in regard to actual hiring and retention
processes for employees with disabilities [26,27].

When considering hiring individuals with disabilities, employers have several concerns.
These concerns include potential legal risks, the time and effort to supervise and train, safety issues,
the financial burden of accommodations, and the belief that they would never be able to terminate the
disabled employee once hired [24,28–31]. Specifically looking at ASD, the authors of [32] found that
employers who do not hire employees with ASD tend to have the following concerns; focusing on
the employee’s ability to adapt to work situations, a concern for adverse outcomes, and a lower
interest in receiving new information and training. A study focusing on employees with Asperger’s
Syndrome (now categorized as ASD), found that employers’ resistance and negative attitudes about the
(perceived) need to provide accommodations, concerns about high costs, low productivity, and high
turnover, as well as the need to provide outside supports, were associated with lower rates of hiring
and higher rates of termination of individuals with ASD [7].

However, research has contradicted employer attitudes and perceptions that hiring adults
with ASD may result in a loss of productivity and increased costs associated with workplace
modifications and additional training and supervision. A few studies have compared the job
performance ratings of employees with and without ASD [3]. Managers tended to rate the job
performance of the employee with ASD as average or above average [11,14,33]. The authors
of [34] compared employees with and without ASD on the extent to which they met standard
requirements for good workplace performance. They found that employees with ASD performed
at an “above standard level” regarding attention to detail, work ethic, and quality of work.
This study found that employers do not incur additional costs when employing an adult with ASD
over and above that of any new employee. They also found that while they may require some
workplace modifications, supervision, and training, there is no significant difference between them
and their colleagues concerning weekly employment, supervision, and training costs. Twaronite
found that those with ASD were able to identify process improvements that cut training time in
half (https://wwTw.ey.com/en_us/diversity-inclusiveness/six-ways-to-advance-disability-inclusion-
in-your-organization). They also found that quality of work, efficiency, and productivity was equal to
their other employees. JP Morgan & Chase Company has employed over 70 individuals with ASD
over the past three years (https://www.forbes.com/sites/jpmorganchase/2017/06/05/how-jpmorgan-
chases-autism-at-work-program-is-helping-to-win-top-tech-talent/#660a965830bb). Representatives
of JP Morgan & Chase Company report that their employees with ASD are producing forty-eight to
one-hundred-and-forty percent more work than their neurotypical colleagues (https://fortune.com/
2018/06/24/where-autistic-workers-thrive/). They anticipate hiring hundreds more individuals with
ASD globally in the coming years. A survey of employers who had hired individuals with ASD found
that fifty-seven percent of employers reported no additional costs from hiring an individual with ASD
and did not require assistance from tax incentives to hire them (https://askjan.org/topics/costs.cfm).
Consequently, at the organizational level, these results contradict employers’ attitudes and perceptions
that hiring adults with ASD may result in a loss of productivity and increased costs associated with
workplace modifications and additional training and supervision.

2.2. Research on Employer Practices and Policies

Research on employers’ practices and policies to support employees with ASD is in its infancy.
Although many organizations have created hiring initiatives to hire individuals with disabilities,
some are beginning to focus on explicitly hiring individuals with ASD [27]. Organizational practices
and policies may influence all stages of employment. A holistic approach to hiring for employees
with ASD should be encouraged [35]. To better assist organizations in improving their employment
practices, the barriers and facilitators to hiring individuals with ASD must be understood [2].
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Much attention has focused on how the traditional selection interview may operate as a barrier
to employment for individuals with ASD. The authors of [36] note that one of the obstacles to hiring
neurodiverse employees is the traditional interview process. Current recruitment interview processes have
not been found to provide adequate accommodations for neurodiverse individuals [37,38]. The authors
of [36,39] found that the employment interview poses a unique barrier for individuals with ASD.
Their research found that it is difficult for individuals with autism to navigate the social cues present
during an interview. Research has found that individuals with ASD experience high anxiety during
employment interviews [4,40]. A study of adults with ASD participating in an interview process
found that 100% of the participants found that their high levels of anxiety negatively influenced their
experience with the interview process. The participants also reported that their anxiety negatively
affected their communication and performance in the interview (https://search.proquest.com/openview/
b2bf39c3621955296526edd36f51dde6/1?pq-origsite=gscholar&cbl=18750&diss=y). The study also found
that all participants viewed the interview as a negative experience due to issues of verbal and nonverbal
communication, the process of the interview, and anxiety. For example, when companies use online
applications, candidates may not be able to complete the application without adaptive technology, such
as talk-to-text software. This can prevent a potential employee from even being eligible for an interview.
Some organizations replace traditional interviews with opportunities for applicants with ASD to engage
in a job trial or to demonstrate their skills with alternative methods [27].

The work in [35] found that, in Australia and Sweden, employers reported that knowledge
and understanding of ASD, work environment, and job match led to successful employment of
individuals with ASD. The authors of [35] noted that, when employees had a working knowledge
of the needs of individuals with ASD, they fostered successful workplace relationships, minimized
misunderstandings, and increased communication. The authors of [41], who interviewed employment
support service providers, found that accommodations need to begin during the hiring process,
not after the person has been hired. Some organizations may benefit from using support specialists in
the hiring process. Support specialists help employers to see how the organization can successfully hire
individuals with disabilities, including ASD. They will also assist them with training other employees
and needed accommodations [42–48]. When education comes directly from employment support
specialists during the hiring process, employers feel more confident about hiring employees with
ASD. Employers reported that having an employment support specialist allows them to have someone
to rely on. Employers can then ask disability-related questions, understand accommodation needs,
and ease legal concerns [31,42,48–50]. Research is needed that examines organizational policies and
practices that lead to successful employment outcomes for individuals with ASD [2].

2.3. Current Study

The literature explores employer perspectives and practices in regard to hiring employees with
disabilities. There is limited research on employer factors that contribute to successful hiring and
retention practices of employees with ASD, specifically. In this study, we used K-means clustering,
a form of unsupervised machine learning, to categorize companies in different clusters based on their
response to an online survey. This analysis allowed us to assess and compare aspects of businesses
that successfully hire employees with ASD versus those that do not. Clustering algorithms aim to
partition the dataset into groups (clusters) in which members of each group are similar to those in their
cluster and dissimilar to those in other clusters. This type of analysis allows for a better understanding
of the characteristics of those companies that are more successful in hiring employees with ASD.
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3. Data

An online survey instrument was developed to assess employers’ perspectives on hiring
candidates with “High Functioning” Autism Spectrum Disorder (HFASD). This term was used to
provide a brief descriptor of a particular group of individuals with ASD (i.e., those with average to
above-average cognitive skills). However, the term HFASD can be problematic, as the term suggests
those with average or above cognitive skills perform well in other functional areas, while the evidence
indicates this is a poor predictor of functional skills [51]. To ameliorate some of these concerns,
while still maintaining a “short descriptor”, investigators clearly defined what was meant by HFASD
as it related to the survey. Example behaviors based on the Diagnostic and Statistical Manual of
mental disorders, 5th edition [52] were described in the survey and included areas of difficulty in
functional domains. Specifically, for the purposes of this study, a person with HFASD is defined as
someone who has identified themselves as having Autism, Aspergers, or HFASD has approximately
average intellectual ability (when compared to peers) but may have marked difficulties in social
interactions, including communication. The employee may have difficulty initiating or responding to
social interactions, or may not seem interested in interacting with colleagues or customers. The person
may be able to have a conversation when necessary, but may have difficulty keeping the conversation
going or knowing how and when to end the conversation. The person may require a structured
environment and/or schedule and may not deal well with change. The person may have difficulty
with organization and planning.

A review of the literature was conducted to identify related studies across various
stakeholders [53,54] to develop a basic framework and a list of questions. Questions used to assess these
perspectives were organized into several categories including employer background and characteristics
of employees; policies and practices related to recruitment and hiring; training, accessibility, and
accommodations; and retention and advancement; barriers and facilitators to hiring individuals
with ASD; and finally, the employer needs to improve hiring outcomes for individuals with ASD.

Employers from five local businesses agreed to participate as early reviewers and provided
feedback about content as well as readability. A staff member from one local business volunteered to
take the survey, along with the authors, and read aloud and answered each question on the computer
and verbally. The volunteer asked questions for clarification and provided feedback during the process.
In addition, the research team completed the survey multiple times, taking on varying respondent
perspectives (e.g., employers with experience in hiring individuals with ASD, employers who had
no experience) to assess whether the survey branching logic was appropriate; also discussed were
potential answers, the survey flow, and whether the questions were sequenced in a logical order
based on earlier responses. All pretest feedback was considered and resulted in multiple revisions.
After obtaining Institutional Review Board approval, the survey instrument was finalized and placed
in an electronic survey platform (Qualtrics), and a unique resource locator (URL) was created.

To access a broad range of employers across a larger geographical region, the team utilized the
Qualtrics research services to recruit survey respondents. An invitation was sent out through their
platform. The request to complete the survey included a statement regarding the researchers’ interest
in the employer’s opinions on organizational practices, policies, and needs, related to employing
people with ASD. However, it was made clear that the employer did not have to have experience
hiring an individual with ASD to participate. Respondents were selected if they had a significant
role in hiring decisions for their company. The survey link was active and open for three weeks.
Participants were able to direct any questions or concerns to the authors; however, no questions or
concerns were received.

The survey research methodology involved a traditional analytical process. The researchers
had knowledge only about the demographic categories that the respondents provided, and no other
identifying information was provided. Quantitative and qualitative data were collected via the survey.
Quantitative data were obtained primarily through forced-choice or ranking questions. For most
items, standard survey nomenclature (e.g., Likert scales) was used. Specifically, for the policy- and
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practices-related questions, respondents were asked if a particular policy or practice was not in
place, being considered, in place but not effective, in place and somewhat effective, or in place
and very effective. When asked about barriers and facilitators, employers were given a range of
options to choose from, and an “other” or short text box was available for many questions so that
respondents could provide a more detailed response [55]. For example, when asked, “Do any of the
following pose a barrier to employment or advancement for people with ASD in your organization?”
Respondents could select all that apply from a range of options including (but not limited to) cost of
accommodations, cost of training/additional supervision, attitudes/stereotypes, lack of requisite skills
among individuals with ASD, productive and performance of an individual, etc. All of the response
options are based on previous research described above. When explicitly asked about employer
needs related to hiring individuals with ASD, employers were asked a variety of questions about
training, tax incentives and support, and experience with incentive and support programs. For example,
employers were asked, “If an agency were to provide training and support for employing people with
ASD, what would make it worthwhile for your organization to utilize the training?” Employers were
able to select all applicable response options including the training would be free of cost, the training
would be in partnership with a well-respected community organization concerning HFASD, and the
training would be tailored to my company’s needs. They were also asked if they would be willing to
pay for training to assist their company in hiring individuals with ASD. The results of the quantitative
data analysis are reported in this paper.

The instrument consisted of 50 to 80 questions, depending on the participant’s hiring experience.
Specifically, the number of items offered to each respondent varied based on his or her experience
with hiring individuals with High Functioning ASD (HFASD). It took approximately 20 min to
complete the survey online, and a total of 285 respondents completed the online survey. Of the
285 respondents, 166 (58%) indicated they had hired at least one individual with HFASD in the
past five years. Of the 285 respondents, 120 possessed a high school diploma, 36 held an associates
degree, 107 held a bachelors degree or higher, and the remainder indicated “other” as their highest
level of education. Of the respondents, 14 worked for organizations with 15 or less employees, 7 at
organizations with 16–49 employees, 26 at organizations with 50–99 employees, 26 at organizations
with 100–499 employees, 13 at organizations with 500–999 employees, and the remainder at
organizations with 1000 or more employees.

To create the data matrix, 41 questions and sub-questions from the survey were used to create
a binary variable for each item. For each variable, a 1 indicated a favorable response in relation
to HFASD. The variables were then broken into five categories: (1) Hiring (n = 15), (2) Training
(n = 8), (3) Accommodations (n = 8), (4) Retention (n = 10), and (5) Perceptions (n = 18). To reduce the
dimensions of the dataset, the average score for each respondent in each of the four categories was
calculated. Creating an average score for each category also helped to normalize the data. Because the
number of variables differed among the categories, using a count (as opposed to an average score)
would put more weight on the categories with more variables. For example, if a respondent had
a favorable response for seven of the Hiring variables, he or she would have a Hiring score of 7/15 =
0.47. After assessing the cluster model, all clusters had virtually the same Perception score, which led
to overlapping clusters. Thus, the Perception scores from the final data matrix were excluded. Having a
dataset with large dimensions often leads to a sparse dataspace (all objects may seem dissimilar in this
space) and analysis results that may be true with higher dimensionality but that will not necessarily
hold in a lower dimensional space. Thus, the final data matrix was a 285 × 4 dimensional matrix that
represents the average scores of 285 employers’ responses to the 41 questions mapped to 4 categories.
The variable descriptions and survey averages for each category can be found in Tables 1–4.
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Table 1. Accommodation.

Description Survey Average

Regularly reviews the accessibility of its online application system to people with visual, hearing, finger
dexterity, and cognitive impairments 61.0%

Analyzes our job descriptions to determine whether the responsibilities could be broken down into discrete
tasks that could be performed by an individual with ASD 61.0%

Provides advance notice to job applicants that reasonable accommodations are provided during the job
application process 68.0%

Evaluates pre-employment occupational screenings to ensure they are unbiased 71.0%

Has company-wide fund to provide accommodations for people with disabilities 61.0%

Has a designated office or person to address accommodation questions 69.0%

Has an established grievance procedure to address reasonable accommodation issues 70.0%

Table 2. Hiring.

Description Survey Average

Hired someone with ASD in the last 5 years 58.0%

Actively recruits people with ASD 53.0%

Works with community organizations that promote hiring of people with ASD 57.0%

Includes people with ASD explicitly in its diversity and inclusion plan 58.0%

Has explicit organizational goals related to the recruitment or hiring of people with ASD 54.0%

Includes progress toward hiring goals for people with ASD in the performance appraisals of
senior management 52.0%

Participates in internships that target people with ASD 53.0%

Has senior management that demonstrates a strong commitment to ASD hiring 56.0%

Utilizes tax incentives for hiring people with disabilities 54.0%

Requires subcontractors/suppliers to adhere to disability nondiscrimination requirements 56.0%

Does not automatically exclude job applicants with a history of unemployment 79.0%

Does not automatically exclude job applicants with a large gap in employment 76.0%

Has company initiative to hire people with HFASD 53.0%

Works with universities to hire people with HFASD 49.0%

Uses social media ads to recruit people with HFASD 45.0%

Table 3. Retention.

Description Survey Average

Has a formal mentoring program to support employees with ASD 53.0%

Encourages flexible work arrangements for all employees with ASD (e.g., flextime, part-time, telecommuting) 62.0%

Offers special career planning and development tools for employees with ASD 55.0%

Has an ASD-focused employee network (e.g., employee resource group or affinity group) 52.0%

Invites employees to confidentially disclose whether they have a disability (e.g., staff surveys) 73.0%

Has explicit organizational goals related to retention or advancement of employees with ASD 54.0%

Includes progress toward retention of advancement goals for employees with ASD in the performance
appraisals of senior management 54.0%

Allows an employee to exceed the maximum duration of medical leave as an accommodation 54.0%

Has defined career paths at our company for all employees 75.0%

Opportunities for advancement of employees with HFASD 61.0%
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Table 4. Training.

Description Survey Average

Offers ASD awareness and sensitivity training (internal) 60.0%

Offers ASD awareness and sensitivity training (external) 51.0%

Trains HR staff and supervisors on effective interviewing of people with ASD 62.0%

Trains HR staff and supervisors on inclusion practices of people with ASD in the workplace 62.0%

Requires training for supervisors on legal requirements of disability and non-discrimination and
accommodation 68.0%

Includes ASD awareness and sensitivity as a topic in training for managers/ supervisors 58.0%

In contract with an agency that can help our business provide the support needed for working with
employees with ASD now and in the future 52.0%

4. Methods

K-means is an unsupervised learning algorithm that is capable of discerning latent clusters in
data [56]. We chose this algorithm for our analysis based on data visualizations which showed no
irregular shapes or non-homogeneous behavior which would require a more sophisticated technique.
Unlike supervised learning (classification), which requires labeled data to measure the accuracy of
prediction, unsupervised learning methods are instead assessed on the “goodness” of the clusters
identified using one or more common quantitative metrics, such as silhouette score. K-means requires a
single parameter, k, as input, which represents the number of clusters to be fit to the data. The algorithm
then proceeds as follows.

1. A centroid (mean) for each of the k clusters is assigned by randomly selecting a data point from
the data.

2. Every other data point is assigned to the cluster whose centroid is closest. Distance can
be calculated using any valid distance metric, with Euclidean and Cosine distance being
popular choices.

3. The centroids are reevaluated by averaging each data point assigned to a specific cluster.
4. Steps 2 and 3 are repeated, alternating between assigning data points to their nearest centroids,

and then reevaluating the value of the centroids based on the new assignments. When the
centroids no longer change, or the cluster assignments for the data points become static,
the algorithm terminates.

For the work presented here, we found the most likely number of clusters to be five. This was
calculated by using the gap statistic [57], a common technique for assessing the number of
latent clusters in unsupervised machine learning. This was further validated using the Hopkins
statistic, which denotes the overall likelihood that the data can be partitioned into clusters. For the
data presented here, the Hopkins score was 0.72, indicating that the dataset exhibits strong
clustering tendency.

With clustering, the lack of labeled data means there is not an independent data set to validate
accuracy. Instead, silhouette scores [58] were used to measure how well the clusters explained the
latent structure of the data. Silhouette scores quantify how similar a data point is to the other points in
its cluster compared to those represented in other nearby clusters. The silhouette scores vary from
−1 to +1, with values close to 1 suggesting that the point is well clustered and a negative silhouette as
suggesting that the data point likely should not belong to its assigned cluster. The mean silhouette
score for our model was 0.54.
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5. Model Results

The data from the complete set of respondents were partitioned into five clusters and visualized
in Figure 1, with average category scores listed in Table 5. The remaining figures (presented according
to cluster) provide a visualization of the individual cluster average category scores, with the last
(presented at the end of this section) that shows all graphs on the same axis for comparison.

Table 5. Cluster average scores.

Cluster Size Accommodation Hiring Retention Training

1 41 0.67 0.21 0.28 0.11
2 32 0.84 0.56 0.78 0.70
3 62 0.10 0.12 0.06 0.04
4 24 0.30 0.34 0.25 0.61
5 126 0.97 0.95 0.97 0.98
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Figure 1. Employer K-means cluster plot.

5.1. Cluster 1

The 41 employer respondents in Cluster 1 (14.0% of sample) had only 29.0% in a management/owner
role, while 54.0% were in a human resource/recruiting position. Although employers in Cluster 1 had
the lowest five-year hiring rates (24.0% vs. survey average 58.0%) for individuals with high functioning
ASD, they are able to offer full-time employment to those they do hire. Almost all, 98.0%, of the employers
in Cluster 1 have high functioning ASD employees employed full time. In the past two years, 63.0% of
employers in Cluster 1 have hired more than 11 employees.

This cluster had employers in 19 out of the 24 different industries listed and a company size
of 218 employees on average (survey average 285 employees). Most respondents in all clusters and
the survey were representing health care/social assistance employers. Only the health care/social
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assistance and construction industries represented at least 10.0% of Cluster 1. A college degree is
required by 32.0% of employers in Cluster 1, and 63.0% require a high school diploma for employment.
Employers in this cluster had 5.0% in the Southwest, 12.0% in the Northeast, 22.0% in the Southeast,
24.0% in the Midwest, and 34.0% located in the West.

Employers in this cluster do not have policies and practices to foster hiring, retaining, or training
employees with high functioning ASD (significantly lower than survey averages for all variables).
No employers in Cluster 1 had a hiring initiative for high functioning ASD or a job-related
training program for employees with high functioning ASD (compared to 53.0% and 56% of survey
respondents, respectively).

Employers in this cluster have most accommodations in place for high functioning ASD
comparable to the survey averages. Only the following four accommodation variables were
significantly higher than the average for the survey. More than 80.0% of employers in Cluster 1
allow an employee to exceed the maximum duration of medical leave as an accommodation, have an
established grievance procedure to address reasonable accommodation issues, have a designated office
to address accommodation questions, and provide advance notice to job applicants that reasonable
accommodations are provided during the job application process (Figure 2).
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Figure 2. Cluster 1 radar graph.

5.2. Cluster 2

The 32 employer respondents in Cluster 2 (11.0% of sample) had 44.0% in a management/owner
role, while 53.0% were in a human resource/recruiting position. Respondents in Cluster 2 had
a five-year high functioning ASD hiring rate above the survey average (66.0% vs. survey average
58.0%). Cluster 2 had 72.0% of respondents who were involved in the hiring process for less than 10
years (survey average 64.0%). In this cluster, 72.0% of employers have hired over 11 employees in the
last 2 years.

This cluster had employers in 18 out of the 24 different industries listed and had a company size
of 400 employees on average (40.0% higher than the survey average of 285 employees). Cluster 2 had
the highest number, 24.0%, of employers having over 1000 employees compared to the other clusters.
Only the insurance/finance (12.0%) and health care/social assistance (16.0%) industries represented
at least 10.0% of Cluster 2. A high school diploma is required by 47.0% of employers in Cluster 2,
and a college degree is needed for 50.0% of employers in this cluster. Employers in Cluster 2 had
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3.0% in the Southwest, 16.0% in the Midwest, 25.0% in the West, 28.0% in the Northeast, and 28.0% in
the Southeast.

Cluster 2 employers had most hiring practices similar to the survey averages. Of these employers,
75.0% had senior management that exhibited a strong commitment to high functioning ASD hiring
and recruitment (survey average of 56.0%); however, only 25.0% of employers in this cluster require
suppliers/subcontractors to follow disability non-discrimination requirements (survey average of
56.0%). Cluster 2 have employers who have human resource staff and supervisors training on high
functioning ASD sensitivity and awareness approximately 20.0% more than the survey average.
However, only 19.0% do the training internally (survey average of 60.0%). Employers in Cluster 2 also
impart training on effective inclusion and interviewing practices for employees with high functioning
ASD approximately 20.0% more than the average for survey. In addition, this cluster had about 20.0%
higher instances of favorable policies and procedures regarding accommodations and accessibility
than the averages for the survey. More than 90.0% of Cluster 2 employers have a defined career path
for every employee, have opportunities for advancement for employees with high functioning ASD,
and invite employees to confidentially disclose whether they have a disability (Figure 3).
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Figure 3. Cluster 2 radar graph.

5.3. Cluster 3

The 62 employer respondents in Cluster 3 (22.0% of sample) had 45.0% in a management/owner role,
while 42.0% were in a human resource/recruiting position. Employers in Cluster 3 had a five-year high
functioning ASD hiring rate below the survey average (42.0% vs. survey average 58.0%). Cluster 3 had
52.0% of respondents who were involved in the hiring process for less than 10 years (survey average
64.0%). In this cluster, only 42.0% of employers have hired over 11 employees in the last 2 years.

Cluster 3 had employers in 15 out of the 24 different industries listed and had a company size
of 108 employees on average (62.0% lower than the survey average of 285 employees). Only the
construction (11.0%), Other (13.0%), and health care/social assistance (19.0%) industries represented
at least 10.0% of Cluster 3. A high school diploma is required by 55.0% of employers in Cluster 3,
and a college degree is needed for only 29.0% of employers in this cluster. Over half of the employers
in Cluster 3 were located in the eastern United States. This cluster had 6.0% in the Southwest, 15.0% in
the Midwest, 18.0% in the West, 29.0% in the Northeast, and 35.0% in the Southeast.
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Cluster 3 only had two policies and procedures, in any category, that were within 40% of
the average for the survey: 47.0% do not automatically exclude applicants with a large gap in
employment (76.0% survey average), and 45.0% do not automatically exclude applicants with a
history of unemployment (79.0% survey average).

Employers in this cluster had very few favorable hiring policies and procedures in place for
individuals with high functioning ASD. Only the following three hiring variables were in place for
more than 10.0% of employers in Cluster 3: 11.0% actively recruit individuals with high functioning
ASD, 13.0% require suppliers/subcontractors to follow disability non-discrimination requirements,
and 46.0% do not automatically exclude applicants with a gap in employment or a history of
unemployment. The single training variable present in more than 10.0% of Cluster 3 employers
was the 23.0% that train supervisors on the legal requirements related to disability, non-discrimination,
and accommodation.

Cluster 3 employers also had few favorable accommodations and accessibility policies and
procedures in place for individuals with high functioning ASD. Only the following two accommodations
variables were in place for more than 10.0% of employers in Cluster 3: 23.0% allow employees to exceed
the maximum medical leave duration, and 19.0% evaluate pre-employment occupational screenings to
verify they are unbiased.

This cluster only had two favorable policies related to retention of employees with high
functioning ASD present in more than 10.0% of employers: 25.0% invite employees to confidentially
disclose whether they have a disability, and have a defined career path for all employees (Figure 4).
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Figure 4. Cluster 3 radar graph.

5.4. Cluster 4

The 28 employer respondents in Cluster 4 (8.0% of sample) had 33.0% in a management/owner
role, while 67.0% were in a human resource/recruiting position. Employers in Cluster 4 had a
five-year high functioning ASD hiring rate below the survey average (46.0% vs. survey average 58.0%).
Cluster 4 had 67.0% of respondents who were involved in the hiring process for less than 10 years
(survey average 64.0%). In this cluster, 54.0% of employers have hired less than 11 employees in the
last 2 years.
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Cluster 4 had employers in 13 out of the 24 different industries listed and had a company size
of 250 employees on average (survey average of 285 employees). Only the retail trade (12.0%) and
health care/social assistance (29.0%) industries represented at least 10.0% of Cluster 4. A high school
diploma is required by only 38.0% of employers in Cluster 4, and a college degree is needed for 63.0%
of employers in this cluster. Over half of the employers in Cluster 4 were located in the eastern United
States. This cluster had 8.0% in the Midwest, 13.0% in the Southwest, 21.0% in the West, 29.0% in the
Northeast, and 29.0% in the Southeast.

Most employers in in Cluster 4 had training policies and procedures in place within 10.0% of the
survey averages. There were four training policies in place in ~20.0% more employers than the survey
averages: work with an agency to provide the support needed for working with individuals with
high functioning ASD, train human resource supervisors and staff on effective inclusion and inclusion
practices, and offer sensitivity and awareness training internally.

The majority of employers in Cluster 4 did not have policies in place to stimulate accommodating,
hiring, or retaining individuals with high functioning ASD. Nearly all hiring procedures related to
employees with high functioning ASD were approximately 20.0–40.0% below the average for the
survey. Only one hiring variable had an average comparable to to the survey average: 50.0% actively
recruit employees with high functioning ASD (53.0% survey average)

All accommodations and accessibility variables were approximately 30.0–44.0% below the survey
average for employers in Cluster 4. All but one retention policies were 30.0–45.0% below the survey
average: 54.0% of employers provide a defined career path for all employees (Figure 5).
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Figure 5. Cluster 4 radar graph.

5.5. Cluster 5

Cluster 5 is the largest cluster of the model. The 126 employer respondents in Cluster 5 (44.0% of
sample) had 40.0% in a management/owner role, while 56.0% were in a human resource/recruiting
position. Employers in Cluster 5 had a five-year high functioning ASD hiring rate far above the survey
average (86.0% vs. survey average 58.0%). Cluster 5 had 75.0% of respondents who were involved
in the hiring process for less than 10 years. This is consistent with the work in [59], which found
employers newer to the hiring process were more likely to hire an individual with high functioning
ASD. In this cluster, 71.0% of employers have hired over 11 employees in the last 2 years.
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This cluster had employers in all 24 different industries listed and had a company size of
375 employees on average. The average company size is higher than the survey average of 285
employees, but comparable to the that of Cluster 2 (400 employees). Cluster 5 had 19.0% of employers
with over 1000 employees compared to the other clusters. Only the educational services (12.0%) and
health care/social assistance (20.0%) industries represented at least 10.0% of Cluster 5. A high school
diploma is required by 29.0% of employers in Cluster 5, and a college degree is needed for 64.0% of
employers in this cluster. Most employers in this cluster were located in the eastern United States.
Employers in Cluster 5 had 7.0% in the Southwest, 15.0% in the West, 18.0% in the Midwest, 22.0% in
the Northeast, and 40.0% in the Southeast.

Cluster 5 employers had very high rates of favorable policies and practices in place for individuals
with high functioning ASD. The following three polices were in place for all employers in this cluster;
have a company-wide initiative to higher employees with high functioning ASD, offer a job-related
training program for individuals with high functioning ASD, and include individuals with high
functioning ASD explicitly in their diversity and inclusion plan.

All but two hiring policies and procedures in place for more than 90% of the Cluster 5 employers:
82.0% have relationships with community organizations that promote the employment of individuals
with high functioning ASD, and 88.0% actively recruit individuals with high functioning ASD.
Every accommodation, retention, and training policies included in the survey were in place for
almost all, 94.0%, of Cluster 5 employers (Figure 6).

Cluster 5

0
0.25
0.5
0.75

1
Hiring

Training

Accommodations

Retention

Figure 6. Cluster 5 radar graph.

5.6. Summary of Cluster Comparisons

Most of the respondents were employed in Human Resources and/or Recruiting, which was
consistent across all clusters. Cluster 5 had the highest high functioning ASD hiring rate for the past five
years, at 86.0%, and, surprisingly also had the most cluster members. The two largest clusters (3 and 5)
also had the most extreme average scores for each category. This could indicate that employers tend
to have either extremely favorable policies and practices in place or none at all. The most prevalent
industry in the survey and all clusters was health care/social assistance, but the cluster with the
highest rate of high functioning ASD employment (Cluster 5) did not have the highest rate of health
care/social assistance.
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Only two clusters (2 and 5) have employment rates above the survey average of 58.0%. These
also are the only two clusters with an average company size above the survey average. Although
large companies hire more employees, over 50.0% of employers in both of these clusters require a
college degree for entry-level jobs. Clusters 1 and 3 had the lowest rates of hiring high function ASD
(24.0% and 26.0%, respectively) and are the only two clusters with rates for requiring a college degree
below 50.0% (32.0% and 29.0%, respectively). Figure 7 shows all graphs on the same axis.

All Clusters
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Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5

Figure 7. Radar graph for all clusters.

6. Discussion

Although Cluster 3 had the lowest overall score across four categories (hiring, training,
accommodation, and retention), Cluster 1 had the lowest hiring rate for individuals with ASD. For this
reason, Cluster 1 was compared to Cluster 5, which had the highest hiring rate for individuals with
ASD. Cluster 5 also offered a sharp contrast to Cluster 1 in the number of policies in place in support
of employees with ASD. Comparing the company structures, policies and practices, perceptions,
and needs of employers and employees within these two clusters allows a determination of best
practices for companies that are looking to improve their employment rates of individuals with ASD.

6.1. Company Structure, Policies, and Practices

Given that company size and job structures affect hiring practices, company data across the
two clusters are included. For size, 58.5% of companies in Cluster 1 had more than 50 employees,
compared to 75.3% of Cluster 5 companies. This is important to note, as larger companies may have
more opportunities to hire employees with ASD. There also was a difference between job availability
and skill sets needed for the different clusters. In Cluster 5, over half of the entry-level jobs require a
bachelor’s degree (53.2%), whereas, for Cluster 1, only 24.4% require a bachelor’s degree, and most
require a high school diploma (63.4%). This may be affected by the fact that 70.7% of employers in
Cluster 5 work directly with universities to hire employees with HFASD.

In comparison to Cluster 1, companies in Cluster 5 provide their employees with ASD more
opportunities for professional growth. For example, 73.0% of Cluster 5 employees with HFASD are
paid more now than when they started, and 65.0% of Cluster 5 employees with HFASD have been
promoted or had an increase in job responsibilities, versus just 7% in Cluster 1. Further, 50.0% of
respondents in Cluster 5 reported that their employees disclosed their HFASD during the application
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or interview process, rather than after being hired (37.5%) or not at all (12.5%) This could reflect
a tendency of the companies in Cluster 5 to be responsive and supportive to a disability disclosure
during the interview process.

In Cluster 5, 65.1% of companies created incentives to work at their companies by offering
credit-based internships for employees with high functioning ASD, compared to 7.3% in Cluster 1.
In addition, about half of the organizations in Cluster 5 show purposeful initiatives to hire employees
with high functioning ASD. In contrast, every company in Cluster 1 responded that they did not have
any purposeful initiatives to hire individuals with high functioning ASD. This indicates that there are
no current or future plans for initiatives related to hiring people with high functioning ASD, in contrast
to Cluster 5, which included positive responses to many of the initiatives to specifically hire, support,
and retain employees with high functioning ASD. One of the few initiatives that 58.6% of Cluster
1 organizations did have was advance notice to job applicants that reasonable accommodations are
provided during the job application process. Cluster 1 responses, however, indicated that employers
did not offer much beyond this, whereas 81.0% of organizations in Cluster 5 had the accommodations
in place. Although none of the companies in Cluster 1 reported having hiring initiatives for employees
with high functioning ASD, Cluster 5 reported having specific initiatives to hire employees with high
functioning ASD to create a more inclusive workplace (21.0%), because they recognize the skills of
employees with high functioning ASD (21.0%), to increase the company’s reputation benefits (7.0%),
and to decrease employee turnover (2.0%).

Employers in Cluster 1 provide far fewer accommodations than do those in Cluster 5.
For example, 81.7% of Cluster 5 employees state that they have a centralized accommodations fund to
specifically provide accommodations for employees with disabilities, compared to 39.1% in Cluster
1. Further, just 2.4% of employers in Cluster 5 reported not having a designated office or person to
address accommodation questions compared to 17.1% in Cluster 1 who do not have a designated
accommodation office or person. These data indicate that it may be necessary for employers to provide
a menu of accommodation options for their employees, rather than using a one-size-fits-all approach.

Because all respondents in Cluster 1 indicated that they did not have initiatives to specifically
hire employees with high functioning ASD, their survey was auto-formatted to skip questions
regarding these specific hiring practices. Although this does not allow for comparisons of specific high
functioning ASD hiring practices between Clusters 1 and 5, the difference in responses indicates that
Cluster 1 companies did not have any initiatives to specifically hire employees with high functioning
ASD, while Cluster 5 companies did.

Many employers in Cluster 5 said that they have relationships with community organizations that
promote the employment of people with high functioning ASD, with 81.8% that reported that such a program
was already in place, and 17.5%, that such a program was being considered. Approximately, 70.7% of
Cluster 5 also reported having relationships with universities, with 23.0% that noted that such a program
was being considered, and 4.0%, that such a program was not currently in place.

6.2. Perceptions and Attitudes

Questions related to employer attitudes demonstrated, in Cluster 5, a company belief in the
high competency of their employees with high functioning ASD. For example, 74.6% of employers in
Cluster 5 reported being likely to hire employees with high functioning ASD versus 17.1% of Cluster 1.
In Cluster 5, 65.1% of employees with high functioning ASD have been promoted or taken on additional
job responsibilities, whereas only 7.3% of Cluster 1 had. Generally, employers in Cluster 5 reported
having supportive coworkers, reflecting a positive work environment as well as an overall positive
experience in working with employees with high functioning ASD, with 20.6% rating their experience
as positive and 53.2% as very positive. The majority (78.0%) of respondents in Cluster 1 did not have
experience with working with high functioning ASD; thus, comparison data were not available.
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The data from Cluster 5 demonstrate an inclusive culture in which high functioning ASD training
is offered to employees. Employers offer HR and staff training on inclusive practices (80.2%) and legal
requirements (77.8%), high functioning ASD sensitivity and awareness training (72.9%), and training
related to effective interviewing of potential employees with high functioning ASD (83.4%). In Cluster
1, 87.8% do not offer high functioning ASD sensitivity and awareness training, 87.8% do not have
training in effective interviewing of potential employees with high functioning ASD, 63.4% do not
require training related to legal requirements and nondiscrimination accommodation, and 90.2% do
not train staff on inclusive workplace practices of people with high functioning ASD.

The biggest fears of hiring someone with high functioning ASD were the same for both clusters:
high functioning ASD employees would have behaviors that put themselves or others at risk
(Cluster 1: 24.0%; Cluster 5: 29.0%) and employees with high functioning ASD would not perform well
(Cluster 1: 24.0%; Cluster 5: 23.0%). Despite having the same fears, Cluster 5 businesses responded
positively to hiring employees with high functioning ASD.

6.3. Needs of Employers and Employees

When asked about obtaining additional training in hiring practices, respondents in Clusters 1
and 5 stated that they would prefer that training in hiring employees with high functioning ASD be
free, but only 43.9% of Cluster 1 were willing to pay, whereas 80.0% of Cluster 5 were willing to pay.

Having a supportive environment helps to alleviate stress and boost productivity [35]. In Cluster 5,
the majority of high functioning ASD employees seem to need some form of support, but these companies
appear to be prepared to provide that support. Cluster 1 has a far lower perceived need of support for
high functioning ASD employees, but perhaps employers are simply unaware of the support needed or
less open to offering extra support. For the level of support that their employees with high functioning
ASD need, 75.6% of Cluster 1 companies did not respond, indicating a lack of experience with high
functioning ASD employees. Of those who did respond, their answers were that their employees with
high functioning ASD required: no support (7.3%), some support (12.2%), substantial support (2.4%),
or very substantial support (2.4%). In Cluster 5, 12.1% did not respond, but the remaining responded: no
support (6.3%), some support (30.2%), substantial support (28.6%), or very substantial support (19.8%).
In Cluster 5, 47.6% reported that high functioning ASD employees are in a job-related training program,
whereas, in Cluster 1, employers responded that none of their employees with high functioning ASD is in
a job-related training program. After considering the notable factors in the in-depth cluster comparisons
and reviewing the literature in the field, the researchers identified best practices in employment that
would likely lead to the successful hiring of individuals with ASD. These components were organized
under a summary of best practices for improving employment, to assist with applying the study outcomes
to the field and presented in Table 6.
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7. Conclusions

This study supports some of the findings of the research on employer perspectives on hiring
employees with ASD [7,25,32], but also expands upon Lindsay et al.’s study by using machine learning
to analyze trends in businesses that have successfully hired and retained employees with ASD [27].
To foster such diversity and inclusion, it is critical to understand the needs of both the employees and
employers. The results of this analysis may be utilized to make suggestions for stakeholders who are
working to make improvements to the employment of individuals with high functioning ASD.

The comparison of clusters of employers with the highest and lowest rates of employing
individuals with ASD revealed company policies and practices that can be effective for hiring,
training, and retaining employees with ASD. The results show that purposeful diversity initiatives
and relationships with community organizations that promote ASD are likely effective in
increasing employment for those with ASD. Offering disability and diversity training is also
helpful for understanding the needs of employees with ASD. These steps may affect perceptions
and attitudes as well, as shown through the belief in high competency of employees with
ASD; promotions; and supportive, positive coworker experiences. These results are promising for
developing recommendations that can be implemented to increase employment opportunities for
individuals with ASD on a large scale. More research, however, needs to be conducted to continue
to identify best practices for supporting employees with ASD. As these recommendations are
further researched and refined, employers will need training and support to translate these concepts
into practice.
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Abstract: This study aims to determine the prevalence, severity, and nature of the motor abnormalities
seen in children with autism spectrum disorder (ASD) as well as to elucidate the associated
developmental profiles. The short-form of the Bruininks-Oseretsky Test of Motor Proficiency, Second
Edition (BOT-2) was used to assess various aspects of the motor performance of 119 children with
ASD and 30 typically developing children (age range: 6–12 years) from three Gulf states. The results
revealed the high prevalence of motor abnormalities among the ASD group when compared with the
normative data derived from the BOT-2 manual as well as with the data concerning the typically
developing group. The results also indicated that the motor performance of the children with
ASD fell within the below-average range according to the BOT-2 cut-off score. Further, the results
suggested that the age variable may influence the overall motor performance of children with ASD,
since the children’s motor abnormalities may decrease with maturation. The results concerning the
specific motor dysfunction profiles seen in individuals with ASD could help practitioners, parents,
and educators to better understand the nature of the motor deficits exhibited by children with ASD,
which could assist with the design and implementation of treatment and rehabilitation programs for
such children. Overall, motor performance represents an important aspect that should be considered
during the clinical evaluation of ASD and that should not be ignored during early interventions.

Keywords: motor performance skills; autism spectrum disorder; Gulf; BOT-2

1. Introduction

Motor skills are associated with “activities that require a chain of sensory (vision, hearing, touch,
and smell), central (brain and nervous systems), and motor mechanisms whereby the performer is able
to maintain constant control of the sensory input and in accordance with the goal of the movement” [1].
The child development literature tends to assume that motor ability is an important indicator of overall
development, particularly if it is compromised [2]. Indeed, early motor disturbances and delays
are likely to have far-reaching consequences for later development, and they may be predictive of
developmental disorders in later life [3,4]. Children with autism spectrum disorder (ASD) represent a
population likely to experience motor impairments [5].

ASD affects every domain of human existence. An impairment in the motor domain can
have profound effects on a child’s development in areas such as schooling, socialisation, and
communication [6,7]. It has been estimated that “80–90% of children with ASD show some degree of
motor abnormality” [8]. However, it should be noted that previous results regarding prevalence rates
vary depending on the utilised cut-off scores, diagnoses, and instruments [9].

Motor dysfunction represents an important neurological symptom in those with ASD. A growing
body of evidence illustrates the motor difficulties experienced by children with ASD when compared
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with their typically developing peers [10–13]. However, such difficulties have traditionally been
considered secondary aspects of ASD [14].

The only motor abnormalities currently included in the diagnostic criteria for ASD are stereotypical
and repetitive behaviours [15]. However, the relevant motor abnormalities are not limited to such
behaviours, as individuals with ASD, including children [16], often display motor issues consisting of
both delays and deficits. Delays occur in the gross and fine motor skills [12], while deficits manifest in
praxis [17], coordination and gait [18], postural control [19], and motor planning [20]).

Little is currently known about the underlying neurobiology of ASD-related motor problems,
although the disruptions observed in those with ASD may stem from abnormal brain connectivity [10,21].
Some studies report reduced cerebellar activation in individuals with ASD during motor tasks when
compared with neurotypical controls [22,23]. Dysfunctions in the frontostriatal pathways of children
with ASD have also been demonstrated [24,25]. Further, the aberrant neural connectivity patterns
observed between the cerebellar and frontostriatal pathways indicate the role of the cortical and
subcortical structures and the pathways connecting them in controlling the accuracy of motor
outputs [21].

Considerable ambiguity persists regarding the nature of such motor abnormalities and whether
they are universal and specific to ASD. Some findings indicate that motor impairments constitute a
cardinal feature of ASD [10,26–28]. The identified impairments remain consistent across ages and levels
of functioning [11,29,30]. Additionally, evidence from prospective studies of at-risk infants indicates
motor deficits to have been documented in infants later diagnosed with ASD [31–34]. Therefore, motor
symptoms could serve as diagnostic markers and guide the early identification of ASD [26,35,36].
However, other evidence suggests that motor delays can be attributed to developmental disorders in
general, meaning that they are not specific to ASD [37].

Some preliminary evidence indicates that motor impairments represent an essential part of a
broader autistic phenotype [38], although other studies have not found such impairments to represent
an essential aspect [8,37]. It is important to recognise that motor impairments are not limited to one
disorder (e.g., ASD), as they are also present in other developmental disorders [9,39–41]. The debate
regarding the prevalence and importance of motor deficits is not surprising given that ASD is a
spectrum disorder, meaning that every child exhibits a wide variety of symptoms with different degrees
of severity. This variability can offer a unique opportunity to identify disorder subtypes [42].

Jeste (2011) offers a number of justifications for investigating motor dysfunction in individuals
with ASD [20]. First, motor symptoms are easily quantifiable and so can be objectively measured.
Second, motor impairments may elucidate the heterogeneity within the autistic spectrum. Third,
the investigation of motor abnormalities may yield insights into the aberrant neural mechanisms
underlying ASD and the defining characteristics of the disorder. Fourth, motor performance is critical
to the development of a wide variety of skills, which would all benefit from the early identification of
deficits and the implementation of appropriate interventions. Lastly, determining when motor deficits
manifest in individuals with ASD may assist with the early diagnosis of the disorder [20].

Age might be a critical factor in determining the nature of the motor dysfunction seen in individuals
with ASD. However, the available research concerning the developmental acquisition of motor skills
by children with ASD is limited. Evidence suggests that the different subsystems supporting motor
development mature at different times and rates, which results in nonlinear development [43];
thereby, indicating the dynamic development of motor skills. Thus, Darrah et al. (2003) suggest the
adoption of a developmental change perspective rather than one that emphasises the stability of motor
development [44].

No firm conclusions regarding the stability or instability of motor performance can yet be drawn
in relation to ASD. Some longitudinal studies indicate the persistent and constant nature of impaired
motor performance in children with ASD [45]. Further, other longitudinal research confirms that
motor problems among preschool children are not always stable, although they do appear to be so
in most children with ASD [46]. However, some cross-sectional studies note the changing nature of
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motor problems in children with ASD, with the prevalence of motor deficits being lower in older
children than younger children [16]. In contrast, other studies indicate that motor difficulties become
increasingly problematic over time [34]. A number of factors could contribute to this decline in motor
performance, including a lack of early intervention programs targeting motor skills and a lack of
parental involvement in children’s treatment [34].

A growing body of evidence gathered in Western contexts suggests motor abnormalities to be
a marker of clinical severity and an important therapeutic target in children with ASD [26,36,47].
However, despite this increasing recognition, the evaluation and intervention processes related to
motor abnormalities are still not seen as priorities, meaning that they are unlikely to attract the attention
of professionals in our research context (the Gulf region). Indeed, motor dysfunctions arguably
represent one of the most commonly overlooked comorbidities associated with ASD in the Gulf
context. It is important to conduct research regarding motor performance in individuals with ASD
in different cultures so as to achieve a clearer understanding of ASD and its phenotypes in different
socio-cultural contexts.

The present study had three main aims. First, to determine the ratio of motor impairments seen
in children with ASD, as identified using the short form of the Bruininks-Oseretsky Test of Motor
Proficiency, Second Edition (BOT-2) [48]. It was expected that children with ASD would surpass the
cut-off point for being “motor impaired”. Second, to examine the extent of the differences in the
motor performance of children with ASD and typically developing children. It was hypothesised
that the motor performance of children with ASD would be significantly worse than that of typically
developing children. Third, to investigate the effect of chronological age on the motor performance
of children with ASD. Due to the lack of relevant evidence, no predictions were made regarding the
relation between motor performance and age.

2. Materials and Methods

2.1. Study Design

This observational study applied a quantitative research approach that entailed the use of a
cross-sectional design to characterize the motor proficiency levels of the participants at a given point in
time. There were a number of reasons why this particular research approach was chosen. First, the
study relied on a quantitative measurement instrument (i.e., the BOT-2) that provided a numerical
evaluation of various aspects of the participants’ motor performance, which meant that it was possible
to objectively assess the performance of the study sample. Second, due to the nature of the research
aims, outcomes in the form of numerical values were required to allow for comparisons between the
ASD population and the corresponding BOT-2 norms and/or those children without ASD, as well as to
reflect the relationship between the participants’ age and their test outcomes.

2.2. Participants

Data for the present study were collected in Bahrain, Saudi Arabia, and the United Arab Emirates
(UAE). The participants comprised children who were participating in an ongoing large-scale study
evaluating neurobehavioral problems in children with ASD. They were recruited through purposive
sampling on a voluntary basis.

The initial sample consisted of 235 children, who were divided into the ASD (n = 180) and typically
developing (TD) (n = 55) groups. Among them, 61 children with ASD and 25 TD children were
excluded from the final sample. The recruitment process is illustrated in Figure 1.
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Figure 1. Recruitment of the Participants.

All the children with ASD (age range: 6–12 years; mean age = 8.75 years) had received a formal
diagnosis prior to their recruitment for the present study. They attended three different types of
educational settings, namely a fully inclusive school (N = 26; 21.8%), a partially inclusive school
(N = 19; 15.9%), or a specialised ASD school or centre (N = 74; 62.18%).

The inclusion criteria for the ASD group were as follows. First, all the children with ASD had an
IQ score of 70 or above. This IQ-related criterion was required to ensure that they could understand
the test items and instructions and so that any identified differences in performance reflected autistic
symptomatology rather than general intellectual functioning. The intelligence test scores were obtained
from the children’s school records. In the three countries of interest, a child’s IQ is normally determined
by a clinical psychologist or school psychologist using the Arabic version of the Wechsler Intelligence
Scale for Children, Third Edition (WISC-III; 1991). Second, they all met the diagnostic criteria for
level 1 of the ASD severity scale included within the DSM-5, indicating that they had mild symptoms
and required support [49]. Third, all their scores on the Michigan Autism Spectrum Questionnaire
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(MASQ) [50] were 22 or above, indicating high-functioning performance. Moreover, they all scored ≥
71 on the Gilliam Autism Rating Scale—Third Edition (GARS-3) [51], indicating that an ASD diagnosis
is very likely.

The exclusion criterion for the ASD group was the presence of comorbid affective and/or
behavioural symptoms (e.g., intractable epilepsy, severe self-injury, aggression, uncorrected hearing
loss, or visual impairment precluding participation). The absence of such comorbidities was verified
by the researcher through interviewing the parents and reviewing the children’s medical records.

The comparison (non-ASD or TD) group comprised 30 TD children (age range: 6–12 years; mean
age = 9.06 years) recruited from mainstream primary schools. The exclusion criteria were (i) a history
of any psychiatric, neurological, or developmental disorder, (ii) a family history of ASD, (iii) a need to
regularly use any psychotropic medication, (iv) a physical disability that hinders motor performance,
and/or (v) undergoing physical therapy to address motor issues. One obstacle to recruiting a sufficient
number of TD participants concerns parents’ reluctance to permit their children to participate in
research. This reluctance could indicate that parents are concerned about their children’s assessment
results. Data collection can prove particularly challenging in the Arab context due to recognised delays
in certain developmental skills and the potential for stigmatisation.

All the participants (i.e., with and without ASD) were group-wise matched according to
their gender, chronological age, handedness (rated using the Edinburgh Handedness Inventory
(EHI) [52], non-verbal IQ (assessed using Raven’s Coloured Progressive Matrices (RCPM) [53]),
and parental education level (see Table 1). The results of the group-wise analyses revealed no
significant between-group differences (p < 0.05) with regard to any factor relevant to the comparison
outcome variables.

Table 1. Demographic and Clinical Characteristics of the Participants.

Comparison Characteristics
Target Group

(N = 119)
Children with ASD

Control Group
(N = 30)

TD Children
t/χ2 p ES

Continuous variables

Age (years) 8.72 (1.96) * 9.06 (1.42) * 1.05 0.71 0.21
Non-verbal IQ 29.76 (1.92) * 29.80 (2.64) * 0.69 0.060 0.17

Categorical variables

Gender
Male 95 (79.8%) 24 (80.0%)

0.00 0.98 -
Female 24 (20.2%) 6 (20.0%)

Handedness
Right 104 (87.4%) 23 (76.7%)

2.191 0.14 -
Lift 15 (12.6%) 7(23.3%)

Father’s
education level

Secondary 67 (56.3%) 16 (53.3%)
0.09 0.77 -

College degree 52 (43.7%) 14 (46.7%)

Mother’s
education level

Secondary 78 (65.5%) 20 (66.7%)
0.01 0.91 -

College degree 41(34.5%) 10 (33.3%)

Note: * Mean (SD) non-verbal IQ (Raven’s raw score range 0–36). The continuous variables are summarised as
the mean and standard deviation using t-tests, while the categorical variables are summarised as the count and
percentage using the chi-square χ2. ES = effect size, which is calculated using Cohen’s d.

2.3. Instruments

This study relied on two types of instruments, namely screening questionnaires, and
assessment measures.

2.3.1. Screening Questionnaires

The following three screening questionnaires were used to verify the participant’s clinical diagnosis
and to determine the severity of their autistic symptoms. The first two measures were completed by at
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least one parent of each participant with ASD, while the third measure was used by the researcher to
independently assess the severity of the ASD symptoms.

1. Gilliam Autism Rating Scale—Third Edition (GARS-3) [51]: After obtaining written permission
from the publisher (Pro-Ed), the researcher had previously translated the GARS-3 and made
certain cultural adaptations to facilitate its use in the Gulf region. The GARS-3 is a norm-referenced,
standardised informant rating scale designed to identify and rate the severity of autism
symptomatology in individuals. The GARS-3 items correspond to the diagnostic criteria
for ASD set out in the DSM-5 [54]. It consists of 56 Likert-type items that comprise six
subtests: restricted/repetitive behaviours (RB; 13 items), social interaction (SI; 14 items), social
communication (SC; nine items), emotional responses (ER; eight items), cognitive style (CS; seven
items), and maladaptive speech (MS; seven items). The summation of the subscales’ scaled scores
yields the composite autism index, which is also reported in terms of the standard score, percentile
rank, severity level, and probability of ASD. Two autism indices (four or six) can be formed,
depending on whether or not the individual is mute. Higher scaled scores indicate increasingly
severe autistic symptoms. Caregivers require approximately 5–10 min to complete the measure.

2. Michigan Autism Spectrum Questionnaire (MASQ) [50]: The MASQ is based on the clinical
characteristics that may be suggestive of Asperger’s syndrome (AS) or high-functioning ASD
(HFA). It includes ten items representing two main functional areas: the quality of the social
interaction patterns and the style of both the content and form of communication. The items are
rated on a four-point (0–3) scale, with their sum yielding the total score (maximum 30). A cut-off
score ≥ 22 is recommended to screen for individuals with HFA or AS. Cut-off scores between
14 and 21 are predictive of ASD or pervasive developmental disorder-not otherwise specified
(PDD-NOS), while scores < 14 are predictive of other psychiatric disorders.

3. The Clinician-Rated Severity of Autism Spectrum and Social Communication Disorders
(CRSASSC) [49]: This two-item scale is used to assess the severity of an individual’s autistic
symptoms and his/her level of functioning based on the amount of support required due to
challenges associated with the social and communication (SC) domain and the restricted interests
and repetitive behaviours (RRB) domain, respectively. Each domain is rated on a four-point Likert
scale consistent with the DSM-5 diagnostic criteria: 0 (none), 1 (requiring support), 2 (requiring
substantial support), or 3 (requiring very substantial support). The clinical criteria may also help
to assign a specific functional level to an individual: mild (level 1), moderate (level 2), or severe
(level 3). The level of severity for each item should be independently reported, and a combined
overall severity score should not be calculated.

2.3.2. Assessment Measures

There are a number of different tools available to assist clinicians and researchers with the
evaluation and measurement of different aspects of motor skills development and their contribution to
motor performance [55,56]. This study used the following measure.

Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2; [48]): The BOT-2 is a
standardised, norm-referenced test of motor proficiency used to assess the gross and fine motor
skills involved in engaging, goal-directed activities among children aged 4–21 years. It includes
eight subtests: fine motor precision, fine motor integration, manual dexterity, bilateral coordination,
balance, running speed and agility, and upper-limb coordination and strength. The BOT-2 results in
four composite scores and one comprehensive measure of overall motor proficiency. The different
administration options include the complete form, the short form, selected composites, and selected
subtests. The short form (14 items), which was used in this study, takes 15–20 min to administer, with
another five minutes being required to tape off the running course. Liu et al. (2015) noted that it
is most efficient for practitioners to evaluate a child using the short form first [56]. The short-form
BOT-2 consists of 14 items covering eight subtests and including the widest possible range of abilities
to produce sufficiently reliable scores (see Table 2). It is a quick and user-friendly screening tool
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that provides a single overall motor proficiency score. The total composite score is reported as the
standardised score (mean = 50.0, standard deviation = 10.0).

Table 2. Short-Form Items.

The BOT-2 Subtest Item Assessment

Subtest 1
Fine Motor Precision

Drawing Lines Through Paths # of Errors
Folding Paper # of Errors

Subtest 2
Fine Motor Integration

Copying a Square # of Errors
Copying a Star # of Errors

Subtest 3
Manual Dexterity Transferring Pennies # of Pennies in 15 s

Subtest 4
Bilateral Coordination

Jumping in Place-Same Sides Synchronized Repetitions
Tapping Feet and Fingers-Same Sides

Synchronized Repetitions

Subtest 5
Balance

walking Forward on a Line Steps
Standing on One Leg on a Balance

Beam-Eyes Open Time

Subtest 6
Running Speed Agility One-Legged Stationary Hop # of Hops in 15 s

Subtest 7
Upper-Limb Coordination

Dropping and Catching a Ball-Both Hands Catches
Dropping a Ball-Alternating Hands Dribbles

Subtest 8
Strength

Full Push-Ups # Performed in 30 s
Sit-Ups # Performed in 30 s

Note: (#) The hash symbol expresses the number of errors made during task completion and the number of
tasks completed.

The BOT-2 SF exhibited strong psychometric properties. Its high internal consistency was
determined using the stratified alpha method with regard to each composite and the split-half method
with regard to each subtest [48]. The alpha value for the total motor composites was found to equal 0.93,
while the test-retest correlations were found to be >0.80. Further, the interrater reliability correlations
were noted to range between 0.92 and 0.98 [48].

In terms of the validity of the measure, the internal structure of the BOT-2 has been examined
using the correlations among the subtest scale scores and the composite scores [57]. The validity
of the BOT-2 was also established using a confirmatory factor analysis [58]. The BOT-2 was further
determined to be correlated with other measures of motor performance (Bruininks and Bruininks,
2005 [48]. Moreover, the BOT-2 SF was reported to exhibit high sensitivity (84%) but poor specificity
(42.9%) with 76.5% accuracy among 153 neurotypical children aged 8–11 years [59]. As per the test
manual, the BOT-2 is noted to be able to differentiate between children in different clinical groups,
including an ASD group, and children in the normative group.

2.4. Procedures

All the involved procedures were carried out in accordance with the ethical standards of the
Queensland University of Technology, the research ethics committee of which approved the study
protocol. The children involved in this project participated with the full written informed consent of
their parents and legal guardians after the study procedures were explained; however, it was also
important that the child participants were asked to give their verbal assent to participate. The parents
of children with ASD provided information about the severity of their child’s autism by answering the
questions on the GARS-3 and MASQ. In addition, the children with ASD underwent an assessment
based on the CRSASSC scale that was conducted by the researcher in order to determine the level
of severity. Each child was individually evaluated according to the BOT-2 by the researcher in a
noise- and distraction-free room at their school. The verbal instructions given were adapted to fit
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each child’s level of language ability. The instructions for the test were also accompanied by photos
of a child performing the main components of the test. All scores were recorded and converted into
standardised scores according to the procedure described in the test manual. The assessment sessions
were scheduled according to the times suggested by the children’s parents and teachers. The children
were all given adequate praise throughout the test. At the start of the testing session, the children were
informed that they could cease to participate at any time and for any reason.

2.5. Analysis

All the data analyses in the present study were performed using the Statistical Package for the
Social Sciences (SPSS) version 23.0 (IBM, Chicago, IL, USA). A one-sample z-test was performed to
determine whether the mean of the motor scores of the ASD group statistically differed from the
corresponding normative mean derived from the standardisation sample, as available in the BOT-2
manual. Further, the BOT-2 cut-off score (40 or less) was used to calculate the proportions of the actual
clinical scores (i.e., the proportion of participants who scored below the clinical cut-off point).

Descriptive statistics were calculated concerning the raw scores for all the BOT-2 subtests.
The overall differences between the raw scores of the children with ASD on the BOT-2 and those of the
typically developing children were analysed by means of an independent samples t-test.

Generally speaking, when performing multiple comparisons using the same data set, the risk of a
type I error occurring increases. To overcome this problem, the probabilities were not maintained at
the chosen level (0.05), while a Bonferroni adjustment was made to control the overall type I error rate.
When performing a Bonferroni adjustment, the alpha is estimated by taking the desired alpha level
(0.05) and then dividing it by the number of comparisons being conducted. In the present study, for
the multiple comparison analysis of the eight BOT-2 subtests, the significance level was set at p = 0.006.

The effect sizes were expressed using Cohen’s d [60]. According to Cohen (1988), the magnitude
of the effect size can be categorised into one of three graded levels, namely small (0.2–0.5), medium
(0.5–0.8) or large (>0.8) [60].

Further, the effect of the age variable on the participants’ motor performance was investigated
using a regression analysis, with age being considered the predictor variable and the total raw score
for each child’s motor performance being considered the outcome of interest. The level of statistical
significance was set as p < 0.01 in order to avoid type I errors.

For linear regression, the effect size was calculated using Cohen’s ƒ2. According to Cohen’s
guidelines (1988) concerning the interpretation of the magnitude of the R-squared value, the values of
Cohen’s ƒ2 = 0.02, 0.13 and 0.26 are considered to be small, medium, and large effect size, respectively.
The equation to compute Cohen’s effect size is (ƒ2 = R2/1 – R2) [60].

3. Results

The results of this study are presented in three stages according to the sequence of the
research objectives:

3.1. The Proportion of Children with ASD Who Exhibit Motor Impairments

The BOT-2 standardized test was used in this study in order to evaluate motor proficiency in the
child participants. Lower scores on the BOT-2 items are considered to be indicative of lower motor
performance. On the short form of the BOT-2, the subtests are administered to find the raw scores.
Each raw score for the subtests was then converted into a point score using the graded scale provided.
The point scores are summed to give the total point score (max = 88), which is in turn converted into
the standard score considering age and sex (ranging from 20 to 80), with a mean of 50 (SD = 10). A
total composite standard score of 40 or less (one standard deviation below) is classified as indicative
of motor impairment. This total motor composite can be reported as a categorical variable with five
descriptive categories: well above average “≥70”, above average “60–69”, average “41–59”, below
average “31–40”, and well below average “≤30”. Based on this process, the overall score, which is the
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sum of the eight subscales, was compared with the BOT-2 norms. Table 3 presents descriptive statistics
concerning the total BOT-2 motor composite scores of the children with ASD as well as the results of
the z-test comparing their overall motor performance to the performance of the normative test sample.

Table 3. Descriptive Statistics and Z-Test Results Concerning the Total Motor Composite.

BOT-2 ASD Sample (N = 119)
95% Confidence
Interval for the

Mean
One-Sample Z-Test

Standard score for the
total motor composite *

Min Max M SD SE Lower Upper Z p d

47.0 85.0 31.90 5.03 0.46 30.98 32.81 −19.74 <0.001 1.81

Note: * A standard score less than 40 is regarded as the cut-off point for an abnormal motor performance.

As shown in Table 3, the mean BOT-2 score of the ASD group for the total motor composite
(M = 31.90, SD = 5.03, p < 0.001) statistically deviated from the norm with a large effect size; thereby,
indicating the presence of motor impairment within the overall level of motor proficiency. In light of
the cut-off score set out in the BOT-2 guidelines, 88% of participants with ASD scored below the normal
threshold when compared with the normative BOT-2 data. Based on the descriptive standard scoring
categories detailed in the BOT-2 guidelines, the children with ASD were classified as displaying a
motor performance deficit that fell within the below-average range.

3.2. Comparing the ASD and TD Children Based on the BOT-2 Test Raw Scores

Table 4 shows the participants’ mean raw scores and standard deviations on the eight BOT-2
subtests, namely fine motor precision, fine motor integration, manual dexterity, upper-limb coordination,
bilateral coordination, balance, running speed and agility, and strength, as well as the total motor
composite. It therefore indicates the differences identified between the children in the ASD group and
the typically developing children. The highest point score for the test is 88. Higher scores on the BOT-2
items are indicative of higher motor performance, and vice versa.

Table 4. Comparison of the autism spectrum disorder and typically developing groups based on the
BOT-2 raw scores and total motor composite.

The BOT-2 Test
Scores

ASD Sample
(N = 119)

TDC Group
(N = 30) t-Statistic p D

M SD M SD

Fine Motor
Precision 5.38 2.66 10.17 2.10 9.171 *** <0.001 *** 1.99

Fine Motor
Integration 7.43 2.17 9.53 1.36 6.623 *** <0.001 *** 1.16

Manual Dexterity 3.28 1.62 6.33 1.56 9.322 *** <0.001 *** 1.92
Bilateral

Coordination 4.60 1.68 6.67 0.85 9.489 *** <0.001 *** 1.55

Balance 5.69 1.10 7.30 0.75 7.563 *** <0.001 *** 1.71
Running Speed

and Agility 3.08 2.03 6.97 1.40 12.267 *** <0.001 *** 2.23

Upper-Limb
Coordination 5.13 2.80 10.20 1.73 12.472 *** <0.001 *** 2.18

Strength 3.21 2.08 8.97 2.24 13.352 *** <0.001 *** 2.66
Total Motor
Composite 37.79 12.25 66.13 8.24 15.097 *** <0.001 *** 2.71

Note: *** p < 0.001 by independent samples t-test. ADS: Autism spectrum disorder without intellectual disability;
TDC: typically developing children; BOT-2: Bruininks-Oseretsky Test of Motor Proficiency, Second Edition; d values
are effect sizes (ESs) of ASD versus TDC. Bonferroni correction: α = 0.05/8 = 0.006.

The independent samples t-test found significant differences in terms of all the BOT-2 short-form
subtests and the total score when comparing the children with ASD and the typically developing
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children. All the differences are significant at the p < 0.001 level, with the size effects on the eight
BOT-2 subtests ranging from 1.16 to 2.66 and the total motor composite equalling 2.71 (Cohen’s d). This
indicates that the children with ASD performed more poorly on the BOT-2 items than the TD controls.
The performance on the eight motor subtests was variable. The children with ASD scored their lowest
point scores on the strength element of all the subtests (Cohen’s d = 2.66), while Fine Motor Integration
was associated with their highest point scores (Cohen’s d = 1.16).

3.3. Relationship between Motor Performance and Age

The relationship between the ASD participants’ age and their overall motor performance was
examined using linear regression analyses. The results indicated the significant main effect of age,
which suggested that the children with ASD exhibited age-related gains in terms of their overall motor
performance. Indeed, positive correlation was noted between their overall motor performance and
their age (β = 0.52, p ≤ 0.001, R2 = 0.26, Cohen’s ƒ2 = 0.36). This correlation pattern indicated that the
children with ASD exhibited fewer deficits during the performance of motor tasks as they aged.

4. Discussion

The results relevant to each aim of the study will be discussed separately in the
following subsections

4.1. Prevalence of Children with ASD Who Exhibited Clinically Significant Motor Abnormalities

Our first objective was to identify the prevalence of children with ASD who exhibited clinically
significant motor abnormalities. The results indicated that the majority of the ASD sample fell outside
the normal range in terms of motor performance. Indeed, the prevalence of children with ASD who
exhibited clinically significant motor performance problems was found to be 88%. These children had
a score of 40 or less on the total composite, which indicates deficits in their motor skills.

These results regarding the motor impairments seen in children with ASD are consistent with our
expectations, since they reflect the motor abnormalities seen in those with autism. Additionally, such
findings regarding deficient motor functioning in children with ASD are in line with the findings of
several prior studies that relied on a similar measure to the BOT-2 [8,17,29,61–63]. The mean standard
score for the overall motor composite in these previous studies ranged from 33.0 to 39.6, indicating the
existence of motor impairments among children with ASD. A similar pattern of results was also found
in the clinical sample of 45 individuals with autism aged 4 –21 years described in the BOT-2 manual
(M = 37.0; SD = 8.4) [48]. The present results are also in line with those of other studies that used
different measures [6,11]. However, our results contrast with those found in a study by Hilton et al.
(2014) that used the BOT-2 but did not identify a significant deficit in the motor skills of individuals
with ASD [64]. However, the small sample size involved in Hilton et al.’s (2014) study should be
considered, since they only investigated seven children with ASD.

The motor disruptions seen in children with ASD may be attributed to the increase in the total
brain volume seen in such children, as well as to certain affected brain regions that are regularly
suspected to be involved in the neural underpinnings of autism, including the cerebellum, basal
ganglia, brain stem functions, and alterations in the frontostriatal and frontocerebellar pathways [10,65].
However, the brain mechanisms underlying the motor disruptions observed in those with autism are
not conclusive, meaning that they warrant further investigation.

Environmental factors may also contribute to the poor motor skills performance exhibited by those
with ASD. An individual’s motor skills development stems from the dynamic relationship that exists
between organismic and environmental factors; hence, any changes in such properties will influence
the acquisition of motor skills [66]. A study by Maksoud (2016) indicated that certain environmental
factors might explain the poor performance exhibited by Egyptian children with Down’s syndrome
in relation to the BOT-2 instrument [67]. These factors included low enhancement and poor support
from the parent(s), as well as limited opportunities to practice during the early years of their lives [67].
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A proposition drawn from these findings is that these factors may also be applicable to children
with ASD.

It is important to note, however, that the prevalence of motor performance abnormalities
identified in the context of our research was high when compared to the prevalence reported in other
studies [17,61–63]. It is possible that the high frequency of motor performance abnormalities seen in
the children with ASD in the present study could be attributed to several factors largely related to the
local cultural context.

First, low levels of physical activity can contribute to reducing the motor proficiency of children
with ASD. The relationship between an individual’s motor proficiency level and his/her level of physical
activity was confirmed by Wrotniak, Epstein, Dorn, Jones, and Kondilis (2006) [68]. The majority
of families in the Gulf region depend on domestic servants to help care for their children and to
do the housework [69]. These domestic servants also typically assist the children with numerous
tasks associated with daily living, especially in the case of children who have been diagnosed with a
disability. This assistance could involve, for example, buttoning up clothes, zipping up zippers, tying
shoes, bathing, feeding, cleaning teeth, and combing hair. Hence, it is possible that the children might
come to overly rely on the domestic servants to help them perform everyday activities. This could in
turn have a negative impact on the physical activity levels of the children, and therefore adversely
affect their motor development.

Second, a lack of opportunities to engage in physical activity/practice responding to physical
stimuli could stem from various familial factors. The negative relationship between motor development
and insufficient physical activity has been confirmed in the literature [70,71]. The parents of children
with ASD in the Arab Gulf region tend toward an overprotective parenting style, and they often exhibit
excessive concern about their children’s safety when outdoors. This parenting style is likely to have
contributed to the children with ASD being less physically active than is ideal and, relatedly, to their
insufficient motor skills proficiency [72].

Additionally, children living in the Gulf region tend to only rarely engage in physical activities
out in the natural environment. Prior research evidence has suggested that the physical environment
that we inhabit can offer both opportunities and barriers in terms of engaging in physical activities [70].
For example, countries in the Gulf region frequently experience very high temperatures during the
daytime [73]. Therefore, it is rarely considered safe or appropriate for children to engage in outdoor
activities during that time/in such conditions. Children with ASD are particularly prone to being
prevented for participating in outdoor activities due to both the perceived inconvenience of them
doing so and the associated security concerns. This lack of participation may affect the development of
the children’s gross motor skills.

Finally, children with ASD typically lack exercise partners of the same age and are frequently
isolated from their peers, which means that they generally lack opportunities to engage in social
interactions. Unfortunately, children with ASD are particularly susceptible to social exclusion due
to both the stigma experienced by their families (i.e., feelings of shame about their child’s condition)
and the rejection and lack of acceptance shown by their peers (i.e., evasion and discrimination). Some
families attempt to keep their children’s condition a secret, and hence prevent their children from
attending social events and engaging in social interactions with their peers. It has been reported that
the lack of a peer exercise partner represents one of the key barriers to physical activity experienced by
children with ASD [74]. Such non-participation in peer activities may limit children’s opportunities to
develop their motor proficiency.

4.2. Distinct Nature of Motor Performance Exhibited by Children with ASD and Typically Developing Children

This study also sought to examine the differences between the motor performance, as assessed
using the BOT-2, of children with ASD and typically developing children. The results demonstrated
that the children with ASD exhibited weaker motor skills performance than the typically developing
children, which indicated deficits in their motor proficiency. The results, therefore, support the
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findings of prior studies concerning motor behaviours, which indicated a general impairment of
motor functioning in individuals with ASD [10,11]. The results contribute to our understanding of
definitive areas of motor dysfunction among children with ASD and their long-term developmental
consequences. Further, the results add weight to previous insights intended to assist caregivers and
therapists in addressing such issues. Overall, the results provide further evidence of the need to
reconceptualise ASD to include motor delays and deficits.

When considering all eight subscales used to evaluate the overall motor proficiency of the children
with ASD, it appears that the identified motor deficits manifested with different degrees of severity.
For instance, fine motor precision tasks require precise control over finger and hand movements. Our
results indicated that the children with ASD experienced difficulties drawing lines through paths and
folding paper. This finding is in accordance with the notion that individuals with ASD experience
difficulties completing tasks that require the planning and sequencing of movement [75]. As some
children with ASD also exhibit hypotonia, it is likely that the hypotonia in their hands results in severe
fine-motor and graph-motor delays due to an inability to manipulate objects and control a pencil [76].
Such difficulties may lead to problems during many activities associated with daily living, including
buttoning clothes and writing.

Fine motor integration skills require the capacity to integrate visual stimuli with motor control.
This kind of integration is commonly referred to as “visual motor integration”. Our results indicated
that the children with ASD were generally unable to perform the hand-eye coordination tasks. This
finding is in line with prior evidence that some individuals with ASD exhibit underlying deficits
in visual-motor integration [77]. Such deficits may stem from sensory problems since hand-eye
coordination requires the assimilation of several types of sensory inputs to direct movement toward
the target [78]. Moreover, children with ASD demonstrate delayed manipulation skills, which are also
important for activities such as writing and fastening clothing [79]. These fine motor integration skills
tend to be affected when an individual with ASD experiences a tactile perception problem, especially
when tactile defensiveness is present. Ayres noted that hyper-responsivity to tactile stimuli may render
it difficult for younger children to develop in-hand manipulation, fine motor skills, and hand-eye
coordination [80]. It has been established that children with ASD often exhibit difficulties with tactile
awareness, which may impede their fine motor skills. Thus, it has a bearing on their ability to develop
fine motor skills.

Our findings also revealed the impaired performance of the children with ASD on the manual
dexterity subtest, which is in line with the results of prior studies [11,14,81,82]. Deficits in manual
coordination may occur due to the poor hand-eye coordination typically seen in children with ASD, since
good hand-eye coordination allows individuals to pick up small objects and precisely manipulate them.
Further, perception-action coupling is crucial to the production of purposeful, coherent movements [14].
However, prior evidence has suggested that such manual coordination deficits may be related to the
use of a dual-scored task that involves both spatial accuracy and age-related temporal parameters [14].
Interestingly, a recent study indicated that the worst results for children with ASD were seen in relation
to the fine motor skills component, while the gross motor skills component gave rise to the best
results [83]. During the indicative qualitative evaluation, the researchers found more children with
ASD to be able to manage the manual tasks when provided with unlimited time and support [83].
In contrast, the majority of children with ASD could not manage the gross motor tasks at all [83].

The bilateral coordination subtest concerns the capacity to use both sides of the body in a controlled
and organized manner to accomplish a functional task [79]. The results indicated that the children
with ASD experienced problems when attempting movements involving both sides of the body. This
finding is consistent with the fact that individuals with ASD are typically characterised by poor bilateral
coordination [84]. Further, Staples and Reid found that children with ASD experienced difficulty
coordinating both sides of their body, or both arms and legs, while performing motor tasks [82].
Bilateral coordination problems may be associated with vestibular dysfunction, as when the vestibular
system is unable to adequately integrate information, it can contribute to poor bilateral coordination.
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Moreover, the vestibular system allows the two sides of the body to communicate with each other at
the level of the brain stem via the vestibular nuclei [85].

The balance subtest evaluates the motor control skills integral to an individual’s posture when
standing. Balance is necessary for both movement and stillness, which is why it is sometimes referred
to as postural control [86,87]. The balance subtest consists of movement activities that measure
the stability of the trunk support as well as stasis and movement. Our results suggested that the
balance skills of the children with ASD were significantly impaired when compared with the typically
developing children, which is in line with the findings of previous studies [10,11,14,81]. However,
Ament et al. found that deficits in the balance skills of children with ASD were only demonstrated
during static balance tasks and not during dynamic balance tasks [88]. Further, the presence of balance
deficits in children with ASD is often interpreted as indicating a deficit in the integration of information
obtained from the visual, proprioception and vestibular afferent systems [10,89]. The maintenance
of successful postural stability during static balance postures is thought to require the integration of
vestibular, somatosensory, and visual inputs. If one of these inputs is impaired or disrupted, then both
simple and complex motor tasks prove more difficult [19].

The running speed and agility subtest includes activities that require both speed and agility.
Hopping is defined as the elevation of the body off the ground and the subsequent landing on a
single foot [90]. It appears to be an extension of the ability to balance while standing on one leg.
This type of balance is referred to as “dynamic balance”. Our results indicated that the children with
ASD experienced difficulty in hopping on one foot when compared with the typically developing
children. This is in accordance with prior clinical observations that many autistic children experience
great difficulty when hopping [91,92]. For instance, Noterdaeme et al. found that children with ASD
experienced difficulties performing motor skills that require standing and hopping on one foot for
a predetermined period of time when compared with typically developing children [93]. A similar
result was found by Pusponegoro et al., who noted that only five out of 40 (12.5%) children with
ASD could hop on one foot without falling over [92]. Comparable to the situation with balance and
bilateral coordination, a possible contributing factor to the impairment seen in children with ASD is
the vestibular problems they experience. Hopping requires the ability to balance on either foot, which
relies heavily on a sensitive vestibular system and motor coordination [94]. The vestibular system also
plays an important role in controlling the mutual interaction of sensory inputs and motor outputs [95].
As the ASD population typically exhibits an impairment in vestibular processing that results in poor
balance, this impairment may impact the ability of a child with ASD to hop.

The upper-limb coordination (ULC) subtest consists of activities designed to measure visual
tracking with coordinated arm and hand movements. Our results revealed that the children with ASD
exhibited ULC difficulties, which is consistent with prior evidence that individuals with ASD exhibit
poor ULC during visuomotor activities [96]. The results also indicated that the use of both hands to
drop and catch a ball proved difficult for the children with ASD [14]. It appears, therefore, that children
with ASD experience difficulty completing tasks involving both hands. When attempting to catch a
ball with two hands, their arm movements are often poorly coordinated [97,98]. These deficits may
be attributed to insufficient information processing [99]. As activities involving ball skills are often
social in nature, such motor impairments may result in the exclusion of children with ASD from games,
which may disrupt their psychosocial development [98,100].

The strength subtest is intended to assess the trunk flexor muscles and the upper and lower
extremity strength. It involves activities such as push-ups and sit-ups. Our results indicated that the
children with ASD showed an insufficient level of strength during such activities. They were able to
complete fewer push-up and sit-up repetitions than the typically developing children. This is in line
with the results obtained by Pan (2014), who found individuals with ASD to be able to complete fewer
push-ups and sit-ups than age-matched peers without ASD [29]. The inability to master the push-up
skill may indicate weakness in an individual’s general upper body condition. Further, difficulty
performing sit-ups may result from relatively low middle-body strength [101]. One explanation for the
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poor performance of the children with ASD in relation to strength skills could be their limited general
body strength. Such activities require a great deal of muscle strength, which is also necessary for many
aspects of movement and motor control, including postural control, balance, and coordination [102].

4.3. The Relationship between Age and Motor Performance

The final aim of this study was to determine whether the chronological age of the children with
ASD affected their overall motor performance. Ultimately, it was determined that age did impact the
motor performance of the children with ASD. The total score for motor performance was positively
related to the age of the children with ASD. In general, the present results indicate that children with
ASD demonstrated fewer deficits during motor tasks with age. This finding is consistent with the
general pattern of the developmental acquisition of motor skills with age [43,48]. Relatively few studies
have examined age differences in terms of motor performance in those with ASD, although the current
results are in line with those of a study by Ming et al. (2007), who found that older children with ASD
tend to perform better in relation to the motor skills than younger children with ASD [16]. However,
the present results stand in contrast to the results of longitudinal work indicating that these motor
deficits remain relatively stable over time in children with ASD [46]. The identified age-related gains
could be due to the natural maturity of motor skills or the result of therapeutic interventions [16].
Structural environmental changes may promote motor development in children with ASD. However,
the children with ASD in the context in which this study was conducted, whether they exhibited motor
deficits or not, were not expected to receive any services to assist with their motor development. Hence,
the results of the present study support the hypothesis that the development of fine and gross motor
skills is characterized by change rather than stability.

5. Conclusions

The present study outlined the prevalence of motor impairments in children with ASD, as well
as the nature of the motor abnormalities seen in school-aged children with ASD when compared
to typically developing children, through the use of a standardized test so as to facilitate a better
understanding of the motor profiles associated with ASD. An additional focus of the study was the
exploration of the relationship between motor performance ability and age. Based on the impairment
cut-off detailed in the BOT-2 guidelines, the majority of children with ASD in our sample showed mild
to extremely negative deviation from population norms, and therefore were classified as exhibiting a
motor performance deficit. This study also found evidence that the children with ASD performed
significantly poorer than the typically developing children in relation to all the items of the BOT-2.
In addition, the study demonstrated the existence of a positive relationship between age and motor
performance ability, which indicated that motor skills may improve as children grow older.

The overall findings of this study served to reinforce and extend the results of prior studies
concerning motor abnormalities in those with ASD. In particular, the present findings contributed
significantly to our understanding of such motor characteristics in non-Western individuals diagnosed
with ASD.

A strength of this study is related to the use of a standardised assessment of motor impairment (i.e.,
the BOT-2), which is one of the most commonly applied means of evaluating and discriminating motor
function in children. However, only the short form of the chosen motor proficiency test (SFBOT-2)
was used in this study, which limited our interpretation of the subcategories. However, the use of
the SFBOT-2 can be justified based on the findings of our unpublished pilot study, which revealed
both the difficulty and the high time requirements associated with applying the full version of the
test. Additionally, a number of comorbid psychiatric disorders, including anxiety, could potentially
impact children’s performance during a motor task [103,104]. However, the results of this study do not
contribute to the ongoing discussion regarding the effect of anxiety on test performance. Thus, future
studies could examine the possible relationship between anxiety levels and performance levels during
motor tasks. Although the severity of the ASD symptoms has been found to be related to the severity
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of the experienced motor problems [8,105–107], examining this relationship in more detail is beyond
the scope of the present study. It does, however, represent an interesting avenue for future studies
to explore.

Another limitation of the present study is related to the cross-sectional methodological approach
chosen to explore the impact of chronological age on the motor difficulties exhibited by children with
ASD, which limited our ability to interpret the findings from a developmental perspective. Future
studies should employ a longitudinal design so as to be better able to investigate the developmental
trajectories of motor impairments in children with ASD and to provide us with further insights into
the mechanisms that underlie such motor disruptions. The final limitation of this study concerned the
study sample. Only children with ASD who exhibited an average or above-average IQ were included
in the study. Therefore, the findings are limited to that group, and hence are not representative of
individuals with ASD who exhibit lower cognitive function. Additionally, the fact that the sample of
typically developing children included in the study was relatively small should be considered. Indeed,
the typically developing participants in this study may not be representative of the population as
a whole.

Despite the above-mentioned limitations, the findings of the present study have a number of
important implications for practice. First, the results reported here suggested that motor abnormalities
represent a prevalent feature of ASD. However, such problems do not typically form part of the
assessments for ASD nor are they typically included in intervention programs. Therefore, the inclusion
of a motor assessment in the evaluation protocols associated with ASD should prove highly useful.
Second, although motor deficits are present from very early on in the development of children with
ASD and may actually reflect an underlying brain deficit, they do not generally represent a key focus
for either parents or professionals. It is recommended that motor functioning should be considered
during the clinical assessment and management of ASD, and it should not be ignored during early
interventions. Further, it is recommended that additional research be undertaken in this regard so as to
ensure greater clinical recognition of motor dysfunctions among children with ASD.

Moreover, the wide-ranging implications of poor motor performance on the part of individuals
with ASD can extend beyond the motor domain and into the educational, social, cognitive, and
behavioural domains. Hence, motor functioning represents another area that we should be mindful of
in the clinical context. The identification of motor abnormalities could be a potentially valuable marker
of the degree and the nature of the other defining clinical features of ASD. Finally, the results of the
present study highlighted the need for increased efforts to improve the clinical surveillance process in
order to better identify potential developmental delays or deficits in terms of motor performance, as
well as to implement intervention strategies intended to address motor problems, in children with
ASD. Early identification and proper intervention with regard to motor problems in children with
ASD may lead to such children experiencing improved self-confidence and self-esteem, increased
performance quality, and enhanced occupational engagement and social participation.
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Abstract: Language deficits represent one of the most relevant factors that determine the clinical
phenotype of children with autism spectrum disorder (ASD). The main aim of the research was to
study the grammatical comprehension of children with ASD. A sample of 70 well-diagnosed children
(60 boys and 10 girls; aged 4.9–8 years) were prospectively recruited. The results showed that language
comprehension is the most impaired language domain in ASD. These findings have important clinical
implications, since the persistence of grammatical receptive deficits may have a negative impact on
social, adaptive and learning achievements. As for the grammatical profiles, persistent difficulties
were found during the school-age years in morphological and syntactic decoding in children with
relatively preserved cognitive and expressive language skills. These data and the lack of a statistically
significant correlation between the severity of ASD symptoms and language skills are in line with
the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition) perspective that
considers the socio-communication disorder as a nuclear feature of ASD and the language disorder
as a specifier of the diagnosis and not as a secondary symptom anymore. The presence of receptive
difficulties in school-age ASD children with relatively preserved non-verbal cognitive abilities
provides important hints to establish rehabilitative treatments.

Keywords: autism spectrum disorder; language profiles; grammatical comprehension

1. Introduction

Children with autism spectrum disorder (ASD) show heterogeneous functional profiles and
outcomes [1,2]. Language deficits represent one of the most relevant factors that determine the clinical
phenotype of children with ASD. Language deficits in ASD children can be described as a continuum,
as on one hand there are non-verbal or minimally verbal children or those who do not acquire verbal
language (in variable percentages up to 50% according to different studies) [3–8], and on the other hand
there are children with formally appropriate but pragmatically inadequate language [9,10]. Within this
continuum, highly variable language profiles can be found, with children exhibiting language delay,
children with language disorders, and those who, despite reaching their first language milestones
(i.e., speaking their first words between 12 and 18 months), later experience an arrest or a regression in
language development.

Though communication and language in children with ASD have been extensively investigated [4,9–13],
the nature of the language deficit still remains an open issue. According to the DSM-5 [14], social
communication disorder is considered a nuclear feature of ASD, while language disorder is only
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defined as a “specifier” of the condition. Some authors consider language disorders and ASD as
potentially comorbid conditions [10,15] and use the term ASD-LI to refer to individuals with ASD who
have impairments in structural language, regardless of their overall cognitive functioning.

The majority of published studies report that, in ASD, receptive language is more impaired than
expressive language [5,11,16–21], but this finding has not been completely confirmed [22,23]. Moreover,
the issue of the discrepancy between receptive and expressive competences is still unclear in terms of
whether it should be considered as a possible marker of ASD, or whether both receptive and expressive
language difficulties are comorbid to ASD.

Receptive language disorders in children with ASD are part of a wide and more complex
phenotype characterized by pragmatic and neuropsychological deficits that may impair the acquisition
of verbal comprehension. According to Tager-Flusberg and colleagues [24], the ASD’s problems of
language comprehension are especially present in everyday situations, rather than during single-word
comprehension testing. Children with ASD exhibit impairments in the ability to decode relevant
contextual cues and deficits in social attention [25–28], whereas typically developing (TD) children are
able from an early age to identify and select salient sensory stimuli and crucial social cues that are
relevant both for comprehension and communication [29,30].

Grammatical comprehension, as a specific language skill that is required for decoding verbal
messages in interactions, would represent a crucial matter of research in the field of ASD. However, it
is worth noticing that relatively few studies are available which assess the comprehension of someone
with ASD by means of specific tasks that differentially evaluate their lexical and grammatical skills.
The evaluation of receptive abilities in children with ASD is of crucial importance in the clinical
context in order to more clearly define the language profile, which has always been considered a
paramount prognostic marker of development. Indeed, minimally verbal children with ASD exhibit a
greater severity of autistic symptoms and globally worse clinical outcomes [31] than those with normal
or mildly delayed language development, for whom an outcome could be more satisfactory [32].
Considering the above mentioned prognostic significance of language skills on the developmental
perspective of children with ASD, the aims of the present study were:

1. To assess grammatical receptive skills in relation to other language abilities;
2. To investigate the relative contributions of non-verbal cognitive abilities and the severity of

autistic symptoms on the language profile of children with ASD;
3. To examine the qualitative and quantitative differences in grammatical comprehension between

ASD and TD children.

2. Materials and Methods

2.1. Sample

The present study was conducted on a sample of 70 children (60 boys) aged 4.9–8 years (mean age:
6.3 years; SD: 11 months; age range: 4.9–8 years) prospectively recruited at IRCCS Stella Maris
Foundation (Calambrone, Pisa, Italy) from February 2009 to May 2018.

Inclusion criteria were as follows:

• A diagnosis of either autistic disorder according to DSM-IV-TR criteria or autism spectrum
disorder according to DSM-5 criteria;

• Average or borderline non-verbal intellectual or developmental functioning level assessed through
standardized psychometric tests;

• Expressive language at the level of multiword productions.

In order to qualitatively analyze grammatical comprehension, a subsample of 54 children with
ASD and performance IQ ≥ 85 was selected and compared to 54 age- and sex-matched typically
developing (TD) children. TD children were recruited from kindergarten and elementary schools in
the area of Pisa, excluding subjects exposed to bilingualism.
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Both groups were subdivided into four age groups at 12 months intervals, from 4.10 to 8 years.
Informed written consent was obtained from the parents of all participants. This study was approved
by the Pediatric Ethical Committee of the Tuscany Region (approval number: 178/2016) and was
conducted according to the Helsinki Declaration.

2.2. Tests and Procedures

Grammatical comprehension was assessed using the Grammatical Comprehension Test for
Children (Test Comprensione Grammaticale per Bambini; TCGB) [33] standardized on Italian children
aged 3.6–8 years. The TCGB is a picture multiple-choice language test composed of 76 sentences
pertaining to eight main blocks of grammatical structures: locatives, inflectionals, both affirmative and
negative actives and passives, relatives and datives. Within each block of structures, the clauses differ
not only in grammatical complexity, but also in semantic complexity (i.e., irreversible vs. reversible
and probable vs. improbable clauses).

Children with ASD also underwent a comprehensive assessment of language skills by means of a
receptive vocabulary test (PPVT-R: Peabody Picture Vocabulary Test—Revised) [34], an expressive
picture naming test (One-Word Picture Vocabulary Test) [35] and the analysis of spontaneous language
performed according to a six level rating system (Grid of Analysis of Spontaneous speech—GASS) [36,37].
For a detailed description of the TCGB and GASS, see Tables S1 and S2 in the Supplementary Materials.
For all language tests, z-scores below—1.5 SD of the mean were considered as deficient.

Wechsler Preschool and Primary Scale of Intelligence, 3rd Ed (WPPSI-III, [38]) performance IQ,
the Perceptual Reasoning Index at WISC-IV [39] or Griffiths [40] developmental quotient of the
performance scale were used as measures of the non-verbal intellectual functioning level.

Finally, the Autism Diagnostic Observation Schedule-Generic (ADOS-G) [41] and Autism
Diagnostic Observation Schedule-Second Edition (ADOS-2) [42] semi-structured observations were
performed in ASD children for the evaluation of the autistic symptomatology severity.

2.3. Statistical Analysis

Skewness and Kurtosis statistics did not demonstrate a normal distribution for language-related
variables, thus non-parametric tests were utilized. On the whole sample of 70 children with ASD,
Spearman’s rank correlation coefficients between the grammatical comprehension non-verbal cognitive
scores and ADOS severity scores were calculated. The Mann–Whitney U test was used to compare:
(1) the non-verbal cognitive scores between children who performed averagely in the TCGB and
children whose performances were classed as deficient; (2) the TCGB scores between the 54 ASD and
the 54 TD children. The Kruskal–Wallis test for independent samples was also used to assess significant
differences between the four age groups (5, 6, 7 and 8-year-old groups) of 54 children with ASD and
54 TD controls. Statistical analyses were performed using SPSS 21 software (IBM SPSS Statistics,
Chicago, IL, USA).

3. Results

3.1. Language Profiles

Considering the mean z scores of the whole sample (see Table 1), grammatical comprehension
appeared the most impaired domain compared to the other language measures. The TGCB mean total
z score and the mean z score of the different structures (with the exception of active negative sentences)
fell below −1.5 SD of the mean. Sixty-three percent of children with ASD had impaired grammatical
comprehension. As for the vocabulary measures, the mean receptive lexical quotient at the PPVT
was in the borderline range, with 56% of children showing an impaired performance. The expressive
vocabulary scores were in the average range both for high and low frequency words (only 18% of
children exhibited an impaired performance). According to the GASS, expressive language was at
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level 4, which corresponds to a deficient control of complex grammar, and only 14% of children had a
more severe deficit.

Table 1. Sample characteristics (n = 70).

Children’s Language, Cognitive and ADS Profiles Mean SD
Mean

z Score

Age 76.43 11.80 -
Grammatical Comprehension (TCGB) 20.33 11.27 −3.25
Locative 2.55 2.14 −1.66
Inflectional 3.29 2.47 −2.55
Affirmative Active 1.99 1.98 −2.59
Negative Active 1.90 1.68 −0.86
Affirmative Passive 3.31 2.29 −2.58
Negative Passive 2.74 1.79 −2.61
Relative 2.59 1.85 −2.97
Dative 1.96 1.33 −4.73
Receptive Vocabulary (QL PPVT-R) 80.72 11.12 −1.22
Grammatical production level (GASS) 4.18 0.62 -
Expressive Vocabulary for high-frequency words (Brizzolara) 13.58 5.27 −0.38
Expressive Vocabulary for low-frequency words (Brizzolara) 32.32 6.09 −0.77
NVIQ 100.62 14.66 -
ADOS Comparison Score 5.30 1.42 -

Abbreviations: SD: standard deviation; NVIQ: non-verbal intelligence quotient.

3.2. Correlations between Language Measures, Non-Verbal Cognitive Skills and Autistic Symptoms Severity

Statistically significant correlations were found between the non-verbal IQ and total TCGB scores
(p = 0.020). Non-verbal IQ was also correlated with active negative and passive negative clauses
(p = 0.000 and p = 0.023, respectively). However, it is worth noting that non-verbal cognitive abilities did
not differ significantly between ASD children with average and impaired comprehensions (p = 0.073).

The severity of the autistic symptoms assessed through the ADOS was low/moderate and did not
correlate significantly with any expressive and receptive language measure.

3.3. Grammatical Comprehension Profiles of ASD and TD Children

The subsample of 54 children with ASD with a non-verbal IQ ≥ 85, was subdivided into four age
groups (i.e., 5, 6, 7 and 8-year-old groups). These subgroups did not differ significantly in terms of
non-verbal cognitive abilities (p = 0.296) or the severity of autistic symptoms (p = 0.212).

As displayed in Table 2 and Figure 1, the comparison between ASD and TD children showed
that ASD children had significantly lower scores than TD children for most types of grammatical
clauses at different ages. As expected, performances of both ASD and TD children changed with age;
however, the ASD children’s performances changed at a significantly slower rate compared to the
TD children. In the 5-year-old subgroup, statistically significant differences emerged for affirmative
active, negative passive and dative clauses, whereas, in the 6- and 7-year-old subgroup, ASD children
scored significantly lower than TD children in all types of clauses (with the exception of negative active
clauses). The 8-year-old subgroup showed a significant reduction in their error scores, compared to 5-
and 6-year-old children (p = 0.030 and p = 0.010, respectively). Nonetheless, significant differences
between ASD and TD children were still evident for locative, affirmative passive, relative and dative
clauses. Considering the semantic and grammatical complexity of the different clause types (for details
see Table 3), markedly significant differences between ASD and TD children were observed for the
more complex but not for the simpler sentences (i.e., verbal vs. nominal inflexions, projective vs.
topological locatives, semantically improbable vs. probable and neutral active affirmative clauses,
reversible vs. irreversible clauses) [33]. The comparison between the reversible and irreversible clauses
total scores showed a highly significant difference between TD and ASD children in the comprehension
of reversible clauses (p = 0.000), but not in irreversible clauses (p = 0.834).
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4. Discussion

The present research is the first Italian study aimed at assessing grammatical comprehension in
children with ASD. Our results support the hypothesis proposed by some authors [9,11,17,20,43] that
language comprehension would be the most impaired language domain in autism, in spite of its highly
heterogeneous linguistic phenotype [1]. Around two thirds of our patients exhibited an impaired
grammatical comprehension, whereas grammatical production was impaired in only 14% of children.
Additionally, in the lexical domain, receptive skills were more impaired than expressive ones. However,
the deficit of language comprehension was not homogeneous, since receptive grammar was more
impaired than receptive vocabulary. The above language profile differs from the one usually observed
in children with a primary developmental language disorder, which is generally characterized by better
receptive abilities as opposed to expressive language abilities [16,44–46]. The discrepancy between
receptive and expressive skills in children with ASD is, however, still a debated issue, because it is not
clear whether it could be considered a specific marker of ASD.

As for the relationship between language and non-verbal cognitive abilities, a positive correlation
between non-verbal intellectual functioning and grammatical comprehension was found, but non-verbal
cognitive abilities did not differ statistically between children with a normal comprehension and those
with an impaired comprehension. These apparently conflicting findings suggest that the grammar
comprehension deficit is quite specific in children with ASD, and, thus, is relatively independent from
non-verbal cognitive skills. This evidence is in line with the results of a study conducted on a sample of
ASD children with average or borderline intellectual functioning [43] in which non-verbal IQ explained
a limited amount of the variance of language scores.

The lack of statistically significant correlations between the severity of ASD symptoms and
language skills seems to confirm the DSM-5’s choice to let language deficits outside the nuclear
symptoms of autism. In this way, the DSM-5 avoids the risk of automatically establishing an overlap
between communication and structural language skills.

4.1. Grammatical Comprehension Profiles in Children with ASD and TD

To date, the qualitative assessment of grammatical decoding strategies in children with ASD
has generally been carried out on English-speaking subjects [47–49], with few reports in the recent
literature [50]. In the present Italian study, the qualitative assessment of language comprehension
showed significant differences between TD and ASD children. The latter showed both delayed and
atypical receptive grammatical skills.

Data on the development of grammatical comprehension in TD children show a significant change
between 5 and 6 years of age, a period characterized by an increasing integration of the different
decoding strategies, and by a sharp reduction in the inter-individual variability. By 7 or 8 years old,
TD children show a further increase in their capacity to generalize the use of linguistic principles and
rules for decoding more complex grammatical structures [33]. In children with ASD, improvements in
grammatical comprehension occurred around 7 or 8 years of age, but their receptive skills remained
significantly impaired in comparison to TD children. This result has important clinical implications,
since the persistence of grammatical receptive deficits may have a negative impact on social, adaptive
and learning achievements during the school-age years [43,51,52].

As for the grammatical profiles, persistent difficulties were found in morphological (i.e., inflectional
clauses) and syntactic decoding (i.e., locative, passive, relative and dative clauses). Similar to what
was observed in TD children, the comprehension of active negative sentences was more difficult than
the comprehension of active affirmative sentences. This might be due to the poor representability
of negative actions and to the fact that decoding of such structures requires inferential reasoning
(e.g., the correct answer for the sentence “the child does not eat the soup” is represented by a picture in
which the child is eating an ice-cream).

Relative, passive and dative clauses were more difficult for children with ASD than for TD children.
In the case of relative clauses, the persistence of difficulties up to 8 years of age probably depends on
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their length and structural complexity. For passive and dative clauses, the crucial factor may be the
reversibility of actions. The significant difficulty in decoding reversible, but not irreversible sentences,
which characterizes the profiles of children with ASD, is an important result because it suggests the
presence of a specific linguistic deficit. In fact, in reversible sentences the roles of the agent or patient of
the action are interchangeable, as they are both animate referents (e.g., “the girl pushes the boy” or vice
versa). Therefore, decoding these sentences is crucially based on the word order, that is, on syntactic
strategies. Conversely, in irreversible sentences, the agent and patient roles are not interchangeable,
because of semantic restrictions linked to the animate/inanimate nature of referents (e.g., “the car
is washed by the boy”). In this case, lexical factors can drive the sentence decoding. Difficulties in
processing reversible sentences have also been described [47] in a study reporting that impairments in
reversible sentence comprehension was greater than expected from the global level of receptive skills.
We would suggest that ASD children with average or borderline intellectual functioning may be able
to process lexical information, while showing difficulties to acquire an integrate system for decoding
morpho-syntactic information.

4.2. Limitations

This study presents several limitations. A first limitation is that the non-verbal IQ tests we chose to
administer require verbal comprehension skills to follow the instructions, which might have contributed
to the positive correlation between the non-verbal IQ scores and the grammatical comprehension
scores. Another limit is the typology of our structured picture-based comprehension test, which does
not tap into ecologically natural and contextual-based comprehension abilities, thus not providing a
comprehensive profile of ASD children’s receptive skills.

Finally, although there was no a priori restriction on patient selection according to the severity
of autistic symptomatology applied in the present study, the children with ASD showed a low to
moderate severity of autistic symptomatology. This may be due to the fact that only patients who were
able to complete the structured language evaluation were included, creating a bias in the selection of
the sample. Patients on the autism spectrum exhibit quite heterogeneous clinical pictures, while the
present study focuses on the language comprehension of intellectually unimpaired verbal children
with a low/moderate severity of autistic symptoms. Hence, our results may not be generalizable to the
whole population of patients with ASD.

5. Conclusions

Our results are in line with the DSM-5 perspective according which emphasizes that the
socio-communication disorder is a nuclear feature of ASD, whereas the language disorder should
be considered as a specifier of the diagnosis, not a nuclear deficit or a secondary symptom. Among
the language abilities we have described, a specific receptive grammatical deficit was found, whilst
cognitive and expressive language are relatively preserved. It would be important in the future to
evaluate the relationship between language comprehension and some neuropsychological abilities,
such as working memory and executive functions to shed some light on the nature of the comprehension
deficits in children with ASD.

The presence of receptive difficulties in school-age ASD children with relatively preserved
non-verbal cognitive abilities provides important hints about treatment. Receptive language difficulties,
when not associated with expressive deficits, may go unnoticed [43] and may be neglected despite
their relevance in everyday life functioning, communication and social interaction. Early support
to aid in the acquisition of adequate receptive language skills is crucial for further development.
Moreover, as grammatical comprehension difficulties tend to persist in ASD children up to school-age
(when generally speech therapy gradually diminishes), a specific intervention on both oral and written
receptive skills is mandatory.
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Abstract: In our study, we explored the construct of alexithymia in parents of children with and
without ASD using a multi-method approach based on self-rated and external rater assessment.
We also assessed the level of self-report measures of negative affect states such as trait anxiety
and depression, and investigated the correlation between the alexithymia construct, trait anxiety,
and depression within the broader autism phenotype (BAP). A total sample of 100 parents (25 mothers
and 25 fathers in each group) were administered the TAS-20 and the TSIA to measure self-reported
and observer-rated alexithymia traits, as well as self-report measures of anxiety and depression.
Study results showed that the TSIA but not the TAS-20 was able to detect significant group differences
in alexithymia traits among parents of children with and without ASD, with parents of ASD children
displaying significantly higher levels of alexithymia. Furthermore, differently from the TAS-20,
no significant correlations between the TSIA and measures of anxiety and depression were detected.
Taken together, our results suggest the importance of using multi-method approaches to control for
potential measurement bias and to detect psychological constructs such as alexithymia in subclinical
samples such as parents of children with ASD.

Keywords: autism; alexithymia; anxiety; depression; TAS-20; TSIA; parents; broader autism phenotype

1. Introduction

Alexithymia literally means “absence of words for emotions”. It is a personality construct, normally
distributed in the general population [1,2], characterized by deficits identifying and describing one’s
own emotions and feelings, problems distinguishing between feelings and bodily sensations of
emotional arousal, lack of fantasy, externally oriented cognitive style, and impairment in cognitively
mapping their feeling states onto internal bodily responses [3–6]. Difficulties in emotional awareness
may have a negative impact on subjective emotion regulation [7] and, in turn, may compromise the
understanding of others’ emotions, giving rise to problems in social interaction. It has been reported,
indeed, that individuals with alexithymia show difficulties distinguishing and appreciating emotions
expressed by others, and consequently, they are likely to show nonempathic and idiosyncratic
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socio-emotional responses [8]. Deficits in empathy, specifically in the cognitive component of
recognizing and understanding others emotions, have also been reported as one of the distinctive
features of autism spectrum disorders (ASD) [9–13], a neurodevelopmental condition characterized by
socio-communicative impairments and restricted and repetitive patterns of behaviors and interests [14].
A significant association between ASD and alexithymia has been reported, with at least half of
individuals with ASD experiencing co-occurring alexithymia [15–19]. The interrelationship between
the two conditions is complex, and it is still debated whether alexithymia and ASD share common
etiological roots or if, instead, alexithymia is a symptomatological manifestation within the ASD
neuropsychological functioning [20]. Some broad genetic and neurobiological overlapping between
the two conditions have been reported, including the involvement of the serotonin and oxytocin
systems, and brain areas related to emotion processing, specifically the amygdala, cingulate, and
prefrontal cortex [21]. It has been suggested that a common genetic vulnerability between autism
and alexithymia could lead to atypical brain networks, associated in turn with different behavioral
patterns that manifest themselves mainly with symptoms of alexithymia, autism, or both [22,23]. At the
behavioral level, the intersection between alexithymia and ASD is equally controversial and questions
the role of alexithymia in relation to emotion recognition and interoception (the ability to interpret the
internal state of the body). Indeed, the abilities to perceive one’s own emotions and bodily signals are
closely interrelated in social-emotional development [24]. Some studies, comparing individuals with
and without ASD on alexithymia, have found that alexithymia, rather than autism per se, predicts
difficulties in facial emotion recognition [17], while other evidence in nonclinical samples reported that
autism traits more than alexithymia were a stronger predictor of atypical empathy [25]. In relation to
interoception, across clinical and nonclinical samples, alexithymia, but not autism, has been associated
with impaired interoception [23,24]. Furthermore, alexithymia associated traits have also been reported
in relatives of individuals with ASD [26] who show subclinical autism traits, reported as the broader
autism phenotype (BAP) [27–31]. The BAP is characterized by below the diagnostic threshold social
and cognitive deficits, restricted behavior patterns, ASD-like personality characteristics, and psychiatric
difficulties in relatives of autistic individuals [28–37]. Furthermore, higher levels of alexithymia in
fathers of children with ASD were related to higher severity on the repetitive behavior domain in their
children [38]. The most widely used questionnaire to evaluate alexithymia is the Toronto Alexithymia
Scale (TAS-20) [39]. The TAS-20 is a self-report measure consisting of 20 items rated on a five-point
Likert scale. The higher the score on the TAS-20, the greater the alexithymia traits. Although consistent
empirical evidence over the past 25 year period has confirmed the reliability and validity of the TAS-20
to tap into the alexithymia construct [40], some concerns about applying a self-report measure to
individuals who have difficulties identifying their own emotional states and lack the appropriate
insight on this impairment, have been raised. Self-assessment of the interoceptive deficit in alexithymia
would, in fact, imply a self-reliance bias being that the main characteristic of alexithymia is exactly
the absence of recognition of one’s feelings and bodily sensations [19,41–43]. Another shortcoming of
the TAS-20 is that the measure does not include the dimension of the imaginative processes, which
represents one of the facets of the complex alexithymia construct. Furthermore, scores at the TAS-20
have been correlated with negative affect states, particularly depression and anxiety. This association
may be partially explained by a neuropsychological overlap between these dimensions, being that
impairment in interoception is frequently associated with negative affect [44], but might also be
related to a negativity response bias due to the self- report nature of the TAS-20 [45–47]. To overcome
this limitation, in 2006, Bagby, Taylor, and Parker developed the Toronto structured interview for
Alexithymia (TSIA) [48], a structured interview consisting of 24 questions and carried out by an external
examiner who scores the items based on the individual responses across four core domains such as
difficulty identifying feelings (DIF), difficulty describing feelings (DDF), externally oriented thinking
(EOT), and imaginal processes (IMP). Several studies have confirmed the internal and convergent
validity as well as cultural stability of the TAS-20 and the TSIA in nonclinical populations, as well as
clinical patients, and have suggested that the TSIA is able to more reliably assess the “fantasy” facet
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of the alexithymia construct and to better disentangle negative affect states such as depression and
anxiety that may partially overlap with the alexithymia construct [48–53].

To the best of our knowledge, the only study assessing alexithymia in family members using
the TSIA was conducted in parents of anorexic daughters [54], reported significantly higher levels of
alexithymia using the observer-rated measure as compared to the self-report measure in parents of the
clinical group. Also, as far as we are aware, no studies assessing the alexithymia profile through both
self-report and interviewer-administered measures in relatives of ASD individuals have been conducted.
Hence, in our study, we used both the TAS-20 and the TSIA to investigate alexithymia in parents of
children with and without ASD. Furthermore, since it has been demonstrated an association between
alexithymia as measured by the TAS-20 and negative affect states, a secondary goal of the study is to
explore the association between both self-report and rater-assessed alexithymia scores and measures of
depression and trait anxiety. Previous findings have reported, in fact, significantly higher self-reported
levels of trait anxiety and depression symptoms in parents of children with ASD [55–60] and it may be
relevant to investigate the overlapping alexithymia construct in relation to these dimensions within
the BAP trying to disentangle potential biases related to the administration method.

We expect that parents of ASD children, compared to parents of typically developing children,
present higher levels of alexithymia at both the TAS-20 and the TSIA, and that the TSIA, in particular,
will be able to keep aside co-occurrent traits of depression and anxiety.

2. Methods

2.1. Participants

Parents were enrolled and tested in the context of an ongoing study on young children with and
without ASD, aged between 3 and 6 years of age, both males and females (30% females in the ASD
group and 48% females in the TD group). Parents of children with ASD were recruited and tested at the
clinical facilities of the Institute for Research and Innovation in Biomedicine of the National Research
Council of Italy (IRIB-CNR) in Messina and at the Centre for Autism Spectrum Disorders, Child
Psychiatry Unit, Provincial Health Service (ASP-CT) in Catania, Italy. Parents of typically developing
children (TD) were recruited and tested in three different mainstream nursery schools and primary
schools in Messina. Inclusion criteria in both the ASD and TD parent groups were: (1) biological
parents; (2) native Italian speakers; (3) between the age of 25 and 55 years. Specific inclusion criterion
in the ASD parent group was having a child with a confirmed clinical diagnosis of ASD according to
the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition [14], while exclusion criteria in
the TD parents group were having a child with a clinical diagnosis of neurodevelopmental conditions
(such as language and/or motor delay, ADHD, etc.) and a family history of intellectual disabilities,
language delay and ASD. A total sample of 112 parents were recruited. According to the inclusion and
exclusion criteria, 12 parents (8 parents in the TD group and 5 parents in the ASD group) were excluded
for the following reasons: four couples of parents (2 couples in each group) were adoptive parents;
two couples of parents of TD children had a first degree relative with ASD; one parent (mother) in
the TD group presented a mild intellectual disability; one parent (mother) in the ASD group was a
foreigner and had significant difficulties with understanding written and spoken Italian language and
finally 4 couples of parents (3 couples in the TD group and 1 couple in the ASD group) who initially
agreed to participate, subsequently refused to contribute to the study. A final sample of 50 parents
(25 mothers and 25 fathers) of ASD children and 50 parents of TD children (25 mothers and 25 fathers)
were fully tested and analyzed in the study.

The study received ethical clearance by the Ethics Committees of CNR (ethical clearance, 01.08.2018)
and ASP-CT (Prot. N. 498), respectively, and all the caregivers signed an informed consent to participate
in the study.
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2.2. Measures and Procedures

All enrolled subjects completed the following neuropsychological assessment battery: (1) the State
Trait Anxiety Inventory-Form Y (STAI-Y), a self-report questionnaire which consists of 20 questions
scored on a 4-point Likert-type scale, ranging from 1 to 4 (from “almost never” to “almost always”).
The total score at the STAI-Y ranges from 20 to 80, with scores >40 indicating above-average levels of
anxiety. (2) The Beck Depression Inventory (BDI-II) is a self-report questionnaire with 21 items, rated
on a 4-point scale from 0 to 3, based on the diagnostic criteria for depressive disorders. Inventory
cutoffs are: 0–13: minimal depression, 14–19: mild depression, 20–28: moderate depression, and
29–63: severe depression [61,62]; (3) The Toronto Alexithymia Scale (TAS-20) [39] is a self-report
scale comprised of 20 items. Each item is rated on a five-point Likert scale ranging from 1 (“strongly
disagree”) to 5 (“strongly agree”). The TAS-20 is a reliable and valid measure of emotion processing in
adults and includes a total score and three subscales: Difficulty Identifying Feelings (DIF), Difficulty
Describing Feelings (DDF), and Externally-Oriented Thinking (EOT). The empirically derived cutoff
score of 61 is used for identifying individuals with “high” versus “low” alexithymia. (4) The Toronto
Structured Interview for Alexithymia (TSIA) is a structured interview with prompts and probes which
incorporates the same three subscales included in the TAS-20 (DIF, DDF, and EOT, respectively), and
an extra subscale investigating Imaginal Processes (IMP). The TSIA consists of 24 items, six items
for each of the four salient facets of the alexithymia construct; (5) the “Reading the Mind in the
Eyes” Test Revised (Eyes Test) [63]. In the Eyes Test, the participant is presented with a series of
36 black and white photographs of the eye-region of different actors and actresses and is asked
to choose which of four words best describes what the person in the photograph is thinking or
feeling. We implemented the test on an iPad tablet 9.7 in and collected both accuracy (number of
correct answers) and reaction time (RT = length of time taken to answer in seconds); (6) the Wechsler
Abbreviated Scale of Intelligence Second Edition (WASI-II) [64] to assess the intelligent quotient (IQ)
in all the participants. All questionnaires were administered in a standardized way and in the same
sequence to all participants. Assessment administration took about 2 h and was split into two sessions
over two consecutive days. In the first session, participants filled in the TAS-20, the STAI-Y and the
BDI-II, while during the second visit, the TSIA and the WASI-II were administered by an experienced
clinical neuropsychologist (E.L.), specially trained on the administration procedures and scoring of
the measures.

2.3. Statistical Analysis

Statistical analyses were performed using SPSS Version 23.0. Kolmogorov–Smirnov test was
carried out and confirmed the assumptions of normality for all variables. A chi-square test was used for
categorical variables, while the Mann–Whitney U-test was run for ordinal variables. An independent
two-sample t-test was used to analyze between-group differences for continuous, normally distributed
variables. The t-test’s effect size was calculated using Cohen d, where an effect size value of 0.2
is considered a small effect, of 0.5 is considered a medium effect, and values of 0.8 and above are
considered large effects. Pearson’s correlations between TAS-20 and TSIA total scores and their
dimensions, correlations between TAS-20 and TSIA and correlations of TSIA and TAS-20 with BDI-II
and STAI-Y2 respectively, were performed.

All statistical analyses were 2-tailed; α levels were corrected for multiple comparisons using
hierarchical Sidak correction. We used two primary measures (TAS-20 and TSIA) for fathers’ and
mothers’ questionnaires respectively, therefore, we had 4 primary variables, and we set αc < 0.013.
Only if the total score is significant, we analyzed the sub-scales for each measure. TAS-20 has 3
sub-scales and TSIA has 6 sub-scales, therefore αc < 0.017 for the first sub-scales analysis and αc < 0.009
for the second one. The Eyes Test accuracy and reaction Time were added as secondary measures
of the BAP and αc < 0.01 was set. In the ancillary correlation analyses, we used a similar procedure
setting αc < 0.003 for the correlation among Eyes Test, STAI-Y and BDI-II with TAS-20 and TSIA total
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scores, αc < 0.009 and αc < 0.004 for the correlation among Eyes Test, STAI-Y and BDI-II with TAS-20
and TSIA sub-scales.

3. Results

Table 1 shows the demographic and clinical characteristics of the sample. Parents of children
with and without ASD did not differ as regards to descriptive variables and IQ. Parents on the ASD
group were characterized by significantly higher levels of trait anxiety (both for mothers and fathers)
and depression (more evident in the mothers) with respect to TD parents. Furthermore, mothers of
ASD children were significantly slower than mothers of TD children in recognizing emotions from the
eyes. Inter-correlations among TAS-20 and TSIA with their respective subscales were all statistically
significant (all p-values < 0.001) and correlations ranged from moderate to high (from r = 0.59 to r = 0.80
for the TAS-20 and from r = 0.65 to r = 0.82 for the TSIA in the ASD parent group and from r = 0.66 to r
= 0.77 for the TAS-20 and from r = 0.61 to r = 0.73 for the TSIA in the TD parent group). The TAS-20
demonstrated also a modest association with the TSIA (r = 0.40; p = 0.001 and r = 0.44; p = 0.001 in
the ASD and TD parent group respectively), confirming convergent validity of the two measures.
On the TAS-20 total score and subscales, no significant between-group difference has been detected,
neither in the mothers nor in the fathers (Table 2). Conversely, using the TSIA, we found a significant
group difference on the total score, with parents in the ASD group scoring significantly higher (i.e.,
demonstrating more alexithymia traits) than parents in the TD group (p = 0.003 and p = 0.0001 for
mothers and fathers respectively). Furthermore, investigating the TSIA subdomains, mothers on the
ASD group scored significantly higher in the “operative thinking (OT)” subscale (p = 0.004), while
fathers on the ASD group, showed significantly higher scores in all the subscales apart from the
“difficulty identifying feelings (DIF)” subscale (all p’s < 0.009). When we analyzed the correlations
between the TAS-20 and the TSIA (and their subscales) with the negative effect self-report measures
(STAI-Y and the BDI-II) separately in the ASD and TD parent samples, additional significant findings
were detected. In the ASD parent group, measures of anxiety and depression were significantly
associated to the TAS-20 total scores in both mothers (r = 0.58, p < 0.0001 and r = 0.61, p < 0.0001
respectively) and fathers (r = 0.37, p = 0.02 and r = 0.36, p = 0.03 respectively). However, in the ASD
father group, statistical significance did not survive correction for multiple comparisons. Comparable
results were obtained in the TD parent group, with a significant positive association between the
TAS-20 total scores and the STAI-Y and BDI-II scores in both mothers (r = 0.45, p = 0.002 and r = 0.36,
p = 0.01 respectively) and fathers (r = 0.51, p < 0.0001 and r = 0.31, p = 0.03 respectively). However, in
both mothers and fathers, correlations between the TAS-20 and the BDI-II did not survive the threshold
for multiple comparisons. Conversely, we did not observe any significant relationship between the
TSIA total scores and measures of anxiety and depression in neither group. Correlations between the
alexithymia scales (and subscales) and the anxiety and depression measures, corrected for multiple
comparisons, are reported in Tables 3 and 4. As an ancillary analysis, to explore if the group difference
on the Eyes Test RT in mothers was driving the group differences found on alexithymia, anxiety, and
depression, we analyzed the relationship between these measures in the ASD group. We found no
significant correlations between the Eyes Test RT and the other measures (Eyes Test RT vs. TAS-20 total
score: r = −0.13, p = 0.3; vs. TSIA total score: r = −0.12, p = 0.4; vs. STAI-Y: r = −0.06, p = 0.6; vs. BDI-II:
r = −0.16, p = 0.2).
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Table 1. Descriptive and neuropsychological characteristics in parents of ASD and TD children.

ASD (n = 50) TD (n = 50) p-Level d’s Cohen

Age Mother 38.3 ± 4.8 39.9 ± 5.3 0.31 * -

Age Father 41.7 ± 8.4 43.2 ± 5.2 0.95 * -

Education Mother 3 [2–5] 5 [2–6] 0.05 ◦ -

Education Father 3 [2–6] 3 [2–6] 0.66 ◦ -

Verbal IQ Mother 97.8 ± 8.9 98.8 ± 9.9 0.67 * 0.11

Performance IQ Mother 102.1 ± 12.5 101.7 ± 13.9 0.91 * 0.02

Total IQ Mother 100.1 ± 10.3 104.7 ± 22.7 0.3 * 0.26

Verbal IQ Father 97.9 ± 8.1 95.6 ± 8.3 0.31 * 0.28

Performance IQ Father 101.7 ± 12.2 105.7 ± 12.2 0.23 * 0.32

Total IQ Father 103.5 ± 23.8 104.4 ± 8.4 0.53 * 0.05

STAI-Y Mother 50.3 ± 10.9 43.9 ± 7.8 0.002 * 0.68

STAI-Y Father 49.5 ± 9.6 44.8 ± 7.9 0.01 * 0.54

BDI-II Mother 11.4 ± 8.8 7.2 ± 5.9 0.01 * 0.56

BDI-II Father 7.6 ± 6.3 4.8 ± 4.6 0.03 0.51

Eyes Test Accuracy Mother 22.6 ± 4.2 22.4 ± 4.4 0.93 0.02

Eyes Test RT Mother 328.3 ± 185.2 230.2 ± 82.7 0.005 0.68

Eyes Test Accuracy Father 20.8 ± 4.1 22.1 ± 3.5 0.23 0.31

Eyes Test RT Father 257.8 ± 88.6 247.3 ± 49.9 0.59 0.14

Data are given as mean values (SD), percentage or median [range] as appropriate. § chi-square test; ◦ =Mann–Whitney
U-test; *=Two sample t-test. ASD, autism spectrum disorders; TD, typical development; education labels, 1=primary
school; 2 = secondary school; 3 = high school; 4 = bachelor degree; 5 = master degree; IQ, intelligent quotient;
STAI-Y, State Trait Anxiety Inventory-Form Y; BDI-II, Beck depression inventory; eyes test accuracy, number of
correct answers; eyes test RT, length of time taken to answer in seconds.

Table 2. Alexithymia profile in parents of ASD and TD children.

ASD TD p-Level * d’s Cohen
(Mean ± SD) (Mean ± SD)

Toronto Alexithymia Scale (TAS-20)

Total score Mother 39.6 ± 12.3 39.1 ± 9.5 0.79 0.05

DIF Mother 12.1 ± 5.5 11.4 ± 4.8 0.53 0.13

DDF Mother 10.3 ± 4.6 10.3 ± 4.5 0.97 0.01

EOT Mother 17.5 ± 4.2 17.1 ± 4.3 0.65 0.09

Total score Father 42.3 ± 10.8 40.9 ± 9.9 0.53 0.13

DIF Father 11.4 ± 5.2 11.4 ± 4.7 0.99 0.01

DDF Father 11.4 ± 4.4 10.6 ± 9.1 0.38 0.11

EOT Father 19.4 ± 4.7 19.1 ± 3.9 0.68 0.07

Toronto Structured Interview for Alexithymia (TSIA)

DIF Mother 1.6 ± 1.5 0.9 ± 0.7 0.02 0.6

DDF Mother 2.2 ± 2.3 1.6 ± 1.9 0.22 0.29

EOT Mother 2.9 ± 1.9 2.1 ± 1.7 0.04 0.44

IMP Mother 3.8 ± 1.9 2.7 ± 2.0 0.02 0.56

AA Mother 3.8 ± 3.0 2.5 ± 2.4 0.04 0.48

OT Mother 6.7 ± 2.9 4.8 ± 2.5 0.004 0.71

Total score Mother 10.5 ± 4.6 7.3 ± 4.4 0.003 0.71

DIF Father 2.3 ± 2.6 1.0 ± 1.6 0.04 0.6

DDF Father 3.8 ± 3.3 1.3 ± 1.5 0.001 0.97

EOT Father 4.2 ± 2.8 2.3 ± 1.5 0.006 0.85

IMP Father 4.2 ± 2.3 2.1 ± 1.2 0.001 1.15

AA Father 5.9 ± 5.3 2.3 ± 2.4 0.004 0.87

OT Father 8.5 ± 4.5 4.4 ± 2.1 0.0001 1.16

Total score Father 14.9 ± 9.1 6.7 ± 3.7 0.0001 1.19

DIF, difficulty identifying feelings; DDF, difficulty describing feelings (DDF); OT, externally-oriented thinking; IMP,
imaginal processing; AA, affect awareness; OT, operative thinking. * α levels are corrected for multiple comparisons
using hierarchical Sidak correction. An αc < 0.01 was set for the TAS-20 total score and subscales and for the TSIA
total score and an αc < 0.009 was set for the TSIA subscales.
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Table 3. Correlations between alexithymia scales, trait anxiety, and depression in parents of
ASD children.

ASD Parent Group
STAI-Y STAI-Y

BDI-II Mother BDI-II Father
Mother Father

Toronto Alexithymia Scale (TAS-20)

Total score Mother
r = 0.58 r = 0.61

p < 0.0001 p < 0.0001

DIF Mother
r = 0.67 r = 0.73

p < 0.0001 p < 0.0001

DDF Mother
r = 0.46 r = 0.54

p = 0.002 p < 0.0001

EOT Mother
r = 0.09 r = 0.21

p = 0.54 p = 0.19

Total score Father
r = 0.37 r = 0.36

p = 0.02 p = 0.03

DIF Father
r = 0.32 r = 0.45

p = 0.04 p = 0.005

DDF Father
r = 0.33 r = 0.21

p = 0.04 p = 0.21

EOT Father
r = 0.18 r = 0.13

p = 0.27 p = 0.43
Toronto Structured Interview for Alexithymia (TSIA)

Total score Mother
r = 0.11 r = 0.15

p = 0.51 p = 0.35

DIF Mother
r = 0.31 r = 0.25

p = 0.07 p = 0.13

DDF Mother
r = 0.11 r = 0.11

p = 0.52 p = 0.49

EOT Mother
r = 0.15 r = 0.21

p = 0.39 p = 0.22

IMP Mother
r = 0.24 r = 0.17

p = 0.15 p = 0.32

AA Mother
r = 0.23 r = 0.22

p = 0.16 p = 0.19

OT Mother
r = 0.07 r = 0.35

p = 0.07 p = 0.04

Total score Father
r = 0.13 r = 0.17

p = 0.51 p = 0.36

DIF Father
r = 0.07 r = 0.25

p = 0.7 p = 0.19

DDF Father
r = 0.38 r = 0.08

p = 0.04 p = 0.68

EOT Father
r = 0.21 r = 0.03

p = 0.28 p = 0.88

IMP Father
r = 0.05 R = −0.26

p = 0.81 p = 0.18

AA Father
r = 0.28 r = 0.05

p = 0.13 p = 0.81

OT Father
r = 0.11 R = −0.17

p = 0.59 p = 0.41

DIF, difficulty identifying feelings; DDF, difficulty describing feelings (DDF); OT, externally-oriented thinking;
IMP, imaginal processing; AA, affect awareness; OT: operative thinking. * α levels were corrected for multiple
comparisons using hierarchical Sidak correction. We set an αc < 0.006 for the correlation among STAI-Y and BDI-II
with TAS-20 and TSIA total scores and an αc < 0.009 for the correlation among STAI-Y and BDI-II with TAS-20 and
TSIA subscales.
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Table 4. Correlations between alexithymia scales, trait anxiety, and depression in parents of TD children.

TD Parent Group
STAI-Y STAI-Y

BDI-II Mother BDI-II Father
Mother Father

Toronto Alexithymia Scale (TAS-20)

Total score Mother
r = 0.45 r = 0.36

p = 0.002 p = 0.01

DIF Mother
r = 0.37 r = 0.28

p = 0.008 p = 0.06

DDF Mother
r = 0.35 r = 0.26

p = 0.01 p = 0.07

EOT Mother
r = 0.11 r = 0.21

p = 0.43 p = 0.15

Total score Father
r = 0.51 r = 0.31

p < 0.0001 p = 0.03

DIF Father
r = 0.42 r = 0.4

p = 0.003 p = 0.007

DDF Father
r = 0.45 r = 0.39

p = 0.002 p = 0.007

EOT Father
r = 0.41 r = 0.11

p = 0.004 p = 0.47
Toronto Structured Interview for Alexithymia (TSIA)

Total score Mother
r = 0.43 r = 0.45

p = 0.01 p = 0.007

DIF Mother
r = 0.29 r = 0.43

p = 0.1 p = 0.01

DDF Mother
r = 0.28 r = 0.39

p = 0.11 p = 0.02

EOT Mother
r = 0.42 r = 0.41

p = 0.01 p = 0.02

IMP Mother
r = 0.19 r = 0.005

p = 0.28 p = 0.98

AA Mother
r = 0.32 r = 0.45

p = 0.06 p = 0.008

OT Mother
r = 0.43 r = 0.35

p = 0.01 p = 0.04

Total score Father
r = 0.42 r = 0.36

p = 0.04 p = 0.09

DIF Father
r = 0.39 r = 0.43

p = 0.06 p = 0.04

DDF Father
r = 0.4 r = 0.25

p = 0.05 p = 0.25

EOT Father
r = 0.03 r = 0.02

p = 0.87 p = 0.92

IMP Father
r = 0.21 r = 0.19

p = 0.34 p = 0.37

AA Father
r = 0.51 r = 0.44

p = 0.01 p = 0.03

OT Father
r = 0.15 r = 0.13

p = 0.49 p = 0.54

DIF, difficulty identifying feelings; DDF, difficulty describing feelings (DDF); OT, externally-oriented thinking;
IMP, imaginal processing; AA, affect awareness; OT, operative thinking. * α levels were corrected for multiple
comparisons using hierarchical Sidak correction. We set an αc <0.006 for the correlation among STAI-Y and BDI-II
with TAS-20 and TSIA total scores and an αc <0.009 for the correlation among STAI-Y and BDI-II with TAS-20 and
TSIA subscales.
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4. Discussion

In our study, we explored the construct of alexithymia in parents of children with and without
ASD using a multi-method approach based on self-rated and external rater assessment. Both the
TAS-20 and the TSIA were administered to all the participants showing that the TSIA but not the TAS-20
was able to detect significant group differences in alexithymia traits among parents of children with
and without ASD, with parents of ASD children displaying significantly higher levels of alexithymia
as reflected by the total score and the subscale scores, especially for fathers. This result suggests
that the assessment method has an impact on the capacity to detect alexithymic traits in subclinical
populations such as parents of ASD children. The TAS-20, in fact, implies that people are aware and
able to identify and describe their own feelings and strongly relies on the self-perception of the subject.
Individuals with higher alexithymia traits may lack awareness of their own difficulties because of their
meta-emotional impairment [65], and a structured interview such as the TSIA may possibly avoid this
bias, as the examiner can use probes and examples to more in-depth assess the presence and degree of
alexithymia. This result is in line with previous evidence, in a different clinical sample, reporting that
parents of anorexic daughters display significantly higher alexithymia traits at the TSIA as compared
to the TAS-20 [54]. Furthermore, we explored the dimensions of negative affect and trait anxiety in
our sample of parents, and in agreement with previous studies, we found significantly higher levels
of self-reported trait anxiety and depression in parents of children with ASD (both in mothers and
fathers), compared with parents of TD children. Last but not least, we analyzed the correlation between
measures of alexithymia and self-report measures of depression and trait anxiety to investigate if
negative affect may influence rater’s answers to the TAS-20. We found that the TAS-20 total score
and the subscales “difficulty identifying feelings (DIF)” and “difficulty describing feelings (DDF)”,
but not the TSIA total and subscale scores, were strongly associated with measures of both anxiety
and depression in mothers of ASD children. Similar results were observed in the TD parent group,
with the TAS-20 being strongly associated with anxiety traits and depression, especially in fathers,
and the TSIA showing no significant correlations (apart from the subscale “affect awareness” which
was associated with depression in mothers). These findings may suggest that symptoms related to
negative emotional states such as reduced cognitive flexibility, emotional awareness, and affective
range may influence self-rated responses on the TAS-20. Co-occurring anxiety and depression, in fact,
may affect the way one’s emotions are self-judged and instead, having a structured interview such
as the TSIA, may ensure a more objective and reliable assessment of the facets related to alexithymia
reducing the potential misinterpretation of one’s emotional state due to self-judgment in relation to
negative affect. In line with our results, previous evidence reported that negative affectivity influences
the rater’s self-report on the TAS-20 items, especially on the DIF and DDF factor subscales, while no
association between the TSIA scores and scores at the STAI-Y and the DBI-II was found [46,49,53].

Finally, to explore if aspects of the broader autism phenotype (BAP) in the ASD parent group
would account for the results obtained on the alexithymia and negative affect dimensions, we used
the Eyes Test to measure emotion recognition and Theory of Mind (ToM) abilities in both groups.
Previous evidence, reported impairment in emotion recognition at the Eyes Test in parents of ASD
children [66]. We found that mothers of ASD children were significantly slower than mothers of TD
children in detecting emotional, mental states from eyes, but no relationship between this measure
and measures of alexithymia, anxiety, and depression was found, suggesting that in our ASD parent
sample, atypical empathy is not associated to alexithymia traits nor to negative affectivity. Our results,
in the light of the mixed findings reported in the literature about the influence of alexithymia on
atypical empathy [17,25,67], clearly indicate that measuring these two constructs in relation to autism
traits is not simple and generalization from clinical samples to sub-clinical samples such as parents
of ASD children to the general population poses complex conceptual and methodological issues that
should be taken into account.

Some limitations should be considered with regard to the study and the use of the TSIA. Firstly, the
study sample size was relatively small, although rigorously selected according to precise inclusion and
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exclusion criteria to avoid sampling bias; furthermore, there was no opportunity to conduct a specific
psychometric and clinical evaluation on the TD children, to exclude not diagnosed neuropsychiatric
conditions, which may have influenced the responses in the TD parent group. Finally, in relation to the
use of the TSIA, it should be considered that the time needed to complete the interview, as well as the
need for appropriate training in administration procedures and scoring, make the use of the TSIA still
limited and more difficult in clinical practice. Further studies are warranted to replicate these results
and to generalize these findings from clinical samples to the general population.

5. Conclusions

Our study explored the construct of alexithymia in parents of children with and without ASD using
a multi-method approach, and also investigated the correlation between the alexithymia construct,
trait anxiety, and depression within the broader autism phenotype (BAP). Based on our findings, in
subclinical populations such as parents of children with ASD, the use of an external-rater assessment
should be considered to allow a more accurate detection of the presence and degree of alexithymia and to
disentangle potential influences of negative affect states and trait anxiety on the alexithymia dimension.
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Abstract: Executive functions have been previously shown to correlate with empathic attitudes and
prosocial behaviors. People with higher levels of executive functions, as a whole, may better regulate
their emotions and reduce perceived distress during the empathetic processes. Our goal was to explore
the relationship between empathy and executive functioning in a sample of children and adolescents
diagnosed with Attention Deficit and Hyperactivity Disorder alone or associated with comorbid
Disruptive Behavior Disorders and/or Autism Spectrum Disorder. We also aimed to examine the role of
empathic dimensions and executive skills in regulating externalizing behaviors. The 151 participants
with ADHD were assigned to four groups according to their psychiatric comorbidity (either “pure”
or with ASD and/or ODD/CD) and assessed by means of either parent- or self-reported questionnaires,
namely the BRIEF−2, the BES, and the IRI. No questionnaire was found to discriminate between the
four groups. Affective Empathy was found to positively correlate with Emotional and Behavioral
Regulation competences. Furthermore, Aggressiveness and Oppositional Defiant Problems were
positively associated with Executive Emotional and Behavioral Regulation competences. On the other
hand, Rule-Breaking Behaviors and Conduct Problems were negatively associated with Affective
Empathy and with Behavioral skills. Our study provides an additional contribution for a better
understanding of the complex relationship between empathic competence and executive functions,
showing that executive functioning and empathic attitudes interact with each other to regulate
aggressive behaviors. This study further corroborates developmental models of empathy and their
clinical implications, for which externalizing behaviors could be attenuated by enhancing executive
functioning skills.

Keywords: empathy; executive functions; attention deficit and hyperactivity disorder; autism spectrum
disorder; disruptive behavior disorders
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1. Introduction

Feeling empathy for someone means understanding his/her emotions and/or personally
experiencing the same; it means creating a customized space in one’s own inner world to host
the world of the other. In other words, it refers to the ability to share and comprehend another person’s
thoughts and moods [1]. Feeling and understanding the emotions of others are important assumptions
to guide one’s actions in a prosocial sense and, particularly, to avoid those behaviors that can cause
harm and suffering to the other. The cognitive facet of empathy implies the ability to understand the
inner situation of the other and to take his/her own perspective [2]. On the other hand, the affective
component of empathy is defined as the ability to share the emotional state of others [3]. The latter
implies the involvement of limbic and paralimbic structures and develops earlier than the cognitive
one, which assumes a fine-tuned maturation of prefrontal and temporal networks [4].

In light of the close association of empathy with contextual factors, early childhood experiences
and social behaviors, it is direct to assume that psychopathological conditions are often convoyed
by empathy deficits [5,6]. Empathy deficits have been implicated in several neurodevelopmental
disorders, among which autism spectrum disorder (ASD) is the most studied [7–9]. ASD have been
primarily associated with cognitive empathy deficits [9,10] but the potential role of affective empathy
in this framework has been questioned [11].

The reduction or absence of empathy represents the cornerstone of Conduct Disorders (CD)
characterized by disruptive and antisocial behaviors [12]. Adults with psychopathic traits show
a selective deficit of the affective component of empathy related to impaired emotional responses
to facial expressions of feelings of sadness and fear [13–15], which is likely due to dysfunctional
neuronal circuits underlying the amygdala [16]. A recent study by our group [17] confirmed these
findings in a cohort of young boys with CD, corroborating the association between callous-unemotional
(CU) traits and affective empathic attitudes. Interestingly, studies aimed at outlining the differences
between children with CD and CU traits and ASD [18] show that, while psychopathy seems to be best
characterized by a preserved understanding of what the other thinks, with a deficient capacity to share
compassionate feelings towards the others, ASD specifically lacks the ability to take others’ perspective.
Conversely, a study conducted by Mazza et al., 2014 [11] on a group of adolescents with ASD reported
a difficulty in cognitive empathy and a deficit in affective empathy specific for the negative emotional
valence, assuming, also for these subjects, the existence of an atypical function and structure of the
amygdala [19].

Some evidence has also shown that empathy is compromised in a proportion of children with
Attention Deficit and Hyperactivity Disorder (ADHD); in particular, lower levels of social perspective
taking are observed [20–22]. Indeed, young people with ADHD may have low cognitive empathic
attitudes, as demonstrated for instance by the frequently observed unawareness of other children
playing the same game [23]. Further corroborating evidence appeared in a recent study by Maoz et al.,
2019 [24], who confirmed the existence of a global deficit in both components of empathy by using the
Interpersonal Reactivity Index [25] in its self-report form. In another study conducted by the same
research group [26], differences in the empathic profile are identified between the Combined and the
Inattentive subtypes of ADHD, identifying a greater impairment in the former for all scales of the IRI
questionnaire. According to Uekermann et al., 2010 [27], these deficits might be explained at least in
part by the impulsive response modalities typically found in ADHD patients, and thus may be linked
to dysfunctions of the fronto-striatal brain networks, functionally related to empathic processing and
executive functioning. Interestingly, Barkley, 2006 [28], argues that behavioral inhibition deficits, the
core symptoms of ADHD children, might impair social cognition skills, but how much they could
affect empathic abilities still remains an unsolved question.

Despite the identification of selective or global impairments of empathy in clinical settings,
functional studies, aimed at assessing brain correlates of the experience of feeling the emotions
of others, found that empathic attitudes are activated through an emotional processing which is
regulated both by bottom-up and top-down circuitry within the prefrontal and limbic cortex [29].
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An early influential theory, the Perception-Action Model by Preston and de Waal, 2002 [30], based on
an evolutionary perspective, proposed that empathy is considered an uncontrolled response that
operates automatically and develops early in life. More recently, the Russian Doll Model by the same
authors [31] questioned this simplistic view and posited that bottom-up routes of empathic processing
and top-down executive modulators are two interrelated systems that develop sequentially. This model
has included executive functions as a regulating factor and considered it as a fundamental ground for
the development of cognitive empathy [31–33].

According to the Russian Doll Model, several components of the empathic response, which have
been added layer by layer during evolution, remain functionally integrated [34]. At its core is the
perception-action mechanism, which induces a similar emotional state in the observer as in the target.
Indeed, its basic expressions are motor mimicry and emotional contagion, representing the functional
reactions of newborns and infants according to Hoffman’s developmental theory of empathy [35].
On the other hand, the external layers of the doll, such as empathic concern and perspective taking,
are grounded on the previously described socio-affective basis but require a fine-tuned regulation of
emotional responses and a distinct perception between self and cognition. Although the outer layers of
the doll depend on prefrontal circuitry, they remain functionally connected to the basic perception-action
mechanism [31]. Therefore, cognitive empathic attitudes are supported by the neural regions that
underlie working memory, executive functioning, emotional regulation and visuo-spatial processing,
overpowering the affective representations of the other in a top-to-bottom fashion [31,36]. In other
words, the effective control of empathic responses is thus obtained through the executive functioning
regulation system, which allows a fine adaptation and modulation of the sharing experience.

A stepwise transition from immature forms of emotional contagion to more sophisticated
expressions of prosocial attitudes, as brilliantly theorized by Hoffman’s developmental theory of
empathy [37], may be indeed paralleled by the progressive maturation of prefrontal circuitry and
executive functions (EF) required to perform a fine-tuned control of such responses. Interestingly,
a discrete amount of studies, conducted in community and clinical samples, has repeatedly shown
that EF as a whole can modulate empathic attitudes, or in other words people with higher EF
competences may better regulate their emotions and reduce perceived distress during the empathic
processes [38–46]. Moreover, Gökçen et al. [43,44] found positive correlations between EF and empathic
attitudes in individuals with ASD traits, suggesting the role of EF in regulating empathic competences
in neurodevelopmental disorders. Similarly, a recent study in ADHD patients versus healthy controls
by Abdel-Hamid et al., 2019 [47], found significant positive correlations between theory of mind (ToM)
and empathy competences and EF performances in the ADHD group but not in the control group.
In a recent review, which analyzed fifteen studies conducted on ADHD samples, with or without
comorbidities and included mostly male children, Pineda-Alhucema et al., 2018 [48], found the EF
most correlated with ToM were inhibitory control, working memory, cognitive flexibility and attention
(for further updated details on the relationship between EF and ToM please refer to Andreou et al.
2020 [49]).

It should be noted, however, that in these studies, EF were variably measured through different
neuropsychological tasks, such as the Go/No-Go test and the Wisconsin Card Sorting Test, which assess
specific EF such as Cognitive Flexibility and Working Memory in laboratory settings. No study,
however, used caregiver-reported measures of behavioral patterns for children and adolescents to
evaluate EF in everyday life environments. Given the centrality of EFs in controlling behaviors
in everyday life, relying only on laboratory measures of EF performances, detected with clinical
tests, may limit the confidence and completeness of the clinical evaluation. The measures based on
performances, in fact, depict only limited aspects of the EF system in a narrow time frame and do not
fully capture the integrated multidimensional decision-making process based on an analysis of the
priority which is often that of real life situations [50].

A recent meta-analysis [29] summarized these results, corroborating the evidence that empathy is
strongly related to EF, and interestingly its cognitive facet is more closely related to executive skills
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than the affective one. Particularly, strong relationships were found between cognitive empathy
and specific subcomponents of EF, including Inhibitory Control, Working Memory and Cognitive
Flexibility, while affective empathy would only correlate to Inhibitory Control. Despite this, it should
be observed that this meta-analysis did not consider further subdivisions of EF in their subgroup
analyses, such as emotional regulation abilities and several other metacognitive skills. Moreover, no
significant effect of age was demonstrated, though a considerable heterogeneity in the age range of
samples of included studies is noticeable. Another potential source of bias was the inclusion of the
results of three unpublished dissertations. Finally, many of these studies are made up of heterogeneous
samples, while the meta-analysis does not take into account psychiatric comorbidities. The authors
emphasized indeed that this field of research is still under open investigation, since the results of single
studies are somewhat inconsistent and inadequate to draw definite conclusions.

The present study aims to explore possible relationships between the different facets of empathy
and the specific subcomponents of EF in a clinical sample of children and adolescents primarily
diagnosed with ADHD, compared to children with comorbid ASD or ODD/CD or both. EF profiles
have been evaluated through the Behavior Rating Inventory of Executive Function (BRIEF) [51]
questionnaire, which provides a structured assessment of EF behaviors in everyday life environments.
Since the EF deficits can strongly affect the cognitive and behavioral manifestations of ADHD and
ASD [52,53], our aim was indeed to investigate if and how EF are associated with the dimensions of
empathy within these neurodevelopmental disorders.

Moreover, the current study examined the role of empathic dimensions and executive skills in
regulating the externalizing behaviors typical of some clinical manifestations of ADHD and ODD/CD,
such as for instance aggression, oppositional behaviors and rule transgression. It is believed, in fact,
that emotional regulation plays an important role in inhibiting aggressive behaviors by implementing
perspective-taking abilities and empathic concern towards the others [54].

2. Methods

2.1. Participants and Diagnostic Procedures

Our study included 151 drug-naïve participants (137 boys, age range 6–18 years old, mean age
9.51 ± 2.64 years) recruited in our third-level Department of Child and Adolescent Psychiatry from
March 2019 to December 2019. Subjects underwent a multi-dimensional assessment, through individual
clinical evaluations and observations of social interactions within a group of peers, in order to thoroughly
investigate ASD symptomatology. The diagnoses were made according to the Diagnostic and Statistical
Manual of Mental Disorders–Fifth edition (DSM−5) [55], based on medical history, clinical observations,
a structured interview, the Kiddie Schedule for Affective Disorders and Schizophrenia–Present and
Lifetime version (K-SADS-PL) [56], and clinical questionnaires, namely the Child Behavior Checklist
and the Social Communication Questionnaire, commonly used to assist the diagnostic process.

The Child Behavior Checklist for ages 6 to 18 years (CBCL–6/18) [57,58] is a 118-item scale,
completed by parents, with 8 different syndromes scales, a Total Problem Score and two broad-band
scores designated as Internalizing Problems and Externalizing Problems. The reliability coefficients
(Cronbach’s alpha) of the original validation study were 0.82, 0.81 and 0.82, respectively. The Social
Communication Questionnaire (SCQ) [59] is a widely used screening measure for ASD. It was
designed as a questionnaire version of the Autism Diagnostic Interview–Revised (ADI-R) [60], the gold
standard developmental history measure that is widely used in research and often in clinical practice.
Caregivers can rate the individual’s lifetime and/or current characteristics. Compared to other rating
scales, the development research was significantly more robust, including good diagnostic validation on
participants, and it has been widely adopted by both the research and clinical community worldwide.

Patients were included if they received a diagnosis of ADHD, with or without comorbid psychiatric
conditions, including ODD/CD and ASD. The latter was suspected based on either medical history
and clinical observations or a total SCQ score above the cut-off value and later confirmed through
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the administration of the Autism Diagnostic Observation Schedule–Second Edition (ADOS-2) [61].
The exclusion criteria were as follows: presence of comorbid intellectual disability, as detected through
formal psychometric assessment by means of the WISC-IV, i.e., when either the Full-Scale Intelligence
Quotient or the General Ability Index were below than 70 points; younger than 6 years old or older
than 18 years old; current or previous use of psychoactive medications; neurologic impairments or
neurodegenerative conditions.

We identified four clinical groups in our samples: “pure” ADHD group (namely, without comorbid
ASD and/or ODD/CD, here-in-after referred as the ADHD alone group), including 64 subjects
(12.5% girls, mean age 10.02 ± 2.49 years); comorbid ADHD + ODD/CD group (here-in-after
referred as the ADHD+ODD/CD group), including 43 subjects (9.3% girls, mean age 9.37 ± 2.95 years);
comorbid ADHD +ASD group (here-in-after referred as the ADHD+ASD group), including 19 subjects
(5.26% girls, mean age 9.58 ± 2.69 years); comorbid ADHD + ASD + ODD/CD group (here-in-after
referred as the ADHD+ODD/CD+ASD group), including 25 subjects (4% girls, mean age
8.40 ± 2.24 years). All participants and parents were informed about assessment instruments and
participated voluntarily in the study after written informed consent was obtained for assessment
procedures from parents of all children. The study conformed to the Declaration of Helsinki and
the Regional Ethics Committee for Clinical Trials of Tuscany, Pediatric Ethics Committee section,
approved the study (ethical approval code: GENCU/03/2019).

2.2. Clinical Assessment

Patients’ clinical profiles were also assessed by means of several questionnaires, either through
self or parental reports. Particularly, the Italian versions of the following measures were used:
the Behavior Rating Inventory of Executive Functions–Second version (BRIEF-2) [51] administered
to parents of all included children for the assessment of EF profiles; the Antisocial Process Screening
Device (APSD) [62] administered to parents of all included children for the evaluation of CU traits;
the Basic Empathy Scale (BES) [12], administered to parents of all children aged 11 years old or less,
and the Interpersonal Reactivity Index (IRI) [25], administered in its self-report version to adolescents
aged 12 years old or more, for the assessment of empathic competences.

The Behavior Rating Inventory of Executive Function–Second version (BRIEF-2) [51] is the updated
version of the BRIEF questionnaire which provides a structured assessment of executive function
behaviors in everyday life environments, allowing the identification of helpful clinical manifestations in
different contexts, i.e., home and school. In its parent-report version that was used in the present study,
this tool has been validated for 5- to 18-year-old children and adolescents. BRIEF-2 is a multi-dimensional
measure and items are nearly equally distributed across nine factors, each referring to specific executive
functions: Inhibit, Self-Monitor, Shift, Emotional Control, Initiate, Working Memory, Plan/Organize,
Task Monitor, Organization of Materials. Three composite scales are also identifiable, each including
at least two factors: Behavioral Regulation Index (BRI) (including Inhibit and Self-Monitor),
Emotional Regulation Index (ERI) (Shift and Emotional Control) and Cognitive Regulation Index (CRI)
(Initiate, Working Memory, Plan/Organize, Task Monitor, Organization of Materials). A Global Executive
Composite (GEC) score is also computed as sum of the three aforementioned composite indexes.

The Antisocial Process Screening Device (APSD) [62] is a 20-item clinician-administered rating
scale normed on a community sample of pre-adolescent children. The available version of the APSD
was designed to be completed by parents and teachers; the former was used in the present study.
Items are rated on a three-point Likert scale and the scale consists of three main dimensions, based on
factor analysis: Narcissism, Impulsivity and Callous-Unemotional. There is substantial support for
the validity of the APSD for distinguishing sub-groups of antisocial youths with more severe and
aggressive behavior, with characteristics similar to adults with psychopathy [63] (Cronbach’s α = 0.86).

The Basic Empathy Scale (BES) [12] is a self- or parent-reported questionnaire, the latter being used
in this study, for children and/or adolescents composed of 20 items distributed across two subscales,
respectively, referring to the affective and cognitive components of empathy. Both exploratory and
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confirmatory analyses of the original validation established good internal consistency for each subscale
with Cronbach’s α ranging from 0.79 to 0.85. The Interpersonal Reactivity Index (IRI) was originally
developed by Davis, 1980 [25], as a self-reported questionnaire for adults and subsequently adapted
for adolescents by Litvack-Miller and colleagues [64]; it is composed of 28 items distributed across
four subscales, respectively referring to Fantasy and Perspective-Taking (combined into the Cognitive
Empathy subscale), Empathic Concern and Personal Distress (combined into the Affective Empathy
subscale).

2.3. Data Analysis

Statistical analyses were performed by means of MatLab® (MathWorks, Natick, MA, USA)
and RStudio® (RStudio Inc., Boston, MA, USA) software. For each clinical variable with continuous
distribution, outliers were defined as observations lying outside the range between [first quartile − 1.5 *
interquartile range] and [third quartile + 1.5 * interquartile range] and removed. For each BRIEF-2
subscale-related variable, observations were removed whether the corresponding values at either
the Infrequency or the Inconsistency scale was higher than 99◦ percentile of normalized data. As for
the BES and the IRI questionnaires, z-scores were computed for each subscales, i.e., the Cognitive
and the Affective Empathy scales; thus, z-scores of the two questionnaires were merged together so
that a single pair of variables assessing cognitive and affective empathy was available for all subjects
irrespectively of the age.

Analyses of Variance (ANOVA) were used to assess significant differences (p-value < 0.05)
between clinical variables with continuous distribution. A Tukey post-hoc test was used whenever the
ANOVA led to a statistically significant result in order to identify significant comparisons between
variables. Spearman’s ranks correlation coefficients were estimated to detect significant relationships
between rank values of questionnaire variables. Benjamini and Hochberg’s False Discovery Rate (FDR)
correction method [65] for multiple comparisons was applied after assessing significant differences at a
traditional significance level of 5%.

Finally, four linear regression models were applied to identify statistically significant relationships
between selected subscales of the administered questionnaires. Namely, four subscales of the CBCL
(Aggressive Behavior [AB], Rule-Breaking Behavior [RBB], Oppositional Defiant Problems [ODP],
Conduct Problems [CP]) were included as dependent variables of the models, whilst the three main
indexes of the BRIEF (Behavioral, Emotional and Cognitive Regulation Indexes), the z-scores of the
two subscales of the merged Empathy Questionnaire (Affective and Cognitive Empathy) and the SCQ
total scores were used as independent variables of the models.

3. Results

3.1. Questionnaires

Scores obtained by the four clinical groups in the aforementioned questionnaires are reported in
Figure 1A–C. No significant differences could be detected in the APSD (Figure 1A) and in the SCQ
questionnaires (Figure 1B). Finally, no significant difference emerged neither in the Affective nor in
the Cognitive Empathy subscales, neither of the two Empathy questionnaires considered individually
(BES and IRI–data not shown) nor in the merged one (Figure 1C).
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Figure 1. Questionnaires. Scores obtained by the four clinical groups in the Antisocial Process
Screening Device (APSD, (A)), the Social Communication Questionnaire (SCQ, (B)) and the merged
Empathy Questionnaire (C) are here illustrated. Scores are compared between ADHD group (blue bars),
ASD group (red bars), ODD/CD group (yellow bars) and Triple group (purple bars). Graphs represent
means with standard deviation bars, except for (D) where boxplots represent medians and first and
third quartiles with minimum/maximum bars.
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3.2. Correlations

Significant correlations between BRIEF-2-related subscales and APSD, SCQ and Empathy
questionnaires are illustrated in Figure 2. Briefly, the Callousness subscale of the APSD was positively
associated with the Inhibit and Self-Monitor scales of the BRIEF-2, while the Impulsivity subscale
was positively correlated with all scales of the questionnaire. Similar findings were reported for the
Narcissism subscale of the APSD, which was positively associated to most subscales of the BRIEF-2
across its three dimensions. The SCQ total score was positively associated to the Emotional and
Behavioral Regulation related subscales of the BRIEF-2 and with the Initiate and Plan/Organize
subscales. Finally, no significant correlations emerged for the Cognitive Empathy scale, while the
Affective Empathy scale was negatively correlated with the Inhibit, the Self-Monitor and the Emotional
Control subscales of the BRIEF-2.

Figure 2. Correlations.

Pearson’s linear correlation coefficients were here represented as colored boxes to show only
significant relationships between continuous variables of selected questionnaires. The traditional
significance level of 5% was corrected by means of Bonferroni’s correction method for multiple
comparisons. A color legend bar is displayed on the right.

3.3. Regression Models

Finally, a linear regression model was applied to identify statistical relationships between four
aggressive/disruptive behavior-related CBCL subscales (AB, RBB, ODP, CP), as dependent variables,
and several subscales from the other questionnaires, as independent variables, namely: the three main
indexes of the BRIEF-2 (Behavioral, Emotional and Cognitive Regulation Indexes), the two Empathy
subscales (Affective and Cognitive Empathy scales) and the SCQ total score.

As displayed in Table 1A–D, a significant positive association was found between both AB
(Table 1A) and ODP (Table 1B) subscales of the CBCL, and the Behavioral and Emotional Regulation
Indexes of the BRIEF-2. A significant positive relationship emerged, instead, between the RBB (Table 1C)
and the CP (Table 1D) subscales of the CBCL, and the Behavioral—but not the Emotional—Regulation
Index of the BRIEF-2, while a significant negative relationship was found for the Affective—but not the
Cognitive—Empathy subscale.
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Table 1. Linear Regression Models.

A. CBCL-AB Estimates β-Coefficients Standard Errors p-Values

Intercept 26.3134 0.0000 4.9028 4.21 × 10−7 ***
BRIEF-2-BRI 0.7645 0.3891 0.1843 6.49 × 10−5 ***
BRIEF-2-CRI 0.0667 0.2932 0.0715 0.3525
BRIEF-2-ERI 0.4610 0.0753 0.1481 0.0023 **

Affective Empathy −1.2782 −0.1137 0.9909 0.1996
Cognitive Empathy 0.6295 0.0580 0.9616 0.5139

SCQ Score −0.0541 −0.0306 0.1317 0.6816

B. CBCL-ODP Estimates β-Coefficients Standard Errors p-Values

Intercept 35.6661 0.0000 3.8429 1.23 × 10−15 ***
BRIEF-2-BRI 0.5471 0.3891 0.1445 0.0002 ***
BRIEF-2-CRI 0.0535 0.2932 0.0560 0.3420
BRIEF-2-ERI 0.3042 0.0753 0.1161 0.0099 **

Affective Empathy −0.9299 −0.1137 0.7767 0.2336
Cognitive Empathy 0.1635 0.0580 0.7537 0.8285

SCQ Score 0.0105 −0.0306 0.1032 0.9186

C. CBCL-RBB Estimates β-Coefficients Standard Errors p-Values

Intercept 38.4738 0.0000 3.6169 <2 × 10−16 ***
BRIEF-2-BRI 0.6978 0.3891 0.1355 1.11 × 10−6 ***
BRIEF-2-CRI 0.0355 0.2932 0.0526 0.5008
BRIEF-2-ERI 0.0637 0.0753 0.1091 0.5606

Affective Empathy −1.5698 −0.1137 0.7326 0.0343 *
Cognitive Empathy −0.0574 0.0580 0.7121 0.9359

SCQ Score −0.0296 −0.0306 0.0968 0.7599

D. CBCL-CP Estimates β-Coefficients Standard Errors p-Values

Intercept 37.5833 0.0000 3.7916 <2 × 10−16 ***
BRIEF-2-BRI 0.7870 0.3891 0.1424 2.12 × 10−7 ***
BRIEF-2-CRI −0.0062 0.2932 0.0547 0.9096
BRIEF-2-ERI 0.1749 0.0753 0.1165 0.1359

Affective Empathy −1.7449 −0.1137 0.7665 0.0247 *
Cognitive Empathy −0.3663 0.0580 0.7409 0.6220

SCQ Score −0.1235 −0.0306 0.1008 0.2229

Estimates, standard errors and p-values are here presented for four linear regression models between selected
subscales of the administered questionnaires. Four subscales of the Child Behavior Checklist questionnaire,
namely Aggressive Behaviors (A), Oppositional-Defiant Problems (B), Rule-Breaking Behaviors (C), and Conduct
Problems (D), were included as dependent variables of the models. The three main indexes of the Behavior
Rating Inventory of Executive Functions-Second version (Behavioral, Emotional and Cognitive Regulation Indexes),
the two subscales of the Empathy questionnaire (Affective and Cognitive Empathy), and the Social Communication
Questionnaire total scores were used as independent variables of the model. * p-values < 0.05, ** p-values < 0.01,
*** p-values < 0.001.

4. Discussion

The first aim of the present study was to explore possible relationships between the different
aspects of empathy and specific subcomponents of EF in children and adolescents with ADHD alone,
ADHD and ODD/CD and/or ASD. To this aim, our effort was to achieve at least three major objectives:
(1) to assess empathic attitudes, CU traits, antisocial behaviors and socio-relational skills in our four
groups of patients; (2) to identify potential relationships between these variables and the EF profiles;
(3) to explore the interrelated role of the cognitive and affective dimensions of empathy and the EF in
regulating antisocial behaviors and aggressiveness. To the best of our knowledge, this is the first study
of the kind performed in such a multi-structured sample of children and adolescents.

First, none of the questionnaires used in our study was individually able to discriminate between
the four clinical groups. The SCQ is a clinical checklist, based on parents or caregivers report, aimed at
identifying the presence of abnormal social and communicative behaviors. Although the SCQ is
used as a screening tool for ASD symptoms, the lack of significant differences in our sample between
ADHD patients with or without ASD suggests that the social functioning deficits reported in ADHD
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patients [21], at least in their parents’ judgement, were severe enough to mitigate the difference
among groups. It is also likely, however, that, since parents of ADHD children, with or without
ASD, are usually more aware of, and worried about, the behavioral consequences of the disorder,
socio-communication difficulties could go unnoticed even in patients with a confirmed diagnosis of
ASD. A complementary but not alternative explanation may be that our high-functioning ASD patients
did not exhibit such a great severity of social and communicative symptoms [66,67], so that caregivers
could not be fully aware of their functional consequences.

Similarly, no significant differences emerged between groups in the two questionnaires assessing
CU traits. Our finding may suggest that these traits may be trans-nosographic and thus be present
not exclusively in ODD/CD, but also in ADHD [68] and in ASD patients [69]. As for the Empathy
questionnaires, neither the BES and IRI nor the merged version of the two, did show any significant
differences between the four clinical groups. Unfortunately, few data are available in the literature
on the empathic attitudes of ADHD children with comorbid psychiatric conditions [70]. One would
expect, based on previous findings on non-comorbid conditions, a greater impairment of the affective
component for subjects with ADHD in comorbidity with behavioral disorders [17], while a greater
impairment of the cognitive component in subjects with ADHD+ASD [10,18]. Our results could
be interpreted in light of the subtle complexity of empathy deficits in these neurodevelopmental
disorders, which limited the likelihood to find significant differences among comorbid conditions.
It should be also taken into account that all our subjects were diagnosed with ADHD and this shared
clinical condition may have obscured possible differences among groups. However, this finding
further supports the notion that comorbid conditions are not the simple summation of two different
disorders. In light of this, ADHD + ASD patients are not simply ASD patients with an additional
ADHD, but a specific phenotype, possibly with a lesser cognitive empathic deficit or greater affective
empathic impairment. Similarly, ADHD + ODD/CD patients may present a lesser affective empathic
deficit or greater cognitive empathic impairment. This hypothesis should be tested by comparing
“pure” ASD and ODD/CD with patients with ADHD and comorbidity conditions. Interestingly,
recent studies shed some light on future research about specific empathy impairments in ASD and
ODD/CD individuals, suggesting that different mechanisms and factors may be involved in empathic
problems in such conditions [71,72].

The principal goal of the present study was to assess the reciprocal relationship between empathic
attitudes and EF in ADHD patients. A recent meta-analysis [29], mainly including studies performed on
healthy subjects, found positive correlations between empathic competences and EF. Gökçen et al. [43,44]
reported similar findings in individuals with ASD traits, suggesting the role of EF in regulating empathic
competences in neurodevelopmental disorders. Similarly, a more recent study by Abdel-Hamid et al.,
2019 [47], identified in ADHD patients, but not in healthy controls, overlapping significant correlations
between theory of mind and empathy measures and EF performances at the Trail Making Test,
which specifically assesses Cognitive Flexibility and Working Memory skills. As for the so-called
“hot” EF, that is the process underlying the affective modulation of behavioral responses [73,74],
Miranda et al., 2017 [75], observed significant correlations between social cognition deficits, assessed by
means of a specific subscale of the NEPSY–II test [76], and the BRIEF inhibition and emotional control
scales in an ADHD sample, while the former are linked to metacognitive deficits in high functioning
ASD patients.

In our sample, affective empathic competences, assessed through the BES and the IRI
questionnaires, are negatively correlated with Emotional and Behavioral Regulation impairments,
identified through the BRIEF-2 questionnaire. The greater the difficulties in “hot” EF, the lower the
empathic attitudes, or, in other words, individuals with severe deficits in the EF profile exhibited lower
scores on Empathy questionnaires. Nonetheless, no significant correlations were found neither for EF
metacognitive domains nor with the cognitive empathy subscale.

Our results suggest that inhibitory and emotional control play an important role in regulating
externalizing behavior, even controlling for empathic competences. As stated above, empathic attitudes
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are activated through an emotional processing which is regulated both by bottom-up and top-down
circuitry within the prefrontal and limbic cortex [29,77]. This effective control is achieved through
EF modulation, allowing for a fine adjustment of the sharing experience [33]. It should be noted
that bottom-up and top-down processes are hardly separable when examined on a behavioral
level. Nonetheless, the Russian Doll Model by Preston and de Waal [31] recently posited that
top-down executive regulation of empathic processing develops later than bottom-up routes, which are
responsible for uncontrolled empathic responses that operates automatically. This model is in line
with the Hoffman’s developmental theory of empathy [37], according to which Emotional Contagion
would develop earlier than more regulated forms of empathic attitude towards the others.

Our results indicate that EF are more strongly related to the affective empathy than to the cognitive
one, which is in disagreement with the results of the aforementioned meta-analysis [29]. Nonetheless,
it should be emphasized that the studies of this meta-analysis did not include ADHD patients, who could
exhibit such a severe impairment in their EF and a deficit in their cognitive empathic competences,
that reciprocal associations would not result in statistical significance. In other words, we posit that
ADHD patients are somewhat constrained by their executive dysfunction in an underdevelopment of
their empathic attitude, which would be limited to the expression of an emotional contagion from
the other.

Furthermore, significant positive relationships were found between several variables of the APSD
questionnaire and the BRIEF-2 subscales related to the Emotional and Behavioral Regulation domains.
Namely, the higher the scores in CU traits-related questionnaires, the higher the impairment in the
Emotional-Behavioral Regulation competences. This finding is in line with a recent study assessing the
relationship between CU traits and parent ratings of EF [78]. In particular, this study [78] highlights how
CU traits are related to emotional self-regulation, but not to the EF performance scales. Since parental
ratings are believed to capture EF behavioral representations, these clinical ratings may be more
closely associated with behavioral representations of CU traits, which are also identified by the parents’
report [78].

Finally, in our research, we tried to investigate, in a clinical sample of ADHD patients with
psychiatric comorbidities, the relationships between two of the fundamental psychological grounds in
the neuropsychologic developmental milestones of children and adolescents, namely EF and empathic
attitudes, and how they reciprocally interact to regulate behavioral self-regulation and aggressiveness.
Our results confirm a strong and finely structured relationship between these variables, being aggressive
behaviors and related disturbances significantly influenced by these underlying processes. Our work
highlights two different interactions between EF and empathy to regulate social behaviors in ADHD,
where a dysfunction of these elements is essential for aggressive and antisocial behaviors to be carried
out towards the others.

A first model identifies aggressiveness and oppositional problems, as indexed through the
CBCL questionnaire, mainly associated with difficulties in executive emotional-behavioral regulation
processes (such as impulse control and the ability to appropriately regulate one’s behavior according
to the context), but not with dimensions of empathy. Interestingly, reactive aggressiveness usually
emerges as an impulsive response to hostile-perceived environmental events, often precipitated by
irritability and tantrums [79]. This type of aggressiveness has been related to an orbito-frontal cortical
dysfunction, for its primary role in adapting system reactivity to stress events [9,17,80].

On the other hand, rule-breaking behaviors and conduct disorders, as indexed through the CBCL
questionnaire, likely relate to a proactive type of aggressiveness, which is associated to the activation
of self-oriented behaviors to take advantage for personal purposes to the achievement of benefits at the
emotional expense of the others’ perspective [79]. Our study confirms that these aspects possibly relate
to low levels of affective, but not cognitive, empathy and to impaired behavioral, but not emotional,
regulation functioning. It has been hypothesized that proactive aggressiveness might be caused by
dysfunctional mechanisms of violence inhibition, which are usually activated by others’ discomfort
signs, such as fear and sadness [15]. A deficient activation of this self-control mechanism is usually
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attributed to abnormal responses of the limbic system, particularly of the amygdala, which have been
linked to antisocial behaviors in psychopathy [14,15].

Our results are thus in line with previous studies and further elucidate the complex and intriguing
relationships between empathic attitudes and EF. In other words, it seems that both impaired
behavioral self-regulation and difficulties in the emotional sharing of others’ internal state may lead to
a down-regulation of proactive aggressiveness inhibition systems, while emotional and behavioral
regulation functioning systems are essential in preventing more reactive forms of aggressiveness
towards the others. Thus, the multifaceted interactions of both “hot” EF and empathic attitudes have a
central role in regulating prosocial behaviors.

Our study displays, however, a number of limitations that might undermine the robustness of our
conclusions; notably, a marked discrepancy in group size, particularly between the “pure” ADHD and
ADHD+ODD/CD+ASD groups, and the absence of a control group of healthy children. The purpose
of this preliminary study was, indeed, to explore the issues addressed above; therefore, further studies
on larger samples, possibly including heathy controls, a greater number of girls and ASD patients,
and children with limited prosocial emotions, will be performed to confirm the results.

5. Conclusions

In conclusion, our study provides a further contribution for a better understanding of the complex
and intriguing relationship between empathic competence and executive skills. These evidences
could be beneficial for the definition of treatment strategies aimed at attenuating externalizing
behaviors. Aggressive behaviors would, indeed, be modified by an empathic attitude-oriented
approach, which should focus on the underlying executive dysfunction. To sum up, we showed that
executive functioning and empathic attitudes interact with each other to regulate aggressive behaviors,
being the former more related to reactive aggressiveness and the latter to proactive aggressiveness.
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Abstract: Autism spectrum disorders (ASDs) are hard to characterize due to their clinical heterogeneity.
Whether epilepsy and other highly prevalent comorbidities may be related to specific subphenotypes
such as regressive ASD (i.e., the onset of symptoms after a period of apparently typical development) is
controversial and yet to be determined. Such discrepancies may be related to the fact that age, level of
cognitive functioning, and environmental variables are often not taken into account. We considered
a sample of 20 subjects (i) between 20 and 55 years of age, (ii) with severe/profound intellectual
disability, (iii) living in the same rural context of a farm community. As a primary aim, we tested for
the association between epilepsy and regressive ASD. Secondly, we explored differences in behavioral
and pharmacological profiles related to the presence of each of these conditions, as worse behavioral
profiles have been separately associated with both epilepsy and regressive ASD in previous studies.
An initial trend was observed for associations between the presence of epilepsy and regressive ASD
(odds ratio: 5.33; 95% CI: 0.62–45.41, p-value: 0.086). Secondly, subjects with either regressive ASD
or epilepsy showed worse behavioral profiles (despite the higher pharmacotherapy they received).
These preliminary results, which need to be further confirmed, suggest the presence of specific
associations of different clinical conditions in subjects with rarely investigated phenotypes.

Keywords: autism in adulthood; intellectual disability; regressive autism; epilepsy;
challenging behaviors

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition whose phenotype
encompasses various degrees of disability. Its growing prevalence has recently reached an estimate of
1 over 40 children [1]. ASD is associated with a wide range of comorbidities, among which intellectual
disability (ID) or “low-functioning” ASD, epilepsy, and psychiatric disorders are the most frequent [2,3].
Compared to their “high-functioning” counterparts, low-functioning ASD individuals tend to exhibit
more severe symptomatology and represent approximately 50% of the ASD population [4]. Few studies
have been conducted on this 50% of the ASD population with comorbid ID, with its poor clinical
outcomes and, thus, higher need for effective therapeutical strategies [5]. Similar to ID, epilepsy is also
associated with challenging behaviors in individuals with ASD and ID [6]. Moreover, congenital autism

Brain Sci. 2020, 10, 486; doi:10.3390/brainsci10080486 www.mdpi.com/journal/brainsci199



Brain Sci. 2020, 10, 486

spectrum disorders (CASD, when the core symptoms are evident from the very early life stages) may
show different clinical presentations from regressive autism disorders (RASD, when the child loses
abilities and milestones that were already achieved) [7]. In spite of the well-established presence of
shared mechanisms between epilepsy and the autism spectrum being taken as a whole [8], the degree
of association between epilepsy and RASD is not fully understood, with the few studies on this topic
mostly focused on children [9,10].

A categorization of ASD subphenotypes is highly needed. This explorative study describes the
clinical profile of 20 adults with ASD and severe/profound ID by assessing the presence of epilepsy
and their history of RASD. The primary aim is to assess (i) the chance of these two conditions occurring
together and (ii) the impact of each condition over the clinical picture in order to test whether epilepsy
or RASD may be associated with the individuals’ behavior. Both these features are hence compared
to individual behaviors and pharmacotherapy, expecting worse profiles in subjects with epilepsy
or RASD.

2. Materials and Methods

2.1. Study Design

This work is an observational retrospective study. We conducted a thorough data collection for
each subject in two ways: (i) The number of seizures and sleep-disturbed nights were collected from
the clinical records of each subject from January 2012 to December 2017 and sorted in 72 monthly
timepoints for a total of 6 years; (ii) at the end of this time-window, behavioral profiles were assessed
with the aberrant behavior checklist (ABC) [11] and data concerning antipsychotic, antidepressant,
benzodiazepine, and anticonvulsant therapy were recorded.

2.2. Participants

Participants were recruited from Cascina Rossago, a farm community located in a rural area
in the province of Pavia, Italy. For each subject, the legal representative gave his informed consent
for inclusion before participation in the study. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Ethics Committee of IRCSS San Matteo,
Pavia, Italy. This facility setting is meant to promote the active involvement of the user in farming
activities such as fruit harvesting, breeding, and gardening. Moreover, sports and artistic workshops
such as painting and drawing, music courses, pottery, basketball, and pool swimming are provided.
The location is surrounded by nature: a rural environment was chosen both to avoid external disturbing
factors such as city-life distress and to favor natural circadian and seasonal rhythms. This community
was considered ideal for the purpose of our research for multiple reasons. Firstly, it is committed to
offering lifelong care and working plans to adult ASD patients with severe to profound ID. The same
living environment, activities, and diet are hence available for all the subjects. Secondly, each patient
was constantly monitored by healthcare professionals, with accurate and detailed medical records.
The main sample characteristics are shown in Table 1. RASD and epilepsy were considered as primary
factors to present more specific information regarding the subsamples.
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Table 1. Sample characteristics.

All
Subjects

Groups Stratified by Absence/Presence
of Epilepsy

Groups Stratified by Autism Onset

(n = 20)
Absence
(n = 9)

Presence
(n = 11)

Absence vs.
Presence
p-Value

CASD
(n = 9)

RASD
(n = 11)

CASD vs.
RASD

p-Value

Age—mean ± SD 37.5 ± 9.5 36.33 ± 3.9 38.5 ± 2.4 0.632 † 36. 6 ± 8.1 38.3 ± 10.8 0.698 †
Sex—n (%)

Male 15 (75.0) 6 (66.7) 9 (81.8) 0.617 # 5 (55.6) 10 (90.9) 0.127 #

BMI
(kg/m2)—mean ±

SD
25.3 ± 4.2 24.8 ± 3.8 25.7 ± 4.7 0.649 † 26.1 ± 3.3 25.4 ± 4.6 0.553 †

Drug therapy—n
(%)

anticonvulsant 12 (60.0) 4 (44.4) 8 (72.7) 0.362 # 4 (44.4) 8 (72.7) 0.362 #

benzodiazepine 11 (55.0) 3 (33.3) 8 (72.7) 0.175 # 3 (33.3) 8 (72.7) 0.175 #

Antidepressant 6 (30.0) 2 (22.2) 4 (36.4) 0.642 # 2 (22.2) 4 (36.4) 0.642 #

antipsychotic 10 (50.0) 4 (44.4) 6 (54.6) 0.999 # 4 (44.4) 6 (54.6) 0.999 #

† Student’s t-test # Fisher’s exact test; CASD = congenital autism spectrum disorder; RASD = regressive autism
spectrum disorder.

2.3. Materials

Epilepsy—A subject was considered epileptic if the diagnosis from a specialized neurological center
was present. The patient’s legal representatives were contacted to further confirm the anamnestic data
and to provide the official documentation confirming the clinical history. The retrospective analysis of
the data allowed us to reconstruct the number of seizures suffered by each subject monthly. Taking
into account the numerical limits of the sample in contrast with the detailed temporal data, a graphic
illustration of the epilepsy trends was produced as a useful tool to promptly understand and visualize
the differences between the two cohorts.

CASD/RASD—In relation to the diagnosis of RASD, early life medical records were available for
all the subjects. According to the commonly agreed definition [12], we classified patients who initially
reached cognitive and behavioral milestones but experienced a setback before the age of 3 as RASD.

2.4. Pharmacological Treatments

In our sample, 18 of the 20 participants were on psychopharmacological therapy. Antipsychotics
were necessary for 10 subjects to support educational interventions for challenging behaviors.
Anticonvulsants and benzodiazepines were used to control seizures in the majority of cases. In subjects
without epilepsy (4 cases), these drugs were administered with the aim of controlling impulsive and
self-harming behaviors [13].

2.5. Data Analyses

To describe the sample, we calculated summary statistics that are expressed as means, standard
deviations (SD), median and 25th–75th percentiles or percentages, as appropriate. A Shapiro–Wilk test
was used to test the normality of the data. We used Fisher’s exact test for categorical variables and
Student’s t-test or the Mann–Whitney test, as appropriate, for the quantitative ones. Odds ratio (OR)
with 95% confidence interval (CI) was calculated to evaluate the associations between epilepsy and
RASD/CASD. Statistical analysis was conducted using STATA/SE for Windows, version 15 (StataCorp,
College Station, TX, USA). A p-value <0.05 was considered significant.

3. Results

The mean age of the whole sample was 37.5 ± 9.48 years (range 23–55 years), 15 (75%) were males.
For all patients, the mean BMI was 25.30 ± 4.21 kg/m2. Information about drug therapy revealed that
60% of patients consumed antiepileptic drugs, 55% benzodiazepines, 30% antidepressants, and 50%
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psychiatric drugs (Table 1). Table 1 shows patient characteristics for all subjects, stratified by the
presence of epilepsy and CASD/RASD conditions. The history of registered epileptic seizures is
graphically reported in Figure 1.

Figure 1. The graph represents oscillations in the presentation of epileptic events in CASD and RASD
groups during the 6-year interval. The more frequent and higher spikes suggest a greater occurrence
of seizures in the RASD group. Conversely, the seizure-free period reaches the zero level more often
and for longer timespans in the CASD group. This trend tends to remain stable across the period
of observation.

Six subjects had no history of epilepsy or RASD, three had only epilepsy, three had only RASD,
and eight had both epilepsy and RASD (Figure 2A). The odds ratio was computed to check for
associations between the presence of epilepsy and RASD (OR: 5.33; 95% CI: 0.62–45.41, p-value: 0.086).

The ABC median subscores were higher in epileptic patients versus nonepileptic patients and
in the RASD group versus the CASD group (Table 2). No statistically significant difference was
appreciated, but a trend was observed, for which each condition tends to increase the severity of
challenging behaviors (all the ABC median subscores are higher in both epilepsy and RASD groups;
see Figure 2).

Table 2. Aberrant behavior checklist (ABC) subscales scores.

All Subjects
Groups Stratified by Absence/Presence of

Epilepsy
Groups Stratified by Autism Onset

(n = 20)
Absence
(n = 9)

Presence
(n = 11)

Absence vs.
Presence
p-Value

CASD (n = 9)
RASD

(n = 11)

CASD vs.
RASD

p-Value

Hyperactivity
Mean ± SD 21.05 ± 7.56 19.0 ± 9.0 22.73 ± 6.08 0.270 17.56 ± 8.29 23.9 ± 5.80 0.056

Median (IQR) 21.0
(16.0−25.5)

17.0
(15.0−25.0)

22.0
(18.0−26.0)

17.0
(14.0−23.0)

24.0
(19.0−30.0)

Irritability
Mean ± SD 22.25 ± 8.65 19.67 ± 10.37 24.36 ± 6.73 0.209 19.56 ± 10.19 24.45 ± 6.87 0.261

Median (IQR) 21.5
(18.0−29.0)

18.0
(15.0−29.0)

23.0
(19.0−29.0)

18.0
(13.0−26.5)

23.0
(19.0−32.0)

Lethargy
Mean ± SD 20.65 ± 9.45 19.22 ± 11.34 21.82 ± 7.96 0.469 18.56 ± 11.86 22.36 ± 7.06 0.370

Median (IQR) 19.5
(16.5−26.0)

17.0
(11.0−25.0)

20.0
(18.0−26.0) 17.0 (9.0−29.5) 22.0

(18.0−26.0)
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Table 2. Cont.

All Subjects
Groups Stratified by Absence/Presence of

Epilepsy
Groups Stratified by Autism Onset

(n = 20)
Absence
(n = 9)

Presence
(n = 11)

Absence vs.
Presence
p-Value

CASD (n = 9)
RASD

(n = 11)

CASD vs.
RASD

p-Value

Stereotypy
Mean ± SD 11.15 ± 3.99 10.22 ± 4.71 11.91 ± 3.33 0.377 9.89 ± 4.51 12.18 ± 3.37 0.230

Median (IQR) 11.0 (7.0−14.0) 10.0 (7.0−14.0) 12.0 (9.0−14.0) 10.0 (7.0−13.0) 13.0 (9.0−14.0)
Inappropriate

speech
Mean ± SD 5.85 ± 3.10 5.0 ± 2.92 6.55 ± 3.21 0.267 4.67 ± 2.50 6.82 ± 3.31 0.175

Median (IQR) 5.0 (4.0−7.5) 5.0 (4.0−6.0) 6.0 (4.0−9.0) 5 (2.5−6.5) 6.0 (4.0−11.0)

p-values obtained from Mann–Whitney U-tests. CASD = congenital autism spectrum disorder; RASD = regressive
autism spectrum disorder.

Figure 2. (A) Number of subjects with RASD, epilepsy, and both conditions are displayed. (B) Boxplots
representing the difference of ABC median scores and the 25th–75th percentile of ABC scores in subjects
stratified by epilepsy absent/present and CADS/RASD.
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4. Discussion

We analyzed a sample of adult patients with ASD and ID who are stably living within the setting
of a farm community. The main purpose of our study is to assess the association between autism onset
and epilepsy and the impact of these conditions on behavioral profiles. Even though limitations such
as the sample size did not allow the emergence of statistically significant results, the RASD subjects
were 5 times more likely to also have a diagnosis of epilepsy.

We retrospectively measured the average of monthly epileptic events, i.e., any type of seizure,
to better describe the presence of epileptic events and their frequency. RASD patients experienced a
greater number of events, with fewer and shorter epilepsy-free periods. The three CASD subjects with
epilepsy seemed to respond better to pharmacotherapy, with better control of the seizures.

Concerning behavioral profiles, even if differences in the ABC domains did not reach statistical
significance, both RASD and epilepsy groups scored higher in each of these subscores. This trend is
important, especially considering that the behavioral impairments are observed despite the higher
pharmacotherapy that the RASD and epilepsy groups are undergoing. In fact, these subjects are more
likely to consume not only anticonvulsants/mood stabilizers and benzodiazepines (which would be
intuitive due to the epileptic risk), but also antipsychotics and antidepressants, which were initiated to
better control problem behaviors and dysregulated moods, respectively. Autism and epilepsy share
several neurobiological pathways [14]. An increased association between RASD and epilepsy may
be determined by severe brain damage (for instance, after encephalitis, which is a risk factor for
both autism [15] and epilepsy [16]) occurring in the first years of life. For instance, in our sample,
two subjects suffered acute infection-related, early age neuroinflammation, after which seizures and
regression arose.

The main limitation of this study is the low sample size, which does not allow us to hypothesize
more complex assumptions based on the statistical significance of the findings due to excessively wide
confidence intervals. The restrictive inclusion criteria and the same living and care conditions allowed
to exclude several confounding factors, such as the variability given by differences in cognitive profiles,
environments, diets, and therapeutical/educational approaches. However, high intersubject variability
in behavioral and pharmacological profiles was measured despite these highly specific criteria.

5. Conclusions

Our findings show that (i) RASD and epilepsy tend to present together in a subsample of subjects
with ASD and ID, (ii) RASD is associated with poorer control of epileptic symptoms, and (iii) RASD and
epilepsy tend to worsen the behavioral prognosis, requiring more psychopharmacological therapies to
compensate the clinical problems. Even though previous studies concerning the association between
RASD and epilepsy yielded controversial results, the apparently contrasting findings may be attributed
to the often-neglected differences between different life-phases (children versus adults) and levels of
cognitive functioning. Carefully considering age and the presence of ID as influencing factors may
hence help to shed light on this relatively uncharted but promising field of investigation in order to
refine clinical classifications and tailor individualized treatments. These results invite us to further
explore the subject, with the aim of determining whether the occurrence of different symptoms in
autistic subpopulations may eventually lead to the individuation of ASD phenotypes.
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Abstract: This study explored (i) differences in age at Autism Spectrum Disorder (ASD) diagnosis
between children with and without a migrant background in the main diagnostic centre for ASD in
Upper Austria (ii) factors related to the age at diagnosis and (iii) whether specific factors differed
between the two groups. A retrospective chart analysis included all children who received their
first diagnosis before the age of 10 years (n = 211) between 2013 and 2018. Children with a migrant
background were diagnosed 13 months earlier than those without (r = 0.278, p < 0.001), and had more
severe delays in language, more severe autism, no Asperger’s syndrome, lower parental educational
level and more frequent referrals by paediatricians. For the total sample, expressive language delay,
severity of restricted and repetitive behaviours, higher nonverbal development, and paediatric
referrals explained earlier diagnoses. There was a stronger effect of parental education and weaker
effect of language impairment on age at ASD diagnosis in children with a migrant background.
In conclusion, no delay in diagnosing ASD in children with a migrant background in a country
with universal health care and an established system of paediatric developmental surveillance was
found. Awareness of ASD, including Asperger’s syndrome, should be raised among families and
healthcare professionals.

Keywords: migration; autism; diagnosis; Europe; health system

1. Introduction

(1) Prevalence of Autism Spectrum Disorder (ASD): The prevalence of ASD has risen in the last
decade, with current rates of 1/59 in North America [1] and similar rates reported in Europe [2–5].
In the absence of ASD prevalence studies in Austria, epidemiological studies must be consulted [6],
which would indicate a number of approximately 80,000 individuals with ASD diagnosis in this
country—clearly a number that has a considerable impact on the national health and social systems.
ASD and migration. A growing number of European studies, particularly from Nordic countries,
suggests an increased frequency of autism in children of immigrant parents [7–10]. However, a recent
systematic review of ASD prevalence and migration status in Europe has shown no simple, linear
relationship between prevalence or risk of ASD and immigrant status [11,12]. Earlier data from North
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American studies tend not to support this finding [13,14], whereas a recent ADDM (Autism and
Developmental Disabilities Monitoring Network) study has shown a higher ASD prevalence in black
children as compared to their white peers [15]. In Europe, the number of immigrants is substantial and
also on the rise. In 2018, 22.3 million people with citizenship of a non-member country (4.4% of the
EU-28 population) resided in an EU member state. Additionally, 17.6 million people in the EU were
citizens of another EU member state [16]. Within the EU, Austria has one of the highest proportions of
migrants (23.3%) [17]. The proportion of children who do not use German as their primary family
language is 26% across all school types and 31% in primary schools [18].

(2) Age at ASD diagnosis and predictors: The increase in ASD prevalence has been accompanied
by a decrease in the age at diagnosis in many countries [11,19], although there are exceptions [9]. Early
ASD diagnosis is the gateway to support services [20] and interventions. Growing evidence points to
the beneficial effects of enrolment at younger age in autism intervention on (a) the child’s long-term
outcomes [4,21,22], (b) the family’s coping skills [23,24] and (c) costs to society [25,26]. Timely access
to ASD diagnosis and support requires equitable access to health services, which is also one of the
principles of the World Health Organisation (WHO) for universal health coverage [27]. Specific factors
that affect the age at ASD diagnosis have been identified in several studies and are mainly related to
clinical ASD presentation [28]. Severe language delay and more severe repetitive behaviours have
been shown to be very common symptoms that prompt early medical consultation and diagnosis
at a younger age. Hearing impairment and intellectual disability [28,29] have been found to delay
identification of ASD in many cases. However, a low level of intellectual functioning can also stimulate
earlier developmental investigation and earlier autism diagnosis [30–32]. Particular characteristics
that are related to the child’s family such as living in under-resourced or rural areas [28], low parental
occupational level [33] and/or lower socioeconomic status [34,35] have more recently been identified
as factors related to later ASD diagnosis. Furthermore, characteristics of the health system (mainly
presence or absence of universal coverage), and whether it has a tradition of surveillance or screening
programmes, must be considered.

(3) Migration and age at diagnosis: Lastly, migration status may also be a cause of delayed
diagnosis [28,36–41]. Several studies in the USA have shown that children from immigrant families are
more likely to be diagnosed later (mostly after the age of 4) than their non-migrant peers [28,33,37,39,41].
Although these data show an association between parental immigration and delay of autism diagnosis
in North America, a limited number of studies has investigated this outside the United States [42].
To our knowledge, in Europe only one study in the Netherlands has explored this research question;
the authors concluded that the immigrant sample did not differ in age at ASD diagnosis from the
non-immigrant sample [43]. The following specific factors related to the age at ASD diagnosis in
children from immigrant families have been reported [44]: firstly, a lack of knowledge of the host
country language can restrict access to ASD awareness campaigns and education about ASD [44–47].
In addition, culture-related differences, such as parental feelings of shame and guilt related to child
disability, have been described between families of children with developmental disabilities and the
values and expectations of service providers [48–50]. A lack of understanding of the host country’s
health care system and community stigma can also prevent parents from seeking care [49,51]. Negative
perceptions of services and a poor understanding of rehabilitation concepts can also delay access
to specialised health services, and parents with a migration background have reported perceived
discrimination by service providers [52]. Furthermore, culturally shaped interpretations of child
behaviours (e.g., social communication) can influence the parents’ seeking of medical advice [53]. As a
consequence, professional organisations such as the American Psychological Association increasingly
emphasise the importance of accounting for cultural differences in both professional practices and
research [54].

(4) Health Care Services for Children with ASD in Upper Austria: The Austrian federal state of
Upper Austria (1.48 million inhabitants) has a high proportion of immigration. In Upper Austria, 31% of
all primary school children have a family language other than German [18]. The Austrian federal state
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of Upper Austria provides an extensive network of healthcare institutions and a universal-coverage
health insurance system. The social system in Austria offers free public early intervention for all
children with developmental delays. In Upper Austria, a paediatric well-baby check-up program is
provided free of charge from birth to school entry (at the age of 6 years) and is well accepted by families.
An important element of this programme is a specific language screening programme (SPES) that was
developed in 2007 by the Institute of Neurology of Language and Senses (ISSN) to identify children
with increased risk for persisting language difficulties at the 2- and 3-year paediatric check-ups. The
SPES language screening is used on a voluntary basis by the majority of paediatricians. Children
who fail the short assessment of receptive vocabulary are referred for further neurodevelopmental
assessment. By use of this screening the age of autism diagnosis could be significantly decreased
within the last decade. About 50% of all children live in rural areas (i.e., thinly populated areas; 12% of
these children do not use German as their primary family language), 13% live in the city of Linz, where
the proportion of children with a family language other than German is 56% [55].

The out-patient clinic of the ISSN, situated within a public general hospital in the city of Linz, has
been the major clinical focus for developmental disorders for the local community in Upper Austria
in the last decade. It is the main centre where the complex multidisciplinary diagnostic evaluation
needed for ASD diagnosis is regularly conducted [56]. In the associated Autism Centre, ASD-specific
early intervention—following primarily the Early Start Denver Model—is provided [57]. In the last
decade, the percentage of patients with a migrant background using the diagnostic clinic has risen
from about 40% to 50%. Thus, data from this clinic’s medical charts lend themselves to investigating
factors that may determine a possible relationship between immigrant status and access to diagnosis.

Aim and Hypotheses

This study aimed to explore (i) whether there are differences in terms of age at ASD diagnosis
between children with or without a migrant background at the principal diagnostic centre for ASD in
Upper Austria, (ii) what factors might be correlated with the age at diagnosis of these children and (iii)
whether predictors of age at diagnosis differ between children with and without a migrant background.

2. Methods

2.1. Study Design

A cross sectional study was used. All children of parents with and without a migrant background
(see definition below) who attended the diagnostic centre of the ISSN in the study period (01-01-2013
to 31-12-2018) and received an ICD-10- diagnosis (International Classification of Diseases, 10th
Revision [58]) of ASD (F84) for the first time before the age of 10 years were considered in the study.

Migration background cannot be sufficiently defined by citizenship, since there are many families
with parents born outside Austria (and even more second-generation families) who have Austrian
citizenship. The ISSN medical records did not contain systematic information on the parents’ and
children’s places of birth, but detailed information about the language(s) spoken in the family. Therefore,
a family was considered to have a migrant background if both parents (or one parent in a single-parent
family) used a language other than German as their primary language in the family. There were no
members of Austria’s autochthonous ethnic minorities in the study sample.

Age of diagnosis was limited to a maximum of 10 years for both samples, since there were only
few individual children in our clinical population who received an ASD diagnosis after that age. All
ASD cases were evaluated at the ISSN by a developmental paediatrician, a clinical psychologist and a
clinical linguist using various standardised tests depending on each child’s developmental level and a
clinical (non-standardised) interview. The ICD-10 [58] was used as a basis for clinical diagnosis of ASD
and for the classification codes in the reports. All clinicians had been trained in the implementation
and scoring of the ADOS-2 [59], which was applied in the majority of cases. Main outcomes were
summarised in a comprehensive medical report.
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2.2. Study Variables

Dependent variable: chronological age of the child at first ASD diagnosis. Independent variables:
grouped by (a) sociodemographic, (b) clinical characteristic and (c) referral to diagnosis.

(a) Sociodemographic characteristics: Migration background status was based on language(s)
predominantly spoken by the parents in the family as reported by the parents themselves. A family
was considered to have a migrant background if both mother and father (or a single parent) used a
language other than German as their primary language at home. The languages reported as being used
at home by the study population were then categorised into five geographical regions: South-Eastern
and Eastern Europe, Western and Northern Europe, Middle and East Asia, West Asia, and others (see
Supplement S3). No parent was excluded due to insufficient language skills since translators were
always available within the health system. Parental educational level was derived from the information
provided by the parents in the registration form prior to clinical evaluation. Parents reported their
current occupational level and/or educational background, and this information was then categorised
into two levels of education: with or without high school diploma. For the analysis the highest parental
educational level (i.e., of either father or mother) was used. Location of family residence was also
elicited from the information provided by the parents in the registration form. This data was used
to determine the degree of urbanisation of the place of residence (densely populated urban areas vs.
thinly populated areas) and to estimate the distance between family residence and diagnostic clinic (in
kilometres).

(b) Clinical characteristics: Gender was extracted from the medical record of the child. The
non-verbal IQ score is the standardised non-verbal quotient of the child at the time of ASD diagnosis,
either extracted directly from the evaluation report or calculated using the well-known quotient
formula with the non-verbal developmental age of the child divided by the chronological age indicated
in the report. The most common standardised cognitive tests reported were Mullen Scales of Early
Learning (MSEL) [60], the Bayley Scales of Infant Development III [61] and the Hamburg-Wechsler
Intelligenz test IV [62], depending on the child’s age and level of functioning. Language Scores
(Receptive and Expressive): receptive (RL) and expressive (EL) language developmental quotient
scores, usually assessed by use of the MSEL, were either obtained directly from the diagnostic report
or calculated from age-equivalent scores (age-equivalent scores/chronological age × 100) when the
clinician indicated the language level of the child in months (usually based on a standardised language
test, but also according to clinical picture when administration of a test was not possible due to the
characteristics of the child) (PGP and DH). Language skills where assessed by linguists experienced in
multilingualism in the child’s primary language. If necessary, interpreters were used and parental
observations were taken into consideration. Children with a developmental quotient below 50 were
considered to have a moderate or severe delay. Variables of ASD Subtype: ICD-10 Code diagnosis of
ASD (F84) ADOS Calibrated Severity Scores (CSS) for Social Affect (SA) and Restricted and Repetitive
Behaviours (RRB) were transformed as appropriate from the original SA and RRB raw scores of the
clinical report, following the indications of Gotham et al. [63], based on the child age, module and/or
version of ADOS administered and reported in the clinical record (PGP and DH). A change in the
clinical diagnostic procedure within the study period (from ADOS-G to ADOS-2) [64] was taken into
account by the calibrated severity scores.

(c) Referral to diagnosis was either directly stated by the parents in the registration form or
reported to the clinician at the evaluation (and therefore included in the diagnostic report).

2.3. Procedures

The clinical charts of all cases were revised and abstracted by researchers with considerable
knowledge and experience in the field of neurodevelopmental disorders. To ensure accuracy, reliability
and consistency in data abstraction, we developed, tested and revised a Record Review Protocol (RCR)
following best practice [65,66]. An initial list of variables to be captured was tested in a small pilot study,
discussed by the research team, and adjusted where necessary. In the case of conflicting or uncertain

210



Brain Sci. 2020, 10, 448

information in the medical charts, consensus decisions (PGM, DH) were made. The information that
was reviewed referred to demographic and clinical characteristics of the children and their families
and to the system of referral for ASD diagnosis.

Ethics: This study was approved by the ethics committee (Ethikkommission der Medizinischen
Fakultät der Johannes Kepler Universität), Nr. 1140/2020 Version 3, following the rules of the Declaration
of Helsinki of 1975 revised in 2013 [67].

2.4. Statistical Analysis

First, we separately calculated descriptive statistics (means, standard deviations for continuous
variables and percentages for categorical variables) of all study variables for children with and
without a migration background. Second, bivariate correlations were calculated between the age
at diagnosis and the sociodemographic and clinical variables. This was done for the total sample
and also separately according to migration status. In order to test for differences in correlations
between the migrant and non-migrant groups, a Wald χ2-test was carried out. Correlations were also
calculated for different age groups in order to identify possible age-dependent predictors of the age at
diagnosis. For all bivariate analyses we calculated effect size measures in a correlation metric, more
specifically, Pearson’s r for the association between continuous variables, point biserial correlation
for the association between binary variable and continuous variables and phi or Cramer’s V for the
association between categorical variables. Finally, we used linear regression models to evaluate the
effects of all predictors simultaneously. We also tested whether the association between predictors
and age at diagnosis differed by migrant status. This was achieved by including interaction terms
(e.g., migrant × sex) in the regression models [68]. We report unstandardised regression coefficients
(b) and their standard errors (SE) and standardised coefficients (β) that have the same metric as
correlation coefficients and could likewise be interpreted as effect size measures [69,70]. Several study
variables had a high number of missing values (e.g., 42% missing values for parental education; see also
Table 1). Preliminary analysis indicated that missingness depended on other variables (i.e., missing at
random [71]). For example, children with missing values for parental education were diagnosed later
(M = 52 months vs. M = 44 months). Thus, in order to avoid bias and a loss of statistical power, we
used multiple imputation (MI)—a state-of-the-art technique for dealing with missing data—to replace
missing values [71]. Firstly, the missing data was imputed by available data, and several imputed data
sets were generated. Secondly, analyses were carried out for all data sets, and lastly the results of all
data sets were pooled and final coefficients and standard errors were computed according to Rubin’s
combination rules [72]. Specifically, we used the blimp software [71,73], which implements a multiple
imputation by chained equations (MICE) algorithm. All study variables were used for the imputation
models, and imputations were carried out separately for the migrant and non-migrant groups. In
order to obtain accurate standard errors, 200 imputed data sets were generated [74]. Mplus 8.2. [75]
was used for all analyses based on imputed data. Due to the non-normal distribution of the dependent
variable of age at diagnosis (skewness = 1.411, kurtosis = 1.424), a maximum-likelihood estimation
with robust standard errors (MLR) was used. Only descriptive results are reported for non-imputed
data. These analyses were carried out using SPSS 26 and Jamovi [76].
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3. Results

3.1. Descriptive Results

In Table 1 the descriptive results (based on non-imputed data) both for the total sample and for
the non-migrant and migrant subsamples separately are shown. Results based on imputed data are
provided in the Supplement (S1).

Of the 211 children in the sample, 58% received a diagnosis of autistic disorder, 10% of Asperger’s
disorder, and 32% of Pervasive Developmental Disorder–Not Otherwise Specified (PDD-NOS). Children
with autistic disorder were diagnosed at an average age of 39.4 months, followed by children with
PDD-NOS (50.8 months) and children with Asperger’s disorder (75.9 months). Notably, children with
Asperger’s disorder were almost exclusively from the non-migrant group; only one case in the children
with migrant background subsample had received an Asperger’s disorder diagnosis. The difference in
the ICD-10 ASD type between the non-migrant and migrant groups is highly significant (Cramer’s V =
0.385, p < 0.001).

The mean age at diagnosis was 46.7 months (SD = 22.8) for the total sample. Values ranged from
12 to 119 months. The non-migrant group was diagnosed at a mean age of 54 months as compared to
41.2 months for the migrant group. Thus, children with a migration background received their autism
diagnosis significantly earlier (difference of about 13 months) than those without (r = 0.278, p < 0.001).
The distributions of the age at diagnosis for the total sample and the migration-status subsamples are
shown in Figure 1. The sample with a migrant background is characterised by a reduced distribution
with a stronger concentration around ages 2–4 and a smaller proportion of children diagnosed with
ASD at a later age.

Figure 1. Age at diagnosis distribution histogram and density plot for total sample and split by
migrant status.

3.2. Bivariate Analysis

In the total sample, there are moderate correlations between age at diagnosis and language scores.
Children with lower expressive (r = 0.423, p < 0.001) and receptive (r = 0.355, p < 0.001) language scores
were diagnosed significantly earlier. There is also a moderate correlation between RB-CSS and age at
diagnosis (r = −0.370, p < 0.001). Children with higher RB-CSS received their diagnosis significantly
earlier than those with lower RB-CSS. Similarly, analysis revealed a weak correlation between SA-CSS
and age at diagnosis (r = −0.158, p < 0.05); more specifically, diagnosis occurred earlier in the case of
higher severity scores for social affect. Finally, children who were referred by a paediatrician received
their diagnoses earlier (r = −0.255, p < 0.001, M 40.78 months) than the rest of the sample (M 51.16
months). Table 2 shows the correlations between age at diagnosis and predictor variables for the total
sample and the migration-status subsamples.
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Table 2. Correlations between sample characteristics and age at diagnosis separated by migration status.

Total Non-Migrants Migrants
Correlation Difference

between Groups a

Sociodemographic Characteristics r r r p
Family Residence in Urban Area −0.132 −0.073 −0.047 0.684

Distance Between Home And Hospital in Km 0.031 −0.050 −0.034 0.740
Parental Level of Education above High School 0.100 0.198 −0.169 * 0.035

Clinical Characteristics
Male Gender 0.011 0.095 −0.048 0.252

Non-Verbal Developmental Quotient (IQ) 0.065 0.123 −0.131 0.136
Expressive Language Quotient (ELQ) 0.423 *** 0.443 *** 0.216 0.014
Receptive Language Quotient (RLQ) 0.355 *** 0.341 *** 0.177 0.059

ADOS-Calibrated Severity Scores—Total CSS
Social Affect—CSS −0.158 * 0.011 −0.263 ** 0.206

Repetitive Behaviour—CSS −0.370 *** −0.446 *** −0.326 *** 0.186
Referred by Paediatrician −0.255 *** −0.195 −0.220 * 0.707

Note. Correlations are based on multiple imputed data. a p-values for correlation differences between migrants and
non-migrants are based on a Wald χ2-Test. *** p < 0.001, ** p < 0.01, * p < 0.05.

There are some notable differences between the strengths of the correlations with age of diagnosis
between children with and without a migrant background. First, for migrant-background children there
is a negative association between age at diagnosis and parental education (r = −0.169, p < 0.05). Thus,
children of parents with migrant status who had at least graduated high school were diagnosed at an
earlier age than children of parents with migration background who had no high school diploma. In
contrast, this association is of comparable strength but of opposite direction and not statistically significant
in the non-migrant subsample (r = 0.198, p > 0.05). Second, the correlations between both ELQ and RLQ
and age at diagnosis are of moderate strength and statistically significant for the non-migrant group (ELQ,
r = 0.443, p < 0.001; RLQ, r = 0.341, p < 0.001), but weaker and non-significant for the migrant group (ELQ,
r = 0.216, p < 0.10; RLQ, r = 0.177, p > 0.05). Finally, it is interesting to note that the correlation between
SA-CSS and age at diagnosis is significant for the migrant subsample (r = −0.263, p < 0.01), but not for
non-migrant subsample (r = 0.011, p > 0.05). However, these two correlations do not differ significantly.

Table 3 presents the results of exploring age effects on the correlations between the predictors
and age at diagnosis for two subsamples defined by age at diagnosis (<48 months vs. ≥48 months)
and migration status. Note that these analyses suffer somewhat from small sample sizes (e.g., n =
23 for the migrant group in the “age at diagnosis ≥ 48 months” subsample). Nonetheless, there are
several interesting results. First, there is no significant correlation between age at diagnosis and ELQ
and RLQ, respectively, in the younger subsample, neither for children with nor for those without a
migrant background. These correlations are only significant for non-migrant-background children in
the older group (ELQ, r = 0.462, p < 0.001; RLQ, r = 0.346, p < 0.05). Thus, non-migrant-background
children aged ≥ 48 months at diagnosis received their diagnoses earlier, the lower their language
scores were. A somewhat similar pattern—although individual correlations are not significant—was
found for the correlations between RLQ and age at diagnosis in the migrant group. RLQ and age at
diagnosis correlate moderately (r = 0.332; p < 0.10) for migrant-background children aged ≥ 48 months
at diagnosis, but not for those who received their diagnosis before 48 months (r = −0.122; p > 0.05).
Second, the RB-CSS is only correlated with age at diagnosis for children who received their diagnosis
at the age of 48 months or later. In detail, there are moderate to strong correlations between RB-CSS
and age at diagnosis for children both with (r = −0.530, p < 0.01) and without (r = −0.477, p < 0.001) a
migrant background. In the subsample of children who were younger at diagnosis, these correlations
are much smaller and not significant (correlation differences between age subsamples are significant).
Finally, there is a negative and significant small correlation between age at diagnosis and distance
between home and hospital in the older non-migrant subsample (r = −0.282, p < 0.05). Thus, children
from this subsample received their diagnoses later, the closer they lived to the hospital. For children
with a migrant background in this age group, the correlation is not significant and positive (r = 0.179, p
> 0.05). The correlations differ marginally (p < 0.10).
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3.3. Regression Analysis

The results of the regression models are shown in Table 4. Due to the high correlation between
ELQ and RLQ (r = 0.84), a unique composite language score (Language Quotient, LQ = (RLQ +
ELQ)/2) was used in the regression models. All 10 predictors explain 34.6% of the variance in age at
diagnosis. In accordance with the bivariate results, the LQ turned out to be the best predictor (β = 0.389,
p < 0.001), followed by RB-CSS (β = −0.301, p < 0.001) and referral by paediatrician (β = −0.206,
p < 0.01). Interestingly, the association between IQ and age at diagnosis, which was not significant in
the bivariate analysis, is negative and statistically significant (β = −0.175, p < 0.05), when we control
for other predictors. In fact, the association becomes significant as soon as we control for LQ; thus,
given a constant LQ, the higher the IQ, the younger the child at diagnosis.

Table 4. Regression model for age at diagnosis.

b (SE) β 95%-CI

Sociodemographic Characteristics
Family Residence in Urban Area 1.139 (3.457) 0.023 (−0.113, 0.159)

Distance between Home and Hospital in km −0.020 (0.038) −0.033 (−0.156, 0.089)
Parental Level of Education above High School −3.719 (4.103) −0.073 (−0.231, 0.085)

Migration Status −6.228 (3.305) −0.136 (−0.275, 0.004)
Clinical Characteristics

Male Gender 1.539 (3.433) 0.026 (−0.087, 0.138)
Non-Verbal Developmental Quotient −0.219 * (0.098) −0.175 (−0.336, −0.014)

Language Composite (Expressive and Receptive) 0.363 *** (0.090) 0.389 (0.204, 0.574)
ADOS-Calibrated Severity Scores—Total CSS

Social Affect—CSS −0.133 (0.739) −0.013 (−0.157, 0.131)
Repetitive Behaviour—CSS −3.575 *** (0.941) −0.301 (−0.452, −0.150)
Referred by Paediatrician −9.370 ** (3.375) −0.206 (−0.349, −0.063)

R2 0.346

Note. Results are based on multiple imputed data. 95%-CI = 95% confidence interval for β. *** p < 0.001, ** p < 0.01,
* p < 0.05.

The regression model shows that migrant status is only marginally significantly associated with
age at diagnosis (β = −0.136, p < 0.10) once other predictors have been controlled for. In detail, the
difference in age at diagnosis, which amounted to about 13 months in the bivariate case (see Table 1),
decreases to 6 months (b = −6.228) when other predictors are being controlled for. Again, the LQ is
primarily responsible for differences between the bivariate and the multivariate analyses. Once we
control for LQ, the difference between migration status and age at diagnosis decreases to roughly
7 months (b = −6.686, p < 0.05). Thus, about half of the difference in the age at diagnosis between the
migrant and non-migrant groups is due to lower language scores of the migrant subsample.

In order to analyse possible differences in the associations between age at diagnosis and the
independent variables between the migrant and non-migrant groups, we applied a series of regression
models including interaction terms (for detailed results see Supplement S2). None of the interaction
effects were significant. Thus, in contrast to the bivariate results (Table 2), no differences between the
migrant and non-migrant subsamples in the associations between age at diagnosis and independent
variables were found in the multivariate models.

Finally, some further analyses were performed to better understand the negative IQ effect in the
multivariate regression model. In detail, we included an interaction term between IQ and LQ, which
turned out to be statistically significant (b = 0.007, p < 0.01). In order to interpret this interaction, we
plotted the simple slopes, that is, the associations of IQ and age at diagnosis for both high (=M + SD)
and low (=M – SD) levels of LQ. Figure 2 shows that there is no association between IQ and age at
diagnosis for children with high LQ. This association is negative and significant at low LQ levels. Thus,
children with high IQ and low LQ were diagnosed the earliest.
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Figure 2. Interaction between LQ and IQ. Note. M =mean, SD = standard deviation. IQ = Non-Verbal
Developmental Quotient. LQ = composite language score. b = unstandardised regression coefficient
for IQ at high levels of LQ (M + SD) and low levels of LQ (M – SD).

4. Discussion

The aim of this study was to investigate and compare age at diagnosis of autism spectrum
disorders in children with or without a migrant background from an intake population of an outpatient
clinic for developmental disorders in Austria and to examine the impact of sociodemographic variables,
child characteristics and referral factors on age at diagnosis. We carried out a retrospective chart
analysis including all children who received an ASD diagnosis before the age of 10 years for the
first time.

Notably, our results demonstrate a higher percentage of children with (57%) than without (43%)
a migrant background being diagnosed with ASD in our clinic. This contrasts with a reverse ratio
of about 30:70 of primary non-German to German family language in Austria. On the one hand,
this might be explained by the high percentage of immigrant families (56%) in the city of Linz and a
closer distance to the diagnostic centre facilitating service use. On the other hand, the high percentage
of children with migrant background might also be due to a higher prevalence of ASD in migrant
populations, as described by some of the European studies [8,10]. Additionally, clinical experience
shows a high uptake of medical referrals among families with a migrant background. In our sample, a
significantly higher number of migrant- than non-migrant-background families reported that their
child had been referred to the clinic by a paediatrician. There also seems to be a general tendency for
families with a migrant background to use primary paediatric care more often and longer [77] than
non-migrant-background families; the latter are more likely to consult general practitioners, who are
often less well trained in identifying developmental disorders. Finally, the large proportion of ASD
diagnoses in children with a migrant background is probably also related to free access to health care
in Austria. Studies in countries without universal health care have shown that children with ethnic
and racial differences are less often diagnosed with ASD [78].

Our main finding is that for the total study sample, children with a migrant background received
the ASD diagnosis significantly earlier than the rest of the sample. However, in the younger subsample,
diagnosed before 48 months of age, the mean age at diagnosis was almost identical for the migrant
and non-migrant groups (34.4 and 34.6 months, respectively). For the total sample, the significantly
younger mean age at diagnosis in the subsample with a migrant background is due to a lack of children
with less severe autism symptomatology (Asperger disorder), who are usually presented to the clinic
at an age older than 4 years. In any case, contrary to findings in other health systems [78], there are
no disparities in early access to diagnosis of ASD in Austria, where free health care and a medical
surveillance system (preventive medical check-ups) are provided for all.
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In accordance with the literature [8,79,80], we found significant differences in clinical
symptomatology between migrant- and non-migrant-background children diagnosed with ASD.
The sample with a migrant background demonstrated significantly longer delays in language as well
as more severe autism and tended to be more delayed in their nonverbal cognitive development. The
differences in language development persisted after reducing the sample to those diagnosed before the
age of 4 years. A comparison of the distribution of autism subtypes (according to ICD_10) showed an
almost complete absence of diagnoses of Asperger’s disorder in children with a migrant background
(n = 1) in contrast to the non-migrant subsample (n = 21). This accords with the results of Lehti et
al. in 2015 [10], who found in a national birth cohort study of children diagnosed with Asperger’s
disorder in Finland a significantly decreased likelihood of diagnosis in children whose parents were
immigrants (adjusted odds ratio 0.2, 95% CI 0.1–0.4). The higher likelihood of childhood autism versus
Asperger’s disorder syndrome in children with a migrant background might be related to specific
risk factors associated with childhood autism (but not with Asperger’s disorder) that occur more
frequently in the migrant population, such as perinatal complications, low birth weight and lower
gestational age [9,81]. However, we strongly suspect that our results also reflect service utilisation.
Underdiagnoses might be due to less awareness of milder forms of ASD in the migrant-background
subsample with a significantly lower level of parental education. In addition, the culturally shaped
appearance of Asperger’s disorder and communication problems between health professionals and
parents and children might be other reasons for a lower number of this type of diagnosis.

Bivariate and multivariate analyses that identified factors correlated with delayed age at diagnosis
for the total sample demonstrated a strong impact of the severity of language problems (expressive
and/or receptive) on earlier ASD diagnosis. Severe delays in expressive language are easily noticed
both by parents and by professionals in health and education systems and have been described as the
most frequently observed symptoms of ASD that prompt medical consultation [82]. They have also
been shown to be an important marker of non-apparent (invisible) developmental disorders [83]. In
concordance with the findings of other studies, the severity of restricted and repetitive behaviours is
another factor significantly related to earlier diagnosis of ASD, which is most likely a consequence
of their obvious character compared to the often more subtle peculiarities in social communication.
In addition, RBBs are often perceived as a cause of stress by the families and might therefore lead
to external help being sought. The third-strongest factor related to earlier diagnosis was referral
by a primary care paediatrician. Despite possible challenges in providing language- and culturally
appropriate screening [78], well-trained paediatricians play an important role in reducing barriers to
(early) ASD diagnosis. Finally, higher levels of intellectual functioning were found to be correlated with
younger age at diagnosis, especially in children with seriously delayed language development, but it is
also seen with average language scores. A severe language delay combined with significantly higher
cognitive development may be even more obvious to parents and referring primary care professionals
than a generalised developmental delay associated with a stronger need for explanation. With an
expected majority of male gender in the sample, gender was not found to correlate significantly with
age at diagnosis. Interestingly, parental education and the distance between the family’s place of
residence and the diagnostic centre did not add significantly to explaining the variance in age at
ASD diagnosis.

A comparison of factors related to age at identification of ASD in the migrant and non-migrant
samples mostly showed significantly stronger effects of parental education in the group with a migration
background. However, the correlation was small. In migrant-background families, educational
disparities are often linked to pronounced deficits in (spoken and written) language that might have a
particularly strong effect on access to health information.

The severity of (primarily expressive) language delay had significantly stronger effects on
delayed ASD diagnosis in the non-migrant sample. This effect is almost exclusively observed in the
older subsample (>4 years), where—due to the much higher number of children with Asperger’s
disorder—variance in language development was significantly higher in the non-migrant sample. In
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school children with a migrant background, parents and professionals in health and education might
ascribe language difficulties to bilingual language acquisition rather than to a developmental disorder.
However, given the small size of the sample of older children with a migrant background (n = 23),
results must be interpreted with caution. The minimal differences in factors explaining age at autism
diagnosis between children with and without a migrant background are most likely a consequence of
equitable access to medical care and a model of early identification with strong involvement of primary
paediatric care that is well accepted.

The almost complete lack of significant effects of variables associated with age at diagnosis in the
younger subsample is surprising at first glance. However, the variance in age at diagnosis was very
small in the group aged younger than 4 years and probably related to the fact that paediatric screenings
(mainly for expressive and receptive language) are usually offered at the ages of 2 and 3 years. Earlier
referrals are highly unlikely. Furthermore, kindergarten, where autistic symptoms might be noticed,
typically starts at the age of three. Long waiting periods for diagnostic services due to insufficient
resources can cause inequalities and might be another reason that complicates the finding of significant
predictors. The retrospective medical chart analysis presented has some limitations. Firstly, due to
sample recruitment from a single clinic, effects of specific clinic-related factors on the age at diagnosis
cannot be excluded. Secondly, another limitation of this study is its reliance on self-reported data about
the parental level of occupation, since other information about Socioeconomic Status (SES), such as
income or highest parental education, was not included in the medical charts. Even for information
on parental occupation, data extracted from medical reports were very incomplete. Missing data,
including those for other variables, were reported, and multiple imputations was used for missing
values to avoid bias. Analyses of correlates of age at diagnosis by splitting the sample into two age
subsamples and by migration status were interpreted with caution due to the small sizes of some of
the subsamples.

5. Conclusions

This is one of the rare studies investigating age at diagnosis in children with a migrant background
in Europe. Our findings highlight that for them the diagnosis of ASD is not delayed in Upper Austria,
where universal health care includes a system of preventive medical check-ups provided mainly
by paediatricians during the first years of life. Specific effects of lower parental education on age
at diagnosis in families with a migrant background point to the importance of utilising existing
preventive systems for systematic ASD screening and to the need to improve parent education on
child development and health care services. The almost complete absence of diagnoses of milder
forms of ASD (Asperger’s disorder) in children with a migrant background demonstrates the need
for improving awareness of the whole autism spectrum by training professionals in health care
and education and extending education to parents. Restricted and repetitive behaviours, language
delay, and the combination of severe language delay with a relatively higher nonverbal development
are possible symptoms of autism that can be used to identify ASD by observation by parents or
professionals and by their inclusion in systematic screening tools.

For children both with and without a migrant background, referrals by primary care paediatricians
significantly decreased age at diagnosis. A universal implementation of a streamlined model from
systematic screening to timely diagnosis is expected to further reduce age at ASD diagnosis and to
facilitate earlier access to specialised intervention.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/10/7/448/s1,
Table S1: Sample characteristics by migration status based on multiple imputed data, Table S2: Regression models
including interactions for age at diagnosis, Table S3: Languages reported as the primary language in the families
with migrant background grouped by geographical areas (n = 120).
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Abstract: Children with autism spectrum disorder (ASD) show worse oral health than their peers.
Their access to health services is, at present, inadequate: few high-quality interventions have been
designed and implemented to improve their care procedures so far. The purpose of this study is to
describe an experience of dental care supported by Information and Communication Technologies
(ICT), for children with ASD in a public health service. In our study, 59 children (mean age 9.9 years;
SD = 5.43) participated in the MyDentist project. It integrates classic dental care techniques with
new practices for desensitization and fear control, delivered through an enhanced customized
ICT-based intervention aiming at familiarizing the child with ASD with the medical setting and
procedures. Two questionnaires were filled out by parents to describe the acceptability of the
MyDentist experience for their children. Significant results were shown from T0 (before initiating
MyDentist) to T1 (after 6 months of the MyDentist experience) regarding improved oral hygiene
and cooperation during dental treatments. Families positively assessed the use of ICT support.
In conclusion, the project demonstrated acceptability by parents, suggesting that public health dental
care and prevention can be successfully implemented without resorting to costly pharmacological
interventions (with potential side effects), taking better care of children’s health.

Brain Sci. 2020, 10, 444; doi:10.3390/brainsci10070444 www.mdpi.com/journal/brainsci225
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1. Introduction

Autism spectrum disorder (ASD) is a severe multifactorial disorder characterized by an umbrella of
specific symptoms in the areas of social communication, restricted interests, and repetitive behaviors [1].
The incidence of ASD is worldwide and recent epidemiological data estimated it to be 1/54 in United
States and 1/87 in Italy [2,3]. ASD varies greatly in the severity of associated socio-communicative
impairments and in the degree of cognitive and language development [4]. Although there is no specific
relationship between ASD and oral disease, it is well-recognized that many individuals with ASD
have much worse oral health than non-autistic people [5–10]. This may be related to barriers to dental
services, sensory sensitivities and heightened levels of stress and anxiety during care; these factors may
affect the level of cooperation of individuals with ASD in regard to daily hygiene routines, oral exams,
and dental care [11–17]. The presence of comorbid self-injurious behaviors, poor oral care at home and
specific dietary habits that can favor tooth decay should also be considered [17,18].

Sensory sensitivity is extremely heterogeneous in subjects with ASD [19,20]. It can include
hyper-sensitivity to specific sensory input. Subjects with ASD can also experience sensory overload,
becoming overwhelmed by incoming stimuli. In these situations, sights, sounds, smells, tastes, touch,
balance and body awareness can feel like real physical pain [19,20].

These children can also present intellectual disabilities and significant behavioral issues [21].
These features make it difficult for dentists to assess and treat children with ASD; due to sensory

sensitivity and/or intellectual disability, it may be necessary to resort to general anesthesia or sedation
(conscious or deep) for dental care or invasive treatment [22–24].

Unfortunately, the professional training offered by most university programs does not deal
specifically with people with ASD, so it is necessary to teach dental professionals how to treat
them correctly [22]. Children with ASD need to be supported and guided during the visit by an
interdisciplinary plan of action that takes into account their specific needs in order to promote better
dental health [22,25,26]. Therefore, to increase the probability of successful dental treatment for
patients with ASD, dentists should have an in-depth interdisciplinary understanding of ASD in terms
of symptomatology and functional profiles [27,28]. However, as highlighted by the World Health
Organization (WHO) and American Academy of Pediatric Dentistry, access to services and support for
people with ASD is presently inadequate [29,30].

In order improve cooperation of patients with ASD in a dental setting, a link between the
behavioral approach and the personalized use of information and communication technologies (ICT)
could be efficacious. According to previous studies conducted on children with ASD, it is possible to
achieve improved oral hygiene also with both Augmentative Alternative Communication (AAC) and
online video modeling sessions [31,32]. The AAC encompasses the communication methods used to
supplement speech for those with specific impairments in the production or comprehension of spoken
language. Specifically, AAC technologies support children with ASD to (a) enhance language learning,
(b) facilitate social interaction and (c) teach interaction strategies to communication partners [31].
Video modeling is a mode for teaching behaviors that uses video recording to provide a visual model of
the targeted behavior or skill. Video modeling could include basic video modeling, video self-modeling,
point-of-view video modeling, and video prompting [32].

This type of studies [31,32] provides preliminary support for the use of ICT-enhanced interventions
to improve oral hygiene for children with autism [33,34]. Providing dental care to patients with ASD
may require modifying the traditional treatment plans and settings [33,34], which include many sensory
stimuli that may affect the way children behave. Therefore, it is extremely important to think about
functional ways to reduce these users’ anxiety and sensory hypersensitivity in order to increase their
compliance with procedures and to carry out dental care as planned. Despite the high prevalence of
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issues in treating people with ASD, only few randomized controlled pilot studies have been designed
and implemented to improve their dental care procedures so far [17,35–37]. The extreme importance of
oral health in children with ASD is due to the potential beneficial effects on chewing/eating, language
disorder and dental traumas [30].

The aim of this paper is to describe the first results of the project MyDentist, an in-the-field
experience of dental care for children with ASD in an Italian public health service, with the support
of a web application that includes various digital materials (video models, social stories, photos,
and games), which can be personalized for each patient.

From a clinical point of view, the two specific aims of the MyDentist project were to provide
adequate dental care for subjects with ASD and to support and motivate their maintaining acceptable
oral health at home. The first aim focused on increasing the patient’s collaboration when sitting in the
dentist chair, considering the time needed by each specific patient when performing from the simplest
to the most complex therapeutic treatment. In this way, it would be possible to reduce the use of
general anesthesia, at least for those treatments that generally do not need it, thus lowering economic
and psychological costs.

The second aim was choosing the most appropriate method to guide the patient during their
oral hygiene routine at home. The selected strategies included teaching patients and parents and/or
caregivers how to brush one’s teeth, identifying the most suitable tool to reinforce motivation in taking
care of oral health.

Confidence is achieved both during dental sessions at the clinic and at home, using games,
videos and other digital activities personalized for each patient. Exploiting the combination of these
techniques, we managed to first approach the simplest medical procedures (sitting in the dental chair,
opening the mouth, having the oral cavity checked first only visually and then using tools such as
mirror and explorer), and then to integrate increasingly complex instruments and methods.

At the same time, the project explored the use of wearable sensors to assess subjects’ physiological
response before and after the dental procedure by applying commercial devices and analyzing,
ex-post, the modification of the Autonomic Nervous System activity via signal processing related to
electrocardiogram (ECG) and Galvanic Skin Response (GSR), two significant, well-known physiological
indicators of psychological stress, which will be better defined in Section 4.

2. Method

2.1. Sample

The total sample included 59 subjects (45 males; 14 females) aged between 4 and 16 years
(mean age = 9.9 years; SD = 5.43) who were sequentially recruited at the Department of Pediatric
Odontoiatry of Santa Chiara Hospital in Pisa during the period January 2019–October 2020. Inclusion
criteria were a diagnosis of autism spectrum disorder (ASD) according to DSM-5 criteria [1] and
pediatric age. The diagnosis was certified by the Italian Mental Health System. All subjects with ASD
were native Italian speakers (Table 1).

The study was approved by the local Ethics Committee (Prot. N. 10–06/05/2019 AOUP, Pisa, Italy,)
and was in accordance both with the ethical standards of the 1964 Declaration of Helsinki and the
Italian Association of Psychology (AIP). The protocol for data acquisition with wearable sensors was
approved by the Institutional Ethical Clearance board of CNR.
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Table 1. Socio-demographic characteristics and functional profile of the sample.

Age (in Years)

Mean 9.9
SD 5.43
Gender n
Males 45
Females 14
DSM-5–ASD Severity
Levels
Level 1 5
Level 2 37
Level 3 17
Cognitive Functioning
Normal range 5
Mild 4
Moderate 28
Severe 19
Language
No words 29
2–3 words 14
Fluent 16

2.2. Intervention

2.2.1. MyDentist

MyDentist was developed as a multidisciplinary experimental approach to dental care and
prevention for subjects with ASD, combining ICT, behavioral techniques and a specific clinical protocol
designed for ASD. The protocol definition came from the combination of a special dentistry foundation,
knowledge and previous experience on assistive technologies for people with ASD, and the crucial
support from psychologists and speech therapists offering expert advice in the field of diagnosis of
and intervention in ASD. The choice of a multidisciplinary approach derived from previous studies in
the literature [24,29] and from a pilot study performed in 2017 [27].

The concepts on which MyDentist has been developed are the following: (i) the high frequency of
use of general anesthesia; (ii) the difficulty to face a lack of collaboration when working with ASD
patients; (iii) manifestations of anxiety in reaction to the context of the visit; (iv) the need to keep
consistency between home oral hygiene and oral care at the clinic. Luckily, some recent experiences in
this field have led to the development of new forms of intervention, constantly evolving and mainly
focused on psychological approaches where dentists explore the use of different communication
channels to enhance collaboration and interaction with children (reinforcement, costumes, play
activities) [31,32].

For all these reasons, MyDentist builds on this preliminary literature to explore new forms
of patient interaction with the clinical environment and with the medical staff. We propose digital
activities to reduce anxiety during the visit, to teach medical procedures and familiarize the patient with
the environment. Accessible training is delivered through multimodal activities and games based on
AAC, exploiting the visual channel, usually the most effective sense in people with ASD [31]. ICT can
facilitate the implementation of AAC, making it easy and comfortable to communicate anyplace,
anytime through a mobile device (tablet, smartphone). Moreover, digital AAC (delivered via app) is
highly scalable (vast amount of items vs. the paper/plastic version) and customizable, allowing one to
add new (personalized) items.

A key feature of the MyDentist approach is the complete personalization of the medical protocol
in order to adapt it to the particular needs of each ASD patient, to favor a relationship of trust between
the patient and the health professional, and to positively exploit the digital activities.
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2.2.2. The MyDentist Web Application

Several studies underline the positive effect of daily use of ICT tools with people with ASD, in both
learning contexts and social situations [38–41]. As reported in these studies, people with ASD seem to
like innovative educational approaches enhanced by ICT tools mainly because when using technology,
they can avoid typical issues involved in human interaction, such as impatience, feelings of inadequacy,
unpredictability of people’s behavior, and poor recognition of emotions, irony, and figurative language.

The use of ICT to facilitate dental care delivered to patients with ASD is a relatively unexplored
field. Isong et al. [35] and Barry et al. [42] both investigated the power of visual stimuli on achieving
ASD patients ‘cooperation during medical procedures. However, in both these studies ICT tools
were not personalized and the children were passive users of digital content. Instead, during the
MyDentist experience we tried to offer a personalization of the medical protocol in order to adapt it to
the particular needs of each ASD patient, thus making it possible to favor a relationship of trust and to
best take advantage of the digital activities proposed directly involving the patient, who become an
active actor in the care protocol.

MyDentist delivers a large amount of digital material personalized for each patient: social stories
and video models describing all the procedures, the behaviors at the dental clinic and the correct
dental care at home, videos and photos taken during dental sessions, and serious games. Managing all
this material is very complex and error prone, so MyDentist supports data management with a web
application, accessible from any browser on both PCs and tablets. The application helps dentists to
build personalized virtual paths following the intervention protocol of a single patient and to provide
each patient with all the material needed to boost self-confidence, for instance the photos taken during
previous sessions, homework to prepare for the next session and other relaxing and motivating material.
The app can be used in many different ways:

• Digital Copybook mode (for all patients): during visits to collect photos and videos (selfies and
not) that the child can review and show to family members once at home;

• Mirror mode: during the visits used in camera-selfie mode to allow the child to see himself during
dental practices;

• Distractor mode: during the visit to distract or to relax with favorite videos/pictures;
• Reinforcement mode: at the end of the session to perform entertainment and play activities that

work both as reinforcement and as consolidation of the activities carried out during the visit;
• Familiarization/learning mode: at home to recall previous visits, to prepare for the next one and

to perform digital activities assigned by the dentist (playing games, watching videos, practicing
social stories, etc.).

The Web Application (Figure 1) consists of two areas:

• Dentist Area: where the dentist creates the personalized profile of each patient, in order to schedule
a visit, build a personalized clinical path, collect multimedia materials of visits, create personalized
clinical programs by customizing games, share resources and assign home tasks.

• Patient Area: where each patient can access his/her personalized path. This includes games
showing dental procedures in an amusing way (e.g., sequences, puzzles, memories); video
models for dental procedures (for instance showing how to use a toothbrush), interactive PDF
files to get used to dental clinic sounds, social stories that introduce the dental environment,
procedures and/or objects and photos/videos collected during visits.
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Figure 1. The MyDentist User Interfaces: the dentist’s section (A) and the patient’s section (B).

2.2.3. The MyDentist Intervention Protocol

In MyDentist each child follows a personalized path, which starts with one or more familiarization
sessions, which goal is to make the child used to the people and the environment. After that, we applied
one of three dental procedures. First, prophylaxis with either manual or ultrasonic instruments,
which can be challenging for patients with ASD due to the sound of ultrasonic scalers, or noxious
tasting prophylaxis paste with manual instruments. Second, fissure and pit sealing, which requires
a degree of cooperation, are usually difficult for ASD people. This procedure, despite being a completely
atraumatic and not painful, cannot be interrupted, and the patient must always keep their mouth open
from beginning to end. In addition, the various materials used have a pronounced taste that may not
be easily tolerated.

Third, dental treatment of deciduous and permanent elements is carried out using rotating
instruments such as a dental drill and a micromotor. The use of instruments with diamond burrs is
reserved for ASD patients with high collaboration skills, since these instruments could damage oral
tissues in case of abrupt movements by the patient. In addition, these procedures are often preceded
by injection of local anesthesia to cancel painful stimuli. Finally, restoration must be carried out using
adhesive materials that require a dry oral setting and therefore a maximum control of salivation.

3. Procedure

3.1. MyDentist Intervention Path

All patients shared a basic path: a preliminary interview with parents, a first visit, some familiarization
sessions via a psychological approach, and some operative sessions. A global vision of the MyDentist
intervention, common to all the patients, is shown in Figure 2. However, for each step, a personalization
of the path of prevention and treatment was defined, according to (1) the specific dental needs
(urgent interventions/no urgency, need to improve and increase the norms of oral hygiene at home,
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need to familiarize the child with the dental clinic in order to be able to carry out preventive
interventions); (2) the patient’s needs (especially in relation to the educational/therapeutic paths that
he/she was already following), also analyzing any manifestation of the spectrum in relation to the
procedures carried out. The personalization path is created cooperating with parents and caregivers
and based on observations during the sessions. Visits are basically setting adaptation sessions in which
everyone arrives at a state of trust by progressively introducing him/her to the dental team, the clinical
environment, the tools used, and the procedures to be implemented. It is fundamental not to force the
subject to carry out certain actions but to perform them in their own time and way; it is also important
to inform the parents/caregivers so that they also respect the chosen timing to proceed through the path.

 

Figure 2. MyDentist global view.

3.1.1. Preliminary Interview with Parents

The interview with the parents takes place in the absence of the patient in order to collect as
much information as possible about the child. During the interview, the patient’s medical records
are filled in with medical, family, and dental history data, which are essential in order to obtain the
most complete patient profile. Eating habits (frequency and type of meals and snacks) including the
use of sweetened drinks or soft drinks, are also noted. Moreover, oral hygiene habits at home are
recorded: type of toothbrush and toothpaste, whether the patient is able to rinse, how many times
a day the child brushes his/her teeth, whether alone or with the help of an adult, whether other aids
are used (floss, mouthwash, etc.). We also record information about the neuropsychiatric assessment
of the child: the diagnosis of ASD (when and by whom it was made, whether there are comorbidities)
and the characteristics of the patient’s communication (verbal or non-verbal subject, and if verbal
whether structured or not), understanding, use of non-verbal language (e.g., pointing), presence of
hyper-sensitivity. Next, we evaluate the potential use of images as communication support (what kind,
in what way, with whom they are used), the use of ICT supports, the positive stimuli (e.g., music,
cartoons) that can be used, and sports or hobbies if any. Finally, we collect information related to the
child’s present and past therapies (when, for how long).

The interview allows us to collect information about how to plan interventions and helps us
to better identify the objectives to pursue, which must be tailored to fit the patient’s needs. Finally,
we explain to the parents what to do with their children (not to force children to do things they do not
want to do during the initial meetings, prepare them with the material needed, communicate with the
team periodically in order to record every change); we also instruct the parents on the correct habits to
maintain for good oral health.
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3.1.2. First Visit

The first visit helped the dentist to get to know each child and to test its reactions to simple requests
such as to sit down on the dental chair or to open his/her mouth. During the visit, thanks to the parents’
cooperation, we offered a kit of digital tools to the child to help him/her become familiar with the
dentist and the clinical environment, before carrying out the medical intervention. The dentist (helped
by the ICT mediator) personalized the kit’s components in all the intervention phases depending
on the child’s needs. According to the indications of the parents and therapists, each visit (the first
and the other ones) includes the possibility of familiarization at home with the dental activities to be
performed in the following sessions through the use of ICT tools such as video modeling, social stories
and cognitive learning games (puzzles, memories, sequences), also referring to photos and videos from
previous sessions, with the aim of keeping anxiety under control.

3.1.3. Familiarization Session via a Psychological Approach

In order to facilitate the collaboration of the child during the visits we exploit the use of
technological devices such as the tablet (as detailed below) as well the use of playful-communicative
supports such as costumes and disguises (i.e., Snow White, Joy of Inside Out, Alice in Wonderland)
and thematic songs (Figure 3).

 

Figure 3. Dental room and the involved staff.

All the procedures, from the waiting room to the final greetings to the team, are carried out by
having the child participate and making him/her aware of what the dentist is doing. This is done by
communicating the steps of the operative phase. Usually, we adopted multiple strategies based on the
child’s skills: (a) supporting the verbal instructions with visual cues; (b) Augmentative and Alternative
Communication (AAC) and video-modeling.

It is also particularly important to use positive reinforcement after reaching a specific objective
and at the end of each session.

3.1.4. Operative Sessions

In the case of a familiarization visit (first visit or other visits if needed) the activities are more
flexible but aim to keep to basic objectives such as sitting, collaborating, opening one’s mouth, etc.
Conversely, in the case of an operative session, such as the treatment of cavities or sealing molars,
actions are more focused on small measures that increase attention and reduce distractors.

Whatever the type of visit, the MyDentist approach is based on reshaping the objectives of the
session according to the collaboration shown by the patient, even during the visit itself, calibrating
compliance with the needs expressed (directly or indirectly) by the child, with the aim of pushing the
patient beyond his/her limits. The tablet is considered an integral part of the interaction with the patient
but is also an advantage for the staff when collecting material for social stories, cognitive learning
games, audio, and video archives.
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Only when goals or sub-goals (at least one for each session) are considered achieved, the planned
protocol moves to the reinforcement/play phase. Taking care to separate clearly these two stages,
especially in the patient’s perception, this final phase is devoted to reward the child with a prize such
as listening to his/her favorite songs or watching his/her preferred video, playing or drawing with
the tablet. Leveraging on the habits of the patient, this moment represents a particularly important
ritual for the success of the visit, facilitating the maintenance of concentration even in the most
operational sessions.

4. Instruments

4.1. Questionnaires

The research team developed the questionnaires to use in this study. Both questionnaires were
pre/pilot tested on a subset of 10 parents. Two experts examined the questionnaires for face and content
validation. One of the experts has 15 years of experience in the field of Autism Spectrum Disorder.
Both experts have a master’s degree in psychology and one of them has a PhD in Developmental
Neurosciences. They have been involved in several national and European research projects. For face
validity, the experts were asked if all questions were clearly worded and would not be misinterpreted.
For content validity, the experts evaluated the relevance of the questions using a scale of 1 to 3,
where 1 = not relevant, 2 = relevant but not necessary, and 3 = absolutely necessary. The experts were
also asked if other questions should be added to the questions. The remarks of the two experts were
collected and discussed and were used to revise the questionnaires. The experts examined the revised
questionnaire and declared agreement with its content and clarity.

Parents anonymously completed two questionnaires in order to describe their personal experience
with MyDentist. Questionnaire A was aimed at evaluating the approach of children to the dental
experience. It was filled out two times, at T0 and after 6 months, T1. It is an 18-item parent-report
measure designed to record the behaviors of subjects. Each item describes a specific behavior and
the parent is asked to rate its frequency on a four-point Likert scale (0, never; 1, sometimes; 2, often;
3, regularly).

After 6 months of the MyDentist experience, a second questionnaire (Questionnaire B) was sent to
the parents of children who participated in the MyDentist project. The questionnaire included 16 items
with a positive or negative orientation toward the multi-media support. The questions regarded the
evaluation of tablet use and the improvement (if present) in the child’s skills. The parents had to
answer through a Likert scale from 0 to 3 (0 = no, 1 = little, 2 = quite, 3 = very).

4.2. Psychophysiological Assessment

As mentioned in the previous sections, aside from observing a positive effect of the MyDentist
approach as indicated by the results of the questionnaires, we would like to answer the following
question: Is it possible to have an “objective” measure that provides an indicator of the effect of
MyDentist on stress?

To answer such questions, our idea is to assess the response of the Autonomic Nervous System
(ANS) using wearable devices. The ANS measurement is a useful instrument for evaluating the subject’s
stress and emotional state in ASD. Indeed, when perceiving a stressor, self-regulating processes start
by automatically activating the ANS, its sympathetic component [43,44]. The ANS can be monitored
non-invasively and reliably by means of wearable sensors, shown to be effective and useful even in
young children and in children with disabilities [45–47].

Therefore, in order to be able to objectively evaluate the influence of the practice proposed with
the MyDentist approach in modulating the anxiety state of subjects with ASD who undergo dental
treatment, we intend to use non-invasive devices for recording ANS activity. Specifically, the idea
is to assess the ANS activity before and after each dental session and to longitudinally monitor
each child for an observation period of approximately 4–6 months. With this strategy, it would be
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possible to observe whether the dental session-associated stress is reduced as time passes thanks to the
MyDentist application.

To assess the feasibility of applying such approach, we evaluated the ANS activity using wearable
devices before and after the first dental session with MyDentist, with one child participating in the
study (5-year-old child with ASD level 2 according to DSM-V criteria and an IQ in the “mild” range).

The child was equipped with two wearable sensors, the first of which for monitoring an
electrocardiogram (ECG) and the other one devoted to galvanic skin response (GSR). The ECG signal
was acquired through the Shimmer ECG sensor, v.2 (Shimmer Sensing, Dublin, Ireland) attached to
a fitness-like chest strap manufactured by Polar Electro Oy (Kempele, Finland), in turn interfaced with
the human body through two dry electrodes. The sampling frequency was set to 500 Hz. The GSR
signal was captured by the Shimmer3 GSR+ sensor (Shimmer) by adhering to two neighboring fingers
of the subject’s non-dominant hand via comfortable rings embedding dry electrodes, with optimal
comfort for the subject tested. As for the GSR, the sampling frequency was selected from among the
ones available from the sensor firmware, set to 51.2 Hz. The signals were acquired while the subject
was seated comfortably on a chair at a table in a quiet room for 5 min both before and after the session.

The acquired physiological signals were processed using Matlab (Mathworks, Natick, MA, USA).
The ECG signal was analyzed for the calculation of the tachogram (RR series, i.e., the time elapsed
between two successive R-waves), taking advantage of the Pan-Tompkins algorithm [48] and to extract
both time- and frequency-domain features, including:

• Heart rate (HR): the number of contractions of the heart occurring per time unit, expressed in bpm;
• Root mean square of successive differences (RMSSD): measure of heart rate variability (HRV),

specifically related to parasympathetic activity, expressed in ms;
• Normalized component of the power spectral density of the ECG signal at low frequency (0.04–0.15

Hz) (nLF); it is related both to the sympathetic and parasympathetic response;
• Normalized component of the power spectral density of the ECG spectrum at high frequency

(0.15–0.4 Hz) (nHF); it is mainly related to the parasympathetic response;
• Low- vs. high-frequency components of the power spectral density of the ECG spectrum (LF/HF

Ratio): under controlled conditions, it expresses the balance between the sympathetic and
parasympathetic nervous system branches [49].

GSR signal was analyzed using Ledalab V3.4.9 (General Public License (GNU), Graz, Austria),
a Matlab-based tool. The signal was first filtered by a moving average filter (n = 8) for artifact removal,
followed by a continuous decomposition analysis (CDA) via the dedicated Ledalab function, leading to
the extraction of tonic (and phasic, not used here) components. Indeed, just the tonic phase of the GSR
signal was extracted and analyzed, since the main goal of the analysis was related to the assessment of
slow changes in the autonomic activity rather than to the response of a single, time-defined stimulation
that would have affected the phasic component of the GSR, as well [50].

5. Descriptive Analysis

Given the exploratory nature of the present study, there was no assumption of the sample
size. Categorical data were summarized into frequency counts, percentages, and contingency tables,
which were analyzed using chi-square analysis for both questionnaires. Analyses were carried out
using SPSS version 21.0 for Windows (SPSS Inc. Chicago, IL, USA).

6. Results

6.1. Questionnaires

Significant results were shown from T0 (before initiating MyDentist) to T1 (after 6 months of MD
experience) in 14 of the 18 questions to which the parent had replied (Table 2).
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Families have positively assessed the use of multi-media support in MyDentist. Parents acknowledged
that the multi-media supports were appropriately customized, facilitated a good compliance of the
child with the dental setting and reduced the child’s stress during the dental examination. According to
parents’ answers, the use of multi-media supports made children more familiar with dental hygiene,
more adapted to and cooperative with the dental setting. Moreover, sensory issues and problematic
behaviors appeared more manageable for the children. The multi-media supports helped children
in translating acquired skills also out of the dental clinic and in learning the autonomous use of
tools for dental hygiene. Parents evaluated the MyDentist project as useful, considered the advice
received during the MyDentist experience to be applicable at home and recommended MyDentist to
other parents of children with ASD. For only 1/3 of parents the multi-media support was considered
hyper-stimulating (Table 3).

Table 3. Percentage of parents’ answers to Questionnaire B.

Questions No Little Quite Very

% % % %

Q.1 Was the multimedia support used in MyDentist (MD) useful? 0 0 40 60
Q.2 Was the multimedia support appropriately customized? 0 0 37.9 62.1
Q.3 Was the experience of MD appreciated by your child? 0 0 33.3 66.7
Q.4 Do you think that the tablet was hyper-stimulating for your child? 38.7 19.4 9.7 32.3
Q.5 Did the use of the tablet facilitate good compliance of the child with the dental setting? 0 0 35.5 64.6
Q.6 Did the use of the tablet reduce the child’s stress during the dental examination? 14.2 0 42.9 42.9
Q.7 Did the child also use the tablet to become familiar with dental hygiene? 3.2 22.6 51.6 22.6
Q.8 Have you found the child to be better adapted to the dental setting? 0 0 71 29
Q.9 Is the child more cooperative during the dental examination? 0 6.2 25 68.8
Q.10 Is the child more able to control sensory issues during the dental examination? 0 0 48.9 51.6
Q.11 If present, have problematic behaviors during the dental examination decreased? 7.7 13.3 36.7 43.3
Q.12 Is the child more collaborative in performing home hygiene? 0 11.7 50 38.3
Q.13 Is the child more autonomous in the use of the suggested tools for dental hygiene? 9.4 15.6 46.9 28.1
Q.14 Was the MD project useful? 0 0 10.3 89.7
Q.15 Can you apply at home any advice received during the MD experience? 0 0 69 31
Q.16 Would you recommend MD to parents of children with autism? 0 0 0 100

6.2. Psychophysiological Assessment

Concerning the assessment through wearable sensors, in Figure 4 it can be observed that after
the dental session, the parasympathetic contribution increased, as suggested by the rise in RMSSD,
nHF and by the decrease of LF/HF. Accordingly, the tonic component of the GSR signal decreased with
respect to the baseline pre-session after the dental session, as observed in Figure 5.

Figure 4. Trend of the features extracted from the R-R series: (A) Root Mean Square of the Successive
Differences of the R-R signal (RMSSD), (B) LF/HF ratio, (C) normalized High Frequency component of
the ECG signal.
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Figure 5. Trend of the tonic component of the Galvanic Skin Response (GSR) signal.

7. Discussion

Children with ASD have poor oral health and they present high care demands, which requires
much time, effort, and patience [8,51]. Findings of this study suggest the feasibility of the MyDentist
approach and the positive role of technology support [52]. Most of the families of the children involved
in this study showed a positive level of involvement (there were no dropouts). Our descriptive data
suggest that the children learned the basis of adequate oral care following the rules for proper dental
hygiene, using a toothbrush and brushing teeth after meals. Moreover, they showed progressive
compliance with the dental visits remaining in a seated position and managing their sensory issues
better. Parents and caregivers alike manifested satisfaction for the MyDentist protocol and they strongly
recommended it to parents of children with ASD. The ICT use in the MyDentist protocol was positively
accepted by the families involved. They considered that the multimedia supports were appropriately
customized to meet the child’s needs; it facilitated good compliance of the child with the dental setting
and reduced the child’s stress during the dental examination. ICT has the potential to offer ASD users
increased rehabilitation and support to empower their abilities, anytime, anyplace, and on any device
(https://iite.unesco.org). Repetitive and predictable answers could help these patients control anxiety
and accept new medical practices. Thus, to increase positive results, personalization becomes crucial
for making the surrounding environment comfortable and user-friendly.

Our findings also underlined the importance of ICT as an important tool for teaching children with
ASD better cooperative behaviors aiding them in the familiarization process with rules and techniques
of appropriate oral hygiene. It is well-recognized that children with ASD experience challenges with
communication which can negatively interfere with professional oral care [52]. However, most children
with ASD tend to process visual information more efficiently than auditory information [53]. For these
reasons, in our study AAC and video-modeling as teaching supports were used. Another key finding
of the application of the MyDentist protocol is the improved collaborative behavior of the child in home
oral hygiene practices. This suggests the potential translational effect of the MyDentist experience.

In addition, the preliminary investigation in a single subject regarding the use of wearable sensors
to assess autonomic nervous system response suggested the feasibility of using this approach to evaluate
the child’s physiological response, thus confirming our previous studies [41–43]. This approach allows
us to obtain useful information about the anxious response to a potentially stressful event [36]. In this
specific child and for this specific session, it seemed that the child was more comfortable and relaxed
after the session, expressing an increase in parasympathetic activity. It would be interesting to observe
whether after using the MyDentist approach regularly, the child is more relaxed also before the
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session. In the near future, we intend to include a fairly large group of subjects compatibly with their
profile in order provide more information about the response of the child than that merely obtained
from behavioral observation. This would be extremely important for objectivizing the effect of the
intervention and implementing more effective and individualized approaches.

In order to evaluate the cost for a generalization in other settings, we need to highlight that
the MyDentist intervention differs from the regular dental care intervention for people with ASD in
these aspects:

1. Professionals are trained in how to treat people with ASD. As mentioned in the Introduction,
to increase the probability of successful dental treatment for patients with ASD, dentists should
have an in-depth interdisciplinary understanding of ASD in terms of symptomatology and
functional profiles, but unfortunately the professional training offered by most university
programs does not deal specifically with people with ASD.

2. Professionals are also trained to use the MyDentist application, which helps to set up a personalized
use of the ICT tools

3. In the first period of the intervention, an additional person acting as an ICT-mediator for both
professionals and patients/caregivers joined the dental clinic staff.

Indeed, the cost of the MyDentist intervention can be estimated in:

• Cost for the design and development of the MyDentist application;
• Cost of the cloud-storage service;
• Cost of a tablet for the dental clinic;
• A 2-year employment contract for an ICT mediator.

Considering our experience, the professionals were already trained in how to interact with people
with ASD and how to use the MyDentist application, since they participated in its design. Patients at
home used their own mobile devices.

The estimated cost for replicating the MyDentist intervention in other settings should consider:

• For professionals:

- Training regarding people with ASD and the most appropriate way to interact with them;
- Training to use the MyDentist application: to this aim, we are finalizing all the documentation

such as user manual, tutorials and demo, which will be freely available.

• For the clinic:

- A 6- or 12-month employment contract for an ICT mediator.

The MyDentist application will be available for free, at no cost.
Regarding the training of dental staff, it depends on several factors such as the type of course,

the duration and the organization that provides the course. However, in order to indicate in more
detail what the cost may be, we believe it may be sufficient a brief training course with an ASD expert
(e.g., psychologist, neuropsychologist or speech therapist). Furthermore, dental staff will also need an
additional day for autonomously training on the MyDentist application reading the documentation
and trying the app.

The ICT mediator is a person with skills on the use of digital tools in order to support the work of
the dental staff showing how and when to use the application and the tablet. This does not require
a very high technical ICT skills so a graduate person may be sufficient. However, the ICT mediator
must also have ASD training, together with the dental staff, in order to know how to approach and
interact with people with ASD.

In some cases, the treatment path may be longer than estimated, but there are benefits for both the
patient, who could be treated while safely avoiding sedation for minor interventions, and presumably
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for the health system, due to the increase in successful interventions and the decrease in missed
appointments or incomplete treatments caused by a lack of patient collaboration (increasing efficiency
and reducing unnecessary costs).

8. Limits of the Study

In this preliminary study, some limitations must be acknowledged. The most relevant is
undoubtedly the constrained dataset that strongly limits wide-ranging conclusions. In order to
overcome the limits of our study, future investigations should consider: (1) a more systematic data
about functional profiles of each experimental participant (ADOS/IQ scores; and robust characterization
of the sample in terms of sensory sensitivity and co-morbid conditions; (2) the inclusion of a control
group with ASD (e.g., assignment to routine/usual treatment) with a randomized assignment to
conditions or, possibly, the adoption of a crossover strategy over the entire population of volunteers;
(3) to collect pre- and post-intervention data on parents stress’ degree; (4) the lack of a protocol or
decision-making tree for the use of the MyDentist intervention.

Finally, a limit of our study was the evaluation of the autonomic nervous system response in only
one child for a single session.

Thus, further research is needed to confirm our interesting preliminary (and descriptive) data
to determine the effectiveness of the intervention. Moreover, in an upcoming study the enrollment
of a larger number of subjects will be important in order to create subgroups of more homogeneous
samples in terms of age range, IQ range and oral hygiene issues.

9. Future Direction

Given the overall encouraging results achieved by the exploratory study presented herein,
we expect to extend the recording of physiological parameters to the visit phase, at least in a subgroup
of individuals who might be more compliant with being equipped with wearables sensors, even during
the visit, by the dentist. Such individuals, selected from among the subjects with high-functioning ASD,
will compose the cohort for this further evaluation, and will be followed in the next study. This would
enable comparing the compliance and the psychophysiological response, and therefore the overall
benefit brought by the MyDentist App, with respect to the previous literature dealing with dental
research, stress and ASD [54–57]. Finally, other parameters could be extracted from the physiological
signals, including frequency of non-specific skin conductance responses (NS-SCRs) for the GSR.

10. Conclusions

Networking between families, caregivers and health providers should be activated with the aim of
making everyone aware of the dental health problems that children with autism have to face [13,58,59].

It is essential to combine the efforts and professionalism of all the figures involved in helping
a child with autism in order to draw up ad hoc guidelines for dental health in children with ASD.

In conclusion, these preliminary findings regarding the MyDentist project have shown the
feasibility of dental care in children with ASD. Furthermore, the project showed the parents’ acceptance
of the MyDentist project and the feasibility of dental care in a public service without additional costs
for families. In the first phase of the dental care program, an additional cost is required for dental
clinics facilities to teach clinicians how to implement the intervention with persons with ASD, and to
proficiently learn how to exploit the MyDentist program specificities. Moreover, an ICT mediator could
be essential to provide the necessary technological support. However, also considering these constraints,
we believe that the cost effectiveness is largely in favor of the intervention. Potential benefits for these
special-needs patients are extremely important both in term of health (through prevention or treatment,
if needed) and in terms of general wellbeing.
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Abstract: The COVID-19 pandemic has posed a serious challenge for the life and mental health
of people with autism spectrum disorder (ASD). COVID-19 sanitary restrictions led to significant
changes in the lives of people with ASD, including their routines; similarly, these modifications
affected the daily activities of the daycare centers which they attended. The present retrospective
study evaluated the impact of COVID-19 restrictions on challenging behaviors in a cohort of people
with severe ASD attending a daycare center in Italy at the beginning of the pandemic. During the first
two weeks of the pandemic, we did not observe variations in challenging behaviors. This suggests
that adaptations used to support these individuals with ASD in adapting to the COVID-19 emergency
restrictions were effective for managing their behavior.

Keywords: autism spectrum disorder; COVID-19; challenging behavior

1. Introduction

Autism spectrum disorders (ASDs) are complex neurodevelopmental conditions characterized
not only by impairment in socio-emotional reciprocity and communication, but also by restrictive
and repetitive patterns of behaviors (RRB) and interests [1]. Until recently, the RRB domain has
received little attention compared to the social domain. Several mechanisms may underlie RRB, as they
can act as a method of communicating needs or obtaining attention. In addition, RRB may often
represent a self-regulatory system to modulate anxiety and the level of activation. While the exact
mechanism underlying specific types of RRB may be relevant to guide treatment, the impact of RRB,
irrespective of the etiopathogenesis, is particularly relevant in severe ASD with comorbid cognitive
impairment: Individuals in this group often present an unpostponable adhesion to routines, rituals,
and repetitive behaviors which could significantly impair the quality of life of both ASD subjects
and caregivers [2]. Additionally, disruption of routines or, more generally, changes to expectations
are usually correlated with a worsening in challenging behaviors [2,3] leading to bouts of self- and
other-directed aggressiveness.

The emergence of the COVID-19 pandemic in Italy started in February and is still ongoing. At the
beginning of the emergency, the Italian government promulgated several restrictions of increasing
severity, starting on 23 February 2020, in order to flatten the curve of contagions. Firstly, the government
closed schools, restaurants, malls (on the weekends), swimming pools, and gyms, forbade gatherings
(no more than 8 people per room), and recommended social distancing of at least 1 m between each
other. It was also recommended to frequently wash hands in order to contain the virus.

It is evident that the COVID-19 emergency restrictions resulted in many relevant changes in
the lives of people with ASD and their families. Such a complex situation was extremely difficult
to share with service users, especially when learning disabilities were present. Understanding why
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things were changing, why the sanitary limitations should be scrupulously followed, without losing
hope that the emergency would end if everyone cooperates, has been a real challenge for people with
developmental disabilities. Additionally, the recommended use of personal protective equipment (PPE)
has been controversial among this population. In this paper we focus on a peculiar issue, the impact of
COVID-19 restrictions on the routine of daycare centers for adults with ASD and cognitive impairment,
which rely on maintaining predictability and an ecologically structured context. The application of
governmental restrictions determined significant changes in the activities of the daycare center and a
great effort from the healthcare workers to maintain the quality and specificity of services provided
to people with ASD. In the end, the difficulties in applying COVID-19 emergency restrictions led to
the closure of all daycare centers for people with developmental disabilities one week before total
lockdown of the country, which happened on 10 March 2020. These changes may have had the
potential to increase distress in our patients and, consequently, challenging behaviors and the need
of psychotropic medications [4]. The countermeasures and modifications of daycare center activities
were put in place in order to comply to COVID-19 restrictions. In spite of having been dictated by
necessity, these restrictions were implemented and inspired by knowledge on management of RRB
and problem behaviors. For instance, differential reinforcement of variability was put in place in order
to reinforce changes in routine activities or in behavioral responding to ordinary situations. As the
spontaneous rate of variability is extremely low in autism, therapists firstly reinforced non-repetitions,
moving subsequently to reinforcing of behaviors that were not previously observed.

The aim of the present study is to evaluate the impact of restrictions on challenging behaviors
in a sample of individuals with ASD and cognitive impairment attending a daycare center before
complete lockdown.

2. Materials and Methods

We conducted a retrospective study evaluating medical charts in a daycare center for adolescents
and adults with ASD.

The daycare center “Il Tiglio” is a day center specifically designed for individuals with severe ASD
and comorbid cognitive impairment, located in the Lombardy Region, Italy, near a regional nature park.
It accommodates 18 individuals with ASD, and the staff is composed of 7 therapists, 1 psychologist,
1 kinesiologist, 2 care assistants, 1 nurse, and 1 consultant psychiatrist. Weekly schedules for each
individual are strictly monitored and kept consistent. Planned activities consist of physical activity
(water-based activities in a nearby swimming pool once a week, trekking once a week, judo lessons
once a week, adaptive physical activity twice a week—both at the daycare center and in a nearby gym),
horticultural therapy (once a week), cognitive training for language production and augmentative and
alternative communication (AAC) use (every day), occupational therapy (every day), and art therapy
(twice a week). The center is open five days a week from 8:00 a.m. to 5:00 p.m.

To comply with COVID-19 emergency restrictions, several adjustments were adopted in order
to maintain the best quality of life for individuals with ASD. Specifically, as swimming and physical
contact sports were no longer possible to perform, we implemented trekking (which was done every
day for at least 1–2 h). Laboratories were split so that no more than 4–5 people were in the same
room at the same time. AAC and social stories were implemented in order to provide information
about the virus and about specific restrictions (for instance, some of them usually went to malls on
the weekends with their parents as part of their routine and, as shops were closed, this could have
resulted in potential problem behaviors). All individuals with ASD had already learned how to wash
their hands thanks to a behavioral treatment and positive reinforcement; therefore, this routine was
increased in frequency and inserted in a visual agenda for each of them. To increase changes in routine
behaviors, differential reinforcement of variability was implemented: During the time between the
arrival at the day center and the beginning of activities, everyone had a specific routine which could
include doing puzzles, drawing, or running in the field outside. Every time the individual with ASD
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changed his/her arrival routine, a reinforcement (consisting in the possibility to listen to music or
watching preferred parts of movies or social reinforcement) was given.

2.1. Measures

As general clinical practice, each day care workers filled out the aberrant behavior checklist
(ABC) [5] for each individual with ASD. The ABC is a scale empirically designed to measure psychiatric
symptoms and problem behaviors in subjects with developmental disabilities. It is composed of 58 items,
evaluating 5 domains: Irritability; lethargy/social withdrawal; stereotypic behavior; hyperactivity;
and inappropriate speech. Higher scores indicate a higher level of problem behaviors. The ABC is
generally completed by the primary caregiver and informants can complete the scale in 10–15 min the
first time they fill it in; subsequently it is more rapid, and it is used in our daycare center on a daily
basis. The ABC was specifically designed for subjects living in institutions and residential settings, and
therefore appeared appropriate for our center.

2.2. Design

We retrospectively evaluated the effect of COVID-19 emergency restrictions and daycare center
implementation on problem behaviors using our registry. We evaluated changes in ABC total scores
between 19 February 2020 (the last day free from restrictions) and 4 March 2020 (two weeks after the
full restrictions were applied).

2.3. Statistical Analysis

Differences between the two time points were evaluated by means of a paired-sample t-test after
the normality of data was ascertained. To account for multiple comparison, Bonferroni’s correction
was applied. IBM SPSS Statistics for Windows, version 23 (IBM Corp., Armonk, NY, USA) was used
for all statistical analyses. Two-tailed p-value < 0.06 was regarded as statistically significant.

3. Results

General characteristics of the sample are reported in Table 1. Our sample was composed of 18 young
adults, of which 13 are males. All presented severe ASD; four individuals with ASD occasionally
showed self-injurious behavior, while seven had severe bouts of aggression. All individuals were
diagnosed during childhood. However, each of them was also re-evaluated by a senior psychiatrist
with specific expertise in ASD in adulthood, according to the DSM 5 criteria. All individuals were rated
as Level 3 of severity (requiring very substantial support). Diagnosis was supported by ADI-R [6]
in all cases. ADOS 2 module 4 [7] was also performed in a verbal subject with mild cognitive
impairment (n = 1). Cognitive impairment was evaluated by means of the Leiter 3 scale and by clinical
judgment. Most of the sample subjects received stable psychiatric medications. Antipsychotics were
administered to more than half of the sample (aripiprazole n = 4, risperidone n = 1, olanzapine n = 1,
levomepromazine n = 2, clotiapine n = 4), while mood stabilizers were less frequently prescribed
(valproate n = 3, gabapentin n = 2).

Overall, no significant differences in ABC scores were observed between the two time-points
(24.83 ± 11.75 vs. 22.33 ± 12.18, t = −1.07, p = 0.29). In order to evaluate the generalizability of our
findings, our baseline data (t0: 19 February 2020) were compared to the same period of the previous two
years (19 February 2019 and 19 February 2018). No significant differences were found (2019 t = −0.09,
p = 0.43; 2018 t = 0.03, p = 0.46). Additionally, we compared the 19 February 2020 ABC scores with ABC
scores of the previous five days to determine if our baseline data were consistent with the previous
week: No significant differences were found (p not significant for all the comparisons). We evaluated
differences in ABC subscales: No statistically significant differences were found (see Table S1).
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Table 1. General characteristics of the sample.

Variables Mean ± SD or % (n)

Age 22.72 ± 4.75
Gender, male 72.2% (13)

DSM 5 level of severity
Level 3 100% (18)

Verbal behavior
Verbal 44.4% (8)

Minimally verbal 27.8% (5)
Non-verbal 27.8% (5)

Cognitive impairment
Mild 5.6% (1)

Moderate 50% (9)
Severe 22.2% (4)

Profound 22.2% (4)
Medications 83.3% (15)

Antipsychotics 66.6% (12)
Mood stabilizers 27.8% (5)

4. Discussion

Our retrospective study did not show a significant change in problem behaviors in our individuals
with ASD after COVID-19 restrictions were initiated. We could cautiously hypothesize that the
preventive countermeasures we adopted were effective in reducing distress in individuals with
ASD. This could be due to several reasons: First, maintaining the same amount of physical activity
(increasing trekking over water-based activity or group contact sports) could have played a key role
in controlling problem behaviors in individuals with ASD: It is well-known that physical activity
can reduce aggressiveness, stereotyped and self-injurious behaviors, as well as self-stimulation [8].
Walking/trekking could be feasible for almost everyone, irrespective of physical fitness. It is cost-effective
and it could be performed outdoors (both in winter and in summer), minimizing the risk of contagion
connected with closed indoor environments, while enhancing health benefits connected with exposure
to nature. Second, splitting the initial laboratory group into smaller groups (4 individuals or less) could
have helped in maintaining the daily schedule without major deviations, allowing for social distancing
at the same time. Third, smaller groups increased the ratio between therapists and individuals
with ASD, leading to more personalized interventions. Fourth, reducing transfers to other facilities
(like swimming pools, gyms) may have led to a lower sensory stimulation and therefore lower anxiety.
Finally, AAC as well as social stories could have been a powerful instrument for changing the visual
agenda of each individual and teaching new routines (i.e., wearing a facial mask) or enhancing already
learned skills (i.e., hand washing).

Our retrospective study presents several limitations: The sample size is small, even if compatible
with the average sample size of a daycare center. Another limitation is the lack of a control group.
Unfortunately, the absence of a control group is inevitable, as sanitary restrictions were mandatory for
all centers in the country. In the future we could design retrospective studies in order to evaluate time
fluctuation in problem behaviors before and after the pandemic of COVID-19. In fact, the impact of
COVID-19 after the lockdown and closure of daycare centers is yet to be determined. During lockdown,
online interventions were implemented as suggested in [9] in order to help parents in caring for their
loved ones, who did not have access to their daycare center. Additionally, the need for emergency
home interventions, as well as dose-increases of psychiatric medications, were required in several
cases. Another potential limitation regarded the care workers who filled the ABC and performed the
intervention: Our implementation was designed by the coordinator of the daycare center who did
not care directly for individuals with ASD and did not complete the ABC scores. All care workers
were blind to the subsequent evaluation leading to the present study. Finally, the time interval chosen
for the evaluation of the impact of COVID-19 restriction could have been longer in order to detect
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changes in behaviors; however, the ABC is designed to detect changes in a shorter period of time and
the worsening of problem behaviors usually appear more rapidly than improvement.

At present, the COVID-19 emergency is still representing a massive psychological overload for
all individuals, among whom we should not forget individuals with ASD, with their peculiar needs.
Despite its limitations, our study may provide some important suggestions for the re-opening phase
and the return to a “new normal”: Daycare centers in Italy are still struggling to find a compromise
between minimizing the risk of contagion and providing adequate care for individuals with severe
ASD. In fact, the long-term lack of specific interventions in this group may have resulted in loss of
skills, reduction of positive behaviors, and increases in maladaptive behaviors. Additionally, returning
to the same level of activity as before the COVID-19 pandemic may not be easy. For instance, changes
due to restrictions and the general disempowerment of the public care services may slow the return
to normality for individuals with ASD. On the other hand, the slow progress may be supportive for
individuals with ASD, allowing them to re-adapt to a full daycare schedule at a slower pace.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/10/7/436/s1,
Table S1: additional information about the sample.
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Abstract: Autism is associated with difficulties in making predictions based on contextual cues. Here,
we investigated whether the distribution of autistic traits in the general population, as measured
through the Autistic Quotient (AQ), is associated with alterations of context-based predictions of
social and non-social stimuli. Seventy-eight healthy participants performed a social task, requiring
the prediction of the unfolding of an action as interpersonal (e.g., to give) or individual (e.g., to
eat), and a non-social task, requiring the prediction of the appearance of a moving shape as a short
(e.g., square) or a long (e.g., rectangle) figure. Both tasks consisted of (i) a familiarization phase,
in which the association between each stimulus type and a contextual cue was manipulated with
different probabilities of co-occurrence, and (ii) a testing phase, in which visual information was
impoverished by early occlusion of video display, thus forcing participants to rely on previously
learned context-based associations. Findings showed that the prediction of both social and non-social
stimuli was facilitated when embedded in high-probability contexts. However, only the contextual
modulation of non-social predictions was reduced in individuals with lower ‘Attention switching’
abilities. The results provide evidence for an association between weaker context-based expectations
of non-social events and higher autistic traits.

Keywords: autistic traits; autism; action observation; action prediction; context; priors

1. Introduction

Autism spectrum disorder (ASD) consists of a range of neurodevelopment conditions characterized
by deficits in reciprocal social behavior and communication, as well as by restrictive and repetitive
behaviors and interests, which are present in the early developmental period [1]. Beside the other
manifestations of this disorder, including social withdrawal and isolation [2], the presence of sensory
abnormalities [3] and difficulties in mentalizing processes [4], it has been repeatedly shown that
individuals with ASD struggle with making predictions or with deciding what to pay attention to
on the basis of prior expectations about the sensory world [5]. The impairments in discerning the
predictive relationships between events may not only compromise habituation processes [6], but
they may also generate anxiety, resulting in the typical insistence of sameness usually observed in
individuals with ASD [7].
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This difficulty is further amplified when people are involved in social situations, where
unpredictable interactions could take place. Indeed, dealing with social interactions in an effective
way often requires the ability to anticipate others’ behavior, predicting their intentions from observing
their movements. Movement kinematic information, however, may be ambiguous in many (if not
most) social situations [8,9]. Thus, a social observer needs to integrate this sensory evidence with
knowledge of past experiences aiming at the same goal or with contextual cues facilitating action
prediction [10–16].

According to predictive coding accounts [17], the brain works as a Bayesian inference machine,
merging prior expectations with current evidence to assess the probability of future outcomes as a
result of rule learning. For instance, in the visual domain, prior contextual information is responsible
for the elementary regularities that bias our perception of shape and color [18] as well as for the effects
of perceptual learning on the processing of visual objects [19]. Moving to the framework of social
cognition, studies challenging the comprehension of social behavior showed that individuals with
typical development strongly rely on prior knowledge regarding the context in which actions are usually
observed in order to recognize action unfolding [13–16], especially when perceptual information is
scarce [20]. The predictive coding account may explain the perceptual impairments of ASD individuals
in both the social and non-social domains. Indeed, an impaired learning curve may generate deficits in
picking up statistical constancies in the environment, favoring routine and attention to details at the
price of the broad picture (see [21] for review). Accordingly, reduced reliance on prior expectations
relative to sensory inputs has been shown to lead to a plethora of abnormalities consistently observed
in ASD individuals [21,22]. In a similar vein, although the ability to read the goal of an action during
action observation seems to be preserved in ASD ([23], but see also [24,25] for contrasting results), there
is consistent evidence that, when the outcome of the action is ambiguous, individuals with ASD exhibit
impairments in using contextual priors to predict action unfolding [20,26–28]. Collectively, these
observations highlight the difficulties of ASD individuals in integrating the available sensory evidence
with previous experience when dealing with the prediction of both physical and social stimuli.

ASD has been traditionally considered as a clinical condition distinct from typical-development
functioning [29]; however, there is consistent consensus in considering the disorder as the upper
extreme of a constellation of impairments that may be continuously distributed in nature [30–32]. Along
this continuum, people can, indeed, be characterized to a different extent by the presence of subclinical
autistic traits. These traits can be measured by a self-report questionnaire, the Autism-Spectrum
Quotient (AQ, [30]), which is widely used in research and clinical practice to measure autistic traits
in the general population (see [33] for a systematic review). The AQ describes the subclinical
autistic impairments across different domains related to either social behavior (i.e., Social skills and
Communication) or non-social aspects of cognition (i.e., Imagination, Attention to detail, and Attention
Switching).

Previous studies measuring autistic traits in the general population showed that high autistic
traits (i.e., AQ scores > 21, 1 standard deviation, s.d., above the group mean) are associated
with altered perceptual adaptation for social objects [34]. Furthermore, either individuals with
ASD or typical-development individuals high in autistic traits (i.e., AQ scores, Mean = 22.13,
s.d. = 5.74) presented a reduced sensitivity to context-based integration of sensory feedback with prior
expectation [35]. These observations supported the view of a greater reliance on new information
relative to prior information in ASD and high-autistic–trait individuals. A recent study [15] extended
these findings to action scenarios, by investigating the association between autistic traits and motor
responses during the observation of others’ actions embedded in contexts. Indeed, observing actions
embedded in contexts that are congruent or incongruent with the unfolding kinematics, respectively,
facilitated or inhibited discrimination performance and motor activation, as compared to observing
actions embedded in an ambiguous context [14–16]. Notably, lower sensitivity to contextual information
and higher reliance on the sensory evidence provided by kinematics were found in individuals with
higher autistic traits [16], in particular in the domains of Social skills and Attention to details [16,36].
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This points to an association between both social and non-social aspects of autistic traits and impairments
in the integration of sensory evidence and contextual information.

Crucially, there is extensive evidence that the behavioral traits associated to social and non-social
aspects of cognition may be independently distributed in the general population, pointing to different
neurocognitive bases ([37] for review). However, it is still unclear how social and cognitive aspects of
autistic traits might be related to the use of previous experience to predict social or non-social events.
In the present study, we sought to investigate at what extent the presence of autistic traits might
interfere with the ability to implicitly learn the associations between a contextual cue and a specific
event (i.e., contextual priors), and to use this association in order to make predictions under perceptual
uncertainty. The relation between the amount of social or cognitive autistic traits and context-based
predictions were tested in a social domain pertaining the prediction of actions and in a non-social
domain pertaining the anticipation of appearing objects. Specifically, concerning this latter domain,
we used moving shapes as stimuli in order to manipulate arbitrary associations between a contextual
cue and the moving shape, thus avoiding any previously-learned semantic associations that could
affect context-based manipulations for everyday-life objects. It is noteworthy that moving shapes have
been used as control stimulus for action observation in previous neuroimaging and brain stimulation
studies. In particular, a study by Schubotz and co-workers [38] showed that sequential presentations
of biological (i.e., action) and non-biological abstract stimuli (i.e., circles) share the recruitment of
premotor regions, while triggering distinctive patterns of activations in other fronto-parietal areas. In a
similar vein, a more recent study by Paracampo and co-workers [39] asked participants to predict the
outcome of hand or shape movements and found that, in spite of comparable difficulty, only the first
task was affected by interferential stimulation of the left primary motor cortex. In both of these studies,
moving shapes were used as control stimuli for assessing the action-specific or the domain general
brain involvement in predictive mechanisms. Capitalizing on these studies, here we adopted an action
prediction and a shape prediction task to assess the use of prior information in driving prediction
across the two domains.

In the present study, we hypothesized that, in both domains, participants should be biased
towards the implicitly-learned contextual priors in order to compensate for perceptual uncertainty.
Moreover, we hypothesized that the presence of autistic traits involving social aspects might relate
to a reduced reliance on contextual priors to predict the unfolding of actions, while those involving
non-social aspects of cognition, especially attention switching, might relate to a reduced reliance on
contextual priors to predict the fate of physical events (i.e., object appearance).

2. Materials and Methods

2.1. Participants

Seventy-eight healthy young university students (49 Female, mean age = 24.12, s.d. = 6.06 years)
participated in the study. We determined the sample size for testing the effects of a single predictor
in the multiple regression design of our study (number of predictors = 5 AQ scales) through the
G*POWER software [40]. Based on the results of a previous study on the predictive effects of the
AQ subscales on action-context integration in adults with typical development [16], we estimated a
medium effect size of f2 = 0.15 [41] and set the significance level at α = 0.05, and the desired power (1 −
β) at 0.9. Participants were recruited at the University of Udine. All participants were right-handed [42]
and had normal or corrected-to-normal vision. The study was approved by the local Ethics Committee
(Prot. N. 47/2015/Sper, 26/05/2015 Comitato Etico Regionale Unico, Friuli Venezia Giulia, Italy) and was
carried out in accordance with the ethical standards of the 1964 Declaration of Helsinki. All participants
were naïve to the aims and hypothesis of the experiment and provided their written informed consent
prior to the enrollment in the study. Only after the end of the whole experiment, participants were
debriefed about the experimental hypothesis.
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2.2. General Design

We used two separate prediction tasks, requiring participants to observe videos of social actions,
in an action prediction task, or videos showing moving geometrical shapes, in a shape prediction task.
In particular, we presented these videos in two different alternative force choice (2AFC) tasks in a
paradigm including a probabilistic learning (familiarization) phase followed by a prediction (testing)
phase and allowing the assessment of contextual prior in making predictions [20] when sensory
evidence is scarce. Notably, the strength of priors in driving prediction is thought to be especially
brought into play in 2AFC, given that top-down signals encoding conditional expectations might
influence obliged decisions regarding the physical nature of sensory input [43].

A within-subject design was used. For each participant, the experiment consisted of two separate
experimental sessions during which the action prediction task and the shape prediction task were
administered, respectively. Each task session lasted around 20 min. The familiarization phase
comprised a total of 160 trials equally divided into 4 identical familiarization blocks, while the testing
phase was made of a total of 80 trials, presented in 2 identical testing blocks of 40 trials. Each testing
block was administered after two familiarization blocks, allowing a few minutes’ rest between blocks.
The order of the two tasks was counterbalanced across participants. At the end of the two task sessions,
participants’ autistic traits were assessed by administering the AQ questionnaire (AQ, [30]).

2.3. Stimuli and Tasks

Action Prediction Task. For the action prediction task, the same videos and paradigm proposed by
Amoruso et al. [20] were used. During this task, participants watched videos showing a male child (10
years old) who was sitting in front of a peer and was grasping with his right hand an object, an apple or
a glass, to perform either an individual action (to eat, to drink) or an interpersonal one (to offer). Based
on the kinematics of the hand approaching the object, two possible hints could be suggested: reaching
for grasping the object from its side signaled the action of moving the object toward the mouth with the
individual intention of eating or drinking, while reaching for grasping the object from its top prompted
the interpersonal action of offering the object. Notably, each action was performed in the presence of
specific contextual cues: for actions performed upon the apple, the two possible contextual cues were a
violet or an orange dish; for the actions performed with the glass, the two possible cues were a white
or a blue tablecloth. In this way, stimuli consisted of a total of 8 different videos (Figure 1a).

For both phases (familiarization and testing phase) of this task, participants were asked to watch
the videos and to predict the action unfolding (eat/drink versus offer). However, videos of the
familiarization and testing phase dramatically differed in their length and thus in the amount of visual
information provided. Indeed, videos of the familiarization phase were interrupted after the hand
pre-shaping and the reaching phase, two frames before the hand contact with the object, when the
amount of visual information was sufficient to distinguish the individual from the interpersonal action
(Figure 1b). Differently, videos of the testing phase were interrupted during the hand pre-shaping
phase, thus when the movement kinematic was still ambiguous (Figure 1c). It is important to note
that, even though participants watched only the initial part of the videos, when these were originally
recorded, the child was asked to perform the complete action in order to provide reliable kinematics
information. For further details on video recording, please refer to [19].
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Figure 1. Stimuli and Experimental tasks. Action prediction task: (a) sketch of probabilities
manipulation for the familiarization phase. Action-context associations were manipulated in terms
of their probability of co-occurrence to 90%, 10%, 60%, and 40%; (b) familiarization phase showing
videos of a child performing individual or interpersonal actions. Participants had to predict action
unfolding; (c) testing phase showing the same videos during familiarization but of shortened duration.
Participants had to predict action unfolding, as during the familiarization phase. Shape prediction task;
(d) sketch of probabilities manipulation for the familiarization phase. Shapes-context associations were
manipulated in terms of their probability of co-occurrence to 90%, 10%, 60% and 40%; (e) familiarization
phase showing videos of moving shapes approaching the receptor shape. Participants had to predict
shape identity; (f) testing phase showing the same videos during familiarization but of shortened
duration. Participants had to predict shape identity, as during the familiarization phase.
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Crucially, during the familiarization phase, we manipulated the probability of co-occurrence
between each action and the contextual cues. More specifically, the probability of co-occurrence was set
in order to have the 90%, 60%, 40% or 10% of trials representing an action-contextual cue association
(namely, for 36, 24, 16, and 4 trials, respectively). For instance, an apple presented on a violet plate
could be grasped 90% of the time to eat and 10% of the time to offer. In the same block, an apple
presented on an orange plate could be grasped 90% of the time to offer and 10% of the time to eat. For
the actions performed on the glass presented in the same block, a glass presented on a white tablecloth
could be grasped 60% of the time to drink and 40% of the time to offer. Conversely, in the same block, a
glass presented on a blue tablecloth was grasped 60% of the time to offer and 40% of the time to drink
(Figure 1a). In this way, we sought to implicitly manipulate prior expectations regarding the action
unfolding, based on the presence of these contextual cues. Importantly, the probabilistic manipulation
was kept identical across the two repetitions of the familiarization phase within each participant, but
we counterbalanced across participants the probability of associations between each action and a given
contextual cue.

The same instructions were given during the familiarization and the testing phases. However,
according to Amoruso et al. [20], in this last phase during which video duration was drastically
reduced, given the perceptual uncertainty generated by the ambiguity of action kinematics, a response
bias towards previously acquired contextual priors should occur. Notably, during this phase, all
possible action-contextual cues associations were equally presented, thus 10 trials for each of the 8
action-contextual cue video associations were included in the whole testing phase. Before the beginning
of the task, participants received information regarding the identity of the objects and demonstrations
of the different possible ways of manipulating them. More specifically, we provided participants with
specific examples with the original objects used in the videos (e.g., ‘this is how we grasp an apple when
we want to offer it’). However, explicit information about the associations between contextual cues
and actions were not provided.

Shape Prediction Tasks

We developed this task to compare context-based predictions in social and non-social domains.
To this aim, the same logic of the action prediction task was followed in designing the task.

Video frames were created in Power Point (Microsoft Corporation, Redmond, WA, USA). They
depicted colored geometric shapes appearing from the left side of the screen and moving toward
the right, where a still complementary receptor figure was presented. The moving geometric shapes
could be a right-angle polygon (a square or a rectangle) or an acute-angle polygon (a parallelogram
or a trapezoid). The shapes of each pair of polygons looked similar on their right side, which was
immediately visible at the beginning of the movement. However, with the increased visibility of the
horizontal segments during the movement, the identity of the specific polygon could be detected
according to the ratio between the major and minor axis of the figure, thus according to whether
the horizontal segment was longer than (i.e., rectangle or trapezoid) or equal to (i.e., square or
parallelogram) the visible right vertical segment. The still receptor hosted, on its left side, a concavity
that was suited for binding the moving shape (Figure 1d). As in the action prediction task, we
manipulated specific contextual cues based on the color of the moving shape and receptor. In particular,
the square and the rectangle could be colored either in orange or in violet, while the parallelogram and
the trapezoid could be colored either in white or in blue. This way, 8 different videos were created
(Figure 1d). The receptor always had the same color of the moving shape, thus facilitating the salience
of the color cue since the very beginning of the video.

For both the familiarization and the testing phases of this task, participants were asked to observe
the videos and to predict the moving shape. Importantly, during the familiarization phase, the shapes
fully appeared on the screen and thus could be easily identified (Figure 1e). Conversely, during the
testing phase, videos were interrupted just one frame after the halfway appearance of the horizontal
segment, thus providing minimal information about the ratio of the major-minor axis of the shape and
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its identity (Figure 1f). In both phases, we varied, across participants, two different response modality
versions of the same task. For a first response modality (position response), which was administered to
38 participants, the left side of each complementary receptor contained two concavities, respectively,
in its lower and upper parts; each concavity could host only a specific moving shape. Participants
were required to report the upper or lower position of the receptor that could host the moving shape.
For the second response modality (naming response), which was administered to 40 participants, the
receptor presented only one concavity that could bind both possible shapes in each pair (i.e., the square
or the rectangle, for one receptor, and the parallelogram or the trapezoid for the other). Participants
were required to report the polygon name of the moving shape (please refer to the Procedure and trial
structure section for further details). This way, we manipulated the contribution of the spatial and
verbal ability demands that could affect the difficulty of the shape prediction task and that could be
differently loaded in the two tasks.

Crucially, during the familiarization phase, we manipulated the probability of co-occurrence
between each polygon and its color, using the same probability settings of the action prediction task.
For instance, a violet shape could end up appearing as a square 90% of the time and as a rectangle 10%
of the time. Conversely, an orange shape could end up appearing as a rectangle 90% of the time and
as a square the remaining 10% of the time. In the same block, a blue shape could be a trapezoid 60%
of the time and a 40% of the time, while a white shape could be a parallelogram 60% of the time a
trapezoid 40% of the time (Figure 1d).

The same instructions were given in both phases. However, as in the testing phase, video duration
was drastically reduced and therefore the shape identity was more ambiguous; we expected participants’
responses to be biased towards the contextual priors (i.e., shape–color associations) acquired during the
familiarization phase. Notably, during this phase, all possible shape–color associations were equally
presented, namely 10 trials for each of the 8 shape–color associations.

As in the action prediction task, the probabilistic manipulation was kept identical across the two
repetitions of the familiarization phase within each participant, but we counterbalanced the probability
of associations between each polygon and a given color across participants. Before performing the
tasks, participants received information regarding the identity of all the possible geometric figures by
using two-dimensional paper figures. More specifically, we provided participants with specific hints
regarding the similarity of the right side but different major-minor axis ratio of the two shapes in each
pair. The possible associations between color and shapes, however, were never explicitly acknowledged.

2.4. Procedure and Trial Structure

The same procedure and trial structure were used in the two tasks. Participants were seated in
front of a computer screen at a distance of about 60 cm, with their arms positioned palm down on the
keyboard. Stimuli were presented using the E-Prime software (version 2.0, Psychology Software Tools,
Inc., Pittsburgh, PA, USA). Video resolution was set at 1280 × 768 pixels, with a refresh rate of 60 Hz.
Trials started with the presentation of a central fixation cross (remaining on the screen for 2000 ms),
which was followed by video presentation (Figure 1). Videos were presented frame-by frame at a rate
of 30 Hz. In the familiarization phase, videos lasted 833–933 ms (25–28 frames), while in the testing
phase videos were interrupted after 500 ms (i.e., after the initial 15 frames). For the familiarization
phase, at the end of each video, a response prompt was presented at the bottom of the screen until
participant’s response. It showed, respectively, at the left and right of the screen, the verbal descriptors
of the two possible actions (the Italian verbs “mangiare/bere” or “offrire”; in English “to eat/drink” or
“to offer”) or the position/name of the two possible concavities/polygons (the Italian adverbs “sopra”
and “sotto”, in English “up” and “down”; the Italian names “quadrato” and “rettangolo”, or “trapezio”
and “parallelogramma”, in English “square” and “rectangle”, or “trapezoid” and “parallelogram”).
For the testing phase, the response prompt appeared at video onset and remained on the screen until
the participant’s response; this way, participants could provide their response as soon as they were able
to guess the correct response. Participants were asked to respond with their index fingers using the left
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(Z) or the right (M) keys corresponding to the left or right location of the descriptors. The position of
the descriptors was counterbalanced between participants. An empty black screen was presented for
1000 ms between each consecutive trial.

2.5. Autistic Traits Measure

At the end of the two experimental sessions, participants completed the Italian version of the
Autism-Spectrum Quotient (AQ, [30,44]), a self-report questionnaire measuring autistic traits in the
general population that is widely used in research and clinical practice. The AQ consists of 50 items
divided into five subscales. The Attention switching subscale measures deficits in control processes of
cognition and measures the ability to switch rapidly between multiple tasks. This ability is crucial in
real life scenarios, where we are challenged by a constantly changing environment and we have to adapt
accordingly, frequently switching attention among multiple sources of salient events. This subscale
includes items such as: “I prefer to do things the same way over and over again”; “If there is an
interruption, I can switch back to what I was doing very quickly”. The Attention to Detail subscale
measures the tendency to focus more on individual pieces of information at the expense of perceiving
the global picture. Typical items are: “I notice patterns in things all the time”; “I usually concentrate
more on the whole picture, rather than on the small details”. The Communication subscale measures
deficits in the skill to properly provide and receive different kinds of information and includes items
like: “I frequently find that I don’t know how to keep a conversation going”; “I find it easy to read
between the lines when someone is talking to me”. The Imagination subscale covers deficits in the
ability to form sensory images and experiences in the mind. Example items are: “If I try to imagine
something, I find it very easy to create a picture in my mind”; “I find it difficult to imagine what it
would be like to be someone else”. Finally, the Social Skills subscale concerns deficits in knowing
how to act in different types of social situations and is measured with items such as: “I prefer to
do things with others rather than on my own”; “I find it difficult to work out people’s intentions”.
For each item, participants are required to provide one of four responses: ‘definitely agree’, ‘slightly
agree’, ‘slightly disagree’, and ‘definitely disagree’. Answers are scored 1 or 0 indicating the presence
or absence of autistic traits. Higher scores reflect higher autistic traits, thus greater impairment in
attention switching, imagination, communication and social skills abilities, as well as a perceptual bias
toward details in spite of a deficit in global processing for the Attention to Detail subscale. Individual
AQ total scores range between 0 and 50, while subscale scores range between 0 and 10.

2.6. Data Handling

Individual AQ total and subscale scores were calculated according to standard procedures [30,44].
Independent sample t-test (two-tailed) was used to compare the score of male and female participants
within our sample and with those reported in age-, education-, and gender-matched Italian samples
reported a previous study [45].

Individual performance in the familiarization and prediction phase was expressed as d prime
(d’), a bias corrected measure of sensitivity in discriminating between two categories, and as response
criterion (c), which checks for the existence of a bias in providing a specific response (see [46]). For
the action prediction task, individual actions identified as individual were considered ‘hits’, while
interpersonal actions identified as individual were considered ‘false alarms’. For both versions of
the shape prediction task, short shapes identified as short were considered ‘hits’, while long shapes
identified as short were considered ‘false alarms’.

Individual d’ and c values for the familiarization phase were entered into separate 2 × 2 mixed
repeated measure analysis of variance (RM-ANOVA), with Task (Action vs. Shape prediction)
as within-subject variable and shape-prediction Response Modality (Position vs. Naming) as
between-subject factor. For the familiarization phase, the d’ and c values were averaged across
the four probability conditions due to their unequal number of trials generated by the probabilistic
manipulation. For the testing phase, the d’ and c values were subjected to mixed 2X2X4 RM-ANOVAs
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with Task and Probability (10%, 40%, 60%, 90%) as within-subject variables and shape-prediction
Response Modality as between-subject factor. Estimates of the effect size were obtained using the partial
η squared (ηp

2, [41]). Post-hoc pairwise comparisons were carried out using the Newman–Keuls test.
Based on the results of the RM-ANOVA, we calculated, for the testing phase of each task, a

facilitation index by subtracting, for each participant, the d’ value obtained in the condition of lowest
probability (10%) from the average d’ values obtained in the other probabilities of association (40%,
60%, 90%). In this way, we obtained individual measures of the reliance in using contextual priors to
predict the unfolding action or shape.

Then, standard multiple linear regression models were tested to assess whether the individual
level of contextual modulation in the two tasks was predicted by autistic traits. Scores at the five AQ
subscales (Attention switching, Attention to detail, Communication, Imagination, Social skills) were
entered as independent variables, while the Action or Shape d’ Facilitation indexes were entered as
dependent variables. The assumptions for multiple regression analysis were met, given the presence
of linear relationships between the dependent and the independent variables, and all variables were
also checked for homoscedasticity and collinearity.

All analyses were implemented in Statistica software (Version number 12, Statsoft, Tulsa, OK,
USA). The alpha value for all statistical tests was set at 0.05.

3. Results

3.1. AQ Scores

Analysis of the distribution of the AQ total score revealed that it was normally distributed, with
skewness of 0.41 (s.e. = 0.27) and kurtosis of −0.44 (s.e. = 0.53). The individual AQ total scores ranged
between 3 and 36 (Mean = 16.4, s.d. = 7.5), spanning from low (i.e., < 13) to high (i.e., > 18) levels of
autistic traits [30]. As expected [30], men (N = 30; Mean = 18.3, s.d. = 8.56) tended to have higher AQ
scores than women (N = 48, Mean = 15.21, s.d. = 6.58), but the difference between the two gender
groups did not reach significance (t76 = 1.8, p = 0.076). Importantly, a recent study [45] describing a
sample of Italian University students of fact-based humanities, which best matched our sample for
age, study-field, and gender, revealed comparable distributions of AQ scores for both men (N = 29;
Mean = 17.9, s.d. = 6; t57 = -0.21, p = 0.837) and women (N = 30; Mean = 17.5, s.d. = 6.9; t68 = 1.41,
p = 0.163). Table 1 describes the statistics for each AQ subscale.

Table 1. Distribution and collinearity indexes of the AQ subscale scores.

AQ Subscale Mean St. Dev. Range Skewness Kurtosis Tolerance

Attention Switching 4.3 2.2 0–9 −0.08 −0.75 0.507
Attention to detail 4.8 2.2 0–10 0.05 −0.45 0.847
Communication 2.0 2.0 0–8 0.87 −0.17 0.463

Imagination 2.7 1.8 0–7 0.35 −0.65 0.750
Social skills 2.3 2.2 0–9 1.03 0.30 0.413

3.2. Behavioral Results: ANOVA

For the familiarization phase, the RM-ANOVA on d’ values did not report any significant effects
for Task (F1,76 = 0.86, p = 0.355), Response Modality (F1,76 = 3.60, p = 0.061) and their interaction
(F1,76 = 0.68, p = 0.411). Similarly, the RM-ANOVA on c values did not report any significant effects for
Task (F1,76 = 2.12, p = 0.149), Response Modality (F1,76 = 0.89, p = 0.348) and Interaction (F1,76 = 1.87,
p = 0.175).

For the testing phase, the RM-ANOVA on d’ values yielded a main effect of Probability
(F3,228 = 12.28, p < 0.001, ηp

2 = 0.13). Post-hoc comparisons revealed that d’ values were lower
for the 10% (mean = 1.653; s.e. = 0.12) than the 40% (mean = 2.020; s.e. = 0.081), 60% (mean = 2.133;
s.e. = 0.086) and 90% (mean = 2.242; s.e. = 0.076) conditions, thus suggesting a decreased sensitivity in
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target discrimination under low predictability based on the contextual cues. No significant differences
were observed among the 40%, 60%, and 90% conditions (all ps > 0.07). Importantly, the main effect of
Task (F1,76 = 0.49, p = 0.484) and the Task × Probability Interaction (F3,228 = 1.03, p = 0.376) were not
significant, suggesting that the two tasks were matched for prediction difficulty and that no differences
in prior modulation were present between the Action Prediction and the Shape Prediction tasks (see
Figure 2). Regarding the Response Modality of the Shape Prediction Task, a main effect emerged
(F1,76 = 16.14, p < 0.001, ηp

2 = 0.17), since we found that performing the prediction tasks was easier in
Position Response (mean = 2.285; s.e. = 0.097) than in Naming Response (mean = 1.738; s.e. = 0.095).
Importantly, no interaction between Response Modality and the other factors was found (Task ×
Response Modality: F1,76 = 3.77, p = 0.056, Probability × Response Modality: F3,228 = 1.11, p = 0.342,
Task × Probability × Response Modality, F3,228 = 0.07 p = 0.974), thus ruling out a possible influence of
relative difficulty of task performance due to response modality on context probability modulation.

Figure 2. Behavioral results. Participants’ performance in predicting the action (black line) and the
shape identity (grey line) for the four probability conditions (10%, 40%, 60%, 90%) expressed as d’.
Data points represent group averages. Asterisks indicate significant comparisons (p < 0.05). Error bars
represent SEM.

With respect to the response criterion, the RM-ANOVA on c values yielded a main effect of
Task (F1,76 = 5.40, p = 0.023, ηp

2 =0.06), showing a negative criterion in the Shape Prediction Task
(mean = −0.046; s.e. = 0.034) and a positive criterion in the Action Prediction Task (mean = 0.045;
s.e. = 0.021, p = 0.03). This suggests that participants were differently biased in reporting one of
the two outcomes in the two tasks. This, however, did not interact with Probability (F3,228 = 0.29,
p = 0.833), nor was the main effect of Probability significant (F3,228 = 0.34, p = 0.799), ruling out a
change in responses bias depending on the strength of the contextual prior (see Figure 3). We also
found a main effect of Response Modality (F1,76 = 12.83, p = 0.008, ηp

2 = 0.14), further modulated
by a significant Response Modality X Task Interaction (F1,76 = 20.51, p < 0.001 ηp

2 = 0.21). Post-hoc
comparisons showed lower c values in Position Response (mean = −0.21; s.e. = 0.049) than Naming
Response (mean = 0.117; s.e. = 0.047) for the Shape (p < 0.001), but not for the Action Prediction Task
(Position response: mean = 0.062; s.e. = 0.031; Naming response: mean = 0.029; s.e. = 0.03, p = 0.567).
This shows that the different response modalities of the two shape prediction versions led to a different
bias in reporting the appearance of a long or a short shape. Importantly, no interaction with Probability
was found (F3,228 = 0.85, p = 0.470), ruling out that the contextual modulation was affected by changes
in responses bias across the two task versions.
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Figure 3. Behavioural results. Participants’ response biases in predicting the action (black line) and
the shape identity (grey line) for the four probability conditions (10%, 40%, 60%, 90%) expressed as
criterion (c). Data points represent group averages. Error bars represent SEM.

3.3. Behavioral Results: Regression Analysis

Table 2 shows the summary statistics of standard multiple regression analyses conducted separately
for Action d’ Facilitation and Shape d’ Facilitation indices. Multicollinearity statistics confirmed that
the assumption was not violated (Tolerance > 0.4). For the Action d’ Facilitation index, none of the
subscale scores was a significant predictor (whole model: adjusted R2 = −0.0461; F5,72 = 0.70; p = 0.628).
Interestingly, for the Shape d’ Facilitation index, the Attention switching subscale score was a significant
predictor (p = 0.019; whole model: adjusted R2 = 0.035; F5,72 = 1.561; p = 0.181). All the other subscale
scores were not reliable predictors (all ps > 0.407). Thus, a higher level of cognitive autistic trait reflecting
Attention Switching deficits were associated with a lower contextual prior modulation for the non-social,
but not for the social task. This result was corroborated by the one-tailed Fisher transformation test,
which showed that the negative correlation between Attention Switching and the Shape facilitation
index (r = −0.270, Figure 4b) was significantly (p = 0.046) lower than the non-significant correlation
between Attention Switching and the Action facilitation index (r = −0.007, Figure 4a).

Table 2. p-Values are marked as bold, for p < 0.05.

Action Facilitation Index

Coefficients β t p-Level

Attention Switching 0.051 0.316 0.752
Attention to detail −0.073 −0.589 0.557
Communication −0.146 −0.864 0.390

Imagination 0.219 1.648 0.103
Social skills −0.045 −0.251 0.802

Shape Facilitation Index

Coefficients β t p-Level

Attention Switching −0.375 −2.392 0.019
Attention to detail 0.022 0.185 0.853
Communication 0.143 0.875 0.384

Imagination −0.077 −0.597 0.552
Social skills 0.081 0.469 0.639
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Figure 4. Correlational results. (a) lack of significant correlation between facilitation index for the
action prediction task and attention switching scores; (b) significant negative correlation between
facilitation index for the shape prediction task and attention switching scores.
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4. Discussion

The present study tested to which extent the level of autistic traits in a general (i.e., non ASD)
population could be associated with the ability to learn and use contextual priors to make predictions
of social and non-social events. In line with the predictive coding account [17], we expected that
contextual priors should modulate the precision of both action and shape predictions. Furthermore, in
line with studies showing poor use of contextual priors for actions in ASD individuals [20] and poorer
integration of action-context cues in individuals with higher autistic traits [16], we expected that social
and cognitive aspects of the autistic traits should differently account for the use of contextual priors to
predict the outcomes of social and physical events, respectively. In keeping with the first hypothesis,
we showed that behavioral performance in predicting action and shape unfolding was significantly
influenced by the strength of the contextual priors: the more the probabilities of co-occurrence of
a contextual cue and a given event, the more participants were accurate in performing the tasks.
This modulation was independent from the social nature of the task, since it was detected for both the
action and shape prediction tasks. Moreover, it was independent from task difficulty, since we found
comparable modulation for the two versions of the shape prediction task where the response modality
was manipulated to load more spatial or verbal abilities. Crucially, the second hypothesis was only
partially supported, since we found that cognitive (i.e., Attention Switching), but not social (i.e., Social
Skills or Communication) aspects of the autistic traits accounted for the strength of contextual prior in
the shape prediction task. However, we failed to find an association between either social or non-social
autistic traits and use of contextual prior in the action prediction task.

4.1. Contextual Modulation of Social and Physical Event Prediction

The ideomotor theory [47] and forward models of action [48]) claim that the ability to predict
action intention represents a crucial aspect of motor control and relies on previously learnt bidirectional
associations between the motor act and its consequent sensory effects [49]). Action prediction
mechanisms have been studies using different techniques. For instance, paradigms investigating the
processing of anticipated action effects showed that self-generated stimuli are perceived as less intense
than externally-triggered stimuli, resulting in sensory attenuation [50]. Other neurophysiological
studies focused on the brain correlates of the anticipated action effects [51]. Here, we addressed action
prediction from a Bayesian perspective related to the associations between action observation and
contextual priors.

Using the same action prediction task of this study, a recent study [20] showed that children with
typical development were able to use previously learned contextual information to successfully predict
an ongoing action. In contrast, despite similar performance of children with typical development and
children with ASD in discriminating fully observed actions, children with ASD did not leverage priors
to predict action unfolding when visual information was ambiguous. The present study replicated
the same pattern of findings in a large sample of young adult observers with typical development,
thus providing evidence for consisting reliance on contextual priors in action perception across the
lifespan. A recent study [52] also found that, in conditions of impoverished kinematic information
available to an observer, explicit verbal information concerning the ongoing action strongly biased
action prediction. In contrast, when kinematics was fully visible, the explicit verbal information had
little, if no effect, with informative kinematics overriding the verbal information. The condition of
fully visible kinematics was comparable to our familiarization condition, in which the unfolding action
was clearly showed until one frame before the hand–object contact. Indeed, our participants could
easily recognize the action outcome and used this experience in the testing phase, when kinematic
information was reduced. Still, differently than in Koul et al. [52]’s study, some action-specific kinematic
cues were still available during the testing phase and participants integrated this information with
that provided by contextual priors, rather than overwriting kinematic evidence with the contextual
prior. Thus, prediction performance was not completely biased to the contextual prior and even in the
lowest probability condition participant’s sensitivity was well above 0. Of note, given that sensitivity
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was defined based on kinematics and not on the context, this means that kinematics was correctly
identified, but performance was modulated by contextual priors. In keeping with the predictive coding
view of action processing [53,54], when observing someone performing an action, our brain generates
top-down expectations to explain away the perceptual kinematics. In this recursive processing,
incoming kinematic evidence is continuously matched with experiential or contextual priors in order
to reduce the prediction error and reach a more precise model of the perceived action. Evidence
for the integration of contextual prior and kinematic information has come from neuroimaging [13]
and neurophysiological [12,14–16,54] investigations of modulation of motor activity according to the
compatibility between the observed action and the embedding context.

The present study extended the same implicit learning of stimulus-context associations to a
non-social domain, namely the prediction of an appearing object based on its color. Results provided
evidence of prior-related perceptual advantages in the prediction of this physical event. In line with the
predicting coding theory [17], it appeared that, when observing ambiguous moving geometric shapes,
our brain generates predictions to guess in a proactive way the identity of the observed stimulus,
leading to a modulation of perceptual areas according to the compatibility between the object identity
and the embedding context (see [55]). In this sense, future studies are needed to clarify whether the
context-based modulation of motor activity during action observation is specific for actions or rather
reflects a general mapping of predictability [38].

4.2. Attention Switching Accounts for Context-Based Prediction of Physical Events

Several studies have provided evidence of altered perception of the world in individuals with
autism [56–60] and in typically-developing individuals with high autistic traits [61–63].

Three main theories have been proposed to explain the abnormalities associated with atypical
visual processing in autism. The Weak Central Coherence model [64] highlights the superior focus on
the local aspects of a scene at the expense of the global “bigger picture”. The Enhanced Perceptual
Functioning model [65] emphasizes the enhancement in the detection of visual features. Interestingly,
in a predictive coding account [65], these abnormalities may stem from an unbalance in the integration
of top-down and bottom-up signals for the perception of the external world. Indeed, individuals
with autism or high autistic traits may rely less on priors and more on sensorial evidence, showing a
‘hypo-priors’ mode of processing [66]. Empirical studies, however, have provided contrasting findings
on whether the perceptual abnormalities of autism-like perception are due to weaker prior (e.g., [67,68])
or more precise sensorial information (e.g., [63,69]). Nevertheless, all these theories share the notion
that individuals with autism-like perception do not integrate visual information in an optimal manner,
thus perceiving an overwhelming sense of ‘sensory overload’ when dealing with the environment [70].

Using a task tapping the implicit learning of arbitrary shape–color associations, here we showed
that high autistic traits accounted for a reduced ability to use the expectations arising from previous
experience in order to discriminate among geometric shapes in situations of reduced visual information.
In particular, individuals with less attention switching abilities tended not to take advantage of
previously learned shape–color associations to disambiguate the appearing shape, pointing to a role of
weak contextual priors in an autism-like perception of the world.

The role of a specific autistic trait linked to executive function deficits is consistent with a seminal
work by Courchesne et al. [71] where authors showed an impaired ability of individuals with ASD
to execute rapid attention switches during an attention shifting paradigm. Furthermore, as also
demonstrated by a functional neuroimaging study using an adaptive version of the embedded figure
test (EFT, [72]), participants with ASD are more dependent on perception, thus adopting a more
local approach when faced with a task, compared to typically developing individuals. Notably,
given the involvement of distinct cortical activations in individuals with ASD and individuals with
typical development, the differences in behavioral performance seemed to be associated with different
underlying neural systems, suggesting that individuals with and without autism use different cognitive
strategies and engage different neural networks in performing the same task.
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4.3. Autistic Traits Accounts for Context-Based Prediction of Actions

Several studies showed that, in individuals with ASD, although action understanding is preserved
([23] but see also [24,25] for contrasting results), impairments arise when the goal of the action has to
be inferred on the basis of contextual cues [27,73], pointing to a reduced reliance on prior knowledge
as the core of social interaction deficits in ASD. Therefore, we expected an association between the
AQ measures of social behavior (i.e., communication, social skills) and the context-based predictions
of social events. Contrary to these expectations, however, we did not find any correlation between
any AQ subscales and the advantage provided by contextual cues during the performance of the
action prediction task. The lack of significant results might also seem partially in contrast to previous
study [16], where the authors found a negative correlation between the AQ subscales social skills and
communication and neurophysiological correlates of the integration between top-down contextual
expectations and movement kinematics. However, similar to the present study, the authors failed to
find significant correlations between behavioral performance and AQ scores. In a similar vein, while a
deficit in using contextual priors to predict action unfolding was observed in children with ASD as
compared to those with typical development, the relative distribution of the deficit was not accounted
for by their deficits in social perception abilities, but by their behavioral problems [20]. This might
reflect that, while autistic traits may be associated with a different neural processing of social actions,
this does not necessarily lead to an action prediction failure.

Otherwise, the lack of association between autistic traits and context-based predictions in
individuals with either typical development or in ASD, despite the deficits shown by the last group as
a whole, might reflect the dissociation between ASD and autistic traits. Consolidated views support
the proposal of considering ASD as a dimensional rather than categorical disorder, with blurry and
quantitative distinctions between subclinical autistic traits observed in the general population and
individuals diagnosed as ASD [31,74]). Following this view, previous investigations have demonstrated
the existence of a significant correlation between autistic traits and the sensory and perceptual alterations
found in clinical autism [75]. Crucially, individuals with high autistic-trait scores showed similar
perceptual difficulties in global processing often associated with clinical ASD than individuals with
low-autistic trait scores [76]. Conversely, contrary evidence has been provided by Silverman et
al. [77], who showed that autistic traits related to communication and social skills in ASD are not
strongly correlated with the symptoms of stereotyped and repetitive behaviors. This is in line with
the alternative view proposed by genetic studies (e.g., [78]) suggesting that ASD is best characterized
as a category distinct from autistic traits [79]. Notably, to reconcile these two positions and explain
contrasting findings, a categorical-dimensional hybrid model of ASD has been proposed [80,81]).
This model, which has been also considered for defining the ASD diagnostic criteria in the fifth edition
of the Diagnostic and Statistical Manual for Mental Disorder, has conceived the presence of either a
categorical distinction between individuals with and without ASD or a dimensional representation of
ASD symptoms. However, by assessing the associations between naturally varying levels of autistic
traits on the ability to make experience-dependent predictions on upcoming events, without testing
individuals with an ASD diagnosis, the present study does not allow establishing the extent at which
clinical forms of ASD and autistic-like behaviors overlap.

5. Conclusions and Limitations

In conclusion, we showed that, while ASD has been associated to deficits linked to the context-based
prediction of actions, the distribution of autistic traits in the general population is related to the strength
of contextual priors only in the prediction of physical events. This conclusion, however, needs to be
commensurate with the limitations of this study. First of all, while we powered our study to detect
significant AQ prediction effects based on previous studies, it is possible that the relative uniformity of
the sample, all young university students mainly enrolled in fact-based-humanities courses, might
have shrunk the range of AQ variations, thus limiting predictive power. Furthermore, the unbalanced
representations of male and female participants in our sample, partly related to the distribution of male
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and female students in the sampled university courses, might have also biased the distribution of AQ
scores to lower levels of autistic traits, thus masking a possible association between action prediction
and high autistic traits. Indeed, a recent study has documented an interactive effect of gender and
study field on the AQ distribution in a large sample of university students [44]. In addition, using
action videos depicting child models might have altered the type of action processing in our adult
sample. Furthermore, we did not test here individuals with ASD and could not verify whether and
how ASD and autistic traits are differently associated with context-based prediction of physical and
social events. Finally, while the non-social task was designed to match the social one for difficulty
and general procedure, it mapped less on everyday-life situations, thus lacking ecological validity as
compared to the social task. Future studies are needed to couple the present behavioral data with
neurophysiological measures and to include both behavioral and neural measures of individuals with
ASD, in order to advance our understanding of the relation between object and action prediction,
autistic traits, and ASD.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
deficits in communication and relational skills, associated with repetitive verbal and motor behaviors,
restricted patterns of interest, need for a predictable and stable environment, and hypo- or
hypersensitivity to sensory inputs. Due to the challenging diagnosis and the paucity of specific
interventions, persons with autism (PWA) reaching the adult age often display a severe functional
regression. In this scenario, the Regional Center for Autism in Adulthood in Turin seeks to develop a
personalized rehabilitation and enablement program for PWA who received a diagnosis of autism
in childhood/adolescence or for individuals with suspected adulthood ASD. This program is based
on a Multistep Network Model involving PWA, family members, social workers, teachers, and
clinicians. Our initial analysis of 500 PWA shows that delayed autism diagnosis and a lack of
specific interventions at a young age are largely responsible for the creation of a “lost generation” of
adults with ASD, now in dire need of effective psychosocial interventions. As PWA often present
with psychopathological co-occurrences or challenging behaviors associated with lack of adequate
communication and relational skills, interventions for such individuals should be mainly aimed
to improve their self-reliance and social attitude. In particular, preparing PWA for employment,
whenever possible, should be regarded as an essential part of the intervention program given the
social value of work. Overall, our findings indicate that the development of public centers specialized
in assisting and treating PWA can improve the accuracy of ASD diagnosis in adulthood and foster
specific habilitative interventions aimed to improve the quality of life of both PWA and their families.

Keywords: autism spectrum disorder; adulthood; diagnosis; intervention

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder with a prevalence ranging from
1% in the general population to ~1.9% in specific population groups [1,2]. ASD is typically characterized
by deficits in socio-emotional reciprocity, impaired verbal and non-verbal communication skills, and an
inability to develop and maintain adequate social relationships with peers, often associated with
repetitive verbal and motor behaviors, restricted patterns of interest, need for a predictable and stable
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environment, and hypo- or hypersensitivity to sensory inputs. The onset of clinical symptoms occurs
during the early years of life [1].

A large number of persons with autism (PWA) also meet criteria for co-occurring psychiatric
conditions at a significantly higher rate compared to non-autistic populations [3,4]. Consequently,
the socio-economic impact of ASD has become an increasing concern for public healthcare systems,
which are now oriented toward an early diagnosis and intervention to improve ASD patient management
while reducing the costs related to ASD care. However, there is paucity of guidelines for the diagnosis
and management of PWA in adulthood. This aspect is of particular relevance in light of the detrimental
effect that functional regression in these patients can exert on their psychosocial and work wellbeing.
Indeed, PWA and their families are exposed to a “lifetime of difficult transitions” due to a limited
number of service providers and resources alongside stringent and restrictive program funding criteria.
As a result, there is widespread concern about the ability of some individuals with ASD to establish
meaningful lives in adulthood [5].

Adolescents and adults with ASD are largely an underserved population. In a survey in Poland,
the vast majority of parents of young PWA complained about the lack of assistance and support for PWA
(93.5%) and the many difficulties in accessing the available services (82.7%) [6]. Indeed, low-income
families and those living outside large cities have to deal more frequently with barriers to service access.
This is particularly important in light of the fact that adult ASD patients need targeted psychosocial
support to meet increasing social demands related to independent living, personal relationships,
and successful employment. It is estimated that no more than 20% of adults with ASD have good or
very good outcomes in these areas [7–9].

Studies from the US and Canada have reported that the number of outpatient services used
by PWA decreases from childhood to adulthood and continues to decrease until late adulthood,
while the use of medications and in-patient services increases [7–9], with very limited social integration,
poor job prospects and high rates of mental health problems [10]. Indeed, the ensuing social isolation
and unemployment further contribute to high rates of depression, anxiety, and other psychiatric
disorders [11,12].

Qualitative studies have shown that transition outcomes among ASD patients are negatively
affected by several factors such as poor person-environment fit, uncertainty about the roles of parents
and the lack of comprehensive or integrated services. These findings have also revealed the aspects
of familial, organizational and policy contexts that may be targeted for interventions. In this regard,
stakeholders emphasize that supports should be individualized and focused on the changing aspects
of the young adult’s social and physical environment rather than on behavioral changes [12–14]. Thus,
there is widespread consensus that policymakers should address economic, regional, and age-related
inequities in access to services among PWA [6,15]. Furthermore, adult-oriented healthcare services
should work directly with PWA and their support networks to facilitate successful engagement with
services and enable adults to manage their mental health needs [16].

To address these challenges, in 2009, a specialized Regional Center for Autism in Adulthood
has been established at the department of Mental Health in Turin. The aim of the Center is to
follow up PWA who received a diagnosis of autism in childhood/adolescence or individuals with
suspected adulthood ASD, with the aim of improving the accuracy of ASD diagnosis and identifying
a personalized rehabilitation and enablement program and this study describes the clinical and
demographic characteristics of the participants in the survey outcomes of the diagnostic path.

2. Materials and Methods

Participants were adults referred to the Regional Center for Autism in Adulthood in Turin by
general psychiatrists across the Piedmont region—the region has an adult population of 3,600,000
inhabitants—due to ASD or suspected autism, with the aim of designing a personalized intervention
plan. Each participant was evaluated using a model developed by the center, namely the Multistep
Network Model. This tool consists of a multistep diagnostic and evaluation assessment that combines
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diagnostic evaluation with a personalized life project devised by a team of psychiatrists and
psychologists of the center, the PWA and their family members, social workers, members of the
educational and vocational services (i.e., teachers and job trainers) and employment agencies (i.e.,
job-brokers). The main goal of the approach is to set up a network of integrated services to serve the
needs of PWA in the Piedmont region.

All clinical evaluations, testing and treatments were conducted in the center upon written
informed consent signed directly by the participants or their guardians, authorizing data collection and
processing as well. Not requiring a specific authorization from the Ethics Committee during the course
of daily clinical activity, all clinical and research activities described in this study were authorized by
the Medical Director of the Local Health Unit DSM To2 in 2009. Such authorization was subsequently
confirmed by the Director of the Local Health Unit Città di Torino in 2019. The research was also
authorized by the Institutional Board of the Piedmont Public Health Agency by means of two Regional
Council Resolutions (DGR) No. 22-7178, 3 March 2014 and No. 88-8997, 16 May 2019.

Multistep Network Model:

Step required for diagnosis and individualized project:

(a) First meeting with the parents: (i) careful collection of life history, (ii) all interventions carried out,
(iii) needs and expectations—the direct meeting with the subject to be evaluated takes place only
in the case of suspected high functioning PWA;

(b) Meeting with the PWA or individual with suspected autism: (i) welcoming and creating a human
supporting relationship, (ii) clinical evaluation of the symptoms presented, (iii) clinical evaluation
of any psychopathological symptom in co-occurrence, (iv) objective neurological evaluation,
and (v) clinical evaluation of cognitive functioning;

(c) Assessment of the intellectual profile by using appropriate tests for the level of clinical functioning
(Wechsler Adult Intelligence Scale IV edition; Raven; Leiter) and, if necessary, neuropsychological
testing [17–19];

(d) Evaluation tests for suspected autism. The choice of tests to be performed is based on the
clinical functioning and cognitive profile—Autism Diagnostic Interview-revised (ADIr) for
all; Ritvo Autism and Asperger’s Diagnostic Scale-revised (RAADS) or Autism Diagnostic
Observation Shedule-2nd Edition (ADOS 2) or Childhood Autism Rating Scale, Second Edition
(CARS2-ST)depending on the level of functioning defined according to the clinical level and
cognitive profile) [20–23];

(e) Evaluation of the adaptive functioning profile (e.g., Vineland/Adaptive Behavior Assessment
System – Second Edition) [24,25]; Test evaluation of psychopathological functioning—if there is
a clinical suspicion—with scales for intellectual functioning evaluation (Structured Clinical
Interview, Minnesota Multiphasic Personality Inventory-2, Systematic Psychopathological
Assessment for persons with Intellectual and Developmental Disabilities - General screening,
Rorschach) [26];

(f) Medical evaluation focused on general health and specific conditions of neurodevelopment,
including neuroimaging, genetic, metabolic evaluation, Electroencephalogram (EEG), depending
on the individual’s situation;

(g) Network meetings between operators of the Center for Autism in Adulthood and the patient’s
family members. When possible, there should also be meetings between the PWA and the
operators involved in the clinical management of the patient, i.e., the child neuropsychiatrist,
and if in transition age, social workers, school teachers, job trainers, and educators. In addition,
all personal information and that related to the life context should be collected. These meetings
should ultimately lead to the creation of a life project through the integration of clinical information
and that derived from the care network, above all taking into account the preferences and wishes
of the PWA and their families;
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(h) The activation of a habilitative path provided directly by the center and/or presentation
of the project to a Medico-Legal/Social Health Assessment Committee for evaluation of its
appropriateness and allocation of the budget for the projects that will be delivered by accredited
private healthcare centers.

3. Results

We performed a descriptive analysis of our cohort consisting of 500 participants.
The sample of participants is described in Table 1.

Table 1. Description of the participants.

Sample n %

Male 388 77.5
Female 112 22.5

Age M = 31.7 SD = 10.7 Range: 18–82 years

Place of Residence n %

Turin 262 52.9
(Rural) Canavese Area 34 6.9

Nichelino/Moncalieri and
Carmagnola (Periurban areas) 55 11.1

Medico-Legal Assessment of
Professional Competences

n %

302 65.4

In Details

46% civil disability level (CD) 2.1
67% civil disability level (CD) 0.9
75% civil disability level (CD) 7.1

According to DSM5 criteria, ASD levels diagnosed in adult patients were as follows: level 1 in
39% (n = 193), level 2 in 27.1% (n = 135), level 3 in 18% (n = 90), neurodevelopmental disorder NOS not
otherwise specified in 3% (n = 15), personality disorder (no autism) in 2.8% (n = 14) and psychosis
(no autism) in 2.2% (n = 11). Additionally, 67.2% (n = 336) of participants displayed psychiatric and
neurological co-occurrences, as shown in Tables 2 and 3 [1].

Intellectual disability was found in 53% (n = 265), which was mild in 35.8% of cases (n = 95),
moderate in 34% (n = 90), and severe in 30.2% (n = 80), while 11% of the sample (n = 55) had a
speech disorder.

Concerning therapies, 42% (n = 207) received psychotropic drugs and 14% anti-epileptic drugs
(n = 69). Relevant medical comorbidities were epilepsy (16.6%; n = 82), allergies (8.4%; n = 39),
and gastrointestinal complaints (21.3%; n = 99).

Table 2. Psychopathological and neurological co-occurrence in the study participants with autism.

Co-Occurrence n %

personality disorders 79 24%
challenging/problem behaviour 66 19.6%

Attention Deficit Hyperactivity Disorder (ADHD) 32 9.5%
epilepsy 23 6.8%

obsessive compulsive disorder 23 6.8%
major depressive disorder 21 6.3%

psychosis 19 5.7%
bipolar disorder 8 2.4%
anxiety disorder 6 1.8%
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Table 2. Cont.

Co-Occurrence n %

specific learning disorder. 6 1.8%
tic disorder 6 1.8%

oppositional defiant disorder 5 1.5%
deafness 5 1.5%

Down syndrome 5 1.5%
social phobia 5 1.5%

Tourette syndrome 5 1.5%
eating disorder 4 1.2%

blindness 3 0.9%
movement disorder 3 0.9%

substance abuse disorder 3 0.9%
dyspraxia 2 0.6%

language disorder 2 0.6%
X fragile syndrome 2 0.6%
tuberous sclerosis 1 0.3%
Turner syndrome 1 0.3%
XXY syndrome 1 0.3%

Table 3. Personality disorders in the study participants with autism.

Personality Disorders Co-Occurrence in ASD (PD) n %

paranoid PD 19 5.7%
borderline PD 18 5.4%

personality disorder not otherwise specified 7 2.1%
schizotypical PD 7 2.1%

avoidant PD 6 1.8%
obsessive PD 6 1.8%

narcissistic PD 5 1.5%
schizoid PD 5 1.5%

aggressive passive PD 3 0.9%
histrionic PD 2 0.6%

dependant PD 1 0.3%
Total 79 24%

The parent’s age at the time of birth ranged 17–48 years (mean ± SD: 30.72 ± 5.4) for the mothers,
and 18–60 (mean ± SD: 34.21 ± 6.3) for the fathers; 15.5% of mothers experienced complications during
pregnancy (n = 72) (Table 4). Moreover, 27.8% of the mothers had complications during delivery
(n = 130).

Table 4. Prenatal and perinatal complications.

Complications n % Note

During pregnancy 72 15.5 including 5.8% risk of abortion (n = 27)
Gestosis 12 2.5

Twin pregnancy 7 1.5
Depressive disorder 3 0.6

Diabetes 1 0.2
Thyroid disorder 1 0.2

Toxoplasmosis 2 0.4

With regard to neurodevelopmental stages, language skills on average appeared at 25.1 months
(SD 19.94, range 6–180 months), and walking skills were achieved at 15.7 months (SD 6.3,
range 8–60 months).
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Table 5 reports the ages of PWA when the first symptoms became worrisome for the PWA’s family.
The average age of symptom recognition was 41.6 months (SD 54.3), with the most delayed recognition
occurring at the age of 50 years.

Table 5. Age of PWA when the first ASD symptoms worried the family.

The Age When Symptoms Worried the Family % PWA

6 Months 3.8
12 Months 11.3
18 Months 19.5
24 Months 42.6
30 Months 47.2
42 Months 80.3
48 Months 84.3
60 Months 97.8
72 Months 93.8

Symptoms at onset ranged from social-relational isolation in 38.1% of cases (n = 166), delay in
the appearance of language in 25.7% (n = 112), inadequate relationship with peers in 15.1% (n = 66),
stereotypies in 8.7% (n = 38), loss of language in 5.5% (n = 24), subjective experience of diversity
(in individuals with high functioning autism in 3.2% (n = 14), and motor-coordination difficulties in
3.2% (n = 14).

First diagnosis of autism was made at the average age of 10.8 years (SD 12.3), but the diagnosis
was revised in 49.4% of cases (n = 246), with an average of 26.5 years (SD 10.5). In 24.8% of cases
(n = 123) the diagnosis was changed. Of note, during childhood only a small proportion of participants
received medical assessment: 26.1% (n = 126) were evaluated with MRI (Magnetic resonance imaging)
brain scan, 13.5% (n = 65) with cranial computed axial tomography, 16.8 (n = 81) with genetic analysis,
and 16.2 (n = 78) with metabolic screening.

The types of intervention administered during childhood and adolescence are described in Table 6.
No specific interventions were prescribed in 23.4% of cases (n = 117).

Table 6. Intervention administered during childhood and adolescence.

Intervention Type n %

Psychotherapy 143 29.9
Speech Therapy 200 42.1

Educational Interventions 117 24.6
Psychomotor skills Treatment 183 38.6

Delacato method 4 0.8
Portage method 13 2.7

The analysis of schooling revealed that 6 out of 500 participants had an elementary education
degree without completing middle school (1.2%), whereas 137 subjects (27.4%) finished middle school
but did not pursue secondary education. Fifty-seven participants (11.4%) started a secondary education
program but dropped out. Thus, 38.8% of participants earned a middle school diploma, while 52.2%
of them completed successfully a secondary school program. Only 4.4% of subjects enrolled in a
post-secondary program. Notably, 70.1% of participants (n = 337) needed additional teaching support
at school, and 31.7% of subjects were bullied (n = 146). Unfortunately, bullying occurred in almost all
situations related to Level 1 Autism (DSM5 criteria, ASD Requiring support) [1].

Neuropsychiatric disorders were reported in 53% of family members—familiarity up to III
degree—n = 265. The most frequent disorders were depression (21%; n = 56), autism (16.2%; n = 43),
psychosis (14%; n = 37), intellectual disability (13.2%; n = 35), dementia (5.3%; n = 14), Parkinson’s
disease (4.2%; n = 11), specific learning disability (3.8%; n = 10), drug abuse 3.8% (n = 10) and Down
syndrome (3.4%; n = 9).
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After the evaluation, 189 out of 500 people (37.8%) received interventions directly delivered by
the Center for Autism in Adulthood. Specifically, study participants were administered social skills
interventions (37%; n = 69), cognitive-behavioral psychotherapy (26%; n = 50), expressiveness through
visual art (9%; n = 17), parenting support group programs (9%; n = 17), body-vocal expressiveness (7%;
n = 13), cognitive enhancement (Feuerstein method) (6%; n = 12), neuropsychological rehabilitation
(3%; n = 6), habilitative intervention with animals (2%; n = 3) and musical expressiveness (1%; n = 2).

Indirect interventions were provided by accredited private centers as follows: 50.4% of patients
(n = 143) attended a daily center, 31% (n = 88) underwent psychoeducational intervention and 7.4%
(n = 21) followed a work-oriented training path. From the psychiatric standpoint, 6% (n = 17) were
assisted by a mental health center due to the presence of severe psychopathological co-occurrences.

Finally, analyzing the housing situation, most PWA still lived with their families, with only 8.1%
(n = 40) living in a residential structure offering around-the-clock assistance. Only 1% (n = 5) shared an
apartment with few other disabled people, whereas 11% (n = 54) lived independently.

4. Discussion

Autism in adulthood is a complex condition that should be distinguished from ASD in childhood
and adolescence, especially for high level of co-occurrence and specific needs [9,27,28]. In this regard,
there are several reasons that prompted us to develop a new integrated assessment models, termed
the Multistep Network Model, able to improve the accuracy of autism diagnosis in adults, a growing
concern for public healthcare systems, with the ultimate goal of developing personalized rehabilitation
and enablement programs. Firstly, there are a number of undiagnosed PWA, especially among women
with ASD, that need to be detected [29–31]. Secondly, the transition to adulthood needs to be built by
means of a habilitative program specific for adult (personalized life-project). Thirdly, we can clinically
observe high rates of psychiatric comorbidities, requiring specific treatment. Finally, as caregivers
become older, there is a marked decrease in family resources, which translates into a higher level of
concern for the future of PWA [9,27].

Currently, PWA can follow a wide range of pathways during their transition to adulthood,
such as attending college, entering the labor force, and achieving a degree of independent living.
Less cognitively able individuals, on the other hand, may be eligible for state benefits or may access
supported employment programs. Thus, clinicians need to familiarize with the unique needs of adults
with ASD to be able to administer specific supports and interventions to these patients to ensure their
best possible social integration in the community [28].

Among high functioning PWA, our study shows that these patients, especially women, are more
likely to experience feeling different. This awareness begins at an early age—“I have always felt
different from others” is a frequently used expression among adults with autism—, suggesting a
more internalized autism syndrome [31]. Considering the possibility to decrease the risk of ASD,
we can observe that prenatal, perinatal, and postnatal factors have been associated with autism [32].
The average age of parents at the time of birth, which could have increased the genetic risk in our
sample, is in line with that of the general population—i.e., 30 years for the mother and 34 years for the
father in PWA vs. 30.6 years for the mother and 34.2 years for the father in the general population.
The role of pregnancy and delivery with respect to the pathogenesis appears to be relevant as 15.5%
of PWA had complicated pregnancies and 27.8% had complications at delivery. These elements may
therefore have been decisive for the development of hypoxic brain injuries with neuronal damages.
According to a meta-analysis by Wang et al., during the prenatal period, the factors associated with
autism risk were maternal and paternal age ≥ 35 years, mother’s and father’s ethnicity (i.e., Caucasian
and Asian), gestational hypertension, gestational diabetes, maternal and paternal education level
(i.e., college graduation), threatened abortion and antepartum hemorrhage. During the perinatal
period, the factors associated with autism risk were caesarian delivery, gestational age ≤ 36 weeks,
parity ≥ 4, spontaneous labor, induced labor, no labor, breech presentation, preeclampsia, and fetal
distress. During the postnatal period, the factors associated with autism risk were low birth weight,
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postpartum hemorrhage, male gender, and brain anomaly [32]. Thus, health policy programs aimed at
improving pre-natal and peri-natal conditions, including environmental factors that may preclude a
safe pregnancy, may play an important role in decreasing ASD incidence.

Therefore, the implementation of training programs for teachers of nursery and primary schools
together with routine screening by pediatricians is highly recommended to improve ASD diagnosis at
an early age.

It is also important to point out that language problems in ASD patients are not only related to
onset delay but also to semantic deficits: children with ASD produced more global, rather than local,
semantic features in their definitions than children with normal language. An over-reliance on global,
rather than local, features in children with ASD may reflect in-depth deficits of word knowledge [33].

The need for a diagnostic revaluation over time during the transition to adulthood is clearly
documented by the fact that almost half of the PWA (49.4%) required revision of diagnosis—mostly
due to changes of the clinical picture, nosographic reference parameters, cognitive functioning,
psychopathological co-occurrences, etc.—, which was modified in 24.8% of PWA. The revaluation
is particularly useful in detecting not only modifications of cognitive level of functioning but also
the co-occurrence of a psychiatric disorder. Consistently, ASD diagnoses were confirmed in all PWA
if made previously. Co-occurring mental health conditions are more prevalent in ASD than in the
general population and a careful assessment of mental health is an essential component of care for
all PWA and should be integrated into clinical practice with specific assessment [34–38]. Given that
the co-occurrence of personality disorders is typically related to young adulthood but not childhood,
the assessment should also explore personality in ASD. Psychopathological co-occurrences were
present in 67.2% of the sample. They included the high prevalence of challenging behavior/problem
behavior, which constitutes one of the main issues in family management. For this purpose, adequate
diagnostic methods should be implemented, aimed primarily at excluding organic causes, with a
subsequent activation of response programs, possibly behavioral, limiting psychopharmacological
intervention as much as possible. The co-occurrence of Attention Deficit Hyperactivity Disorder
(ADHD, 9.5%) is likely underestimated because of difficulty in making ADHD diagnosis in severe
cases of autism and the presence of overlapping symptoms in both disorders. However, these should
be regarded as continuous neurodevelopmental disorders instead of categorical comorbidities [39].
Generally, obsessive-compulsive disorders (OCD, 6.8%) are difficult to diagnose in PWA due to the
presence of autistic rituals that, even though they may seem obsessive, represent an epiphenomenon of
the primary disorder [40]. Major depressive disorder (6.3%) has a lower prevalence in our sample than
what reported in the literature. This may be due to an increase in diagnostic performance that allowed
us to rule out major depression forms belonging to other nosographic pictures. However, we did
find a co-occurrence of psychosis and paranoid personality disorder in 5.7% of cases: psychotic forms
were represented by both reactive forms with paranoid characteristics, often activated by triggers,
such as bullyism and mobbing, and an interpretative deficit of reality, alongside rare forms of the
schizophrenic type [41]. The latter is probably ascribable to a common genetic load with respect to the
neurodevelopmental disorder, which expresses a first autistic phase and a second phase of schizophrenic
deterioration [42–44]. Concerning the structuring of a paranoid personality disorder, we identified
several situations fueling a chronic persecutory reading of the external human environment, such as
the inability to read the surrounding environment, experience of exclusion, distress originated from
bullying and mobbing episodes, and problems with social and work insertion. Use of psychotropic
drugs is reported in 42% of the sample, and antiepileptics in 14%, with the presence of comorbidity for
epilepsy in 16.6% of subjects. In a large cohort in the UK, approximately one-third of the identified
cohort was prescribed at least one psychotropic medication and the prevalence increased 3.3-fold from
0.109 per 100 persons in 2009 to 0.355 per 100 persons [45]. More recently, a survey carried out in
the Emilia Romagna region in Italy showed that 74.5% of adults with ASD were being treated with a
psychotropic drug, with 41.6% of the participants using an antipsychotic drug, 15.19% two or more
antipsychotic drugs and 5.17% a long-acting antipsychotic drug [46]. This large increase in psychotropic
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drug use among PWA calls for strict monitoring of drug prescriptions by healthcare services. Regarding
psychopathology, in particular neurodevelopmental disorders, we found that a high proportion (53%)
of family members of PWA (up to the third degree) report neuropsychiatric disorders, with one family
member out of five expressing a depressive disorder, partly reactive to chronic stress and partly
independent. With respect to neurodevelopmental disorders, 16% of family members display forms
of autism—therefore, at least 16 folds more frequently than the general population—, while others
show intellectual disability, specific learning disorders, Down syndrome, ADHD, stereotypes, with a
cumulative percentage for neurodevelopment disorders reaching 39.6%. These data underscore the
importance of providing genetic-metabolic evaluation also in adulthood PWA, since a transgenerational
transmission of the vulnerability to neurodevelopmental disorders is highly likely [47,48]. Psychotic
disorders were reported in 14% of family members, raising a question with respect to common
biological/genetic factors shared between autism spectrum disorders and psychotic disorders [49].
Another interesting observation regards the high incidence of neurodegenerative disorders, such as
dementia—Parkinson’s disease is present in 4.2% of the participants—which warrants further in-depth
studies aimed to elucidate its potential pathogenetic ramifications.

At the somatic level, the most evident finding is the lower prevalence of allergies in PWA compared
to that of the general population (8.4% vs. ~30%, respectively), indicating substantial differences
in the immune system response to allergens between the two groups. Furthermore, we recorded
gastrointestinal disorders in 21.3% of cases, which are often the basis of behavioral disturbances,
especially in seriously affected PWA experiencing difficulties in communicating. Medical evaluation
plays a key role in ASD, especially during the developmental age, since it can rule out secondary
forms of autism that could be specifically treated. Metabolic and genetic evaluations were observed in
6.2% and 16.8% of PWA, respectively. This may be the result of both the scarce attention paid to the
organic aspects of autism and the attribution of autism pathogenesis to poor parental relationships
in that historical period [50]. Consequently, even the interventions that PWA received during their
developmental age often lacked specificity. In our sample, we recorded the following types of
intervention: psychotherapy—rarely cognitive behavioral and more frequently psychoanalytic—in
29.9% of cases, speech therapy in 41.1%, psychomotor skill training in 38.6%, and non-specific
psychoeducational interventions in 24.6%. In this context, speech and psychomotor therapies
represented for years the standardized response offered by public services to autistic or disabled children.

A relevant finding in this study is represented by the high levels of co-occurrence of intellectual
disability in more than a half of PWA. This percentage is seemingly higher than that recently reported
by a study on childhood autism. If confirmed, this co-occurrence may be ascribable to the inadequate
treatments received by PWA during their childhood, which presumably contributed to worsen their
cognitive and functional abilities. This percentage may also indicate a general improvement in the
diagnosis of high functioning forms of autism, which probably went undiagnosed in the past, especially
in females [3].

Bullying is a trigger for psychopathology in adolescence and adulthood. One-third (31.7%) of PWA
reported to have been bullied. This occurred to almost all PWA with the best functioning level (ASD
level 1, DSM 5), which appear to be at high risk of psycho-traumatic events especially if undiagnosed.
In keeping with other studies, autism severity did not significantly predict bullying-related behaviors.
Consequently, secondary psychopathological comorbidity (e.g., anxiety, depression, etc.) may arise.
Furthermore, this represents the level of autism in which the diagnostic evaluation is often lacking,
as shown by those children mistaken for “little geniuses”, whose socio-relational deficit is seen as a
side effect of academic excellence [51,52]. With regard to the severity of the ASD, since we are a public
health assessment center, our PWA sample included all forms of autism, with 39% of minor forms, i.e.,
ASD level 1 DSM 5, including previously defined forms of high-functioning autism and Asperger’s
syndrome—27.1% of level 2 autism (DSM 5), and 18% of severe forms of autism (ASD level 3 DSM 5) [1].
A small proportion included participants with neurodevelopmental disorders but with no sufficient
information to categorize them in a specific subtype. The lack of information was due, for example,
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to the old age of PWA, which made it extremely difficult to gain information about his/her childhood
from the parents. The few participants that did not meet the diagnostic criteria for autism were found
to match those related to personality disorders (2.8%) and psychosis (2.2%), thus providing a bona fide
of the assessment carried out by the Regional Center for Autism in Adulthood and the screening made
by the general psychiatrists. Our organization is in fact based on a screening performed by a general
psychiatrist to detect relevant psychiatric disorders before sending the patients to the Center. This triage
policy has allowed us to save a considerable amount of clinical resources that would have otherwise
been used to assess non-ASD patients. Our results also point out that the transition from childhood to
adulthood in PWA represents a critical step for their families, whose management requires an overall
re-evaluation, both at the clinical and project level. Consistently, the clinical evaluation model applied
in this study is based not just on a process of progressive and deeper evaluation of the PWA or people
with suspected autism and their families, but also on the available network of services that may be
involved to formulate a personalized life-project (multistep network model). This personalized project
is based on the information collected during the evaluation and may be delivered by the Regional
Center for Autism in Adulthood or accredited private social centers. In the latter case, the project would
need to be evaluated by a commission composed by members of the Health Public Agency and Public
Social Services of the municipality of residence, which verifies the validity of the project and allocates a
budget to support the external project. The interventions delivered directly by the Regional Center for
Autism in Adulthood included paths for the improvement of social skills (social skill training) and
cognitive-behavioral therapy. Group or individual support paths were activated for parents upon
request. Another area of intervention concerned the improvement of expression and relationship skills,
with activities aimed at improving communication through figurative arts—particularly for people
with verbal communication impairment—and vocal-bodily expressive activities, using theater-based
techniques. A subgroup of PWA, with medium-level autistic functioning and cognitive difficulties,
followed a path specifically dedicated to improving cognitive functioning through structured learning
techniques, such as Feuerstein or neuropsychological rehabilitation. Only in specific and selected
exceptional situations, in the presence of severe communication deficits, interventions included the
support of animals (three participants included) or communication through music (two participants).
By analyzing the interventions provided indirectly by the accredited private partner, most PWA
attended an educational activity covering most of the day and organized in groups (daily center; 50.4%),
offering educational qualification courses and laboratories. In 31% of the participants, the activated
path was instead based on individual educational activities or performed in small groups, delivering
projects targeting specific skills of individual autonomy. For 7.4% of PWA, pre-work paths were
activated: these consisted of training courses dedicated to PWA, lasting one to two years, made up of a
theoretical part delivered in a classroom and a practical part via company internships. This type of path
was dedicated to PWA with real job placement opportunities, thus needing less support, and managed
by a professional school with teachers trained on autism and specifically dedicated to this type of
course. In addition, the courses were prescribed provided that the PWA had followed a clinical path to
improve and test his/her social skills and abilities to avoid stress deriving from real-life failures. Indeed,
a person with autism needs to be adequately trained before being exposed to potentially harmful
situations [53,54]. A small percentage of PWA (6%) was also followed by a Mental Health Center
because these patients displayed a level of severity of the psychopathological comorbidity requiring a
second parallel intervention dedicated to its management. This usually took place in outpatient clinics
or day hospitals, but it may sometime require admission to the psychiatric ward. With regard to the
housing situation, most PWA lived with their family of origin, whereas a small fraction (8%) lived
in a community for disabled people with round-the-clock assistance. Only 1% of PWA resided in an
apartment with other disabled people, while 11% achieved enough skills to live an independent life.
Based on our findings, we propose a model for ASD in adulthood where public health and private
services are integrated, and where the Regional Center for Autism in Adulthood plays a key role in
managing PWA patients thanks to a joint effort between the private and public health sectors.
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5. Conclusions

Among the several important aspects highlighted by our PWA analysis, the late age of autism
diagnosis and the non-specific interventions provided during the developmental age are of particular
relevance. As the current adult generation of PWA is apparently “lost”, it urgently needs a very complex
intervention program [34]. Indeed, these are PWA who have often developed other psychopathological
co-occurrences or manifest a challenging behavior/problem behavior usually associated with lack of
adequate communication and relational skills, never taught to them during their educational path.

Altogether, our findings call for a radical improvement of the accuracy and timeliness of the
diagnosis of ASD in adulthood and the implementation of specific interventions in favor of this
often-neglected population. Such interventions should address as much as possible the autonomy
and communication dimensions, especially in those individuals that did not received any specific
interventions during their developmental age. Also, preparing PWA for employment is of the utmost
importance, if possible, given the social value of work. In conclusion, the implementation of public
centers dedicated to PWA represents a viable solution for improving the diagnosis of ASD in adulthood
and ameliorating the quality of life of PWA and their families through specific habilitative interventions.
These interventions, in accordance with the Autism Guidelines, should merge multidisciplinary
professional teams, formed by psychiatrists, clinical psychologists, educators and rehabilitation
therapists, with other entities, such as social services, schools and job agencies, all forming a network
capable of assisting autistic children and adults along their social integration path. In light of hypotheses
regarding developmental and environmental influences on the course of ASD, future studies should
compare the changes in symptoms and presentation across adulthood to those occurring in childhood.
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Abstract: Background: Tests based on human figure drawings (HFD) have captured the attention
of clinicians and psychologists for a long time. The aim of the present study was to evaluate the
performance of HFD of children with autism spectrum disorders (ASDs) relative to typically
developing (TD) controls. Methods: All children were asked to draw three human figures
(man, woman, self-portrait) and were evaluated with a neuropsychological battery. HFD were
scored according to the Maturity Scale, and correlative approaches testing maturity against
neuropsychological scores were applied. Results: ASDs presented marked deficits in maturity.
No significant correlation emerged for both groups between maturity and the theory of mind test.
On the contrary, positive and significant correlations between maturity and the affect recognition test
(AR) were found, with group-specific patterns. In TD, this result regarded drawings of others, but not
self-portraits, while an opposite pattern emerged for ASD, whose sole maturity in self-portraits
significantly correlated with the AR scores. Conclusion: These findings suggest that the use of HFD
tests with individuals with autism may not be used in clinical practices. However, in basic research,
HFDs could be used to highlight dependencies between drawing performance and neuropsychological
features, thus possibly providing hints on the functioning of autism.

Keywords: human figure drawings; Draw-a-Man; drawings maturity; autism spectrum disorders;
social perception

1. Introduction

Children have been using drawings to express themselves since ancient times and this topic has
captured the interest of scientists since the late 19th century. Indeed, by analyzing the presence/absence
of graphical aspects like details, colors, proportions, and shapes, it is possible to trace a developmental
maturation trajectory based on children’s drawings [1]. Historically, the Draw-a-Man test (DAMT)
developed by Goodenough [2] represents the first systematic scoring system for children’s drawings,
devised with the intent to provide a surrogate measure of children’s intelligence. Scores were initially
based on the number of details and the accuracy of placement of each body part. DAMT was later
revised by Harris [3], who proposed that children should be asked to draw not just one but three
human figures: a generic man, a generic woman, and a self-portrait. The scoring system for the
maturity estimation was updated, accounting also for the precision of details, and proportions.

Since these initial pioneering studies, several revisions and applications have been conducted to
enhance the utility of DAMT, and more generally of human figure drawing (HFD) tests, in virtue of
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their versatility and usability also with children with limited attention span and language difficulties.
There is no exception for the use of the HFD in the field of autism.

As far as autism spectrum disorders (ASDs) drawings are concerned, children with autism were
reported to have an unusual drawing ability, far beyond their general intelligence level [4–6], and drawing
skills not impaired relative to age-matched typical peers [7,8]. However, Lee and Hobson [9] reported
slightly lower global scores in HFD for children with ASD relative to children with learning difficulties,
whereas the same pattern did not emerge across groups in drawings of houses. Similarly, Lim and
Slaughter [10] indicated that in HFD, children with autism are generally less sophisticated and detailed
than children without autism. Given this controversial pattern of results, whether children with
autism differ from age-matched TD peers is still a matter of debate, leaving open the question whether
human figure drawings could be useful in the clinical practice of autism. Indeed, while international
guidelines [11] excluded tests based on drawings from the batteries used for the diagnosis of ASDs,
it is possible that the maturity score covaries in association with other neuropsychological indices not
easily obtainable in children with ASDs.

Autism spectrum disorders (ASDs) are a severe multifactorial disorder characterized by an
umbrella of peculiarities in the areas of social communication, restricted interests, and repetitive
behaviors [12]. The incidence of ASDs is worldwide and recent epidemiological data estimated it to be
higher than 1/100 [13]. ASDs vary greatly in the severity of their socio-communicative impairments [14]
as well as in cognitive and language development.

Many of the social interpersonal difficulties in ASD derive to some extent from weaknesses in
the children’s social perception, which in turn relies on both cognitive [15] and motor processes [16].
Social perception refers to children’s ability to represent and understand others, their mental states,
emotions, and beliefs. Concerning theory of mind (ToM), several studies demonstrated that individuals
with ASDs have performance lower than individuals with typical development [17]. These deficits are
reported using different versions of ToM tasks, including those examining false beliefs [18], cartoon
animations [19], or inferences of mental states from photographs [20].

A key aspect of social perception in ASDs pertains to emotion and affect recognition, yet inconsistent
findings have been reported so far. Indeed, while Kuusikko et al. [21] and Krebs et al. [22] pointed to
an impairment of children with ASDs in emotion recognition, other studies [23–25] failed to report
such a deficit. To date, no evidence has been provided about the possible relationship between social
perception scores and performance in human figure drawing tests.

Starting from these premises, in the present study we evaluated the performance of the Draw-a-Man
test in a group of children with ASDs, and compared them against a group of age-matched typically
developing controls. In particular, we tested two hypotheses: (1) ASDs have lower maturity scores
in DAMT, and (2) performance at DAMT differs according to the subjects to-be-depicted (self vs.
representation of others). The value of such an investigation is that if a difference is highlighted
(i.e., ASDs present lower scores relative to TD), tests based on human figure drawings should not
be considered in ASDs as indexing maturity, unless a proper normative ASD population is acquired.
In addition to factorial contrasts, the clinical value of the HFD test could be further characterized by
correlative approaches testing maturity against neuropsychological scores most common in the clinical
practice of autism.

2. Materials and Methods

2.1. Participants

Twenty-one typically developing boys (TD, age M = 8.7, SD = 1.8) and 22 boys with autism
spectrum disorders (ASDs, age M = 9.2, SD = 1.7) were included in the study. Groups resulted matched
for chronological age (p = 0.30) and nonverbal IQ assessed by Raven’s Colored Progressive Matrices [26]
(p = 0.72).
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Concerning the ASD group, inclusion criteria were: (a) diagnosis of autism spectrum disorder
according to DSM-V/ICD-10 criteria and certified by the Italian Mental Health System
(acknowledgement of handicap through Italian law n. 104/1992); (b) age 6–12 years; (c) non-verbal
intelligence quotient within the 90–130 range; (d) capacity to adhere to experimental procedures;
and (e) lack of comorbidities according to their medical records. Exclusion criteria consisted of (a)
presence or history of any other axis I mental disorder; or (b) history of traumatic brain injury or any
other neurological disorder as by their medical record. Participants with ASDs were all children with
high functioning autism and were recruited via the parents’ association “Autismo Pisa APS” sited in
Pisa. TD were recruited in primary schools in Parma as children matching the same age criterion used
for the ASDs group. Children with a history of neurological or psychiatric disorders were not enrolled,
as well as those whose parents or teachers expressed concerns about their development.

Informed written consent was obtained from the parents of all participants, and oral consent
from each child. This study was approved by the Local Ethical Committee (Comitato Etico Area Vasta
Emilia Nord, prot.n.13051) and was conducted according to the Helsinki Declaration.

2.2. Procedures

2.2.1. Neuropsychological Evaluation

All children were evaluated with a neuropsychological battery including social perception and
visuo-spatial domains. Both of them were indexed by subscales of the NEPSY-II test [27].

2.2.2. Social Perception

Social perception domain is evaluated by two different subtests of NEPSY-II [27]: theory of mind
and affect recognition. Each subtest is designed to measure a different set of skills necessary for
understanding the feelings, perceptions, and intentions of others.

Theory of mind (ToM) includes two tasks. In the verbal task, scenarios or pictures are shown to
the child, who has later to answer questions that require knowledge of another individual’s perspective.
In the contextual task, the child is shown a picture depicting a social situation in which the face of the
target individual is not shown. The child is then asked to select one out of four photographs, as the
one depicting the most appropriate affect for the target individual in the picture. Overall, theory of
mind evaluates the ability to comprehend others’ perspectives, intentions, and beliefs.

The affect recognition (AR) test assesses the ability to recognize affects (happiness, sadness, anger,
fear, disgust, and neutral) from photographs of children’s faces in different tasks like same–different,
on-line, and delayed similarity recognition.

2.2.3. Visuo-Spatial Processing

The evaluation of the visuo-spatial domain was limited to the design copying (DC) test from
NEPSY-II [27], aimed at assessing motor and visual-perceptual skills associated with the ability to
copy two-dimensional geometric figures. It returns a global score (general score), as well as sub-scores
measuring the degree of motor abilities, global attributes of the design, and local elements or details of
the design. Taken together, these latter three sub-scores form the so-called design copying process score.

2.2.4. Human Figure Drawing (HFD) Test

At the end of the neuropsychological evaluation, each participant was tested with the human
figure drawing test, according to the procedures proposed by Royer [28]. HFD allows to explore the
child’s level of intellectual maturity.

Each participant was given seven colored crayons (blue, green, red, yellow, purple, brown,
and black), one pencil, one eraser, and 3 sheets of paper (21 × 29.5 cm) placed vertically. He was
requested to draw, on the first sheet, a person. Upon completion of the first drawing, the participant
was asked to indicate its gender, and the drawing was removed. Of note, most participants (36 out of
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43) started from a male drawing. On the second sheet, the participant was then asked to draw a person
of the opposite gender. Upon completion of the second human figure, the drawing was removed and a
third sheet provided on which the child was invited to “draw a self-portrait”. Children were left free
to choose the size and position in the sheet of their drawings. No time limit was imposed.

2.2.5. Non-Human Figure Drawings

Subsequently, children were asked to accomplish a similar task, but depicting three houses
(one house, another house, and their own one) rather than human figures. In this way, we obtained a
second set of drawings allowing to test two interconnected hypotheses: first, whether children with
ASD have peculiar features relative to TD, in particular in terms of similarity among drawings; second,
whether such features are specific for human figures, or generalizable also to other subjects.

2.3. Coding of Drawings

The human figure drawings were scored according to the Maturity Scale [28]. This scale accounts
for the presence of evolutionary details of the drawing, further grouped in the evaluation of head
(23 items), body (32 items) and clothing (14 items), and color use. No Maturity Scale has been validated
to date for houses, thus we limited its use to HFD.

To evaluate the differences among the human figure drawings, a similarity score was calculated [29].
The judgement of similarity was evaluated in parallel for three aspects, i.e., dimensions (height and
width), body (shapes and colors), and attributes (shapes and colors of clothes and accessories). For each
aspect, a score from zero (marked difference) to two (maximum similarity) was assigned. Such a
score was evaluated among the three drawings, coupled two-by-two, thus obtaining 3 different scores.
The similarity score was also calculated for the house drawings by adapting the scale of similarity
used for the human figure drawings, and still comparing the houses to each other, two-by-two.
Three different subscales (dimensions, attributes, and accessories) were considered.

We also calculated for the human figure drawings the value score [29]. This evaluates the presence
of biases in the representational appearance between two drawings; for example, in the case of a
colorful and richly decorated suit versus a monochromatic suit, the value score is greater for the
former. The value score was evaluated in parallel for four aspects, i.e., the space occupied by each
figure, the articulation of the body, the number of attributes, and the number of colors. These subscales
were used to establish whether two figures were equally valued. For each subscale, scores from zero
(equality) to two (marked or very marked difference) were assigned.

Two experimenters evaluated the drawings following strictly the guidelines indicated in Royer [28]
for the maturity score, and in Bombi and Pinto [29] for the similarity and value scores. In the case
of agreement between the two judgments, the agreed score was noted. Conversely, in the case of
disagreement between the two experimenters, the final score was obtained after a joint evaluation
among the two scorers and the senior author.

2.4. Statistical Analysis

All collected variables (see Table 1) underwent the Shapiro–Wilk’s W-test for verifying the
assumption of normality. Parametric (one-way ANOVA, Bonferroni post-hoc) or non-parametric tests
(Kruskal–Wallis, Mann–Whitney post-hoc) were applied accordingly. Eta-squared (η2) was calculated
as a measure of effect size.

The factorial analysis was intended at verifying the homogeneity among groups in terms of age
and non-verbal IQ. The same analysis on the neuropsychological scores and Maturity Scale aimed at
evaluating the differences between groups.
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Table 1. Main scores for each test and group. Each cell contains the average score (M) and its standard
deviation (SD).

Design Copying Process (DCP)

Non-Verbal
IQ

Theory of
Mind (ToM)

Affect
Recognition (AR)

Design Coping
(General- DCG)

Motor Ability
(DCP-M)

Global Attributes
(DCP-Glob)

Local Elements
(DCP-Loc)

TD
M = 113.3 M = 12.7 M = 9.4 M = 9.4 M = 33.4 M = 29.4 M = 20.3
SD = 13.2 SD = 2.9 SD = 3.3 SD = 2.4 SD = 4.4 SD = 5.1 SD = 4.5

ASD
M = 112.3 M = 6.5 M = 7.8 M = 5.8 M = 28.5 M = 25.1 M = 16.2
SD = 11.1 SD = 3.9 SD = 4.3 SD = 3.3 SD = 7.1 SD = 8.2 SD = 6.6

Similarity and value scores spanned over a discrete and very narrow range (0, 1, 2), so a factorial
analysis was not applicable. To evaluate comparatively these scores between groups, we then carried
out a chi-squared tests inserting the count of each score for both ASD and TD, and evaluating whether
their distribution varied across groups. In the case of a significant chi test, individual chi values were
calculated to highlight which elements carried most of this disproportion.

Finally, we carried out correlation analyses testing the link between the Maturity Scale on one side,
and indices of the social perception domain on the other. As we had no assumption on the linearity of
such a relationship, we opted for using a Spearman rank correlation. In addition, the analysis was
conducted separately for each group so to test the within-group dependency and not just a macroscopic
between-group co-difference.

3. Results

Figure 1 reports the drawings from the HFDs of four participants, spanning over age (two 8 years
old, two 11 years old) and groups (two TD and two ASDs).

We evaluated on the Maturity Scale and non-verbal IQ the presence of outliers as those subjects
exceeding ±2 standard deviations of the sample’s mean. Two ASDs and one TD children were outliers
for the human figure drawings Maturity Scale, while two children with ASDs were outliers for the
non-verbal IQ scores. Then, the final sample consisted of 21 TD and 22 ASD children. Table 1 recaps
the average scores for each test and group.

The matching between populations was witnessed by the lack of significant difference between
groups, as returned by the Mann–Whitney test, in terms of age (U(22, 21) = 188, Z = 1.04, p = 0.30) and
non-verbal IQ (U(22, 21) = 216.5, Z = −0.36, p = 0.72).

The Maturity Scale resulted as highly significant between groups, as by the one-way ANOVA,
for each HDF (HDF-1, F(1, 41) = 12.67, p < 0.001, η2 = 0.23; HFD-2, F(1, 41) = 15.86, p < 0.001, η2 = 0.38;
HFD-self, F(1, 41) = 11.73, p = 0.001, η2 = 0.22) (see Figure 2).

The same analysis returned a significant difference for ToM (F(1, 41) = 34.68, p < 0.001) indicating
a marked difference between groups in the ability to comprehend others perspectives, intentions,
and beliefs, with TD scores double relative to the ASD ones (TD M = 12.7, ASD M = 6.5). Similar results
were obtained for the design copying general (DCG) score (F(1, 41) = 16.53, p < 0.001). When focusing
on the subscale composing the design copy process (DCP), no difference between groups was found
neither for DCP-global (TD M = 29.4, ASD M = 25.0) nor for DCP-local (TD M = 20.3, ASD M = 16.2).
However, the motor subscale of copy design resulted to be significantly different between the two
groups (DCP-motor: U(22, 21) = 127, Z = −2.51, p = 0.01) indicating that most of the difference in the
DC performance between TD and ASDs relies on a poorer set of motor abilities of the latter group
(TD M = 33.4, ASD M = 28.5). No difference emerges for scores at the AR test (U(22, 21) = 177, Z = −1.3,
p = 0.19).
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Figure 1. Examples of HFDs by ASD and TD children matched for age. Upper strips (black frame)
relate to young children (8 years old), lower strips (grey frame) relate to older children in our range
(11 years old). The triplets of maturity scores for the four subjects are (136.9, 125.0, 136.9), (72.4, 71.2,
76.2), (102.3, 112.1, 102.3), and (52.9, 50.1, 49.2), respectively.

Figure 2. Maturity scale in the three drawings across ASDs and TD children. Bars indicate standard
errors; asterisks a p-value < 0.01.
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Concerning similarity, a chi-square test was applied to the three possible couples of human
figure drawings (HFD-male vs. HFD-self, HFD-female vs. HFD-self, HFD-male vs. HFD-female).
A significant difference emerged only in similarity between HFD-male and HFD-female (χ2 (2, N = 43)
= 7.39, p = 0.02). Examining individual chi values, this significance appears mostly due to an
over-presence of score 2 (maximum similarity) in ASDs (26 vs. 19.4 expected, χ2 = 2.2), while TD
presented a lower rate of such a score (12 vs. 18.6 expected, χ2 = 2.3). No other HFD comparison turned
out significant. The same procedure was applied to the similarity scores obtained for the houses, so to
evaluate whether the tendency to hyper-similarity was specific for human figures, or generalizable also
to other subjects. Of note, none of the three house comparisons returned significant results (all p > 0.4).

Despite the correlation analysis between the maturity at HFD and ToM scores resulted as not
significant for both groups in all the three drawings, a different pattern emerged between TD and
ASDs. Indeed, while TD showed a tendency towards significance in all drawings (all p around 0.08)
and r coefficients around 0.4, ASDs fell apart from significance, with r values around 0.

Concerning the correlation between maturity and affect recognition, TD exhibited significant and
positive findings for HFD-male and HFD-female, while no link was found for HDF-self. Of note,
this pattern was fully reversed examining children with ASDs, who exhibited a significant correlation in
HFD-self vs. AR, while non-significant results for HFD-male and HFD-female were found. The results
of the correlation analysis are reported in Table 2.

Table 2. Spearman correlation analysis between maturity and affect recognition scores, reporting (r)
and p-values in the TD and ASD groups. Significant correlations (p < 0.05) are highlighted in grey.

Group HFD r (Spearman) p-Value

TD

Male 0.53 0.015

Female 0.53 0.012

Self 0.33 0.14

ASD

Male 0.20 0.36

Female 0.32 0.13

Self 0.45 0.03

4. Discussion

Tests based on human figure drawings have captured the attention of clinicians and psychologists
for a long time, likely due to the easiness and ecologicity of their administration, with the aim to achieve
a surrogate measurement of children intelligence [30]. However, a non-negligible body of literature has
repeatedly challenged the validity of HFD tests [31,32], in particular when non-neurotypical individuals
are investigated. The lack of firm guidelines about this matter, moreover, leads to inconsistencies in
clinical neurodevelopmental practice, where HFD tests are treated with a relevance spanning over a
spectrum from negligible to over-rated.

Pertaining to children with ASDs, although several researchers have suggested the utility of HFD
tests in assessing this population [9,33], there are several well-known case studies in which children
with autism accompanied by severe cognitive deficits have exhibited a superior drawing ability [34,35].
The findings of the present study align with the view that ASDs have lower maturity in drawings than
TD. In line with the revision of the DAMT by Harris (1963) [3], we requested participants to draw three
different human figures, yet no substantial differences appeared across these, suggesting a globally
lower functioning in drawing rather than a hallmark specific for a given subject (see for example [36]).

These findings suggest that the use of HFD tests with individuals with autism may be not
warranted, failing to provide elements suited to drive clinical routines. Indeed, maturity scores are
obtained via a normalization against a TD normative population which has—on average—higher scores.
To be usable and informative at the individual level, data from a normative population including only
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children with ASDs should be collected, or at least reference values should be provided to clinicians
about the range of maturity scores specific for autistic individuals.

Once ascertained that to date maturity cannot inform about an individual child with ASDs, it is still
possible that scores at HFD correlate with the functioning of specific domains. This is why we tested in
the same participants the construct of social perception that reflects a variety of psychological processes,
mostly involved in ASD symptomatology, i.e., ToM and AR. ToM is defined as the cognitive ability
leading to the awareness that others have minds with mental states, information, and motivations that
may differ from one’s own, allowing an individual to cognitively explain others behaviors [37]. In our
study, coherently with previous literature [see 17], ToM scores resulted as highly segregated between
ASDs and TD, yet no correlation emerged within both groups with HFD performance. This suggests a
certain independency between performance in HFD and ToM tests, in turn reflecting a segregation
between the underlying functions.

Concerning affective recognition, a completely different pattern was highlighted. Indeed, no difference
appeared at the factorial analysis, suggesting a globally preserved (or restored via a rehabilitation
intervention) ability of children with ASDs to explicitly recognize emotional expressions relative
to control peers. Our results are in line with Narzisi et al., [38] who found that children with
ASDs performed equally well as TD children in the affect recognition test (see also [39]), and with
Tracy et al., [40], in which participants with ASDs succeeded in deciding whether an emotional
photograph matched a target emotion. However, there is some evidence of atypical face perception
processes in individuals with ASDs [41,42]. Indeed, while a deficit in face processing is not
pathognomonic (meaning that it is not a definitive diagnostic sign), many children show a significant
impairment in encoding facial features. In addition, Kuusikko et al. [21] indicated that despite that
emotion recognition may improve with age in children with ASDs, it never completely achieves the
level of typically developing individuals. Difficulties with social cognition do not always emerge
in structured test situations, especially in high-functioning individuals with ASDs, and this may
explain these inconsistent results. According to Harms et al., [43], some individuals with ASDs may
utilize compensatory mechanisms (such as explicit cognitive processes) making the performance on
facial emotion recognition tasks adequate in test situations, while atypical processing of stimuli is
shown in neuroimaging studies [44] and difficulties in emotion recognition in real-life situations [45]
are well-known.

Beyond the factorial analysis, we conducted a correlation analysis between scores obtained in
HFD in the Maturity Scale and those obtained in the affective recognition test for both groups in order
to get insights on the possible link between emotion recognition and drawing performance across
multiple to-be-drawn subjects. Our results indicated not only the presence of positive and significant
correlations, but also that they largely differed between groups. TD children showed a maturity score
significantly associated with affect recognition in drawing other individuals, but not in self-portraits.
An opposite pattern emerged for children with ASDs, whose sole maturity in self-portraits significantly
correlated with the affective recognition scores.

Such a result could be interpreted in a very fascinating manner: in TD children, the capability to
recognize others’ emotions could underlie the competence to graphically represent others. In turns,
in children with ASDs, emotion recognition is not associated with maturity in the representation
of others, but rather it correlates only with maturity in the self-representation. In other words,
affective recognition skills might be used by TD to decode the outer social world, but by ASD only to
express/represent themselves.

One could speculate that this selective link reflects a lack of experience of the social world in
ASD [10], due to their socio-communicative atypicalities and relational poverty further impacting
on their cognitive style [46]. The link between maturity and social communicative skills is very
interdependent in children with ASDs and it has been the subject of extensive theoretical and empirical
investigations [47]. In children with TD, the goodness of early social experiences has been linked to
later maturity outcomes [48,49]. As reported by Vivanti (2016) [47], on the contrary, it is plausible that
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an altered sociability during early development may uniquely impact social dimensions of learning,
including de facto the ingredients underlying affective recognition.

Despite only partially covering the abilities underlying the human figure drawing test,
we evaluated the design copying test from NEPSY-II [27] to collect an index of an overall drawing
performance, comparative between the two groups. The factorial analysis showed a significant
difference between children with ASDs and TD children with a difficulty in the global ability to copy
two-dimensional geometric figures for the first group, suggesting a weakness in visuomotor integration.
The global ability to copy is generally associated with preserved visual-perceptual skills, and our
findings are consistent with the validation study of the NEPSY-II by Korkman et al. [27] and with the
more recent study by Narzisi et al. [38]. A similar difference was found for the design copy process,
and this effect resulted mainly due to one of its subscales, namely the motor subtest. Further, in this
case, the group with ASD presented difficulties in fine motor control, in line with a large body of
literature pointing at motor disorganization as one of the determinant features in autism [50].

5. Conclusions

In conclusion, our study indicates that children with ASDs have a marked deficit in the human
figure drawing test. The lack of a global consensus in the interpretation of HFD results, as well as of
normative data peculiar for autism, advocate for an effort, joint by developmental psychology and
neuropsychiatry, to achieve a reliable framework for the assessment of individuals with ASDs.

However, out of the clinical practice, tests based on HFD could be considered in basic research for
revealing dependencies between drawing performance and neuropsychological features, thus possibly
providing hints on the functioning of autism. We hereby showed the existence of a link between maturity
in HFD and affect recognition, but the specificity of this result for autism across neurodevelopmental
disorders as well as the neural mechanisms at the basis of this alteration have yet to be ascertained.
To answer these points, future studies might consider to test additional groups of patients, possibly
involving affective disturbances, and accompanying HFD with neurophysiological recordings.
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Abstract: In this study, we aimed to evaluate the process applied in subjects with Autism Spectrum
Disorder (ASD) to elaborate and communicate their experiences of daily life activities, as well as to
assess the autonomic nervous system response that subtend such a process. This procedure was
evaluated for the first time in two eight-year-old girls with high-functioning ASDs. The subjects
performed six months of training, based on the cognitive–motivational–individualized (c.m.i.®)
approach, which mainly consisted in building domestic procedures and re-elaborating acquired
experiences through drawing or the use of icons made by the children. Together with behavioral
observations, the response of the autonomic nervous system during such re-elaboration was recorded.
A change in communicative and interactive competences was observed, moving from a condition
of spontaneity to one in which the girls were engaged in relating their experiences to a parent.
Autonomic response highlighted how, in communicating their own experiences, they achieved a state
of cognitive activation, which enabled a greater communicative and emotional connection with the
interlocutor. This is a proof-of-concept study on the application of the c.m.i.®, which needs to be
extensively validated in the clinical setting.

Keywords: high-functioning autism; language; experience; communication; autonomic nervous
system; wearable technologies

1. Introduction

In the field of Autism Spectrum Disorders (ASD), several studies showed the importance of
structuring a space, a time and a specific visual support as part of the related clinical intervention [1].
Many behavioral approaches provide a visual target to a child with ASD in order to implement the
acquisition of a skill (i.e., washing the hands), assuming that the child would be more sensitized
and would have a greater level of attention and orientation if induced to the object or action by an
iconic structure.

However, according to our previous research study [2], our idea is that a child with ASD, somewhat
similar to a typical developing child, should learn a procedure in a natural context (i.e., in their own
environment) and then, eventually, use icons or visual references to recall the acquired skills. In this
way, the child will be able to understand the real meaning of the visual reference used with respect to
what the children have acquired during their own experience. In this way, the icons will only represent
the starting point for recalling the actions the subject has previously learned (i.e., washing, dressing,
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cooking, etc.). Notably, this process requires the subject to be able to manipulate the experience
acquired with a higher level of awareness and participation and then to verbalize and recall their own
experiences. To recognize their experience, they should mentally manipulate the acquired contents
(i.e., who, what, where and when) and the connections made among the motor actions performed.
This is often difficult in children with high-functioning ASD due to the presence of deficits in executive
functions [3,4], in social perception [5] and in narrative and pragmatic skills.

In this framework, the cognitive–motivational–individualized (c.m.i.®) approach is aimed at
supporting an orientation and awareness process of personal reality and knowledge in subjects with
verbal and/or cognitive and/or relational disabilities, so that they can organize and express their
thoughts in a more understandable and orderly way. This approach, initially set up to facilitate work
with augmentative and alternative communication (AAC) [6], represents a learning process since,
through a specific reconstruction of daily life activities and work, the subject is helped to acquire
these experiences in a more conscious and autonomous way. Specifically, to facilitate this process,
a figurative reworking is proposed in order to make the experience concrete, visible and manually
usable. From this perspective, the subject must retrace the practical process of the experience both on
a symbolic plane and on a motor level, manipulating the components (i.e., what, where, who) and
their connections or semantic constraints (i.e., what/where, who/what) in a praxis narrative form that
refers to the experiential action. This would enable an understand of the process within which the
subject retains the elements that are significant for them in reality (what he/she knows, what he/she
does, what he/she likes, where the experiences take place and with whom they do these experiences)
and how performing motor actions (acting on the images, the icons drawn from his/her everyday
experience) re-elaborates his/her knowledge. The overall aim is to facilitate the integration between
the experiential and phenomenal meaning performed with the body and language (lexical semantics)
to avoid—as often happens in children with ASD—that, during the narration, the subject is only using
the lexical meaning without the emotional content, which defines intentionality in the communication,
the participation and, therefore, the intersubjective sense of language [7–9].

Together with behavioral observation, the assessment of physiological parameters during the task
of reproducing the acquired experience in ASD subjects could help the clinician to understand the way
the subjects are processing these experiences. In particular, several studies suggest that Autonomic
Nervous System (ANS) activity is linked to social functioning in individuals with ASD [10–14]. Both the
sympathetic (SNS) and parasympathetic (PNS) branches of the ANS contribute to social functioning and
communication [15,16], with SNS activation reflecting a threat-oriented response, and PNS dominance
easing adaptive social engagement [17]. More specifically, the PNS plays an important role in social
functioning by innervating several organs in the face and in the neck and affecting various functions,
including cardiac activity, which are related to social behavior and communication [18]. Thus, in a
social setting, an increase in the PNS activity is related to an adaptive social behavior [13]. The SNS
also plays an important role in social functioning, increasing heart rate (HR), sweating and alert state,
mainly through acting on the so-called “fight or flight” mechanism [19,20].

Wearable technologies can be particularly relevant in the assessment of ANS in ASD due to their
low obtrusiveness. In particular, the recording of the electrocardiogram (ECG) signal allows us to
evaluate the activation of both the PNS and SNS by studying heart rate variability (HRV) [10]. On the
other hand, the assessment of the galvanic skin response (GSR) is mainly related to the SNS, with a
reduction in the signal associated with decreased SNS influence [21], whereas an increase in skin
conductance during specific social tasks subtends higher SNS activation [22].

In this study, we aim to highlight how, in subjects with high-functioning ASD, it is a priority to
enhance the mechanisms of self-awareness related to their experiences and knowledge rather than
immediately using linguistic codes, icons or scripts or giving heuristic value to a phenomenological
approach. More specifically, the objectives of the present study include: (i) to evaluate the behavior and
communication of two subjects with ASD during the elaboration of an experiential content (procedural
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actions of shared daily life with the parent); (ii) to assess the ANS responses that underlie the subjects’
behavior during such elaboration.

2. Materials and Methods

2.1. Participants

The subjects were two eight-year-old girls, with diagnoses of ASD, attending the “Autism service
of the public health of the city of Grosseto”. The protocol was approved by the Institutional Ethical
Clearance board of the National Research Council (0087922/2019).

2.1.1. Subject 1—J

At the age of 3, J. received a clinical diagnosis of Autism Spectrum Disorder (ASD) confirmed
with the Autism Diagnostic Observation Schedule-Generic (ADOS-G) [23]. Her non-verbal cognitive
level, measured through Leiter-R [24] and Color Progressive Matrices [25] was average. In her clinical
history, motor and language delays were reported. At the age of 3, J. showed a severe psychomotor
and language regression. In this period, J. also partially lost sphincter control, showing sialorrhoea
and feeding disturbance. She was severely apathetic. Before enrollment in this study, she started
a psychoeducational intervention including speech and psychomotor therapies. At the age of the
enrollment (6 y), J. presented a normostructured language with flat prosody and a socio-pragmatic
disorder. Regarding her motor skills, she presented hypotonia and coarse-motor impairment, while she
had adequate fine motor praxes and graph-pictorial skills.

2.1.2. Subject 2—B

At the age of 5, B. received a clinical diagnosis of Autism Spectrum Disorder (ASD) confirmed with
ADOS-G. Her cognitive level, measured through Wechsler Preschool and Primary Scale of Intelligence
(WPPSI-III) [26], was average (Full Scale Intelligence Quotient, FSIQ = 107). In her clinical history,
language delay, marked issues in emotional dysregulation and Attention Deficit Hyperactivity Disorder
(ADHD) were reported. Before enrollment in the study, she started a psychoeducational intervention.
At the age of enrollment (6 y), B. was an hyperverbal child with high functioning ASD in comorbidity
with ADHD and emotional dysregulation (i.e., meltdown). She used reinforcement strategies for
performing school—and daily life—activities (i.e., planned and structured environments and activities,
visual aids).

2.2. The c.m.i.® Approach

The c.m.i.® approach adopts a naturalistic and developmental approach (NBDI) [27]. It targets
social, interactive and communication impairments in autism. The rationale is that children with
autism would respond with enhanced communicative and social development to a style of parent
communication adapted to their impairments [28]. The intervention is aimed to enhance the link
between neuropsychological and relational skills. The rationale of c.m.i.® is the application of embodied
cognition in the intervention for ASD. Inspired by Johnson-Glenberg and Megowan-Romanowicz [29],
the three degrees of embodiment are considered: (a) sensorimotor experience; (b) link between body
language and feelings; (c) emotional immersion experienced by the user.

The c.m.i.® methodology is aimed at supporting an orientation process and awareness of one’s
reality and knowledge in subjects with verbal, cognitive and relational disabilities so that they can
organize and express their thoughts in a more comprehensible and orderly way. This experience is
made explicit initially using the body—doing and perceiving also represent a form of non-verbal
communication which subsequently and progressively evolves into language. The intervention allows a
progressive maturation of orientation abilities in reality that affects the following dimensions: (i) spatial:
where are things, people, objects; (ii) temporal: when events occur; (iii) instrumental: objects in the
environment, their nature, their functions; (iv) relational: people around the subject.
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2.3. Training According to the Cognitive Motivational Intervention (c.m.i.®)

The training of the two subjects according to the c.m.i.® approach was performed at home and
involved the parents. It consisted of the following phases:

• Interview with the parents: During the interview, the parents were informed about the aims and
modalities of the training approach and their involvement in the process. In addition, informed
consent was obtained from the parents of the two girls enrolled, after receiving an exhaustive
explanation of the study. Such explanation included: (a) the description of the theory of the
cognitive motivational intervention; (b) the rationale of physiological signal acquisition and the
procedures for data collection; (c) detailed description of home procedures; (d) the description of
the re-elaboration of acquired experiences through drawing; (e) the modalities of using icons by
the children.

• Observation of the two girls: This aimed at identifying the individual characteristics of the two
girls. J. loves drawing and adds plenty of particulars in her drawings, although images look quite
static. Conversely, B. is constantly in motion and uses continuous, redundant, sophisticated and
dyspragmatic language. She does not like drawing, but rather prefers moving and talking. She has
difficulties in maintaining task concentration. In order to manage individual differences among
the subjects, meetings with parents were organized in order to explain to them the individual
phenotypic profile of their child and how to manage the emotional experience of the child as
well as their own. Specifically, therapists contacted the parents four times a month after the
initial meeting.

• Training to realize the procedures: The parents were instructed how to guide the two girls in the
acquisition of specific procedures, which consisted in cooking the girls’ favorite foods (spaghetti for
J. and biscuits for B.). Then, the girls were helped in acquiring information about the environments
in which they were supposed to cook (which objects to use and where they are located). Once a
week, the two girls were involved in making up their favorite food.

2.4. Evaluation of the Acquired Procedure

The evaluation of the acquired procedure was performed in a laboratory setting and was aimed
at recalling the procedures acquired at home to allow the transition from praxis to a symbolic action
when the girls reached a certain degree of autonomy. The session was guided by the experimenter
who developed the c.m.i.® approach (M.L.G.).

The first phase of the evaluation (after six months) consisted in performing a graphical trace,
which represented a symbolic reconstruction of the kitchen and objects used at home. Each girl
was seated next to the experimenter at a table on which some papers and markers were positioned.
First, the girl was guided in recovering the experience learned at home on the verbal level and
subsequently in the drawing of the objects and the ingredients she used at home for cooking the
selected food.

The second phase of the evaluation (after 10 months) consisted in the action on the represented,
which dealt with the description of the experience acquired at home through the use of mobile icons to
reproduce the motor action performed in the real scenario.

2.5. Physiological Signal Acquisition

During the evaluation procedure, the two subjects were equipped with two minimally obtrusive,
wireless, wearable sensors for the monitoring of the electrocardiogram (ECG) and galvanic skin
response (GSR). The ECG signal was acquired through the Shimmer ECG sensor (Shimmer Sensing,
Dublin, Ireland) with a sampling frequency of 500 Hz, whereas the GSR signal was captured by the
Shimmer3 GSR+ sensor (Shimmer Sensing, Dublin, Ireland) with a sampling frequency of 51.2 Hz.
The Shimmer ECG acquired the relevant signal attached to a fitness-like chest strap manufactured
by Polar Electro Oy (Kempele, Finland), whereas the Shimmer3 GSR+ captured the galvanic skin
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response by adhering to two nearby fingers of the subject’s non-dominant hand through comfortable
rings. The signals were acquired while the subject was seated on a chair at a table during the following
phases:

• Baseline (3′): Basal measurement. Here, the subject was asked to stay as still as possible.
• Task (15′): Signal acquisition during the proposed tasks.
• Recovery (3′): Post-task basal measurement. The subject was required to stay as still as possible,

similar to baseline.

2.6. Physiological Signal Analysis

The acquired physiological signals were processed using Matlab (Mathworks, Natick, MA, USA).
In particular, the ECG signal was analyzed using home-made scripts for the calculation of the tachogram
(RR series; i.e., the time elapsed between two successive R-waves) according to the Pan–Tompkins
algorithm [30] and to extract both time and frequency domain features characterizing the ANS for each
of the different phases.

The features extracted included:

• Heart rate (HR): the number of contractions of the heart occurring per time unit, expressed in bpm;
• Standard deviation of normal to normal RR intervals (SDNN): measure of heart rate variability

(HRV), expressed in ms;
• Normalized component of the power spectral density of the ECG signal at low frequency

(0.04–0.15 Hz) (nLF), which is related both to the sympathetic and parasympathetic response;
• Normalized component of the power spectral density of the ECG spectrum at high frequency

(0.15–0.4 Hz) (nHF), which is mainly related to the parasympathetic response;
• Low versus high frequency components of the power spectral density of the ECG spectrum

(LF/HF Ratio), which expresses the balance between the sympathetic and parasympathetic nervous
system branches.

GSR signal was analyzed using Ledalab V3.4.9 (General Public License (GNU)), a Matlab-based
tool enabling the user to extract typical features of the GSR signal, notably its tonic and phasic
components [31]. Specifically—albeit both of the abovementioned components were extracted—
for this work only the tonic phase was analyzed, since the rationale of the study aimed at comparing
the signal in the different phases rather than evaluating the response to a given single stimulation.

Additional details about the analysis procedure can be found in previous studies [32,33].

3. Results

To assess the effects of treatment for every child and, keeping in line with the case series design,
data were examined on an individual participant basis. Individual changes in social communication,
adaptive behavior and neural response to social stimuli are discussed below.

3.1. Behavioral Observations

After a six month period (follow-up) of behavioral observations of the two subjects included in
the present work, a critical evaluation was conducted concerning the experience carried out at home.

J. loved drawing. Compared to her previous drawings that were very static, she added an
increasing number of dynamic characteristics in her storytelling and her drawings (i.e., climbing stairs,
drying clothes). She was very precise and participated in the reconstruction of the objects, using
language, eye contact and checking whether the therapist or the adult was able to listen to her and
whether her work was being appreciated, as shown in Figure 1a.
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(a) (b) 

Figure 1. The first evaluation consisting in the graphical trace. (a) The drawing by J., (b) B. watches the
experimenter drawing while she verbalizes.

B. reported difficulties in terms of the graphical realization of the tasks demanded. She preferred
to use her voice to describe the steps of the recipe learned at home, while the experimenter realized
the drawing, as shown in Figure 1b. She displayed quite rich and cogent language, albeit not
always adherent to reality. The deposition of her mother was particularly interesting, as she reported
significantly less automated language and an optimal self-care when physically engaged in actions.

After 10 months (second follow-up), the re-evaluation consisted in the action of the represented
task, aimed at representing actions developed at home within the praxis procedure using mobile icons
on a re-constructed background. The adult helped the child in re-constructing the kitchen on a paper
sheet, positioning fixed objects (including furniture), whereas mobile ones were manipulated to narrate
the procedure of cooked food.

J. verbalized the different phases, being very careful in adding elements related to the procedure,
as shown in Figure 2a.

  
(a) (b) 

Figure 2. The second evaluation consisting in the action on the represented task. (a) The cooking of the
biscuits realized with the icons by J., (b) B. reconstructing the procedure of cooking spaghetti.

B. often used mobile elements with good motor and language competence. Compared to the
graphical trace evaluation, she expressed more self-control, as shown in Figure 2b.
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Importantly, both girls’ parents seemed to participate in their daughters’ work. They highlighted
with surprise and continuous discovery some characteristics of their daughters and they were more
attentive about the movements of their children in the environment and about the way actions were
followed (e.g., preparing “green” spaghetti and “white and black” biscuits, etc., spontaneously and
with personal semantic links between objects and actions).

3.2. Autonomic Nervous System Response—Graphical Trace

With J., the task highlighted the presence of verbalization with and without ocular contact.
When the drawing was similar to the experienced reality, the subject increased ocular contact
with respect to the therapist, whereas a stereotyped drawing drove her to hypo-regulation and
relational disinvestment.

According to behavioral observations, for J. the physiological signals were segmented in three
different sub-phases during the execution of the task: verbalization with eye-contact, verbalization
without eye-contact, and no response (during which she was concentrated on drawing and did not
reply to the experimenter).

Concerning the ECG, an increased HR and a decreased HRV during verbalization with ocular
contact was observed, as shown in Figure 3a,c. Conversely, during verbalization without eye contact,
as well as during non-response phases and less cognitively-demanding tasks, the HRV was significantly
increased, as shown in Figure 3c. Focusing on the SNS/PNS activation, it is worth noting that the SNS
activity increased during the task, with somewhat of a SNS withdrawal during the verbalization with
eye contact, probably due to a decrease in the stress level of the subject when interacting with the
therapist, as shown in Figure 3b,d.

 
Figure 3. ECG features for J. during the various phases of the graphical trace: (a) HR, (b) LF, (c) SDNN,
(d) LF/HF.

With J., the GSR signal displayed an increased phasic component, related to the response to a given
stimulation during the task, whereas the tonic component mainly increased at recovery, indicating that
the stress response, activated by the task performed, remained active after the completion of the task.

B. verbalized both during the execution of the graphical trace by the therapist and without the
drawing. According to this behavioral observation, for B. the physiological signals were segmented in
two different sub-phases during the execution of the task: verbalization with the graphical trace and
verbalization without the graphical trace.
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Concerning the ECG signal, the HR was increased from baseline to task during both phases,
probably suggesting a higher arousal level while performing the tasks, followed by a similar decrease
during recovery. Similar to the first subject, the HRV decreased here during the task, particularly
while verbalizing and performing graphical trace (i.e., during a higher emotionally-demanding task),
as shown in Figure 4a,c.

 
Figure 4. ECG features for B. during the various phases of the graphical trace: (a) HR, (b) LF, (c) SDNN,
(d) LF/HF.

Focusing on the SNS/PNS activation, the second subject already displayed an over-activation of the
SNS at baseline, with a PNS dominance during the task, ending with the return to a SNS prevalence at
recovery, with the opposite trend with respect to the first individual analyzed, as shown in Figure 4b,d.

The GSR signal revealed an increased tonic and phasic component at task, with further stress
evidence at recovery, possibly due to the environmental constraints necessarily applied to complete
the experimental task (i.e., sitting on a given chair, staying in a given room, etc.).

3.3. Autonomic Nervous System Response—Action on the Represented

In the second task, the action on the represented task, no specific sub-phases could be defined,
therefore the signals were not further segmented.

With J., an increased HR was observed with a contextual HRV decrease, probably suggesting
significant cognitive involvement by the subject, as shown in Figure 5. Focusing on the SNS/PNS
activation, the PNS component was dominating throughout the trial, with a slight increase in SNS
activity at task.

304



Brain Sci. 2020, 10, 382

Figure 5. ECG features for J. during the various phases of the action on the represented: (a) HR,
(b) pNN50.

The GSR signal showed an increased tonic component at task, probably suggesting an enhanced
emotional involvement, whereas the phasic component appeared to be decreased, possibly because
of the emotional involvement taking place for the engagement phase more than for the single
tasks administered.

With B., a decreased HR and HRV at task was noticed, probably due to relaxation and enhanced
task-demanded concentration, as shown in Figure 6.

The evaluation of SNS/PNS confirmed the tendency towards a SNS decrease at task, lasting up to
the recovery phase, confirming the regulatory effect of the demanded task, considering the different
basal involvement of the subject, who was more stressed at the beginning of the experimental protocol
with respect to the previous individual.

Finally, as for the GSR signal, both the tonic and phasic components are higher as long as the test
takes place, probably due to the abovementioned logistic constraints for the test administration for the
previous subject tested.
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Figure 6. HR/HRV for B. during the various phases of the action on the represented: (a) HR, (b) SDNN.

4. Discussion

The most important lesson learned during the test administration and the discussion of the results
of the present study protocol is the pivotal need for the personalization of the therapy that children
with neurodevelopmental disorders should undergo. Indeed, despite the fact that the present study
took into account just two subjects, with the same age and somewhat similar clinical characteristics,
the personal attitudes, behaviors, and past histories surely played a significant role in their responses,
with completely different neurophysiological adaptations to the tasks administered displayed by
the two children. Indeed, different autonomic responses were seen between the two individuals,
with different trends likely to be due to the personal attitudes of both subjects. With J., the clinical
observation and the physiological parameters show how the girl, when left alone, tends towards a
condition of hypo-regulation and relational closure. In this phase, she draws in a stereotyped way.
When asked to design her own experiences, on the contrary, she expresses good communication skills,
eye contact, and a greater adherence to the represented content. In this phase, the physiological
parameters show that she is more engaged in the task and she has a good relationship with the examiner
with the experiences she has learned in her own reality. With B.—who also has a hyper-regulated
neurosensory profile at the baseline—progressive emotional regulation, emotional engagement and,
therefore, good homeostasis, was obtained through cognitive reorganization (graphic trace, action on
the represented task) and the narration of her experiences. Notably she remains regulated in the
recovery phase after performing the drawing and the action on the represented task, as if, through this
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experience of reorganization, she could reach the regulation of her emotional components that usually
tend to be dysregulated, impulsive and destabilizing.

These observations of individual characteristics and autonomic responses of the subjects,
that happen quite often in presence of subjects with ASD, even with similar clinical characteristics,
pave the way to a strongly personalized approach to the treatment.

To this extent, the proof of concept related to the importance of precision medicine in
neurodevelopmental disorders has been already highlighted in past years, with interesting links
postulated within the framework of genotype–phenotype relationships [34]. Indeed, treatment
personalization might provide some benefit by addressing some of the deficits shown by children,
even in the field of neurodevelopmental disorders [35].

The present work suggests that the cognitive–motivational–individualized (c.m.i.®) approach,
the main focus of our investigation, sets its basis on this concept, completely relying on providing a
complete overview of the individual aspects of a child and taking into account both cognitive and
motivational dimensions to optimize the treatment outcome. In particular, the therapist administering
the protocol should be able to empower the positive mindset of the individual treated. Indeed, ASD,
even more than other neurodevelopmental disorders, presents individuals that are highly motivated to
engage in their special interests, and are more motivated than non-ASD subjects (particularly typically
developing controls) by intrinsic motivational factors, some of which are associated with positive
effects [36]. Additionally, cognitive level should be taken into account in ASD, as demonstrated by the
positive cognitive gains that behavioral and cognitive therapy has on individuals with ASD during
adolescence (see [37] for an example) and even during adulthood [38].

Such positive preliminary impressions, albeit necessitating the confirmation on large-scale studies
brought forward by the first results of this investigation, should be carefully considered, even in light of
some acknowledged limitations. At first, the enrollment of just two subjects does not allow us to draw
conclusions applicable to the general ASD population, or even to its subgroups (i.e., High-Functioning
ASD); however, it gives us room for further investigation, applying c.m.i.® to larger cohorts likely
to confirm an extreme heterogeneity of the treatment response. Notably, this study represents a
proof-of-concept for the application of the c.m.i.® approach, which is based on a theoretical framework,
and on the assessment of the physiological response of subjects with ASD during such treatment.

Second, the application, in this protocol, of c.m.i.® to only female subjects could reveal cognitive,
behavioral and motivational characteristics that are specifically gender-biased, thus not reflecting the
reality possibly observed among males, which represent the vast majority of ASD individuals (see [39]
for some estimates).

Third, the fact that the two subjects enrolled belonged to an age group between 6 and 10 years,
together with the absence of a control group, made it difficult to ascertain the likely positive effect due
to c.m.i.® with respect to a general positive effect due to age. Therefore, future studies should include
a control group to effectively discriminate further the contribution of c.m.i.® to the personal cognitive
growth of ASD children.

Fourth, the use of wearables, even if recently more frequent in the scientific literature dealing
with ASD (see, for example, [40,41]), should take advantage of a wider, better grounded amount of
data, which will be possible step-by-step in next few years when such methodologies, still relatively
new in the neurophysiological monitoring of ASD, will fully enter scientific society.

Under such premises, still taking into full consideration the abovementioned limitations, and if
confirmed on large-scale studies, the proposed approach could flank traditional therapies, possibly
improving the patients’ outcomes based on their own specificities, paving the way for precision
medicine in ASD and neurodevelopmental disorders. Further studies are needed to extensively apply
and validate the proposed approach in a clinical setting.
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5. Conclusions

The pilot study described here presented a novel approach for improving cognitive features
of children and adolescents with ASD, leaning on personal motivations and own interests.
Despite presenting some benefits for the patients included in the present study, the beneficial effects
of this approach should be confirmed on larger cohorts, also taking advantage of the enrollment of
control groups, lacking in our protocol. Eventual, likely positive results would further enable the
large-scale application of the c.m.i. approach flanking traditional cognitive and behavioral therapies.
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Abstract: Atypical motor patterns are potential early markers and predictors of later diagnosis of
Autism Spectrum Disorder (ASD). This study aimed to investigate the early motor trajectories of infants
at high-risk (HR) of ASD through MOVIDEA, a semi-automatic software developed to analyze 2D and
3D videos and provide objective kinematic features of their movements. MOVIDEA was developed
within the Italian Network for early detection of Autism Spectrum Disorder (NIDA Network),
which is currently coordinating the most extensive surveillance program for infants at risk for
neurodevelopmental disorders (NDDs). MOVIDEA was applied to video recordings of 53 low-risk
(LR; siblings of typically developing children) and 50 HR infants’ spontaneous movements collected
at 10 days and 6, 12, 18, and 24 weeks. Participants were grouped based on their clinical outcome
(18 HR received an NDD diagnosis, 32 HR and 53 LR were typically developing). Results revealed
that early developmental trajectories of specific motor parameters were different in HR infants later
diagnosed with NDDs from those of infants developing typically. Since MOVIDEA was useful in the
association of quantitative measures with specific early motor patterns, it should be applied to the
early detection of ASD/NDD markers.

Keywords: neurodevelopmentaldisorders; autismspectrumdisorder; high-risk infants; motordevelopment;
screening; technology

1. Introduction

Neurodevelopmental disorders (NDDs) are a group of conditions with onset in the developmental
period characterized by impairments of personal, social, and academic functioning (Diagnostic and
statistical manual of mental disorders, DSM-5, APA 2013). The global rate of NDDs from 2009–2011
to 2015–2017 increased from 16.2% to 17.8% (e.g., Autism Spectrum Disorder (ASD): 1.1–2.5%;
Attention-Deficit/Hyperactivity Disorder: 8.5–9.5%) [1]. Given the importance of early detection and
intervention programs in improving infants’ and parents’ outcomes, previous research focused on
the identification of early biomarkers and behavioral measures to determine risk status even before
the emergence of clear behavioral symptoms [2,3]. In this scientific framework, the Italian National
of Health hosts the Network for early detection of Autism Spectrum Disorders (NIDA Network),
including pediatric hospitals and clinical research centers of Italian territory with high expertise in
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early detection and intervention programs in ASD. The NIDA Network delivered new tools and
standards for research and clinical development across the nation and is currently coordinating the
most extensive surveillance program of development in infants at risk for NDDs in Italy. The aim
of the NIDA Network is the early detection of behavioral markers of NDDs to provide intervention
programs in a timely manner.

Several studies revealed that some early behavioral measures might be effective in predicting
abnormal developmental trajectories [4–7]. Moreover, a growing body of literature pointed toward
nonsocial behavioral measures, such as motor skills, restricted and repetitive interests, sensory and
visual processing, and attention disengagement [8–11]. Significant findings emerged from studies
focusing on early motor development of children later diagnosed with NDDs [10,11]. Indeed, both fine
and gross motor impairments are associated with NDD occurrence in the general population [8] and
high-risk infants (i.e., siblings of children with a diagnosis of ASD, preterm and low birth weight
infants) [9,10,12,13]. Overall, the most frequently reported early motor signs of NDDs are abnormalities
in fluency, complexity, and variability of spontaneous general movements, and delays in early gross
motor milestones [14,15], motor maturity [8,16], and motor functioning [17,18]. Findings reflect the
heterogeneity of clinical symptomatology of NDDs, and instruments adopted to evaluate infants’
motor patterns are extremely variable, ranging from analysis of General Movements (GMs) based on
the Prechtl method assessment to parental reports and specific clinical motor batteries [19–25].

The study of motor development at an early age may be crucial in ASD research fields [26,27].
Indeed, several studies showed that the motor patterns of infants later diagnosed with ASD appeared
consistently less developed than in neurotypical peers (see review [28,29]) and that spontaneous motor
activity was impaired already in the first months of life [25,30]. Moreover, some studies addressing
differences in motor milestones documented the presence of early repetitive behaviors in infants with
ASD compared to ones with typical development or developmental disabilities, starting from six
months of age [31–33].

Relevant findings emerged from studies regarding the early motor development of siblings of
children with ASD (high-risk (HR) infants) who present an increased risk (~20%) of developing ASD
compared to the general population [34]. Mounting research highlights that their motor developmental
trajectories differ from those at low risk (LR; siblings of children without a diagnosis of ASD/NDD) at a
mere six months of age [22,24,35–40]. A recent systematic review showed that fine motor competencies
at six months predicted the clinical outcome [9] and language skills of siblings of children with
ASD [22]. Moreover, very early repetitive/stereotypical behaviors and atypical body movements
(6–12 months [41], 12 months [42], and from 18 months [43]) were reported to be associated with ASD
outcome in HR infants, in line with the acknowledgement of restricted and repetitive behaviors as a
core symptom of ASD.

Although the use of innovative technological instruments has increased over recent decades,
limited impacts were observed on early screening and detection of ASD/NDDs [44]. Given the
importance of further exploring early motor trajectories, more research should be promoted to
implement technological tools to obtain objective measures of motor patterns and describe quantitative
and qualitative features of infant movements. Over the last few decades, a set of innovative
technologies, including computer vision and motion sensor-based approaches, as well as machine
learning approaches, were implemented with the aim to emulate GM analysis and pinpoint objective
measures of kinematic analysis [45–52], but none were transferred to clinical practice.

Recently, the NIDA Network developed a motion-tracking technology named MOVIDEA [46].
The technology was developed under the arising need to identify an easy, cost-effective instrument
to investigate early motor markers of NDDs. MOVIDEA is a noninvasive technology measuring
quantitative motor patterns in infants through two- and three-dimensional kinematic analyses [46].
The current study describes the application of MOVIDEA on a large library of video recordings of
spontaneous movements of LR and HR infants. Our aim was to detect early quantitative differences
in the motor trajectories of HR infants who received a diagnosis of NDDs or who did not receive
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a diagnosis compared to LR age-matched peers. Due to the small sample size of HR infants who
developed ASD (n = 3), we included them in the group of infants who developed NDDs (n = 15),
resulting in a total sample size of 18 infants with NDDs.

Evaluation of kinematic parameters permitted the investigation motor differences as a function of
age and outcome, with the aim to improve early discrimination and screening of infants at higher risk
of developing NDDs.

2. Materials and Methods

2.1. Participants

The current study was performed within the NIDA Network, enrolling LR and HR infants
with the aim of detecting early signs of ASD/NDD through the recording and analysis of infant cry
and motor patterns at 10 days and 6, 12, 18, and 24 weeks of age. At 6, 12, 18, 24, and 36 months,
each infant/toddler underwent a comprehensive clinical/diagnostic assessment using standardized
tools/tests and structured interviews, with parents for checking the presence/absence of an ASD or
NDD diagnosis. Infant recruitment and data collection are still ongoing. The present study was
carried out according to the standards for good ethical practice and the guidelines of the Declaration
of Helsinki. The study protocol was approved by the Ethics Committee of the Italian Institute of
Health (Approval Number: Pre 469/2016). A written informed consent from a parent/guardian of each
participant was obtained.

For the purposes of the current study, the sample included data from 103 infants (54 females
and 49 males), of which 53 were LR (infants with a sibling without any clinical diagnosis and no
family history of ASD) and 50 were HR (infants with an older sibling with a clinical diagnosis of
ASD). The inclusion criteria for infants were: (1) gestational age ≥ 36 weeks; (2) birth weight ≥ 2500 g;
(3) Apgar index > 7 at the 5th minute; (4) absence of known medical, genetic, or neurological conditions
associated with ASD; (5) absence of major complications in pregnancy and/or delivery likely to affect
brain development.

HR infants were subdivided into two groups based on their clinical outcome at 24 or 36 months
(using the Autism Diagnostic Observational Scale [53] and the DSM-5 criteria), as confirmed by expert
clinicians of the NIDA team blinded to experimental data, resulting in 18 HR infants diagnosed with
NDDs (HR-NDD) and 32 who did not receive any diagnosis (HR-no diagnosis). Infants in the LR
group did not receive any clinical diagnosis at 24 or 36 months.

Video recordings of spontaneous movements were performed at 10 days and 6, 12, 18, and 24 weeks
of age at home while the infant was lying on the bed (either naked or in a bodysuit not covering
the limbs). To acquire images of spontaneous movement of the full infant body, the camera was
placed 50 cm above the child and at chest height. See Table 1 for the description of the participants’
characteristics and age during assessment.

Table 1. Video recordings available at various ages of assessment.

Age of
Assessment

LR (n = 53) HR-No Diagnosis (n = 18) HR-NDD (n = 32)

Female Male Female Male Female Male

n n n n n n
10 days 16 31 7 15 5 7
6 weeks 21 43 12 21 4 12

12 weeks 24 46 15 24 5 13
18 weeks 16 36 15 23 5 8
24 weeks 12 28 8 13 7 14

LR: Low-risk infants with a typical development; HR-NDD: High-risk infants diagnosed with NDDs; HR-No
diagnosis: High-risk infants who did not receive any diagnosis.
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2.2. Kinematic Analysis through MOVIDEA Software

Before applying MOVIDEA to the video library, each video was assessed for its eligibility for
analysis. Then, one author cut each video to ensure the same properties, i.e., 3 min length, infant in
supine position, in a condition of a quite awake state, well-being, and spontaneous motor activity,
without crying or fussing episodes. Video frames containing interferences caused by the operator or
parents or accidental movements of the camera were excluded from the analysis. Videos were analyzed
by two coders blinded to the infant’s risk status (LR or HR). Prior to starting coding, coders were
trained and reached an excellent degree of agreement.

The MOVIDEA software computed the motor features using two different approaches. First,
the trajectories covered by the infant’s limbs during the free movement were extracted using a
semi-automatic limb-tracking procedure. Second, movement quantification was performed through
image processing techniques applied to the video frames. The software was developed using MATLAB
ver. R2017a and its standard tools.

We analyzed the following set of kinematic features considered to eb meaningful for the
identification of pathological motion patterns [46,54]:

• Quantity of motion (Qmean), i.e., the mean number of pixels where movement occurred divided
by the total number of pixels in the image (percentage);

• Centroid of motion (C), i.e., the central point (2D coordinates measured in pixels) of the infant’s
movement computed for each motion image extracted from the video recording (Figure 1),
with analysis of standard deviation in the X (Cxsd) and Y directions (Cysd), velocity (Vcmean),
and acceleration (Acmean);

• Periodicity for the left and right hands (H-periodicity) and for the left and right feet (F-periodicity),
which were nondimensional parameters aimed at measuring the presence of repetitive movements
in the motion of the limbs.

Figure 1. Graphic representation of the centroid of motion in the X and Y directions. The blue line depicts
the trajectory of the centroid of motion of the infant’s movement extracted from a video recording.

For details on the methods used to estimate measures as references and tracking methods, refer to
Baccinelli and colleagues [46].

2.3. Statistical Analysis

An Analysis of Variance (ANOVA) with repeated measures was performed to analyze the
kinematic parameters extracted by the MOVIDEA software (refer to Baccinelli and colleagues [46]),
with the outcome (LR, HR-no diagnosis, and HR-NDD infants) as factor and age (10 days and 6, 12, 18,
and 24 weeks) as the repeated measures. No significant sex differences were detected in the motor
parameters analyzed. For this reason, data regarding sex were collapsed. Post-hoc comparisons were
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performed using Newman Keuls test. For all comparisons, significance was set at a p-value below 0.05.
All statistical analyses were conducted using STATA 12.0 software (Stata Statistical Software: Release
12. College Station, TX, USA: StataCorp LP) [55,56].

3. Results

Using the MOVIDEA software, we evaluated specific kinematic parameters related to upper and
lower limb movements in the space and using the head and the trunk as references (see Table 2).

Table 2. MOVIDEA kinematic parameters’ means (SD) of the three groups of infants (LR,
HR-no diagnosis, and HR-NDD).

Parameter
LR HR-No Diagnosis HR-NDD

n Mean (SD) n Mean (SD) n Mean (SD)

Qmean

10 days 31 0.008 (0.006) 15 0.008 (0.003) 7 0.006 (0.005)
6 weeks 43 0.012 (0.008) 21 0.014 (0.005) 12 0.016 (0.009)
12 weeks 46 0.011 (0.006) 24 0.015 (0.009) 13 0.019 (0.005)
18 weeks 36 0.010 (0.007) 23 0.018 (0.011) 8 0.012 (0.005)
24 weeks 28 0.011 (0.009) 13 0.016 (0.009) 14 0.017 (0.009)

Cxsd

10 days 31 58.210 (21.422) 15 46.589 (13.116) 7 53.976 (13.967)
6 weeks 43 51.999 (13.722) 21 43.243 (10.278) 12 43.372 (9.371)
12 weeks 46 54.223 (14.314) 24 41.800 (10.001) 13 39.843 (9.384)
18 weeks 36 57.612 (16.725) 23 49.113 (23.310) 8 48.621 (15.325)
24 weeks 28 55.010 (15.419) 13 52.645 (19.299) 14 53.890 (16.267)

Cysd

10 days 31 72.398 (31.810) 15 78.819 (34.812) 7 78.012 (23.567)
6 weeks 43 57.223 (19.110) 21 68.222 (23.111) 12 65.830 (21.765)
12 weeks 46 55.230 (20.111) 24 68.450 (20.701) 13 62.692 (18.991)
18 weeks 36 58.716 (25.416) 23 68.412 (24.411) 8 71.768 (26.802)
24 weeks 28 62.320 (18.799) 13 63.899 (23.789) 14 68.175 (16.267)
Acmean

10 days 31 −0.015 (0.071) 15 0.017 (0.052) 7 0.161 (0.307)
6 weeks 43 −0.002 (0.024) 21 −0.002 (0.028) 12 −0.001 (0.043)

12 weeks 46 −0.004 (0.030) 24 0.001 (0.027) 13 −0.005 (0.015)
18 weeks 36 0.016 (0.052) 23 −0.005 (0.033) 8 −0.011 (0.034)
24 weeks 28 −0.017 (0.139) 13 −0.002 (0.041) 14 −0.023 (0.030)
Vcmean

10 days 31 26.835 (7.432) 15 23.040 (5.128) 7 24.640 (5.665)
6 weeks 43 28.396 (6.225) 21 24.624 (5.356) 12 24.250 (4.036)
12 weeks 46 31.726 (7.301) 24 26.374 (5.170) 13 24.194 (4.570)
18 weeks 36 32.792 (8.828) 23 27.730 (9.116) 8 28.687 (6.638)
24 weeks 28 28.652 (7.402) 13 27.884 (10.032) 14 27.466 (8.335)

H-periodicity

10 days 31 0.034 (0.012) 15 0.035 (0.006) 7 0.030 (0.004)
6 weeks 43 0.041 (0.011) 21 0.040 (0.013) 12 0.046 (0.014)
12 weeks 46 0.041 (0.010) 24 0.044 (0.018) 13 0.049 (0.013)
18 weeks 36 0.039 (0.010) 23 0.042 (0.018) 8 0.038 (0.010)
24 weeks 28 0.043 (0.013) 13 0.049 (0.023) 14 0.043 (0.011)

F-periodicity

10 days 31 0.032 (0.007) 15 0.035 (0.007) 7 0.031 (0.003)
6 weeks 43 0.043 (0.011) 21 0.045 (0.014) 12 0.052 (0.018)
12 weeks 46 0.047 (0.015) 24 0.053 (0.022) 13 0.052 (0.017)
18 weeks 36 0.042 (0.015) 23 0.047 (0.016) 8 0.037 (0.010)
24 weeks 28 0.044 (0.014) 13 0.042 (0.012) 14 0.043 (0.010)

LR: Low-risk infants with typical development; HR-no diagnosis: High-risk infants who did not receive any
diagnosis; HR-NDD: High-risk infants diagnosed with NDDs. Qmean: Quantity of motion; Cxsd: Standard
deviation in the X direction of centroid of motion; Cysd: Standard deviation in the Y direction of centroid of motion;
Acmean: Mean acceleration of centroid of motion; Vcmean: Mean velocity of centroid of motion; H-periodicity:
Periodicity for the left and right hands; F-periodicity: Periodicity for the left and right feet.
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3.1. Quantity of Motion

Analysis revealed a main effect of the outcome (F(2,319) = 8.83; p = 0.0002) with HR-NDD and
HR-no diagnosis infants moving more than LR infants (p = 0.001 and p < 0.0001, respectively) and a
main effect of the age (F(4,319) = 7.16; p < 0.0001) with differences at 10 days compared to 6, 12, 18,
and 24 weeks (p < 0.0001 for all comparisons) (Figure 2).

 
Figure 2. Quantity of motion in a 3-min session, measured at 10 days and 6, 12, 18, and 24 weeks in three
groups of infants (LR, n = 53; HR-no diagnosis, n = 32; HR-NDD infants, n = 18). d = days; wks =weeks.
Data are expressed as mean ± SEM. * p < 0.05 and ** p < 0.01 between HR-NDD and LR infants; # p < 0.05
and ## p < 0.01 between HR-no Diagnosis and LR infants.

Post-hoc comparisons performed on the two-way interaction outcome at x age (F(8,319) = 1.69;
p = 0.1003) reported that HR-NDD and HR-no diagnosis infants moved more compared to LR infants
at 12 weeks (p = 0.001 and p = 0.023, respectively). HR-no diagnosis infants moved more compared to
LR infants at 18 weeks (p < 0.0001), and HR-NDD infants moved more compared to LR at 24 weeks
(p = 0.031).

3.2. Centroid of Motion (Cxsd and Cysd)

Analysis revealed a main effect of the outcome (Cxsd: (F(2,319) = 10.76; p < 0.0001;
Cysd (F(2,319) = 4.81; p < 0.0088. HR-NDD and HR-no diagnosis infants showed lower mean
values of Cxsd compared to LR infants (respectively: p = 0.001; p < 0.001) (Figure 3) and a higher
mean value of Cysd compared to LR infants (respectively: p = 0.027; p = 0.003) (Figure 4). Analysis
revealed a main effect of age for Cxsd (F(4,319) = 3.50; p = 0.0081), with differences at 10 days compared
to 6 weeks (p = 0.025) and 12 weeks (p = 0.033), at 6 weeks compared to 18 weeks (p = 0.026) and
24 weeks (p = 0.026), and at 12 weeks compared to 18 weeks (p = 0.035) and 24 weeks (p = 0.034).
Analysis revealed a main effect of age for Cysd (F(4,319) = 2.39; p = 0.0508), with differences at 10 days
compared to 6 weeks (p = 0.002), 12 weeks (p < 0.0001), 18 weeks (p = 0.009), and 24 weeks (p = 0.013).

Post-hoc comparisons performed on the two-way interaction outcome at x age (Cxsd: F(8,319) = 0.67;
p = 0.7198; Cysd: F(8,319) = 0.25; p = 0.9812) revealed that HR-NDD infants showed a lower mean value of
Cxsd in comparison to LR infants at 12 weeks (p = 0.004). HR-no diagnosis infants showed a lower mean
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value of Cxmean in comparison to LR infants at 10 days (p = 0.019), at 6 weeks (p = 0.043), at 12 weeks
(p = 0.002), and at 18 weeks (p = 0.046). HR-No diagnosis infants showed a higher mean value of Cysd in
comparison to LR infants at 18 weeks (p = 0.027).

 
Figure 3. Standard deviation of centroid of motion in X direction (Cxsd) in a 3-min session, measured
at 10 days and 6, 12, 18, and 24 weeks in three groups of infants (LR, n = 53; HR-no diagnosis, n = 32;
HR-NDD infants, n = 18), d = days; wks = weeks. Data are expressed as mean ± SEM. ** p < 0.01
between HR-NDD and LR infants; # p < 0.05 and ## p < 0.01 between HR-no diagnosis and LR infants.

 
Figure 4. Standard deviation of centroid of motion in Y direction (Cxsd) in a 3-min session, measured
at 10 days and 6, 12, 18, and 24 weeks in three groups of infants (LR, n = 53; HR-no diagnosis, n = 32;
HR-NDD infants, n = 18). d = days; wks = weeks. Data are expressed as mean ± SEM. # p < 0.05
between HR-no diagnosis and LR infants.
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3.3. Velocity of Centroid of Motion

Analysis revealed a main effect of the outcome (F(2,319) = 10.96; p < 0.0001), with HR-NDD and
HR-no diagnosis infants showing reduced mean values of velocity of centroid of motion than LR infants
(p < 0.0001 for both comparison groups) (Figure 5), and a main effect of age (F(4,319) = 3.22; p = 0.0130),
with differences at 10 days compared to 12 weeks (p = 0.005), 18 weeks (p < 0.0001), and 24 weeks
(p = 0.041), and at 6 weeks compared to 12 weeks (p = 0.040) and 18 weeks (p = 0.001).

 

Figure 5. Mean velocity of centroid of motion in a 3-min session, measured at 10 days and 6, 12, 18,
and 24 weeks in three groups of infants (LR, n = 53; HR-no diagnosis, n = 32; HR-NDD infants, n = 18).
d = days; wks = weeks. Data are expressed as mean ± SEM. ** p < 0.01 between HR-NDD and LR
infants; ## p < 0.01 between HR-no diagnosis and LR infants.

Post-hoc comparisons performed on the two-way interaction outcome at x age (F(8,319) = 0.72,
p = 0.6749) revealed that HR-NDD and HR-no diagnosis infants showed reduced mean values of
velocity of centroid of motion compared to LR infants at 12 weeks (p = 0.001 and p = 0.003, respectively)
and HR-no diagnosis infants at 18 weeks compared to LR infants (p = 0.008).

3.4. Acceleration of Centroid of Motion

Analysis revealed a main effect of the outcome (F(2,319) = 3.25; p = 0.0402), with HR-NDD infants
showing increased acceleration of centroid of motion than LR infants (p = 0.050), and a main effect
of age (F(4,319) = 5.88; p < 0.0001), with differences at 10 days compared to 12 weeks (p = 0.040) and
24 weeks (p = 0.009).

Post-hoc comparisons performed on the two-way interaction outcome at x age (F(8,218) = 4.55;
p < 0.0001) revealed that HR-NDD infants significantly differed from both LR and HR-no diagnosis
infants at 10 days, showing a higher mean value of acceleration of centroid of motion (p < 0.0001 for
both comparison groups) (Figure 6).

3.5. Periodicity

Analysis did not reveal a main effect of the outcome for either hand periodicity (F(2,319) = 1.28;
p = 0.2803) or foot periodicity (F(2,319) = 1.22; p = 0.2956). Analysis revealed a main effect of
age (hand periodicity: F(4,319) = 6.39; p = 0.0001; foot periodicity: F(4,319 = 10.66; p < 0.0001).
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Hand periodicity was decreased at 10 days compared to 6, 12, 18, and 24 weeks (p < 0.0001) and at 18
compared to 24 weeks (p = 0.041) (Figure 7). Foot periodicity was decreased at 10 days compared to 6,
12, 18, and 24 weeks (p < 0.0001) and at 6 compared to 12 weeks (p = 0.038). By contrast, foot periodicity
was increased at 12 weeks compared to 18 weeks (p = 0.003) and 24 weeks (p = 0.011) (Figure 8).

 

Figure 6. Mean acceleration of centroid of motion in a 3-min session, measured at 10 days and 6, 12,
18, and 24 weeks in three groups of infants (LR, n = 53; HR-no diagnosis, n = 32; HR-NDD infants,
n = 18). d = days; wks = weeks. Data are expressed as mean ± SEM. ** p < 0.01 between HR-NDD and
LR infants.

 
Figure 7. Hand periodicity in a 3-min session, measured at 10 days and 6, 12, 18, and 24 weeks in
three groups of infants (LR, n = 53; HR-no diagnosis, n = 32; HR-NDD infants, n = 18). d = days;
wks =weeks. Data are expressed as mean ± SEM. Periodicity is a nondimensional value.
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Figure 8. Foot periodicity in a 3-min session, measured at 10 days and 6, 12, 18, and 24 weeks in three
groups of infants (LR, n = 53; HR-no diagnosis, n = 32; HR-NDD infants, n = 18). d = days; wks =weeks.
Data are expressed as mean ± SEM. Periodicity is a nondimensional value.

4. Discussion

The study of early motor patterns might be effective in predicting abnormal developmental
trajectories of infants at risk for developing ASD/NDD. Technological tools able to obtain objective
measures of specific motor parameters might support the early detection of NDDs. To this aim,
the Italian Network for early detection of Autism Spectrum Disorder (NIDA Network) developed a
noninvasive motion-tracking technology, named MOVIDEA, to measure quantitative motor patterns
in infants at risk for NDDs.

The main objective of this study was to investigate very early motor trajectories of infants at
risk for developing ASD through MOVIDEA, a semi-automatic software able to analyze 2D and 3D
videos and provide objective kinematic features of their movements. To our knowledge, this is the first
research devoted to a detailed characterization of kinematic motor patterns in HR infants within the
first six months of life. Overall, our findings revealed that early motor patterns of HR infants later
diagnosed with NDDs (HR-NDD) differed from those of HR and LR infants who did not receive any
diagnosis (HR-no diagnosis: high-risk infants who did not receive any diagnosis; LR: low-risk infants
with typical development).

First, HR infants later diagnosed with NDDs moved more compared to typically developing
LR infants and differences also emerged between HR infants who did not receive any diagnosis and
LR infants at 12 and 18 weeks. Thus, HR infants seem to exhibit more active motor profiles during
the first six months of life. One possible explanation may be their different abilities to perceive and
respond to external stimuli and generate adequate motor responses to them. Abnormalities in the
inhibition/excitation system in the cortical and subcortical motor regions could underlie general motor
dysfunctions associated with NDDs [57]. Self-regulation behaviors (general irritability, range of states,
state regulation, regulation capability) were described as predictors of psychomotor development at
4 and 12 months [58]. Self-regulation difficulties were reported to be present in children with ASD at
only one year of age [59,60]. Moreover, neurobiological studies showed that self-regulation in ASD
is related to dysfunction in certain brain circuits associated with social–emotional processing [59,61],
suggesting the importance of assessing neonatal motor features during development [58].

Second, variability of the “centroid of motion” parameter was different between HR and LR
infants. Since the centroid of motion is the central point of the infant’s movement in a given motion
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image, its standard deviation in the X and Y directions throughout the video recording provide
information regarding the variability of the location of the free movement’s central point. On the other
hand, the velocity and acceleration of the centroid of motion provide a measure regarding how fast
the global movement changes over time and if significant jerks of movements are present. Our data
reported that HR infants later diagnosed with NDDs moved in the X direction with reduced variability
at 12 weeks of age at the same time point during which they expressed an increased quantity of motion
compared to LR infants. Also, HR infants who did not receive any diagnosis moved in the X direction
with reduced variability across several time points of development (from 10 days to 18 weeks of
age), and increased variability of centroid of motion was measured in the vertical direction (Cysd)
at 18 weeks of age. Differences also emerged in the acceleration and velocity of centroid of motion.
HR infants later diagnosed with NDDs showed increased acceleration of centroid of motion at 10 days
after birth, compared to HR and LR infants who did not receive any diagnosis. Also, HR infants later
diagnosed with NDDs and HR who did not receive any diagnosis demonstrated decreased velocity
of centroid of motion compared to LR infants at 12 weeks of age. Differences remained significant
at 18 weeks for HR infants who did not receive any diagnosis. Even if MOVIDEA provided mixed
findings, it seems that the movement of HR-NDD infants is characterized by reduced variability and
velocity as well as increased acceleration. It is possible that abnormal patterns of centroid of motion in
HR infants may reflect abnormal quality of movement, as already observed through the GM evaluation,
and could be predictive of a later diagnosis of NDDs. Typical GMs are characterized by complexity
and variation [62], supporting the hypothesis that motor variability and appropriate integration of
sensorimotor information are expressions of typical motor development [63,64]. A lack of movement
variability was mostly identified in infants who developed delays or disabilities [65–67] and abnormal
GMs were reported in several infants with ASD and NDDs [25,30,68,69]. Moreover, a previous study
measuring kinematic parameters using wearable sensors in 1–8-month-old infants detected different
acceleration features between at-risk infants diagnosed with developmental delay or with no diagnosis
and infants with typical development [70].

Finally, MOVIDEA detected changes across age of development in hand and foot periodic
movements. Periodicity was described as the repetition of the same movement multiple times with
high amplitude of the end effectors [54]. The presence of certain motor repetitive behaviors in early
infancy is considered a necessary step for the development of voluntary purposeful movements and
seems to have an adaptive role. Thus, these are considered to be indices of a typical psychomotor
development [71]. However, increased frequency of repetitive movements was widely described
in various NDDs [33,72], reflecting a continuum extending from typical to atypical development.
We speculate that atypical periodicity, especially for the upper extremities, could interfere with later
manual exploration or poor development of fine motor skills. During the fidgety period, the upper
limb movement repertoire undergoes a maturational process, with the enrichment of motor patterns
addressing the exploration of the body and environment, while the lower limb repertoire appears to be
functionally limited [50].

In conclusion, our results revealed that HR infants who received a diagnosis of NDD showed an
increased general motor activity associated with reduced variability and velocity, as well as increased
acceleration of global movement in the space. Moreover, we reported patterns of increased periodicity
of limbs, especially for the upper limbs, throughout the first 12 weeks of age. This developmental
profile may reflect the motor difficulties of HR-NDD infants during the writhing and fidgety periods
and provide a window into which it is possible to more deeply investigate the development of motor
competences in high-risk infants.

The subtle motion analysis through MOVIDEA has several advantages and strengths. Nowadays,
most movement assessment systems used for infants require external tracking equipment, i.e., special
markers or wearable sensors to be located on the limbs, which are not easily adaptable to different
recording settings [52]. Conversely, MOVIDEA gives the chance to obtain measurements via
noninvasive assessment without any additional special devices that could interfere with spontaneous
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infant motor activity. It is important to consider that the use of noninvasive technology may well fit
recordings in real-life settings and naturalistic neonatal environments (e.g., hospitals, pediatrician
ambulatories, homes), thereby allowing detailed motion analysis. In particular, possible applications
of the MOVIDEA tracking system may be on home-video segments, as well as on videos recorded
in clinical settings to routinely monitor infants at neurodevelopmental risk. These videos may
be recorded directly by parents/caregivers or professionals minimally trained to videotape infants,
taking into account the experimental set-up described in the methodological section. Moreover,
MOVIDEA collects measurable and quantifiable information not based on visual scoring of infant
motor performances, completed by clinicians during well-child visits or trained operators. We believe
that this computer-based analysis of infants’ movements may support and integrate the analysis of
motor patterns of infants at risk of NDDs in research settings [73,74]. Further studies could explore
whether the features extracted by MOVIDEA software correlate with the qualitative and quantitative
analysis performed by GM experts.

Some limitations of this study should be discussed. First, only a small sample size of HR-NDD
infants was collected. Due to this limitation, it was not possible to carry out statistical analysis
according to each separate NDD. Second, the accuracy of the extracted MOVIDEA features still need
to be implemented and validated by experts in the field.

Overall, this experimental study identified potential early behavioral indexes that are related to
later diagnosis of NDDs and may be precursors of altered movements during goal-directed behaviors.
Moreover, the findings highlight the importance of a longitudinal assessment of motor development
for LR and HR infants. Expanding knowledge regarding typical and atypical motor competencies is
useful to detect a developmental motor trajectory as early as possible in the first weeks of life. Further
video analyses should be carried out using the MOVIDEA software to increase the potential value of
this objective, reliable, and quantifiable technology to identify early motor deficits in infants at risk
for NDD.
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Abstract: Autism spectrum disorder (ASD) is a common neurodevelopmental disorder characterized
by difficulties with social interaction, repetitive behavior, and additional features, such as special
interests. Its precise etiology is unclear. Recently, immunological mechanisms, such as maternal
autoantibodies/infections, have increasingly been the subject of discussion. Cerebrospinal fluid
(CSF) investigations play a decisive role in the detection of immunological processes in the brain.
This study therefore retrospectively analyzed the CSF findings of adult patients with ASD. CSF
basic measures (white blood cell count, total protein, albumin quotient, immunoglobulin G (IgG)
index, and oligoclonal bands) and various antineuronal antibody findings of 36 adult patients with
ASD, who had received lumbar puncture, were compared with an earlier described mentally healthy
control group of 39 patients with idiopathic intracranial hypertension. CSF protein concentrations
and albumin quotients of patients with ASD were significantly higher as compared to controls (age
corrected: p = 0.003 and p = 0.004, respectively); 17% of the patients with ASD showed increased
albumin quotients. After correction for age and gender, the group effect for total protein remained
significant (p = 0.041) and showed a tendency for albumin quotient (p = 0.079). In the CSF of
two ASD patients, an intrathecal synthesis of anti-glutamate decarboxylase 65 (GAD65) antibodies
was found. In total, more of the ASD patients (44%) presented abnormal findings in CSF basic
diagnostics compared to controls (18%; p = 0.013). A subgroup of the patients with adult ASD showed
indication of a blood–brain barrier dysfunction, and two patients displayed an intrathecal synthesis
of anti-GAD65 antibodies; thus, the role of these antibodies in patients with ASD should be further
investigated. The results of the study are limited by its retrospective and open design. The group
differences in blood–brain barrier markers could be influenced by a different gender distribution
between ASD patients and controls.

Brain Sci. 2020, 10, 355; doi:10.3390/brainsci10060355 www.mdpi.com/journal/brainsci327
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1. Introduction

Autism spectrum disorder (ASD) is a common neurodevelopmental disorder characterized by
deficits in social interaction and communication, unusually narrowed interests, and repetitive behavior
in different situations [1]. Furthermore, the disorder involves specific alterations in social and sensory
perception as well as in language [2]. The description of ASD in the Diagnostic and Statistical Manual
of Mental Disorders, version 5 (DSM-5) demonstrates the clear tendency of the scientific community
to subsume the various previous autism subtypes of the DSM-IV and of the International Statistical
Classification of Diseases and Related Health Problems, version 10 (ICD-10) (childhood autism (ICD-10
F84.0, corresponding in the DSM-IV to autistic disorder 299.00), atypical autism (ICD-10 F84.1, not listed
in the DSM-IV), and Asperger syndrome (ICD-10 F84.5, DSM-IV 299.80)) under a single diagnostic
category [1,3,4]. ASD is a lifelong condition affecting predominantly males that is already present
in early childhood, persists into adulthood, and is often accompanied by a variety of psychiatric
comorbidities [1,2]. Despite the growing public and scientific interest in ASD over the past decades [5],
which reflects increasing prevalence rates that are well above 1% and up to 2.7% depending on
the populations studied [6,7], the disorder’s precise etiology and pathophysiology remain elusive.

Genetic mechanisms certainly play an important role, and strong causal effects on ASD have
long been known [8] for several rare genetic variants, such as tuberous sclerosis [9] and the fragile
X syndrome [10]. Further genetic studies have shown the association of hundreds of distinct gene
variants with autism, accounting, however, for only a fraction of ASD diagnoses [8,11]. Only recently,
in the largest genome-wide association study (GWAS) for ASD to date, several single loci with
genome-wide significance for association with ASD were reported for the first time [12]. Not only
the phenotypic expression of ASD but also its etiology appear to be heterogeneous [13,14].

In recent studies, immunological mechanisms have increasingly been discussed as risk factors for
altered neuronal development in ASD patients [15]. In particular, there is increasing evidence that
maternal immune-dysfunction during gestation may lead to an ASD-like phenotype in susceptible
offspring [11,16]. The first hints of the role of maternal prenatal infections were identified in the context
of a significant increase in ASD after a rubella epidemic in the US in 1964 [17,18]. Furthermore, studies in
large Danish registries found an elevated likelihood of ASD in children whose mothers were hospitalized
during pregnancy due to a viral infection [19]. The possible importance of immune-dysfunction for
an increased ASD risk is further supported by Scandinavian registry studies that reported a significant
association between positive family history for autoimmune diseases and ASD [20,21]. Likewise,
children of mothers with systemic lupus erythematosus have a doubled risk for ASD [22]. Potential
mechanisms for an accentuated immune activation to affect neurological development are via cytokines,
autoantibodies [11], or maternal anti-fetal brain antibodies [23,24]. In line with this, in post-mortem
brains and the cerebrospinal fluid (CSF) of ASD patients, a proinflammatory cytokine profile has been
found with activated microglia and astrocytes as signs of neuroinflammation [25].

In patients, CSF analysis is the most precise method for investigating subtle inflammation in
the central nervous system (CNS) [26–28]. Furthermore, there is evidence that CSF circulation,
which usually supplies growth hormones and signal molecules and cleanses the brain of harmful
substances for proper brain development, is impaired in ASD [29]. Earlier CSF studies in ASD have
analyzed children and infants as well as post-mortem material but not adult patients. This may be
due to the fact that diagnostic procedures of potential brain disease are initiated at time of diagnosis
(i.e., earlier in development and not in adulthood). Another reason might be that no CSF sampling
is performed in adult ASD patients who are not characterized by mental retardation or further
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psychiatric/neurological symptoms. Therefore, this study’s rationale is to retrospectively analyze
the CSF findings of adult patients with ASD.

2. Participants and Methods

The study was part of a larger project of retrospective biomarker detection that was approved by
the local ethics committee (Faculty of Medicine, Freiburg University, 396/18).

2.1. Study Sample

We included 36 patients with ASD who had received a lumbar puncture at our tertiary care
hospital from 2010 to 2018. The patients were diagnosed by experienced senior physicians following
German guidelines [30] as described in detail in earlier papers [31,32] and were classified following
ICD-10. Patients with neurodegenerative disorders were excluded from the study; examples include
mild cognitive impairment (ICD-10: F06.7) or dementia (ICD-10: F03), substance abuse (ICD-10: F1x.2),
or severe neurological diseases other than epilepsy (because of its known association with ASD) [33,34].
The presence of other common comorbid conditions in patients with ASD was not defined as an
exclusion criterion; examples include affective disorders (ICD-10: F30-F39), or neurodevelopmental
disorders such as attention deficit hyperactivity disorder (ADHD; ICD-10: F90.x), or Tourette syndrome
(ICD-10: F95.2).

The control group comprised 39 mentally healthy controls with idiopathic intracranial hypertension
(IIH; ICD-10: G93.2), a non-inflammatory neurological disease characterized by increased intracranial
pressure of unknown origin. All controls with clearly identifiable secondary forms of intracranial
hypertension, those being treated with psychotropic drugs at the time of the lumbar puncture,
and those with a history of psychiatric or neurological disorders (except headache) were excluded.
This control group was collected in the context of a previous CSF study [35–37].

All the clinical and demographic data of the ASD patients were extracted from medical reports.
Patients’ psychometric data had been collected as part of routine clinical documentation, including
the Clinical Global Impression (CGI) score [38], the Global Assessment of Functioning (GAF) score [4],
and psychopathological scores based on the German Association for Methodology and Documentation
in Psychiatry (AMDP) [39].

2.2. CSF and Instrument-Based Diagnostics

All of the included participants were informed about the lumbar puncture and gave their written
informed consent. The CSF analyses were performed in the CSF laboratory at the Department of
Neurology (https://www.uniklinik-freiburg.de/neurologie/klinik/diagnostische-einrichtungen/liquor-
labor.html) as described in previous studies [40–42]. Routine CSF analysis included the determination
of white blood cell (WBC) count, total protein concentration, albumin quotient (AQ), immunoglobulin
G (IgG) index, and oligoclonal bands (OCBs). Antibodies against cell surface antigens (NMDA-receptor,
LGI1, CASPR2, AMPA1/2-receptor, GABA-B-receptor) were identified in the CSF using fixed-cell assays
(Euroimmun®). Antibodies in serum against paraneoplastic intracellular antigens (Yo, Hu, CV2/CRMP5,
Ri, Ma1/2, SOX1, Tr, Zic4, glutamate decarboxylase 65 (GAD65), amphiphysin) were screened using
immunoblots (Ravo line assay®). In individual cases, the anti-GAD65 antibody levels were measured in
serum and CSF additionally using a radioimmunoassay (Medipan®, see [28] for comparison). All ASD
patients received cerebral magnetic resonance imaging (MRI) assessed by experienced neuroradiologists
as well as electroencephalograms (EEGs) assessed by the attending physicians.

2.3. Statistical Analyses

Data analysis was conducted with Statistical Package for the Social Sciences, version 25 (IBM Corp.,
Armonk, NY, USA). Group comparisons of categorical variables were conducted with Pearson’s
Chi-squared test. If the result in any of the cells of the contingency table was below 5, Fisher’s exact
test was used. One-way analyses of covariance (ANCOVAs) were conducted to determine whether
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there was a statistically significant difference between the patients and the controls in their CSF
basis findings while controlling for the effect of age. Spearman’s rank correlation coefficient was
used for correlation analysis between CSF parameters (WBC count, protein concentration, AQ, and
IgG index) of the ASD group and their psychometric scores, such as CGI, GAF, and AMDP as well
as the number of inpatient stays, suicide attempts, and age. Further ANCOVAs were performed
to detect significant influences of gender as well as the presence of abnormalities in EEGs or MRI
on CSF parameters of ASD patients while controlling for the effect of age. To control the false
discovery rate in multiple testing we calculated adjusted p-values with R (R Core Team, 2019) using
the Benjamini–Hochberg procedure [43]. Thereby the p-values of the CSF basic diagnostics were
adjusted together, then the p-values of the number of subjects with abnormal CSF diagnostics as
a separate group and finally the p-values of each correlation of a CSF parameter with the psychometric
data. A p-value of less than 0.05 was considered statistically significant.

3. Results

3.1. Clinical and Demographic Data

For clinical and demographic data of the patient and control samples see Table 1. The ASD and
the control cohort differed significantly in gender ratio (p < 0.001) and age (p = 0.03). According to
the ICD-10 subgroups of ASD, 34 patients were coded as diagnosed with Asperger syndrome (ICD-10:
F84.5) and two with atypical autism (ICD-10: F84.1). All ASD patients had psychiatric comorbidities,
of which depression was the most prevalent (75%).

Table 1. Clinical and demographic data of patients and controls.

Patients with Autism (n = 36) Controls (n = 39) Statistics

Gender 13 F:23 M 33 F:6 M p < 0.001
Average age at time of lumbar puncture

(age range)
28.94 ± 9.9

(18–53 years)
34.6 ± 12.0

(18–61 years) p = 0.03

Diagnosis
F84.5 n = 34 (94.4%) -
F84.1 n = 2 (5.6%) -
G93.2 - n = 39 (100%)

Neuropsychiatric comorbidity
Depression n = 27 (86.1%) -

ADHD n = 6 (16.7%) -
Schizophreniform disorders n = 5 (13.9%) -

History of epilepsy n = 2 (5.6%) -
Obsessive compulsive disorder n = 2 (5.6%) -

Personality disorder n = 2 (5.6%) -
Others n = 7 * (19.4%) -

Civil status
Single n = 31 (86.1%)

Married n = 3 (8.3%)
Unknown n = 2 (5.6%)

Educational level
Low n = 5 (13.9%)

Intermediate n = 14 (38.9%)
High n = 14 (38.9%)

Unknown n = 3 (8.3%)

Employment
Unemployed n = 7 (19.4%)

Working n = 11 (30.6%)
Education/training n = 11 (30.6%)

Occupational disability n = 4 (11.1%)
Others/unknown n = 3 (8.3%)

Living situation
Alone n = 13 (36.1%)

With partner/family n = 2 (5.6%)
With parents/custodian n = 17 (47.2%)

Psychiatric transitional arrangement n = 1 (2.8%)
Others/unknown n = 3 (8.3%)
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Table 1. Cont.

Patients with Autism (n = 36) Controls (n = 39) Statistics

Family history for any psychiatric disease **
Positive n = 23 (63.9%)

Negative n = 9 (25.0%)
Unknown n = 4 (11.1%)

Number of previous inpatient stays
None n = 12 (33.3%)

1 n = 4 (11.1%)
2 n = 7 (19.4%)
3 n = 3 (8.3%)

More than 3 n = 7 (19.4%)
Unknown n = 3 (8.3%)

Burden of acute events
None n = 6 (16.7%)
Mild n = 17 (47.2%)

Intermediate n = 5 (13.9%)
Severe n = 4 (11.1%)

Extreme n = 1 (2.8%)
Unknown n = 3 (8.3%)

Burden of long-term life circumstances
None n = 2 (5.6%)
Mild n = 10 (27.8%)

Intermediate n = 9 (25.0%)
Severe n = 9 (25.0%)

Extreme n = 2 (5.6%)
Unknown n = 4 (11.1%)

Number of suicide attempts
None n = 28 (77.8%)

1 n = 6 (16.7%)
2 n = 1 (2.8%)

Unknown n = 1 (2.8%)

* Bipolar disorder, anorexia nervosa, narcolepsy, Tourette syndrome, insomnia, substance induced psychotic disorder,
dissociative disorder. ** In first-degree relatives. Abbreviations: F = female, M =male, ADHD = attention deficit
hyperactivity disorder, n = number.

Most of the ASD patients were single (86.1%), lived with their parents/guardians (47.2%) and
were either working (30.6%) or in training (30.6%). The majority had achieved intermediate (38.9%) to
high (38.9%) education. Most patients had a positive family history for some psychiatric disease in
first-degree relatives (63.9%).

3.2. CSF Diagnostics

At the time of lumbar puncture, most of the ASD patients (75%) were treated with psychotropic
medications, of which the most prevalent were atypical neuroleptics (52.8%) and antidepressants
(55.6%). An exact listing of psychotropic medications used at the time of lumbar puncture is provided
in Table 2.

Of the 36 ASD patients, three (8.3%) showed a slightly elevated WBC count, 12 (33.3%) an increased
total protein, and six (16.7%) an increased age-dependent AQ. CSF-specific OCBs were found in one
patient with ASD (2.8%) and in none of the control patients, and no patient showed an increased
IgG index. In summary, 16 of the 36 patients (44.4%) presented abnormal CSF basic diagnostic
findings, which differed significantly (p = 0.013) from respective findings in controls with abnormal CSF
measures (7 of 39; 18%). The ANCOVAs conducted with age correction showed a significant difference
between ASD patients and controls in total protein (F(1,73) = 6.450, p = 0.003) and AQ (F(1,73) = 5.878,
p = 0.004), but not regarding WBC counts or IgG index. For this analysis, data from 36 ASD patients
and 39 controls were evaluated except for the WBC count, for which data from only 35 controls were
available. All results of the CSF basic diagnostic are summarized in Tables 3 and 4.

In a secondary analysis, we additionally investigated the effect of gender and the interaction
between age and gender in these ANCOVAs. Here, the group effect for total protein remained
significant (F(1,70) = 4.327, p = 0.041) and for AQ a tendency could still be observed (F(1,70) = 3.167,
p = 0.079). We found a significant interaction between age and gender in the ANCOVAs for total
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protein (F(1,70) = 6.510, p = 0.013) as well as AQ (F(1,70) = 5.299, p = 0.024), but gender alone had no
significant effect on the models for total protein (F(1,70) = 2.073, p = 0.154) and AQ (F(1,70) = 1.834,
p = 0.180). For WBC count and IgG index no significant group effects or interactions were detected.

Most ASD patients additionally received screenings for antineuronal antibodies against cell
surface antigens (n = 31) or intracellular antigens (n = 34) (Table 5). Two of the patients tested were
positive for anti-GAD65 antibodies in serum and CSF, and one patient had a nonspecific reaction for
anti-Yo antibodies in serum.

Table 2. Psychotropic medication at time of lumbar puncture.

Patients with ASD (n = 36)

Class of Medication
Selective serotonin reuptake inhibitor n = 6 (16.7%)

Selective serotonin/noradrenaline reuptake inhibitor n = 4 (11.1%)
Tricyclic antidepressants n = 6 (16.7%)

Bupropion n = 3 (8.3%)
Mirtazapine n = 2 (5.6%)

Typical neuroleptics n = 1 (2.8%)
Atypical neuroleptics n = 19 (52.8%)

Lithium n = 1 (2.8%)
Anticonvulsants n = 7 (19.4%)
Benzodiazepine n = 1 (2.8%)

Methylphenidate n = 2 (5.6%)
Melatonin n = 5 (13.9%)

Others n = 4 * (11.1%)

Number of Different Medication Classes per
Patient

Same class/only one drug n = 9 (25.0%)
Two drugs n = 7 (19.4%)

Three drugs n = 9 (25.0%)
More than three n = 2 (5.6%)

Unmedicated n = 9 (25.0%)

The number refers to different drug classes. If several drugs of the same class were taken, only one was included.
* One patient with comorbid ADHD received atypical off-label treatment with levodopa + carbidopa (this was
changed to bupropion after lumbar puncture); another patient took biperiden and clonidine. Abbreviations: ASD =
Autism spectrum disorder; ADHD = attention deficit hyperactivity disorder; n = number.

Table 3. CSF basis diagnostics.

Reference [44]
ASD Patients

(n = 36)
Controls
(n = 39)

Statistics
(Unadjusted

p-Value)

WBC count
(Mean ± SD) <5/μL 1.94 ± 1.37 2.60 ± 7.59 * p = 0.698 (0.698)

Total protein
(Mean ± SD) ≤450 mg/L 478.14 ± 391.1 309.33 ± 142.5 p = 0.009 (0.003)

Albumin quotient
(Mean ± SD)

<40 years: 6.5 × 10−3;
40−60 years: 8 × 10−3;
>60 years: 9.3 × 10−3

5.84 ± 5.66 3.93 ± 1.81 p = 0.009 (0.004)

IgG index
(Mean ± SD) ≤0.7 mg/L 0.50 ± 0.39 0.50 ± 0.038 p = 0.257 (0.193)

The control group was created for an earlier project and the results were published earlier [35–37]. Abbreviations:
CSF = cerebrospinal fluid; WBC =white blood cell, SD = standard deviation, IgG = immunoglobulin G, n = number.
* Data of only 35 controls are available. One of them suffered from pleocytosis (46 cells/μL), which normalized
independently, and was interpreted as reactive pleocytosis. p-Values adjusted by Benjamini–Hochberg procedure.
Bold = significant at p ≤ 0.05.

332



Brain Sci. 2020, 10, 355

Table 4. Number of subjects with abnormal CSF diagnostics.

ASD Patients
(n = 36)

Controls
(n = 39)

Statistics
(Unadjusted p-Value)

Increased WBC count (≥5/μL) n = 3 (8.3%) * n = 1 (2.9%) ** p = 0.115 (0.086)
Increased total protein

(>450 mg/L) n = 12 (33.3%) n = 6 (15.4%) p = 0.115 (0.069)

Increased age-dependent albumin
quotient (<40 years: 6.5 × 10−3;

40−60 years: 8 × 10−3; >60 years:
9.3 × 10−3)

n = 6 (16.7%) n = 2 (5.1%) p = 0.191 (0.143)

Increased IgG index (>0.7 mg/L) n = 0 n = 0 -
CSF specific OCBs n = 1 (2.8%) *** n = 0 **** p = 0.324 (0.324)

Patients with abnormal CSF basis
diagnostics 16/36 (44.4%) 7/39 (18%) p = 0.013

The control group was created for an earlier project and the results previously published (see [35–37]). The number
of patients with abnormalities in CSF diagnostics, as a summary of previous tests, was not corrected for multiple
testing. Abbreviations: WBC = white blood cell; SD = standard deviation; IgG = immunoglobulin G; OCBs =
oligoclonal bands; n = number. * 5, 6 and 6 white blood cells without blood admixture. ** Only data of 35 controls
are available. One of them suffered from reactive pleocytosis (46 cells/μL), which regressed independently to normal
WBC counts and was interpreted as reactive pleocytosis. *** Two additional findings were not considered positive:
one patient had an isolated OCB in the CSF, another patient had 1–2 very weak bands in the CSF. **** Only available
from 38 (of 39) control patients. p-Values adjusted by Benjamini–Hochberg procedure. Bold = significant at p ≤ 0.05.

Table 5. Antineuronal autoantibody findings.

Patients with ASD (n = 36)
Antibodies against Cell
Surface Antigens in CSF

Antibodies against Paraneoplastic
Intracellular Antigens in Serum

Not analyzed n = 5 (13.9%) n = 2 (5.6%)
Negative n = 31 (86.1%) n = 32 (88.2%)
Positive n = 0 n = 2 * (5.6%)

* Two patients displayed anti-glutamate decarboxylase 65 (GAD65) antibodies, additionally one patient had a
non-specific reaction for anti-Yo antibodies, which was not rated as a positive result. Abbreviations: ASD = Autism
spectrum disorder, CSF = cerebrospinal fluid; n = number.

3.3. Instrument-Based Diagnostics

All patients received an EEG and an MRI scan of the brain. Sixteen ASD patients (44.4%) showed
abnormalities in their MRI scans, the most frequent being white matter lesions/cerebral microangiopathy
(25%). In the EEGs, generalized intermittent slow activity was found in five patients (13.9%) and
focal slowing in three patients (8.3%). One patient (2.8%) had a history of epilepsy and showed
corresponding epileptiform discharges with frontal spike wave complexes (Table 6).

Table 6. MRI and EEG pathologies in the ASD patient group.

MRI Abnormalities Patients (n = 36)

White matter lesions/cerebral microangiopathy n = 12 (33.3%)
Generalized cortical atrophy n = 2 (5.6%)

Localized cortical atrophy n = 1 (2.8%)
Pineal cyst n = 4 (11.1%)

Other anatomical variants n = 4 * (11.1%)
More than one abnormality n = 7 (19.4%)

Normal findings n = 20 (55.6%)

Total number of MRI abnormalities 16/36 patients (44.4%)

EEG pathologies Patients (n = 36)

Continuous generalized/regional slow activity -
Intermittent generalized slow activity n = 5 (13.9%)

Intermittent focal slow activity n = 3 (8.3%)
Epileptiform discharges n = 1 (2.8%)

Absence of EEG pathologies n = 28 (77.8%)

Total number of EEG pathologies 8/36 patients (22.2%)

* Arachnoidal cyst, asymmetric lateral ventricles, asymmetric vertebral artery, enlarged Virchow–Robin’s space.
Abbreviations: MRI =magnetic resonance imaging; EEG = electroencephalogram; n = number.
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3.4. Clinical Characteristics of ASD Patients with Anti-GAD65 Antibodies

The two ASD patients who tested positive for anti-GAD65 antibodies in serum (patient (1):
14 U/mL; patient (2) 101 U/mL; reference <2.0 U/mL) displayed an increased antibody index (patient
(1): 50.4, patient (2): 20.3; reference ≤1.5) indicating an intrathecal anti-GAD65 antibody synthesis.
Both patients were relatively young, patient (1) was male and patient (2) was female. Both patients
suffered from comorbid depression; patient (1) also suffered from tic disorder and patient (2) from
anxious jitteriness and Hashimoto thyroiditis. Both patients had no diabetes mellitus (HbA1c levels
were in the normal range) and no epilepsy. However, in patient (1), initially a slightly elevated WBC
count in the CSF (6/μL; reference <5/μL; with normalization in the follow-up), increased streptolysin
antibody levels, as well as anatomical alterations in the form of asymmetric lateral ventricles in
the MRI and abnormal frontal slow waves in the EEG (which were partly generalized) were identified.
A complementary [18F] fluorodeoxyglucose positron emission tomography of the brain showed
age-appropriate cerebral glucose utilization without patterns for an acute inflammatory CNS disease.
In patient (2), the laboratory results, MRI, EEG, and CSF basis diagnostics were all essentially normal.

3.5. Correlation Analyses

For the ASD group we found significant negative correlations between WBC count and AMDP
scores for formal thought disorders (r = −0.336, p = 0.045; n = 36) and delusion (r = −0.457, p = 0.005;
n = 36) as well as number of suicide attempts (r = −0.405, p = 0.014; n = 36). This corresponds
to moderate effect sizes of the correlation coefficients according to Cohen but were not significant
after adjustments that control for the false discovery rate (p = 0.27/0.09/0.126). Furthermore, age
correlated with total protein (r = 0.338, p = 0.043; n = 36) and AQ (r = 0.474, p = 0.004; n = 36).
All other correlations between the CSF basic diagnostic parameters and the psychometric data were
not significant. No significant influence of gender or the presence of EEG or MRI abnormalities on
CSF parameters of ASD patients was detected.

4. Discussion

The main findings of this study are higher CSF levels of AQs in patients with ASD indicate
potential blood–brain barrier (BBB) dysfunction and an intrathecal synthesis of anti-GAD65 antibodies
in two patients with ASD. Overall, we found abnormal CSF basic findings in almost half of the ASD
patients—significantly more than in the control group.

4.1. Significance of Increased CSF Protein Levels

Altogether the ASD group presented significantly higher CSF levels of total protein (478.1 vs.
309.3 mg/dL) and AQs (5.84 vs. 3.93) compared to the control group. Accordingly, 33.3% of ASD
patients had an increased total protein and 16.7% an increased albumin ratio, which compares well to
figures in similarly aged patients with schizophreniform psychosis (total protein increase in psychosis
in 42.4%, increased AQs in 21.8%) [40] and to the previously reported proportion of neurological
patients with a non-inflammatory disease of the CNS with isolated BBB dysfunction (17.5%) [45].
The serum/CSF AQ is clinically considered the “gold standard” for the assessment of BBB function [46].
Since albumin is only produced in the liver, it can reach the CSF only via the BBB. Nevertheless, it is still
a matter of debate whether BBB dysfunction as measured with elevated AQs is the sequel of “leakage”
at the site of small vessels and capillaries or a reduced CSF drainage in the context of disturbances of
CSF flow [47,48]. For ASD, an altered CSF flow was suggested by Shen et al. [29]. In their study of
the MRIs of infants who later developed autism, the authors observed an increased extra-axial CSF
volume as a possible sign of reduced CSF circulation [49]. Interestingly, the protein concentration in
the extra-axial CSF was also significantly elevated compared to healthy children [29]. Thus, it has
been suggested that an impaired CSF circulation may lead to an altered distribution of growth factors

334



Brain Sci. 2020, 10, 355

and signal molecules in the brain as well as a disturbed cleansing of neurotoxins, which can cause
neuroinflammation when they accumulate [29].

4.2. EEG and MRI Findings

The link between epilepsy and autism is well known, and thus an EEG is an important diagnostic
procedure in patients with ASD. However, in addition to the detection of epileptiform discharges
in a subgroup of patients, increased nonspecific EEG abnormalities in the form of, for example,
slowing or asymmetries [50], as well as hints of long-range underconnectivity [51] in ASD patients
have been described. The current study included one patient with comorbid epilepsy and epileptiform
discharges, and 19% of the patients presented only focal or generalized slow activity. A previous
study with a small sample size discerned a statistically significant difference between ASD patients
and healthy controls in the rate of slow activity after hyperventilation [52]. One quarter of ASD
patients in the current study showed nonspecific white matter alterations in their MRI. Other mental
illnesses, such as depression, present similar rates [41]. It is assumed that these are caused by micro-
or macroangiopathic diseases resulting from a dysfunction of the neurovascular unit, which can
also lead to a BBB dysfunction [53]. Neuroinflammation can lead to defects in the neovascular unit
and, reciprocally, defects in the neurovascular unit can also promote neuroinflammatory processes in
the brain. However, the significance and clinical relevance of these white matter alterations remain
unclear. Further studies in larger and more homogeneous subgroups of ASD patients are needed to
develop a better understanding.

4.3. Antibody Findings

The presence of brain-reactive antibodies in patients with ASD has been reported in numerous
studies [54]. Accordingly, Singer et al. [55] observed a greater prevalence of autoantibodies in
the serum of autistic children than in their non-autistic siblings or healthy controls (in human brain
slices of the caudate nucleus, putamen, prefrontal cortex, cerebellum, and cingulate gyrus). Moreover,
the presence of brain-reactive antibodies in either the patient or the mother is associated with a more
severe degree of autism [56] and has been reported to lead to markedly greater brain enlargement
in preschool children who later develop ASD [57]. In the current study, the authors identified two
patients (5.6%) who presented an intrathecal synthesis of anti-GAD65 antibodies. GAD65 is an enzyme
that catalyzes the intracellular synthesis of the inhibitory neurotransmitter γ-amino butyric acid
(GABA) through the decarboxylation of glutamate in brain cells and the pancreatic islet β-cells of
the pancreas. Autoantibodies against GAD65 are common at the onset of type I diabetes but have also
been reported in various neurological disorders, such as stiff person syndrome, cerebral ataxia, and,
in some cases, in epilepsy and limbic encephalitis [58,59]. Interestingly, type I diabetes is a common
co-morbidity not only of patients with ASD but also of their mothers and first-degree relatives [54,60,61].
In the healthy population, the prevalence of anti-GAD65 antibodies ranged from 0.5% to 1.1% [62,63].
Small studies in patients with ASD have described a higher incidence in ASD patients, ranging from
5% (three of 60 patients) [64] to 15% (three of 20 patients) [65]. There are, however, contradictory
findings that may be related to diverse subgroups of ASD patients or to measurement techniques
for anti-GAD65 antibodies [66]. It is important to note that most studies only tested antibodies in
serum and did not comment on BBB integrity or the presence of antibodies in the CSF. Presumably,
the antibodies are relevant for brain alteration only when they can reach the brain tissue from
the serum through a “leaky” BBB due, for instance, to injury or inflammation or when they are
synthesized intrathecally [67]. Although why are anti-GAD65 antibodies associated with diabetes
mellitus in one patient, stiff person syndrome in another, and with autism in a third? The time at
which antibodies reach specific organs as well as genetic predispositions (HLA haplotype) seem to
play important roles [68], and environmental factors may be important. The pathophysiology of
neuropsychiatric disease in association with anti-GAD65 antibodies is poorly understood to date.
The gene expression of GAD65 appears to be reduced in ASD patients in certain brain regions, such as
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the cerebellar dentate nuclei [69,70], and also in the cortex of mice whose mothers during pregnancy
received the anti-epileptic drug valproate, which is associated with a high risk of autism [71]. Moreover,
hypermethylation of the GAD1 promoter has been observed in the offspring of mice that received
a nonspecific immune response by means of a poly (I:C) injection during pregnancy [72]. One possible
pathomechanism is the direct intracellular binding of anti-GAD65 antibodies to the cytoplasmic GAD65
through unknown mechanisms leading to a change in GABAergic transmission. While a strong binding
has been demonstrated in vitro [73], the application of anti-GAD65 antibodies in the CSF of mice in vivo
did not lead to a change in hippocampal GABAergic transmission [74]. Thus, the pathophysiological
functioning of anti-GAD65 antibodies seems to be more complex than, for example, in the case of
the immunoglobulin G antibodies against the surface N-methyl D-aspartate receptor. In this context,
we need to consider that GAD65 antibodies themselves may not be pathophysiologically active,
but rather an immunological epiphenomenon of an unknown underlying pathomechanism [75]. Thus,
the formation of anti-GAD65 antibodies could be secondary to the destruction of GABAergic neurons
by, for instance, hitherto unidentified antibodies and the release of intracellular GAD into CSF [75,76].
This would also explain the clinical heterogeneity of diseases associated with anti-GAD65 antibodies
and their different responsiveness to immunosuppressive therapies. In all cases, anti-GAD65 antibodies
function at least as a disease marker of an unknown but most likely immune mediated process [76].

Case reports have described severe neurological diseases in association with anti-GAD65
antibodies, such as limbic encephalitis and epilepsy, that barely responded to classical immunotherapy,
such as steroids or intravenous immunoglobulins (IVIGs), and required more aggressive treatment with
monoclonal antibodies, such as basiliximab or rituximab [77,78]. Nevertheless, it has been reported at
least in one patient with ASD with clinically relevant high anti-GAD65 antibodies and comorbid type I
diabetes, that there was a relevant benefit from therapy with IVIGs [64].

4.4. Limitations

This study was performed openly and retrospectively. The decision to conduct lumbar punctures
followed clinical criteria to exclude a secondary organic pathology and was not a routine procedure;
therefore, the patient group is not representative of all patients with ASD. In addition, the control group’s
unclear IIH pathophysiology may have introduced a confounder to data in this group. In patients
with IIH, larger amounts of CSF were removed due to therapy. Given that a clear reduction of the AQ
between the first 4 mL and the last 4 mL of a total of 24 mL of CSF of a lumbar puncture has been
described [79,80], false low values in the control group are possible. Moreover, the AQ may vary due
to body weight, smoking, degenerative disc disease, hypothyroidism, or gender [80,81]. Particularly
noteworthy is the gender difference between our patient and control groups. However, we did not find
a gender effect in our secondary analysis of the CSF parameters but in the gender corrected ANOVA,
however, only the group difference in the protein concentrations was still significant, whereas the AQ
showed only a tendential increase in the ASD patients. Our findings could therefore be partly caused
by a gender difference. Furthermore, the measured values for total protein and sometimes additionally
AQ of one third of the ASD patients were also increased compared to established reference values.
Differences on other CSF parameters like WBC and IgG due to gender have not been observed.

Psychotropic medication may also have had an influence on the total protein in the CSF and
AQs. While three quarters of the ASD patients were medicated, the control group did not receive
psychiatric medication. It has been indicated that, for example, antipsychotic drugs in bipolar patients
may lead to an increased AQ [82]. However, other studies found no influence of antipsychotic [83–85]
or antidepressant [86] medication on CSF properties. Finally, depression and other comorbidities may
have confounded our results.

5. Conclusions

The present retrospective study on CSF measures provides no clear-cut positive evidence for
relevant inflammatory alterations in adult ASD, however, it does suggest a trend toward a BBB
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dysfunction in some adult patients with ASD. The identification of anti-GAD65 antibodies in some
patients with ASD may be relevant for future research in an effort to define etiological and clinical
sub-phenotypes of ASD informing more personalized treatment approaches.
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Abstract: The 2019 coronavirus disease (COVID-19) outbreak could result in higher levels of psychological
distress, especially among people suffering from pre-existing mental health conditions. Young individuals
with autism spectrum disorders (ASD) are particularly at risk due to their vulnerability to unpredictable
and complex changes. This study aimed to investigate the impact of the COVID-19 pandemic on
ASD individuals, whether any pre-pandemic sociodemographic or clinical characteristics would
predict a negative outcome, and to narratively characterize their needs. Parents and guardians of ASD
individuals filled out an online survey consisting of 40 questions investigating socio-demographic and
clinical characteristics of their children, impact of the COVID-19 outbreak on their wellbeing and needs
to deal with the emergency. Data were available on 527 survey participants. The COVID-19 emergency
resulted in a challenging period for 93.9% of families, increased difficulties in managing daily activities,
especially free time (78.1%) and structured activities (75.7%), and, respectively, 35.5% and 41.5% of
children presenting with more intense and more frequent behavior problems. Behavior problems
predating the COVID-19 outbreak predicted a higher risk of more intense (odds ratio (OR) = 2.16,
95% confidence interval (CI) 1.42–3.29) and more frequent (OR = 1.67, 95% CI 1.13–2.48) disruptive
behavior. Even though ASD children were receiving different types of support, also requiring
specialist (19.1%) or emergency (1.5%) interventions in a relatively low proportion of cases, a number
of needs emerged, including receiving more healthcare support (47.4%), especially in-home support
(29.9%), as well as interventions to tackle a potentially disruptive quarantine (16.8%). The COVID-19
outbreak has undoubtedly resulted in increased difficulties among ASD individuals.

Keywords: coronavirus; 2019-nCoV; neurodevelopment; child and adolescent psychiatry; mental
health prevention

1. Introduction

After the Severe Acute Respiratory Syndrome (SARS) Coronavirus outbreak of 2002–2003,
the International Health Regulations (IHR) of the World Health Organization (WHO), which had
been first adopted in 1969, were revised in 2005 to extend their scope to any public health risk
that might affect human health, irrespective of the source. Emphasis was put on the risk that the
increasing international travel and trade could facilitate the international spread of disease, requiring a
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coordinated international response. Since the 2005 IHR adoption, the WHO has formally declared six
Public Health Emergencies of International Concern (PHEIC), the latter of which, the 2019 coronavirus
disease (COVID-19), is still ongoing [1]. COVID-19 is caused by a newly identified coronavirus
which can induce SARS in man (SARS-CoV-2), as a consequence of a probable zoonotic spillover [2],
firstly reported in Central China in December 2019 [3]. Due to person-to-person transmission, it has
rapidly spread in Europe [4], with northern Italy becoming Europe’s epicenter [5], and USA [6]. As of
1 May 2020, over 3 million cases have been reported worldwide, affecting more than 200 countries.

Since the beginning of the pandemic, most clinical and research efforts have been allocated to
advance our understanding of the virus properties and pathogenic armory in order to treat the infection
and protect from it [7]. However, according to some research evidence, the COVID-19 pandemic
is also unraveling a potential gap in mental health services during emergencies [8]. In particular,
the COVID-19 outbreak would result in higher levels of psychological distress among the general
population [8] as well as a higher risk or symptom exacerbation among people suffering from a
pre-existing mental health condition [9], possibly triggered by concerns about its rapid escalation and
global spread [1] as a deadly threat [10]. Furthermore, alarming media reports may unintendedly
amplify fear reactions [11], with potential detrimental consequences for people susceptible to negative
emotional states. Importantly, the pandemic has required unprecedented measures by national
governments including imposing quarantine to citizens [12]. The experience of being quarantined
may be negative, as evidence suggests a wide range of long-lasting mental health problems in a
substantial proportion of individuals [13]. While there is no strong evidence that any particular
demographic factors carry a higher risk of poor psychological outcome following the obligation of
home quarantine [13], a pre-existing psychiatric history seems to predict a worse outcome [14] and a
higher need for support during quarantine [13].

Among vulnerable populations, young individuals with autism spectrum disorders (ASD) are of
particular concern for the impact that the COVID-19 outbreak may have on their wellbeing as well as
the specific support they may need to preserve their mental health through the pandemic [15]. ASD are
a group of conditions characterized by social communication problems, difficulties with reciprocal
social interactions, and unusual patterns of repetitive behavior [16]. Such features are associated with a
preference for highly predictable environments, whereas ASD individuals may feel stressed, anxious or
confused if unpredictable or complex changes occur [17]. The COVID-19 outbreak has undoubtedly led
to a quick-paced and rapidly shifting social situation which may increase ASD individuals’ difficulties.

The purpose of this study was threefold. The main aim was to rapidly investigate the impact
of the COVID-19 outbreak on ASD individuals through an online parent survey carried in Northern
Italy, one of the European regions mostly affected [5]. Due to the ASD individuals’ difficulty to deal
with the unexpected, a mainly unfavorable psychosocial and behavioral outcome was hypothesized.
A further aim was to investigate whether any pre-pandemic sociodemographic or clinical characteristics
would predict a negative impact of the pandemic on ASD individuals’ wellbeing. Based on previous
evidence [13,14], psychological problems predating the emergency were hypothesized to predict a poor
outcome. Finally, the survey served to characterize the needs of ASD individuals and their families
from a narrative perspective, by collecting the parents’ perceptions, as a first step to improving their
quality of health care.

2. Materials and Methods

2.1. Research Design

Google Forms was used to create an online parent survey to be shared through the dissemination
of a hyperlink. The survey was available online from the 6 April to the 20 April 2020. All participants
provided electronic informed consent that contained information about the purpose of the study,
procedures, benefits of participating, voluntary participation, and contact information of the researchers.
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The survey was part of a larger study which was approved by the research ethics committee at the
Integrated University Hospital of Verona (CESC 2242 and CESC 2243).

2.2. Participants

Parents and guardians of individuals with an ASD diagnosis were asked by healthcare professionals
affiliated with the Veneto Autism Spectrum Disorder Regional Centre at the Integrated University
Hospital of Verona to fill out the online survey. Autism advocacy and family support networks were
additionally used to distribute and directly encourage survey participation. Children’ ASD diagnosis
was self-reported.

2.3. Instrument

The parent survey was developed by a focus group of physicians, psychologists, and child
life specialists, also taking the advice from parents of children with ASD. The survey consisted of
40 questions (18 multiple choice questions, 20 yes/no questions, and 2 open-response questions) in
3 categories: (i) ASD individuals’ socio-demographic and clinical characteristics, (ii) impact of the
COVID-19 outbreak on their wellbeing, and (iii) needs to deal with the emergency. Participants were
allowed to select only 1 item for each multiple-choice question.

2.4. Analyses

The final raw data were downloaded from Google Forms into a Microsoft Excel file for analysis
using SPSS software (Version 26.0; IBM Corp, Armonk, NY, USA). Descriptive statistics were used to
provide baseline information concerning survey participants’ ASD children. Then, multiple logistic
regressions were performed to investigate whether any ASD individuals’ socio-demographic or clinical
characteristics would predict a greater frequency and intensity of behavior problems following the
COVID-19 outbreak.

The open-response questions did not have a scoring system. The needs identified by the survey
responses were gathered with the intent of informing healthcare professionals in their assessment
and management of individuals with an ASD diagnosis during the ongoing COVID-19 emergency.
Two authors independently evaluated such answers and pooled them into categories (e.g., healthcare,
social, financial needs, etc.). In the rare instances of discrepant category attribution, consensus was
reached through discussion with a third senior clinical researcher.

The survey was not intended to formally assess severity of ASD among participants’ children.

3. Results

A total of 529 respondents participated in the survey. As 2 participants did not answer any
questions at all, a total of 527 participants were included in the study. Across the 38 closed questions,
survey participants provided 18,738 answers, while 373 answers were missing (<2%). Further,
34 answers and 1 missing item were deemed inconsistent (<0.2%) and excluded from the final analyses.

3.1. Socio-Demographic and Clinical Characteristics

The mean age of participants’ children was 13 years (SD = 8.1). Almost all of them were from the
Veneto region (99.4%) and the large majority were living in married or cohabiting couple families (88.2%).
Most children had at least 1 sibling (71.6%), and one out every 10 siblings had a neurodevelopmental
disorder (NDD) diagnosis (10.2%). Most children were receiving private therapy (66.2%) and most
parents were members of autism advocacy and family support networks (67.1%) (Table 1).
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Table 1. Socio-demographic and clinical characteristics.

M (SD)

Age (years) 13 8.1

N (%)

Veneto Region Province

Belluno 41 7.8

Padova 88 16.8

Rovigo 26 5

Treviso 40 7.6

Venezia 73 13.9

Verona 149 28.4

Vicenza 105 20

Other Region 3 0.6

Missing 2

Parenting couple situation

Married/Cohabiting 463 88.2

Separated 31 5.9

Single parent 31 5.9

Missing 2

Only child

No 374 71.6

Yes 148 28.4

Missing 2

Number of siblings *

1 290 77.5

2 65 17.4

3 15 4

4 3 0.8

5 1 0,3

Missing 0

Siblings diagnosed with NDD (ASD, ADHD, etc.) *

No 336 89.8

Yes 38 10.2

Missing 0

Child receiving private therapy

No 175 33.8

Yes 342 66.2

Missing 4

Membership in Autism advocacy/family support networks

No 172 32.9

Yes 351 67.1

Missing 4
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Table 1. Cont.

M (SD)

Child’s language level

Fluent speech 174 33.1

Phrase speech 146 27.8

No phrase speech 205 39

Missing 2

The child was presenting with behavior problems from before
COVID-19

No 251 48.5

Yes 266 51.5

Missing 6

Pharmacological treatment for behavior problems **

No 152 57.8

Yes 111 42.2

Missing 3

Comorbid medical conditions

No 377 72.2

Yes 145 27.8

Missing 5

* Of those reporting siblings; ** Of those reporting behavior problems from before COVID-19; NDD,
Neurodevelopment disorder; ASD, Autism spectrum disorder; ADHD, Attention Deficit Hyperactivity Disorder.

Only one every three children had a fluent language (33.1%). About half of the entire sample
was presenting with behavior problems from before the outbreak of COVID-19 (51.5%); among those,
42.2% were receiving pharmacological treatment. At least 1 comorbid medical condition was reported
in 27.8% of ASD individuals, with neuromotor and gastrointestinal conditions and allergies and food
sensitivity being the conditions most frequently reported (Table 1 and Supplementary Table S1).

3.2. Psychosocial and Behavioral Impact of the Emergency Outbreak

COVID-19 positivity was reported among 1.3% of nuclear family members and 4.4% of extended
family members, with bereavement occurring in 2.3% of cases. Approximately one out of four parents
stopped working due the emergency outbreak (26.1% of mothers and 27.5% of fathers). The large
majority of them evaluated the current period of change and restrictions as challenging or very
challenging (93.9%) and more challenging than before the emergency outbreak (77%) (Table 2).

Following the emergency outbreak, a proportion of parents reported support from the Local
Healthcare Services (27.7%), with the large majority of them reporting both direct (70.1%; e.g., calls,
videocalls) and indirect (84%; e.g., text messages, homework assignments) school support as well as
support from the private therapist (73.3%). For each type of support, an only slightly lower proportion
of parents considered it from sufficiently useful to very useful during the ongoing emergency (Table 2).

A proportion of parents reported difficulties in managing their child’s meals (23%), autonomies
(31%), free time (78.1%), and structured activities (75.7%). For each activity, an almost overlapping
proportion of parents reported such activity as more difficult than before the emergency outbreak.
Overall, compared to before the emergency outbreak, behavior problems were reported being more
intense (35.5%) and more frequent (41.5%) in a substantial proportion of ASD individuals. Due to the
onset of behavior problems, an emergency contact with the child’s Neuropsychiatrist was required
in 19.1% of cases, while an access to the Accident and Emergency (A&E) happened in 1.5% of
cases (Table 2).
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Table 2. Psychosocial and behavioral impact of the emergency outbreak.

N (%)

COVID-19 positivity among nuclear family members

No 519 98.7

Yes 7 1.3

Missing 1

COVID-19 positivity among extended family members

No 500 95.6

Yes 23 4.4

Missing 4

Bereavement due to COVID-19

No 514 97.7

Yes 12 2.3

Missing 1

Mother’s current working situation

Regularly commuting to work 92 17.6

Smart working 98 18.7

Not working because of COVID-19 137 26.1

Not working since before COVID-19 197 37.6

Missing 3

Father’s current working situation

Regularly commuting to work 212 42

Smart working 104 20.6

Not working because of COVID-19 139 27.5

Not working since before COVID-19 50 9.9

Missing 22

Judgement on this period of change and restrictions

Very challenging 284 54

Challenging 210 39.9

Not challenging 32 6.1

Missing 1

Judgement on this period of change and restrictions as compared to
before COVID-19

More challenging 405 77

Equally challenging 86 16.3

Less challenging 35 6.7

Missing 1

Support by Local Healthcare Services since COVID-19

Daily contacts 7 1.4

Weekly contacts 98 19.4

Twice weekly contacts 35 6.9

No contact 366 72.3
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Table 2. Cont.

N (%)

Missing 21

Usefulness of support by Local Healthcare Services during
COVID-19

Very useful 10 2.2

Useful 28 6.1

Sufficiently useful 65 14.1

Not very useful 93 20.1

Not useful 266 57.6

Missing 65

Direct school support since COVID-19

Daily contacts 110 22.5

Weekly contacts 157 32.2

Twice weekly contacts 75 15.4

No contact 146 29.9

Missing 39

Indirect school support since COVID-19

Daily contacts 138 28.7

Weekly contacts 159 33.1

Twice weekly contacts 106 22.1

No contact 77 16

Missing 47

Usefulness of school support during COVID-19

Very useful 60 12.9

Useful 113 24.4

Sufficiently useful 116 25

Not very useful 93 20

Not useful 82 17.7

Missing 63

Private therapist support since COVID-19

Daily contacts 43 12.6

Weekly contacts 148 43.4

Twice weekly contacts 59 17.3

No contact 91 26.7

Missing 1

Usefulness of private therapist during COVID-19

Very useful 65 19.6

Useful 80 24.1

Sufficiently useful 64 19.3

Not very useful 50 15.1

Not useful 73 22
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Table 2. Cont.

N (%)

Missing 10

Difficulties in managing the child’s meals since COVID-19

No 404 77

Yes 121 23

Missing 2

Greater difficulties in managing the child’s meals as compared to
before COVID-19

No 378 71.9

Yes 148 28.1

Missing 1

Difficulties in managing the child’s autonomies since COVID-19

No 361 69

Yes 162 31

Missing 4

Greater difficulties in managing the child’s autonomies as compared
to before COVID-19

No 372 71

Yes 152 29

Missing 3

Difficulties in managing the child’s free time since COVID-19

No 115 21.9

Yes 411 78.1

Missing 1

Greater difficulties in managing the child’s free time as compared to
before COVID-19

No 97 18.4

Yes 429 81.6

Missing 1

Difficulties in managing the child’s structured activities since
COVID-19

No 126 24.3

Yes 393 75.7

Missing 8

Greater difficulties in managing the child’s structured activities as
compared to before COVID-19

No 123 23.8

Yes 394 76.2

Missing 10

Intensity of the child’s behavior problems as compared to before
COVID-19

More intense 183 35.5

Equally intense 264 51.3
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Table 2. Cont.

N (%)

Less intense 68 13.2

Missing 12

Frequency of the child’s behavior problems as compared to before
COVID-19

More frequent 216 41.5

Equally frequent 229 44

Less frequent 76 14.6

Missing 6

Contacts with the child’s Neuropsychiatrist due to behavioral
problems since COVID-19

No 424 80.9

Yes 100 19.1

Missing 3

Access to A&E for child’s behavioral problems since COVID-19

No 514 98.5

Yes 8 1.5

Missing 5

3.3. Predictors of Emergency Outbreak Negative Impact on Wellbeing

A multiple logistic regression tested for an effect of (i) behavior problems predating the emergency
(yes/no), (ii) age, (iii) language (fluent/non-fluent), (iv) being an only child (yes/no) as a proxy of
greater social isolation in quarantine, (v) medical comorbidity (yes/no), (vi) parenting couple situation
(married or cohabiting/separated or single parent), (vii) support by Local Healthcare Services since
COVID-19 (yes/no), (viii) direct school support since COVID-19 (yes/no), (ix) indirect school support
since COVID-19 (yes/no), (x) private therapist support since COVID-19 (yes/no or no private therapist
from before COVID-19) on the intensity of the behavior problems following the emergency outbreak
(more intense/equally or less intense). The logistic regression model was statistically significant, χ2 (10,
N = 440) = 32.338, p < 0.001. ASD individuals with preexisting behavior problems were 2.16 times more
likely to exhibit more intense behavior problems that those without preexisting behavior problems.
Increasing age and living with a separated or single parent were associated with a reduction in the
likelihood of exhibiting more intense behavior problems, while not receiving indirect school support
during the emergency tended to be associated with an increased likelihood of exhibiting more intense
behavior problems (Table 3).

A further multiple logistic regression tested for the effect of (i) behavior problems predating
the emergency (yes/no), (ii) age, (iii) language (fluent/non-fluent), (iv) being an only child (yes/no),
(v) medical comorbidity (yes/no), (vi) parenting couple situation (married or cohabiting/separated or
single parent), (vii) support by Local Healthcare Services since COVID-19 (yes/no), (viii) direct school
support since COVID-19 (yes/no), (ix) indirect school support since COVID-19 (yes/no), (x) private
therapist support since COVID-19 (yes/no or no private therapist from before COVID-19) on the
frequency of the behavior problems following the emergency outbreak (more frequent/equally or
less frequent). The logistic regression model was statistically significant, χ2 (10, N = 444) = 18.502,
p = 0.047. ASD individuals with preexisting behavior problems were 1.67 times more likely to exhibit
more frequent behavior problems that those without preexisting behavior problems (Table 4).
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Table 3. Predictors of emergency outbreak negative impact on intensity of behavior problems.

B S.E.
Wald

Chi-Square
p-Value OR 95% CI

Age −0.037 0.019 3.981 0.046 0.963 0.929–0.999

Behavior problems predating COVID-19 0.770 0.215 12.869 <0.001 2.160 1.418–3.291

Non-fluent language 0.352 0.243 2.100 0.147 1.422 0.883–2.290

Medical comorbidity 0.317 0.241 1.726 0.189 1.372 0.856–2.201

Only child 0.286 0.233 1.507 0.220 1.331 0.843–2.102

Separated/single parent −0.778 0.383 4.127 0.042 0.459 0.217–0.973

No support from Local Health Service 0.050 0.241 0.043 0.836 1.051 0.656–1.685

No direct support from school −0.127 0.255 0.247 0.619 0.881 0.534–1.453

No indirect support from school 0.605 0.322 3.540 0.060 1.831 0.975–3.439

No support from private therapist −0.073 0.214 0.118 0.732 0.929 0.610–1.414

Note: OR, odds ratio; CI, confidence interval.

Table 4. Predictors of emergency outbreak negative impact on frequency of behavior problems.

B S.E.
Wald

Chi-Square
p-Value OR 95% CI

Age −0.024 0.018 1.841 0.175 0.976 0.943–1.011

Behavior problems predating COVID-19 0.513 0.201 6.509 0.011 1.670 1.126–2.477

Non-fluent language 0.304 0.226 1.800 0.180 1.355 0.869–2.111

Medical comorbidity 0.221 0.229 0.933 0.334 1.248 0.796–1.954

Only child −0.004 0.224 0.000 0.984 0.996 0.642–1.544

Separated/ single parent −0.229 0.329 0.486 0.486 0.795 0.417–1.515

No support from Local Health Service −0.312 0.227 1.888 0.169 0.732 0.469–1.142

No direct support from school −0.334 0.246 1.849 0.174 0.716 0.442–1.159

No indirect support from school 0.406 0.312 1.694 0.193 1.501 0.814–2.769

No support from private therapist −0.137 0.203 0.455 0.500 0.872 0.586–1.298

Note: OR, odds ratio; CI, confidence interval.

3.4. Needs to Deal with the Emergency: A Narrative Perspective

Out of 527 survey participants, 406 parents (77%) reported at least one need to the open-response
question about what could be of help do deal with the ongoing emergency. Ten of them reported
more than one need (4 participants reported 2 needs, 6 participants reported 3 needs), for a
total of 422 responses. The most commonly reported need was for in-home healthcare support
(29.9%), followed by center-based healthcare support (10.4%), loosening quarantine restrictions (9.7%),
ending lockdown (7.1%), and in-hospital healthcare support (7.1%; Table 5).

Table 5. Responses to the open-response question about what could be of help do deal with the
ongoing emergency.

N %

In-home healthcare support 126 29.9

Center-based healthcare support 44 10.4

Loosening quarantine restrictions 41 9.7

Ending lockdown 30 7.1

In-hospital healthcare support 30 7.1
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Table 5. Cont.

N %

Increase school support 29 6.9

Help setting a daily schedule 21 5

“Nothing” 20 4.7

“Don’t know” 14 3.3

Parent support 13 3.1

Peer relationship 12 2.8

Structured physical activity 9 2.1

Community support 9 2.1

Financial family support 8 1.9

Work support 6 1.4

Spiritual and religious reflections 4 0.9

Information technology support 3 0.7

Pharmacological support 3 0.7

4. Discussion

To our knowledge, this is the first study which systematically explored the impact of the COVID-19
outbreak in a population of individuals suffering from an autism spectrum disorder (ASD). Results from
this parent survey indicate that the large majority of parents of ASD individuals consider the period of
change and restrictions that has followed the onset of the emergency as challenging and requiring
more commitment than before. Most support was delivered by school services, followed by private
therapists and local healthcare services. Consistent with previous reports of executive functioning
deficits making ASD individuals more vulnerable to routine disruption [18], an elevated number of
parents reported difficulties in managing their children’s daily activities, especially in terms of free
time and structured activities. Despite requiring specialist intervention in a relatively small proportion
of cases, and almost never ending in hospital emergency assessments, behavior problems worsened in
more than one third of ASD individuals.

In line with previous evidence that pre-existing psychological difficulties seem to be the only clear
predictor of poorer mental health outcomes following respiratory syndromes [14] and quarantine [13],
the most relevant finding of this survey is that ASD individuals with behavior problems predating the
COVID-19 outbreak are twice as likely to experience more intense and more frequent behavior problems
since the beginning of the emergency. As independent evidence supports decreasing symptom levels
from childhood to young adulthood in ASD, especially in verbally fluent individuals [19], we also
tested whether the age and language level of survey participants’ children with ASD would predict a
worsening of the behavior problems. Results suggest that older age may play a protective role with
regards to the emergency-induced intensification of behavior problems, while the effect of language
failed to reach statistical significance. Furthermore, despite social isolation and mental health problems
may co-occur in childhood [20], as well as medical conditions and ASD [21], being an only child, as a
proxy of greater social isolation, and comorbid medical conditions did not predict a poorer outcome in
terms of more intense or more frequent behavior problems following the COVID-19 outbreak and the
implementation of restrictive measures and quarantine. Interestingly, living with a separated or single
parent was associated with a better outcome in terms of intensity of behavior problems. Despite being
counterintuitive, such a finding may reflect a more simplified parent–child interaction which could be
effective in preventing the deterioration of the child’s wellbeing during quarantine and restrictions.
Future studies would need to clarify this issue. Furthermore, it is important to highlight that such
evidence does not necessarily apply to other social contexts. Finally, ASD individuals not receiving

353



Brain Sci. 2020, 10, 341

school support since the COVID-19 outbreak tended to express more intense behavior problems,
suggesting the importance of maintaining contact with the school during the emergency.

The last scope of this study was to narratively collect the parents’ perceived needs through the
emergency by offering an open-response question at the end of the survey. About half of the participants
reported needing support from healthcare services, especially in-home services. Interestingly, almost one
every five parents reported that loosening restrictions or ending the lockdown would be of help.

Outbreaks of emerging infections such as COVID-19 can elicit strong fear reactions and
preoccupations with downstream effects on physical and mental health, especially in vulnerable
individuals [22]. Moreover, such negative impacts on health could be worsened by the experience of
being quarantined [13]. Autism is no exception. Even though it is a complex genetic disorder, the effect of
the environment in shaping the behavioral phenotype should not be underestimated. In fact, a high
emotional climate, such as that resulting from the COVID-19 emergency outbreak, has been associated
with increased levels of maladaptive behavior in ASD over time [23]. Furthermore, families of
individuals with ASD have been reported to experience greater stress than families whose children
suffer from other disabilities [24,25], making a compelling case for the implementation of youth-oriented
mental health prevention and early intervention strategies [26,27]. Evidence supports the effectiveness
of such interventions in mitigating disabilities and even improving skills among young individuals
with ASD [28].

Surveys performed during previous Public Health Emergencies of International Concern (PHEIC)
have provided timely data to inform best practices in responding to the emergency [29]. Similarly,
the online survey presented here has proved to be a powerful data collection tool, benefiting from
the strengths that have been associated to this type of instrument such as having a large sample
size, fast response times, timely data processing, and low costs [30]. Moreover, thanks to the solid
infrastructure of autism advocacy and family support networks, we were able to mitigate the risk of
poor response rates and improve sample representativeness, collecting data from over five hundred
ASD individuals and their families in a catchment area (the Veneto Region) of about 5 million people.
However, the findings of this study have to be seen in light of some limitations. In particular, in spite
of the aforementioned advantages, the survey suffered from the lack of a standardized assessment of
clinical features such as language and behavior problems. Such aspects may limit the comparability
of outcomes among different studies as well as internal comparisons in any follow-up assessments.
Furthermore, despite collecting information on children’s language and behavior problems predating
the emergency as a proxy of their baseline cognitive and adaptive functioning, due to its nature,
the online survey did not allow investigating such aspects through a standard method such as
psychometric tests. Furthermore, information on the gender of ASD children was not available through
the online survey. Even though the main aim of the study was not to investigate gender differences in
response to the COVID-19 outbreak in ASD, we acknowledge the limitation.

In conclusion, the present survey indicates that the ongoing COVID-19 emergency has resulted
in a challenging period for most ASD individuals and their families, with increased difficulties in
managing daily activities and at least one in every three children presenting with more frequent or
more intense behavior problems. Children with behavior problems predating the COVID-19 outbreak
were found to be particularly at risk to present with more intense and more frequent disruptive
behavior. Even though ASD children were receiving different types of support, also requiring specialist
or emergency interventions in a relatively low proportion of cases, a number of needs emerged,
including receiving more healthcare support, especially from in-home services, as well as interventions
to tackle a potentially disruptive quarantine.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/10/6/341/s1.
Table S1: Responses to the open-response question about what medical comorbidity was present in children
with ASD.
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Abstract: The aim of this study is to better understand the relationship between sensory and feeding
problems in Autism Spectrum Disorder (ASD) by comparing sensory responsiveness of ASD children
with (ASD-W) and without (ASD-WO) feeding problems. The feeding and sensory characteristics
of 111 children with ASD (37 ASD-W and 74 ASD-WO) were assessed by using two questionnaires
tapping on feeding problems and two on sensory problems. A comparative study was carried out
with between-group as well as intra-group comparisons design; a correlation analysis was also added.
A statistically significant correlation was found between sensory and feeding problems. ASD-W
children showed more severe and extensively impaired sensory responses than ASD-WO, with lower
sensory adaptation and more generalized and severe deficits in all subdomains. Taste/Smell sensitivity
was strongly impaired only in ASD-W, whereas in ASD-WO it was found to be a point of strength.
Both groups showed a Hyporesponsive profile, though it was more marked in ASD-W. Both groups
showed strengths in Visual/Auditory sensitivity, Low-Energy/Weak, and Movement sensitivity, again
more marked in ASD-WO. These results might prove to be particularly useful for sensory training
and psychoeducational treatment.

Keywords: autism spectrum disorder (ASD); sensory profile; sensory responsiveness; feeding
problems; short sensory profile (SSP); sensory experience questionnaire (SEQ)

1. Introduction

Sensory impairments are frequent in children with Autism Spectrum Disorder (ASD) [1–7],
with over 90% of cases presenting severe sensory symptoms in multiple sensory domains, as reported
in some studies [2,4]. They form a group of disorders that involve challenges in modulation, integration,
organization, and discrimination of sensory inputs, leading to either inappropriately responding
to those inputs or experiencing disruptions in daily activities and emotional-behavioral patterns.
In particular, sensory modulation disorders are classified into three subtypes: (1) over-responsivity
(or hyperresponsiveness), characterized by exaggerated, rapid onset and/or prolonged reactions
to sensory stimulation; (2) under-responsivity (or hyporesponsiveness), with unawareness or slow
response to sensory input; and (3) seeking for, involving craving of, and interest in sensory experiences
that are prolonged or intense [8]. Some patterns, such as hypo- and hyperresponsiveness, are also
known to co-occur in children with ASD [9–12], especially in children showing a generalized sensory
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impairment [13]. Results of a meta-analysis by Ben Sasson et al. [14] showed a significantly high
difference between ASD and Typically Developing (TD) groups in sensory modulation, with the
greatest difference in under-responsivity, followed by over-responsivity and sensation seeking.
Although the three sensory modulation disorder subtypes are hypothetical, some physiological research
supports these distinctions. A review by Suarez [4] reported some results of these physiological
studies: in over-responsivity a low threshold for one or multiple sensation channels has been
hypothesized, resulting, for example, in exaggerated reactions to textures or noises. On the contrary,
in under-responsivity, a high threshold has been hypothesized, so that only intense and sustained
stimuli can obtain attention by children, resulting in diminished or no response, for example, to name
or pain. Studies using physiological tools, such as electrodermal sensors or cardiac vagal tone index,
found a decreased or increased activation of the electrodermal responses (in under-responsive and in
over-responsive children respectively) and an impaired less effective parasympathetic system.

The most affected sensory modalities in children with ASD seem to be auditory filtering and tactile
sensitivity [3,15–18]. Sensory dysfunctions also seem to be related to the severity of ASD [5,14,19]
and to stereotyped interests and behaviors [16,20]. Limited and stereotyped behaviors, interests
and activities can be observed also in the feeding domain [21,22] and a strong sensitivity to sensory
information has been associated with feeding problems, especially food fussiness, in both children
with typical and atypical development [23]. However, in children with atypical development, feeding
concerns still persist beyond childhood. With age, children with typical development change their
appetite, food preferences, and eating habits, but the social and emotional dimensions of food
remain stable and expand over time. Furthermore, in children with ASD, feeding involves both the
nutritional and the emotional-relational dimensions. The term “eating problems” typically refers to
oral consumption of nutrients that deviates from the norm, enough to lead to negative emotional,
social or health consequences. The prevalence of feeding problems in children with ASD is estimated
to be approximately 90%, with 70% of children showing food selectivity [24–26]. It has been suggested
that feeding problems might be related to sensory modulation disorders as well [4,27–30]. The study
by Zobel-Lachiusa et al. [28] investigated differences in feeding behaviors and sensory characteristics
of children with ASD compared to TD children. Statistically significant differences between the
two groups were found in all the measures administered, as well as a moderate to strong positive
correlation between feeding problems and sensory impairments in children with ASD. Nadon et
al. [29] found a definite and probable difference in sensory processing (as measured by using the Short
Sensory Profile—SSP) [31] in 65% of children (N = 95) with ASD, aged 3 to 10 years; these results were
also related to increased feeding problems in the sample. Chistol et al. [30] found higher levels of
food refusal in ASD children with atypical oral sensitivity compared to those showing a typical oral
sensitivity. McCormick et al. [7] showed no significant differences between ASD and Developmentally
Delayed children, except for the Taste/Smell and Visual/Auditory sensitivity (SSP subsections).

Children with ASD present with higher sensory problems than TD, with a prevalence ranging
from 65.3% to 84.8% [3,28,32]; moreover, sensory and feeding problems seem to be correlated. Objective
of our study was to investigate whether ASD children with feeding problems (ASD-W) show the same
sensorimotor features as the ASD without feeding problems (ASD-WO): which sensory modalities are
impaired and to what extent? Our study is not directed to feeding per se, as a purely physiological
process, but to the behavioral components accompanying the feeding act.

Our hypothesis is that sensory profiles might present different characteristics in specific subgroups
of children with autism (with and without feeding problems), and that ASD-W children might show
higher sensory impairments than ASD-WO, with Taste/Smell sensitivity mostly affected. In order to
carry out this assessment, we used four measures: two questionnaires for the detection of feeding
problems, and two for the detection of sensorimotor features. We are not aware of previous studies in
the literature on such a topic. A better understanding of the association between feeding problems
and sensory factors in children with autism, might bring benefits for the physical health of ASD
children, since it might provide some ideas and guide for treatment: for example, feeding training
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might include behavioral techniques to gradually decrease the negative sensory experiences related to
food consumption, and encourage familiarity and acceptance of foods.

2. Materials and Methods

2.1. Study Design

A comparative study was carried out. The four questionnaires were administered by clinical
psychologists, working in the diagnostic services of three Sicilian specialized centers, throughout
interviews to parents, as part of the psychological and psychoeducational assessment. Recruitment
and organization of the sample are described in the following paragraph.

2.2. Participants

A total of 111 children with ASD, aged 2 to 12 years (86 males and 25 females; median chronological
age 62 months, interquartile range 44–75 months), were consecutively recruited from specialized
services of diagnosis and treatment of autism during the year 2019, in three specialized centers of
Eastern Sicily provinces (Enna, Caltanissetta and Catania). All participants were diagnosed by a
multidisciplinary team, following the DSM-5 criteria [21]. The severity of their disorders was classified
into three levels (1 to 3) accordingly. Approximately 65% (N = 72) of children showed a severity level
of 3, about 27% (N = 30) a severity level of 2, and about 8% (N = 9) a severity level of 1; moreover,
the majority of them (91%, N = 101) presented with comorbid Intellectual Disability (ID). Diagnoses
were further confirmed using at least one of the most common diagnostic scales (the Autism Diagnostic
Interview-Revised, the Autism Diagnostic Observation Schedules or the Childhood Autism Rating
Scale-Second edition). Based on the results obtained at the Brief Autism Mealtime Behaviors Inventory
(BAMBI-18) [33], the sample was divided into two subgroups, which included ASD-W (N = 37, 33%;
scores at BAMBI ≥ 34) and ASD-WO (N = 74, 67%; scores at BAMBI < 34) children. The characteristics
of the two subgroups are shown in Table 1 (N of males and females, level of severity, chronological
ages, total and sub-domain scores obtained at mealtime behavior measures).

Table 1. Characteristics of the sample and scores obtained at BAMBI 18 and CEBQ, expressed as
medians and interquartile ranges.

TitleSample Features ASD-W ASD-WO z = p ≤ Effect Size 3 r

N = 37 74
Males/Females 30/7 56/18 NS 1

Severity level 3/2/1 27/8/2 45/22/7 NS 1

Chronological age, months 60 (44–76) 63.5 (45.2–74.0) NS 2

BAMBI 18 total scores 41 (38–46) 26.5 (22.25–29.75) −8.44 0.00001 2 0.8
BAMBI 18 subdomains

Food Selectivity 14 (12–16) 9 (7–11) −7.1 0.00001 2 0.67
Disruptive Behaviors 13 (10–16) 7.5 (6–9) −6.48 0.00001 2 0.61

Food Refusal 7 (5–9) 4 (3–4.75) −7.02 0.00001 2 0.67
Mealtime Rigidity 8 (6–11) 4 (3–7) −5.69 0.00001 2 0.54

CEBQ 93 (84–105) 10 (7–16) −8.54 0.00001 2 0.81
CEBQ subdomains

Food Responsiveness 12 (7–16) 10 (7–16) −0.424 NS 2

Emotional Over-eating 5 (4–8) 6 (4–7) 0.237 NS 2

Enjoyment of food 13 (10–16) 16 (13–17) 2.939 0.038 2 0.28
Desire to Drink 7 (5–9) 6 (5–8) −0.88 NS 2

Satiety responsiveness 12 (10–15) 11 (8–13) −2.36 0.018 2 0.22
Slowness in Eating 12 (10–15) 9 (8–12) −2.13 0.033 2 0.2

Emotional Under-eating 10 (6–12) 8 (6–12) −1.84 NS 2

Food Fussiness 21 (18–26) 16 (12–19) −4.58 0.00001 2 0.435

ASD = Autism Spectrum Disorder; ASD-W = ASD With feeding problems; ASD-WO = ASD WithOut feeding
problems; Severity level: 3 = requiring very substantial support, 2 = requiring substantial support, 1 = requiring
support; BAMBI = Brief Autism Mealtime Behaviour Inventory; CEBQ = Child Eating Behaviour Questionnaire;
NS = Not Significant; 1 Chi-square test; 2 Mann-Whitney’s U Test; 3 Effect size calculated by using r= z/

√
N formula.
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2.3. Measures

BAMBI 18 [33,34] is an 18-item interview for assessing mealtime behavior problems. A 5-point
Likert scale is used, ranging from 1 = never/rarely to 5 = always, including a neutral midpoint; a total
frequency score is derived from the sum of the items; higher scores indicate more problematic mealtime
behaviors. Undesirable behaviors can be analyzed also on the basis of four main factors, and namely:
limited variety/food selectivity, disruptive mealtime behaviors, food refusal and mealtime rigidity [34].
Original test-retest reliability was reported at 0.87 (TD children N = 40 and ASD children N = 68, aged
3 to 11 years), and interrater reliability at 0.78 [31]. The scale internal consistency was 0.88 (Cronbach’s
alpha). A cut-off total score of 34 was found by DeMand et al. [34].

CEBQ [35] is a tool for assessing children’s eating styles. It is an interview including 35 items;
a 5-point Likert scale is used, ranging from 1 = never to 5 = always. It includes eight scales:
Food responsiveness, Emotional over-eating, Enjoyment of food, Desire to drink, Satiety responsiveness,
Slowness in eating, Emotional under-eating, and Food fussiness. Internal reliability, derived from two
samples (N = 177 and N = 222, respectively) for the eight factors, ranged from 0.72 to 0.91 (Cronbach’s
alpha). Test-retest reliability (N = 160) ranged from 0.52 to 0.87.

SSP [31] is a 38-item caregiver questionnaire, scored on a 5-point Likert scale (ranging from
1 = always to 5 = never). The lower the score, the more atypical sensory responses. The SSP consists of
a total score and 7 subsection scores: Tactile sensitivity (7 items, mostly focusing on tactile avoiding
and expression of distress: for example, fights or cries during hair cutting, fingernail cutting or face
washing; emotional or aggressive reactions to touch; difficulty in standing in line or close to other
people; avoids going barefoot, especially over sand or grass); Taste/Smell sensitivity (4 items, focusing
on food avoiding and selectivity: for example, avoiding certain tastes or food smells that are typically
part of children’s diet; eating only certain foods or limiting to particular food textures/temperatures;
picky eating); Movement sensitivity (3 items, focusing on anxiety due to specific postures: for example,
becoming anxious or distressed when feet leave the ground, disliking activities where head is upside
down); Under-responsive/Seeks sensation (7 items, focusing on actions adding more intense sensations
and inattention during social interactions: for example, seeking to make noises, or enjoying strange
noises; fidgeting, and not seating still; seeking all kinds of movement, touching people and objects,
jumping from one activity to another, not noticing messy face or hands); Auditory Filtering (6 items,
focusing on distraction and inattention caused by auditory stimuli in the environment: for example,
being distracted by noises, and impossibility to work with background noises; not hearing what he/she
is told, not responding to his/her name, ignoring persons interacting with him/her); Low Energy/Weak
(6 items, focusing on weakness and easy fatigue: for example, getting easily tired, especially when
standing or holding particular body positions; weak grasping; not lifting heavy objects in comparison
to children with the same age); Visual/Auditory sensitivity (5 items, focusing on negative responses to
unexpected or loud stimuli: for example, negative responses to unexpected or loud noises, protecting
ears from sound or eyes from light, being bothered by bright light). The SSP total score and the
subsection scores can be used to classify children’s sensory impairments into three categories: Typical
Performance, Probable Difference, and Definite Difference. Cut-off points to define these categories
are available for the total and the subsection scores. A discriminant validity > 95% in differentiating
children with and without sensory impairments was found [36]. The internal reliability was reported
as ranging between 0.70 to 0.90. Internal validity correlations for the subsections ranged from 0.25 to
0.76 and were all significant at p < 0.01 [31].

The Sensory Experience Questionnaire (SEQ Version 1) [10,37] is a brief caregiver interview
designed to assess sensory problems in young children with ASD and related Developmental Disorders.
A 5-point Likert scale is used, ranging from 1 = almost never to 5 = almost always. Higher scores
indicate higher sensory problems. The SEQ measures the Hyper- and Hyporesponsive patterns
across social and nonsocial contexts. Hypo- is considered as a lack of or delayed response to sensory
stimuli [14,38]). Hyper- is defined as an exaggerated or avoidant response to sensory stimuli [39,40].
SEQ yields both a total score as well as four-dimensional subscale scores. The psychometric properties
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of SEQ were evaluated by Little et al. [35] by means of 358 caregiver questionnaires; internal consistency
and test–retest reliability were 0.80 (Cronbach’s coefficient alpha); intraclass correlation coefficients
was 0.92.

2.4. Statistical Analysis

Non-parametric statistics were used because most of the variables did not show a normal
distribution, based on asymmetry and kurtosis. The between-group comparisons were carried out
by means of the Mann-Whitney’s U test; the significance level was set at p < 0.05. Effect sizes were
calculated by means of the r = z/

√
N formula, where N is the total number of the sample participants.

The r value of 0.1, 0.3 and 0.5 indicated a small, a medium, and a large effect size respectively;
the absolute value of r has been reported. The Chi-square test was used for frequency data, including
the intra-group comparisons; effect size was calculated by means of the Cramer’s V test, where scores
≤0.2 indicate a small effect size, while scores between 0.2 and ≤ 0.6 a moderate effect size, and >0.6 a
strong effect size. For intra-group comparisons, the Friedman and the Wilcoxon matched pair tests
were used. Effect sizes were calculated by means of r = z/

√
N formula. A correlation analysis between

sensory and feeding problems was carried out for the whole sample, by using the Spearman’s test.

2.5. Ethics Committee Approval

Approval was obtained from the Local Ethics Committee “Comitato Etico IRCCS Sicilia–Oasi
Maria SS.”, approval date 7 July 2018, approval code: 2018/07/18/CE-IRCCS-OASI/14. All parents
provided written informed consent prior to the administration of the questionnaires.

3. Results

No significant differences were found between ASD-W and ASD-WO subgroups, neither in the
chronological ages, nor in the number of male and female participants, or in the levels of disorder
severity (Table 1); therefore, the two subgroups were comparable.

Table 1 shows statistically significant differences at BAMBI and CEBQ questionnaires, both
investigating feeding problems. In all the BAMBI subdomains (selectivity, disruptive behaviors, refusal,
and mealtime rigidity), statistically significant differences were obtained with medium to large effect
sizes. In the CEBQ, the statistically significant differences were found only in some subdomains,
namely enjoyment of food, satiety responsiveness, slowness in eating, and, above all, food fussiness,
including food selectivity items. Therefore, the two subgroups turned out to be clearly distinguished
from each another as for feeding behaviors.

3.1. Comparisons Between ASD-W and ASD-WO Subgroups

Statistically significant differences were found in the comparisons between ASD-W and ASD-WO
subgroups (Mann Whitney’s U test; Table 2).

Table 2. Scores obtained from ASD-W and ASD-WO subgroups at the SSP and SEQ, expressed as
medians and interquartile ranges.

MeasuresTitle
ASD-W

break//N = 37
ASD-WO N = 74 z = p ≤ 1 Effect Size r = 2

SEQ Total scores 51 (41–62) 46.5 (39–57) −1.94 0.026 0.18
SEQ subsections

HY 21 (18–28) 19 (16–23) −2.49 0.006 0.24
HY-S 11 (8–15) 10 (7–12) −1.75 0.04 0.17

HY-NS 11 (10–13) 10 (7.25–12) −2.52 0.006 0.24
HO 29 (23–34) 29 (22–34) −1.03 NS

HO-S 8 (5–9) 7 (5–9) −1.13 NS
HO-NS 22 (18–24) 20 (17–25.75) −0.89 NS
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Table 2. Cont.

MeasuresTitle
ASD-W

break//N = 37
ASD-WO N = 74 z = p ≤ 1 Effect Size r = 2

SSP Total scores 132 (113–149) 156 (140.25–165.5) 4.5 0.00001 0.43
SSP subsections
Tactile sensitivity 27 (23–31) 30.5 (28–33) 2.99 0.0014 0.28

Taste/Smell sensitivity 9 (7–13) 18 (14–20) 5.42 0.00001 0.515
Movement sensitivity 13 (10–15) 15 (11.25–15) 1.87 0.03 0.18

Under-responsive/Seeks sensation 21 (17–22) 24.5 (19.25–27.75) 3.43 0.0003 0.33
Auditory filtering 16 (14–22) 22 (20–24) 3.79 0.00008 0.36
Low energy/Weak 26 (20–28) 28 (25.25–30) 2.77 0.028 0.26

Visual/Auditory sensitivity 20 (17–22) 21 (18–23) 1.004 NS

ASD = Autism Spectrum Disorder; ASD-W = ASD With feeding problems; ASD-WO = ASD WithOut feeding
problems; SEQ = Sensory Experience Questionnaire; HY = Hyperresponsiveness; HY-S = HY social items; HY-NS =
HY non-social items; HO =Hyporesponsiveness; HO-S =HO social items; HO-NS =HO non-social items; SSP =
Short Sensory Profile; NS = Not significant; 1 Mann Whitney’s U Test; 2 Effect size calculated by using the formula:
r = z/

√
N.

As far as the SSP results are concerned, differences were found in the total score, with a medium
effect size, and in almost all the subsections, with a large effect size in Taste/Smell sensitivity, a medium
effect size in Auditory Filtering and Under-responsive/Seeks sensation, and a small effect size in Tactile
sensitivity, Low Energy/Weak, and Movement sensitivity. Higher sensory impairments turned out to
characterize the ASD-W subgroup. No differences were found in the Visual/Auditory sensitivity.

Statistically significant differences emerged from SEQ, both in the total score, with a small effect
size, and in the Hyperresponsiveness subsection (in total score and responsiveness toward social
and non-social stimuli), with most impairments in the ASD-W subgroup. No statistically significant
differences were found in Hyporesponsiveness subsection, impaired in both subgroups (see median
scores). Table 3 shows the SSP performance categories (Definite Difference, Probable Difference,
and Typical Performance in both total and subsection scores), expressed in percentages of children,
and the results from the comparisons between the two subgroups (Chi Square test).
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The percentage of Definite Difference in ASD-W subgroup was higher than ASD-WO in both the
SSP total score and the subsections; on the contrary, higher percentages of ASD-WO children fell into
the Typical Performance of SSP total and subsection scores. Statistically significant differences were
found in the comparisons between the two subgroups, with moderate effect sizes in the total score
and in all the subsections, except for Visual/Auditory sensitivity performance, in which no statistically
significant difference was found. When comparing Definite Differences vs. Typical performance,
statistically significant differences and moderate effect sizes were found.

3.2. ASD-WO Intra-Group Analysis

In the ASD-WO subgroup, a statistically significant difference (p < 0.00001; Friedman’s test) was
found between the SSP subsection scores, expressed as medians of the ratios between the scores
obtained and the maximum possible scores; the medians of the ratios ranged from 0.8 to 1, (the highest
SSP score, the lowest impairment) in the following subdomains: Tactile, Taste/Smell, Movement,
Visual/Auditory sensitivity and Low Energy/Weak; and from 0.7 to 0.75 in Under-responsive/Seeks
sensation and Auditory Filtering (Figure 1A).

 
Figure 1. Scores obtained from ASD-WO (A) and ASD-W (B) in the SSP subdomains (expressed as
medians of the ratios between obtained scores and maximum possible scores).
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Both Under-responsive/Seeks sensation (US) and Auditory Filtering (AF) showed statistically
significant differences (Wilcoxon matched pairs test) when compared to the other SSP subdomains,
and namely: US vs. Tactile, Movement, and Low Energy p < 0.000001, with large effect sizes (z = 6.78,
6.45, 5.98 respectively; r = 0.79, 0.75, 0.69 respectively); US vs. Visual/Auditory p < 0.000002, with large
effect size (z = 4.73; r = 0.55); US vs. Taste/Smell p = 0.000014, with large effect size (z = 4.35; r = 0.506);
US vs. AF p = 0.012, with small effect size (z = 2.51; r = 0.29); AF vs. Tactile, Movement, Low Energy
p < 0.000001, with large effect sizes (z = 5.76, 5.53, 5.98 respectively; r = 0.67, 0.64, 0.69 respectively);
AF vs. Taste/Smell p = 0.001, with medium effect size (z = 3.27; r = 0.38), AF vs. Visual/Auditory
p = 0.002, with medium effect size (z = 3.1; r = 0.36).

As far as the SEQ is concerned, a statistically significant difference with large effect size
between the Hyperresponsiveness and Hyporesponsiveness subdomains (Wilcoxon matched pairs
test, p < 0.00001, z = −5.22, r = 0.07) was found, with higher scores in Hyporesponsiveness. Within the
Hyporesponsiveness subdomain, a statistically significant difference with medium effect size was found
between responses to social and non-social stimuli (Wilcoxon matched pairs test, p = 0.006, z = 2.73,
r = 0.036), with response to non-social stimuli being more impaired. Within the Hyperresponsiveness
subdomain, no significant difference was found between responses to social and non-social stimuli.

3.3. ASD-W Intra-Group Analysis

In the ASD-W subgroup, a statistically significant difference (p < 0.00001, Friedman’s test) was
found between the SSP subsection scores, expressed as medians of the ratios between the scores
obtained and the maximum possible scores. The medians of the ratios ranged from 0.75 to 0.9 in the
following subdomains: Tactile, Movement, Visual/Auditory and Low Energy/Weak; from 0.53 and
0.45 in Auditory Filtering, Under-responsive/Seeks sensation, and Taste/Smell sensitivity (Figure 1 B).
No statistically significant differences were found either between Taste/Smell and both Under-responsive
and Auditory Filtering, or between Under-responsive and Auditory filtering (Wilcoxon matched
pairs test). Taste/Smell, Under-responsive and Auditory Filtering subsections showed statistically
significant differences and large effect sizes in comparison with the others SSP subdomains, and namely:
Taste/Smell (TS) vs. Tactile p = 0.000004, z = 4.62, r = 0.76; TS vs. Movement p = 0.000003, z = 4.71,
r = 0.77; TS vs. Low Energy p = 0.000016, z = 4.32, r = 0.71; TS vs. Visual/Auditory p = 0.000017, z = 4.31,
r= 0.71; US vs. Tactile p= 0.000002, z= 4.8, r= 0.79; US vs. Movement and Visual/Auditory p = 0.000001,
z = 5.1 and 4.82 respectively; r = 0.84 and 0.79 respectively; US vs. Low Energy p = 0.000007, z = 4.51,
r = 0.74 (Wilcoxon matched pairs test).

As far as the SEQ is concerned, a statistically significant difference between the
Hyperresponsiveness and Hyporesponsiveness subdomains and a large effect size (Wilcoxon matched
pairs test p <0.015, z = −3.39, r = 0.09) were found, with sensory Hyporesponsiveness being prevalent;
no statistically significant differences were found either in Hyperresponsiveness or Hyporesponsiveness
subdomains (responses to social and non-social stimuli).

3.4. Correlation Analysis

Statistically significant correlations (Spearman’s test; p < 0.05) between the total scores of sensory
and mealtime behaviors questionnaires were found (BAMBI vs. CEBQ = 0.61; SSP vs. SEQ = −0.59;
SSP vs. BAMBI = −0.46; SSP vs. CEBQ = −0.61; SEQ vs. BAMBI = 0.3; SEQ vs. CEBQ = 0.33).
A positive correlation was found between the two questionnaires on feeding problems (increased
scores in one questionnaire corresponded to increased scores in the other), and between SEQ and each
of the mealtime measures (increasing scores in feeding problems corresponded to increasing scores in
sensory impairments, investigated by SEQ). A negative correlation was found between each mealtime
measure and SSP: increasing scores in BAMBI or CEBQ corresponded to decreasing scores in SSP, that
is, decreased typical sensory performances.
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4. Discussion

Children with ASD seem to show more sensory problems than children with TD, and a relationship
between sensory and feeding problems was hypothesized by some authors [4,26–29]. To the best of
our knowledge, no studies on ASD sensory processing have so far reported any comparisons between
sensory characteristics of ASD children with and without feeding problems. The aim of our study was
to shed light on this aspect, starting from the hypothesis that ASD-W children presented with higher
sensory impairments than ASD-WO, with Taste/Smell sensitivity particularly affected.

In our ASD sample, the percentage of feeding problems turned out to be lower than those reported
in other studies [24,25,41,42], probably due to the specific cut-off used in our study for classifying
children with feeding problems. This result should be further investigated in future studies with
larger samples.

The Spearman’s test showed a statistically significant correlation between feeding behaviors
and responses to sensory stimuli, especially between SSP and the two mealtime behaviors measures,
thus confirming the findings of the studies above mentioned [4,27–30].

Results obtained from the between-group comparisons seem to confirm our hypothesis. Statistically
significant differences in the total scores of both SSP and SEQ were found, with higher impairments in
the ASD-W subgroup. As stated by O’Donnell et al. [43], the SSP total score is considered as the most
sensitive indicator of sensory dysfunction. As for the SSP subsections, differences turned out to be
particularly marked in the Taste/Smell sensitivity, and this is certainly consistent with our expectations,
since the Taste/Smell sensitivity is a factor that strongly influences feeding behaviors. The presence
of olfactory and gustatory dysfunctions in children with ASD have already been reported in the
literature [44,45], even if they remain still understudied. The olfactory system is mainly implicated
in detection, identification, memory and recognition of odors. The principal function of taste is to
analyze chemosensory, somesthetic and hedonic features of gustatory stimuli. Results from the few
studies in which physiological measures were used, found significant differences in odor and taste
identification in children with ASD compared with TD, but not in detection thresholds, thus suggesting
cortical rather than brainstem dysfunction [45]. A recent study by Koehler et al. [46] on odor threshold
and odor identification in children with ASD, using structural magnetic resonance imaging, found
decreased threshold and identification functions, and a decreased activation of the pyriform cortex,
suggesting that olfactory impairments in people with ASD has its correspondence in the primary
olfactory cortex. A study by Avery et al. [47] on taste reactivity in ASD found an aberrant function of
the primary gustatory cortex (anterior insula and frontal operculum) and other brain regions associated
with social functioning. Taste and smell cerebral pathways present some similarities, since they both
involve regions such as the orbitofrontal cortex, the insula, the limbic system and the hypothalamus.
However, studies have so far found no clear link between impaired responses to sensory stimuli and
the underlying brain sensory processing; therefore, the unusual sensory responses in children with
autism still need a reliable explanation. We know that these cortex areas are connected not only to the
olfactory and gustatory systems, but also to emotions and social behaviors; therefore, it is possible to
hypothesize that the altered perception of taste/smell stimuli in children with autism can contribute to
their social and emotional deficits.

As far as the other results of our study are concerned, statistically significant differences were
found in all the other SSP subsections, especially in Auditory Filtering and Under-responsive/Seeks
sensation (Tables 2 and 3), and also in Tactile sensitivity, Movement sensitivity and Low Energy/Weak
(Table 3). These results indicate that feeding behaviors of children with autism seem to be affected
not only by Taste/Smell sensitivity, but also by multiple sensory experiences, and that a generalized
impairment of all sensory modalities occurs more in children with ASD-W than in children with
ASD-WO. This generalized sensory impairment, especially in children with ASD-W, might find an
explanation in the theory of imbalance in excitatory and inhibitory processes in the brain, resulting
in increased excitation (greater glutamatergic signaling) and reduced inhibition (reduced GABA
inhibitory neurotransmitters) [48,49]. Increased activation was found in children with ASD in primary
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sensory cortices, amygdala, hippocampus and orbitofrontal cortex, also related to cognitive, emotional,
and social processing; reduced GABA levels were found in auditory, motor and frontal cortex. However,
a link between changes in neurotransmitters and the anomalous behavioral responses to sensory
stimuli has not been established yet.

The presence and severity of sensory dysfunctions in our sample seemed to be related to feeding
problems, rather than to the autism severity (as stated by some authors) [7,15,18]; in fact, the two
subgroups did not differ from each other as for the severity of autistic symptoms (see Table 1).
Visual/Auditory sensitivity did not seem to affect feeding behaviors: a high percentage of children
(about 60% of ASD-W and 70% of ASD-WO) showed a Typical Performance in this sensory modality,
therefore it was not widely impaired in our whole sample.

In a study by Lane et al. [50], using the SSP, four distinct sensory subtypes were identified:
sensory adaptive, consisting in typical functioning in five of the seven SSP subsections; taste smell
sensitive, consisting in extreme Taste/Smell sensitivity and clinically significant concerns in Auditory
Filtering and Under-responsive/Seeks sensation; postural inattentive, consisting in extreme score in
Low Energy/Weak and clinically significant concerns in Auditory Filtering and Under-responsive/Seeks
sensation; and generalized sensory difference, in which all sensory domains were affected. We applied
these subtypes to both ASD-W and ASD-WO children, thus confirming our results as described above:
ASD-W children fell into the Taste/Smell sensitive subtype, and showed a more generalized sensory
difference than the ASD-WO subgroup; on the contrary, ASD-WO children were sensory adaptive in
about half of the cases.

The SSP performance classifications in our study appeared to be different from those obtained
in previous studies [3,29,32] (Table 3), either in the whole ASD sample, or in the ASD-WO subgroup.
In fact, the percentages of Definite Differences were lower, while those of Typical Performance higher;
our percentages were close to those of the studies mentioned above only in the case of the ASD-W
subgroup. This might be due to the fact that these studies included ASD children with and without
feeding problems, but their percentages were not specified. Nadon et al. [29], however, suggested that
the presence of feeding problems might have affected the results of their study.

As far as the SEQ is concerned, Hyporesponsiveness turned out to be impaired in both ASD-W
and ASD-WO children. This is consistent with previous studies [14] and confirms data obtained
in the SSP Under-responsive/Seeks sensation subsection. Statistically significant differences were
found by comparing the two subgroups, both in the SEQ total score and Hyperresponsive subsection,
and ASD-W appeared to be more affected than ASD-WO children; however, the effect sizes were
small, therefore these results need to be confirmed by further studies. In the ASD-W subgroup the
dysfunctioning seemed to be more generalized, because no differences were found in the responses to
social and non-social stimuli in Hyporesponsiveness.

Results from the intra-group SSP analysis (Figure 1) are also consistent with those described
above: in the ASD-WO children, the Under-responsive/Seeks sensations and Auditory Filtering
subsections appeared to be the most impaired, unlike Tactile, Taste/Smell, Movement, Low Energy/Weak,
and Visual-Auditory subsections, which turned out to be points of strength. The strengths of the
ASD-W subgroup seem to be Movement, Low Energy/Weak, and Visual/Auditory sensitivity, unlike
Under-responsive/Seeks sensation, Auditory Filtering, and Taste/Smell subsections, which turned out
to be strongly impaired.

Results from our study might offer some suggestions about the opportunity to include
individualized sensory training within the psychoeducational treatments. Whereas these trainings
seem to be useful for ASD-WO children with no typical performance, they become essential for
children with ASD-W, because of their generalized sensory dysfunctioning that requires a multisensory
stimulation treatment. The multisensory stimulation treatment should be individually designed to
decrease the functional limitations due to the impaired sensory modulation and should involve active
participation of children to produce adaptive responses. A play context might encourage children
participation. Individualized sensory trainings might provide multiple benefits: (1) normalizing the
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deficient responses to tactile, olfactory and tasting stimuli, so as to provide the opportunity for learning
adequate mealtime behaviors and other functional self-care skills; (2) providing the appropriate
required level of sensory stimulation—through Applied Behavior Analysis procedures—that would
replace sensations typically experienced from repetitive behaviors or stereotypies; (3) capturing and
maintaining attention on the provided stimuli (especially auditory stimuli); (4) using visual/auditory
and kinesthetic stimulation (in which the ASD-W children appear to be more adapted) as a bridge to
more easily accept sensory stimuli generally avoided.

Our study has some limitations: first of all, the absence of a TD control group. The comparison
with TD peers would highlight any statistically significant differences with ASD sensory profiles,
especially for the ASD-WO subjects, who showed more adaptive sensory responsiveness. Second,
the absence of other clinical control groups, for example peers with ID, with and without feeding
problems, that might allow us to better understand whether different clinical populations would
show different sensory profiles. To this regard, for example, McCormick et al. [7] did not find any
differences between ASD and Developmentally Delayed children in the SSP total scores, except for
Taste/Smell and Visual/Auditory sensitivities. Third, the relatively small sample size, especially the
ASD-W subgroup: a future study with larger samples might confirm the similarities and differences
found here between ASD-W and ASD-WO sensory profiles; moreover, larger samples might be useful
to establish whether changes in the sensory processing occur across different age ranges. Finally, our
sample mainly included children with moderate to severe disorder (predominantly showing severity
levels 2 and 3), therefore our results might be not generalizable to ASD children with a severity level 1.
Fourth, to investigate children’s response to sensory stimuli we used only questionnaires to parents,
that present a certain degree of subjectivity. More psychophysical investigations are needed in order to
decrease the subjectivity of data, although the biological mechanisms underlying sensory processing
are not easy to determine due to the heterogeneity of the disorder and the difficulty in applying
physiological measures to low functioning and little collaborating subjects.

5. Conclusions

We were able to confirm our original hypothesis of the existence of a significant correlation
between sensory and feeding problems in ASD. We may suggest that ASD-W children show a more
severe and more extensive impaired sensory processing than ASD-WO children, and that feeding
behaviors of children with autism are affected not only by Taste/Smell, but also by multiple sensory
experiences. ASD-W and ASD-WO subgroups showed a Hyporesponsive profile. Both subgroups
showed impairments in Under-responsive/Seeks sensation and Auditory Filtering, more marked in
ASD-W than in ASD-WO children. Taste/Smell sensitivity was strongly impaired only in ASD-W,
whereas in ASD-WO subgroup it turned out to be a strength. ASD-W showed a more severe
impairment also in Tactile sensitivity. Both subgroups showed strengths in Visual/Auditory sensitivity,
Low-Energy/Weak, and Movement sensitivity, though more marked in ASD-WO. Based on our results,
some useful suggestions on sensory trainings and psychoeducational treatments might be provided.
However, a deeper knowledge of sensory dysfunctions in larger samples of ASD-W and ASD-WO
children would be desirable for better orienting psychoeducational treatments by providing pointily
suggestions about specific and individualized sensory trainings.
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Abstract: Gilles de la Tourette syndrome (GTS) and autism spectrum disorder (ASD) are two
neurodevelopmental disorders with male predominance, frequently comorbid, that share clinical
and behavioral features. The incidence of ASD in patients affected by GTS was reported to be
between 2.9% and 22.8%. We hypothesized that higher ASD rates among children affected by GTS
previously reported may be due to difficulty in discriminating GTS sub-phenotypes from ASD,
and the higher scores in the restrictive and repetitive behaviors in particular may represent at least a
“false comorbidity”. We studied a large population of 720 children and adolescents affected by GTS
(n = 400) and ASD (n = 320), recruited from a single center. Patients were all assessed with The Yale
Global Tic Severity Rating Scale (YGTSS), The Autism Diagnostic Observation Schedule (ADOS),
The Autism Diagnostic Interview Revised (ADI-R), The Children’s Yale–Brown Obsessive–Compulsive
Scale (CY-BOCS), and The Children’s Yale–Brown Obsessive–Compulsive Scale for autism spectrum
disorder (CY-BOCS ASD). Our results showed statistically significant differences in ADOS scores
for social aspects between GTS with comorbid attention deficit hyperactivity disorder (ADHD)
and obsessive–compulsive disorder (OCD) sub-phenotypes and ASD. No differences were present
when we compared GTS with comorbid ASD sub-phenotype to ASD, while repetitive and restrictive
behavior scores in ASD did not present statistical differences in the comparison with GTS and
comorbid OCD and ASD sub-phenotypes. We also showed that CY-BOCS ASD could be a useful
instrument to correctly identify OCD from ASD symptoms.

Keywords: autism spectrum disorder; Gilles de la Tourette; obsession; compulsion; social behavior;
social impairment

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder with an onset in early
childhood characterized by persistent deficits in social communication and social interaction across
multiple contexts alongside restricted and repetitive patterns of behavior and interests or activities [1].
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Social problems are the most characteristic and persistent components of the behavioral phenotype.
Autism is 4.5 times more common in males than in females. The prevalence of ASD is approximately
1% in the general population [2].

Gilles de la Tourette syndrome (GTS) is a neurodevelopmental disorder characterized by motor
tics and at least one vocal tic that occurs for more than 1 year, with an age of onset before 18 years [1].
It is also characterized by male predominance. In addition to sharing some symptomatology and
sexual dysmorphism, these disorders are commonly comorbid [3].

This comorbidity might partly reflect common etiological mechanisms in children and adolescents
affected by GTS, and the strong heritability of both ASD and GTS implies genetic etiology [4]; the Brainstorm
consortium (2018) reported shared heritability in both disorders [5]. However, another study examining the
shared genetic etiology through analysis of heritability among brain phenotypes found common genetic
variation across a number of neuropsychological disorders and proposed a specific relationship between
GTS and ASD [6]. A large body of literature has convincingly shown that many similarities are present
in genetic factors, functional and structural brain characteristics, and cognitive profiles. In particular,
recent studies have found similar overlapping alterations of functional connectivity in ASD and GTS
patients [7]. Compulsive attachment to routines and stereotypical behaviors in ASD are associated
with changes in the corticostriatal circuitry especially involving the caudate [8]. Likewise, compulsions
observed in obsessive–compulsive disorder (OCD) were shown to be associated with alteration of the
orbitofrontal circuitry and caudate nucleus dysfunction [9].

The incidence of ASD in patients affected by GTS was reported to be between 2.9% and 4.9%
in two clinical populations, using DSM-5 criteria for the diagnoses of both GTS and ASD [10,11].
The first study [10] analyzed the data of 3500 patients from the Tourette Syndrome International
Database Consortium Registry that comprised 83 active sites, while the second reported a small group
(35 patients) of Iranian children and adolescents aged 6–18 years [11].

More recently Huisman-van Dijk et al. and Darrow et al. [12,13] studied two large clinical cohorts
of GTS patients and their family members using two screening instruments, the Autism Quotient and
the Social Responsiveness Scale (SRS), to characterize ASD symptoms and reported a higher incidence
of “probable” ASD between 20% and 22.8%.

Social communication and interaction challenges as well as the presence of functionally
disabling restricted repetitive behaviors are characteristic of ASD. Symptoms such as obsessions,
compulsive behaviors, echolalia and palilalia are common in both conditions [14].

Repetitive behaviors are observed in as many as 65% of patients with GTS and can be classified as
“tic-like” or OCD-like symptoms according to clinical phenomenology [15]. Repetitive behaviors in
ASD typically overlap with phenomena in GTS. It may be challenging to distinguish phenomenological
characteristics of ASD from GTS. In clinical practice, medical professionals often struggle to define
which disorder best describes the child’s symptoms.

Our hypothesis is that higher ASD rates among children affected by GTS reported by Darrow et al. [13]
and Huiss Van Dick et al. [12] may be due to the difficulty in discriminating complex tics and OCD
symptoms from ASD symptoms, and the higher scores in the repetitive behaviors in particular may
represent at least a “false comorbidity”.

The primary aim of this study was to disentangle repetitive behavior features and social
impairment in two large populations from a single center, GTS patients compared to ASD patients.
Specifically, we aimed to determine whether features related to autism as measured by ADOS subscales
and CY-BOCS differ for GTS sub-phenotype patients in relation to ASD.

2. Materials and Methods

2.1. Patient Selection

Participants were recruited from a larger database on clinical and molecular features of GTS and
ASD that was assembled over a twenty-year period and is still being updated.
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Participants in the present study were 720 children and adolescents with a primary diagnosis of
GTS or ASD, according to DSM-5 criteria (APA 2013), recruited from January 2016 to February 2019 at
the outpatient clinic of the Child and Adolescent Neuropsychiatry Unit at Catania University Hospital.
We excluded patients who showed 1) evidence of primary psychiatric disorders different from GTS or
ASD and 2) severe neurological or physical impairments or who were minimally verbal.

2.2. Procedures

The study was approved by the local Ethics Committee. Investigations were carried out as part of
the routine clinical care of the patients in accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments (Helsinki Declaration 1975, revision 2013). All parents
gave written informed consent, and the subjects assented when possible. All patients underwent
physical examination and blood and urine analyses to rule out systemic diseases (e.g., inherited
metabolic disorders). Diagnoses of GTS and comorbid disorders and ASD were performed according
to DSM5 criteria, and neuropsychological evaluation was carried out by an expert team of child and
adolescent neurologists, supervised by R.R., M.G., and R.B.

2.3. Measures

All parents participated in a medical history interview to determine prenatal, perinatal,
and psychosocial risk factors as well as socio-economic status. Before inclusion in the study, all patients
were screened with the Schedule for affective disorders and Schizophrenia for School age children—present
and lifetime (Kiddie-SADS-PL) to rule out primary psychiatric disorders considered as criteria of exclusion.
The Kiddie-SADS-PL is a semi-structured interview tool developed by Kauffman et al. (1997) that can be
used in children and adolescents aged between 6–18 years [16]. This evaluation includes fundamental
diagnosis of various psychiatric disorders. All patients underwent neuropsychological evaluation for
GTS and related comorbidities.

2.3.1. Tics

To assess tic disorders, the National Hospital Interview Schedule for GTS (NHIS) [17],
a semi-structured interview was used to diagnose GTS and its associated conditions, behaviors,
and relevant family history. The Yale Global Tic Severity Rating Scale (YGTSS) [18] is an 11-item
clinician rated interview that is able to evaluate motor and phonic tic severity considering the number,
frequency, and impairments that tics are able to provoke in the patient. The score of the YGTSS ranges
from 0 to 100, including the impairment section. Higher scores indicate greater severity of symptoms
and impairment.

2.3.2. Obsessive–Compulsive Disorder

To evaluate OCD, the Children’s Yale–Brown Obsessive–Compulsive Scale (CY-BOCS) [19] and
the ASD CY-BOCS [20] were used. The CY-BOCS is a semi-structured interview conducted principally
with parents, even if patients are encouraged to participate. This interview is able to assess the severity
of obsessive–compulsive symptoms in children. The total score of CY-BOCS ranges between 0 and
40. It is possible to evaluate an obsession and a compulsion score separately. Higher scores indicate
greater severity of symptoms and impairment.

2.3.3. Autism Spectrum Disorder

The Autism Diagnostic Observation Schedule (ADOS) [21] was used for ASD diagnosis. The ADOS
is a standardized evaluation scale that is considered the gold standard for the diagnosis of ASD. It is
structured in four domains of exploration (A), social interaction (B), imagination (C), and repetitive
and stereotyped behaviors (D). Items are scored from 0 to 3 on the basis of severity (3: more severe).
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The ADOS provides a total score and partial scores related to Social Affect (SA) and Restricted,
Repetitive Behavior (RRB).

The Autism Diagnostic Interview Revised (ADI-R) [22] is a structured interview conducted with
the parents/guardians. Its purpose is to investigate the same areas of ADOS based on the judgment of
parents/guardians with respect to their children’s symptoms. Items are scored from 0 to 3 on the basis
of severity (3: more severe).

The Children Yale Brown Obsessive–Compulsive Scale for Autism Spectrum Disorder is a
semi-structured interview conducted with patients and parents that was developed after CY-BOCS
by Schahill et al. (2014) to detect the differences between obsession and compulsion in OCD and
repetitive and restrictive behaviors, interests, and stereotypes in ASD [20]. For this purpose, the scale is
structured with a Symptom Checklist (behavior present or absent) and five sub-schedules (Time Spent,
Interference, Distress, Resistance, and Control). Each item ranges from 0 (not present) to 4 (severe),
and the total score is between 0 and 20. The interview includes a symptom checklist of possible
repetitive behaviors grouped into eight categories (e.g., washing rituals, checking behaviors). Each
category allows the interviewer to describe “other” behaviors presumed relevant to that overall
category. The severity of each item is anchored to the past week and scored from 0 (not present) to 4
(severe) for a total score of 0 to 20 [20].

2.4. Statistical Analysis

Clinical covariates were identified within each psycho-diagnostic class that might be able to detect
affected subjects and their comorbidities from healthy individuals. Analyzed psycho-diagnostic classes
included ADI-R, ADOS, YGTSS, CY-BOCS, and CY-BOCS ASD.

The identification of class-specific clinical covariates, which have statistically different values, is a
fundamental process to identify common elements among different conditions and to stratify affected
subjects according to comorbidities. For this purpose, we employed the R software suite to perform
statistical analyses using a two-sided t-test or ANOVA and to build a risk classification model based
on C-Tree Induction [23].

Risk models were developed with the use of decision-tree induction from class-labeled training
records, i.e., the training set was composed of records in which one attribute was the class label
(or dependent variable), and the remaining attributes were the predictor variables; the individual
records were the tuples for which the class label was known.

The aim of this analysis was the objective identification of the classification power of evaluation
metrics used in the context of Gilles de la Tourette syndrome and the assessment of a joint model
to distinguish between pure GTS, GTS plus comorbidities, and ASD. For this purpose, the usage
of a classification model is crucial to study the predictive power of a set of diagnostic metrics.
The classification, starting from the characteristics (in our case the independent variables are those
reported in Table 1), named predictor variables, of the examined subjects, aims to infer a set of rules
allowing the prediction of covariate values, named class labels (or dependent variables). Each node
of the tree analyzes a covariate by computing an optimal binary split. The goodness of the split is
supported by a two-sample statistical test based on a permutation analysis.

In our study the objective was to distinguish six different classes: GTS, GTS+OCD, GTS + attention
deficit hyperactivity disorder (ADHD), GTS + OCD + ADHD, GTS + ASD, and ASD.

The performance of the classification model was analyzed, randomly splitting the data in the
training set (2/3 of the records) and the testing Set (1/3 of the records); this partition was repeated
100 times, and the classification accuracy was taken as the average of each accuracy measurement.
All differences were considered statistically significant at a 5% probability level.
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Table 1. Demographic and clinical features.

GTS (pt 400) ASD (pt 320)

M/F 274/62 196/37
Mean age 11.4 (± 3.1) 11.1 (± 3.5)

IQ
TIQ 91.7 (± 17.9) 77.2 (± 24.4)
PIQ 91.61 (± 18.0) 79.1 (± 24)
VIQ 92.87 (± 18.5) 77.7 (± 25.1)

YGTSS 19.54 (± 9.4) 1.4 (± 2.6)
CY-BOCS 15.61 (± 10.9) 13,9 (± 11,3)

CY-BOCS ASD 6.2 (± 4.4) 17 (± 3.2)

GTS: Gilles de la Tourette Syndrome; ASD: Autism Spectrum Disorder; CY-BOCS: Children Yale Brown
Obsessive–Compulsive Scale; CY-BOCS ASD: Children Yale Brown Obsessive–Compulsive Scale for Autism
Spectrum Disorder; YGTSS: Yale Global Tic Severity Scale; TIQ: Total Intelligence Quotient; PIQ: Performance
Intelligence Quotient; VIQ: Verbal Intelligence Quotient.

3. Results

We recruited a clinical cohort of 720 patients aged 6–18 years, mean age 11.3 (±3.3) years. Of this
cohort, 400 subjects were affected by GTS. They were 274 males and 62 females, with a mean age of 11.4
(±3.1) years. Patients with ASD (n = 320) included 196 males and 37 females, with a mean age of 11.1
(±3.5). Demographic and clinical characteristics of the study samples are reported in Table 1. The GTS
clinical cohort had a significantly higher mean IQ (91.7 ± 17.9) than that of the ASD patients (77.2 ± 24.4)
(Table 1).

Nearly all subjects with GTS presented at least one comorbidity. The results of the neuropsychological
evaluation enabled assessment of GTS clinical sub-phenotypes distributed as follows: GTS only (15.5%),
GTS + ADHD (32%), GTS + OCD (33.5%), GTS + ADHD + OCD (10.25%), and GTS + ASD (8.9%).
GTS sub-phenotypes were compared to the ASD clinical group.

3.1. Yale Global Tic Severity Rating Scale

GTS patients presented a mean YGTSS total score of 19.5 (±9.4). The YGTSS score in the GTS clinical
sub-phenotypes was as follows: pure GTS, 16.1 (±7); GTS+ADHD, 19.1 (±1); GTS+OCD, 22.2 (±9.7); GTS
+ ADHD + OCD, 25.9 (±9); and GTS + ASD, 11.7 (±3.2). The ASD group presented a mean YGTSS of
2.3 (±1.8). Statistically significant differences were observed in the comparisons of YGTSS scores between
the GTS sub-phenotypes and ASD clinical cohort (p < 0.001) (see Figure 1 and Table 2).

 

Figure 1. YGTSS score between clinical groups. GTS: Gilles de la Tourette Syndrome; ASD: Autism
Spectrum Disorder; OCD: Obsessive–Compulsive Disorder; ADHD: Attention Deficit Hyperactivity
Disorder; YGTSS: Yale Global Tic Severity Scale.
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Table 2. Comparison between mean YGTSS values in each sub-phenotype and statistical significance.

GTS
Only

GTS +
OCD

GTS +
ASD

GTS +
ADHD

GTS + OCD
+ ADHD

ASD p-Value

YGTSS 16.1 (±7) 22.2 (±9.7) 11.7 (3.2) 19.1 (±1) 25.9 (±9.6) 2.3 (±108) 0.0005

GTS: Gilles de la Tourette Syndrome; ASD: Autism Spectrum Disorder; OCD: Obsessive–Compulsive Disorder;
ADHD: Attention Deficit Hyperactivity Disorder; YGTSS: Yale Global Tic Severity Scale.

3.2. Children’s Yale–Brown Obsessive–Compulsive Scale

GTS patients presented a mean CY-BOCS of 15.6 (±1). With regard to GTS clinical sub-phenotypes,
the following mean CY-BOCS scores were computed: pure GTS, 7.6 (±6); GTS + ADHD, 9.9 (±7.8);
GTS + OCD, 23.5 (±8.3); GTS + ADHD + OCD, 27.1 (±1); and GTS + ASD, 12.1 (±6.1). ASD patients
presented a mean CY-BOCS score of 17.9 (±3.1) (Figure 2, Table 3).

 

Figure 2. Comparison between CY-BOCS and CY-BOCS ASD scores between clinical groups. GTS: Gilles
de la Tourette Syndrome; ASD: Autism Spectrum Disorder; OCD: Obsessive–Compulsive Disorder;
ADHD: Attention Deficit Hyperactivity Disorder; CY-BOCS: Children Yale Brown Obsessive–Compulsive
Scale; CY-BOCS ASD: Children Yale Brown Obsessive–Compulsive Scale for Autism Spectrum Disorder.

Table 3. Comparison between mean values of measures in each sub-phenotype and statistical significance.

Pure GTS
GTS +
OCD

GTS +
ASD

GTS +
ADHD

GTS + OCD
+ ADHD

ASD p-Value

CY-BOCS 7.6 (±6) 23.5 (±8.3) 14.4 (9.3) 9.9 (±7.8) 27.1 (±1) 17.9 ± 3.1 0.0005

CY-BOCS
ASD 2.2 (±1.9) 6.2 (±4.4) 17.1 (4.1) 3 (±1.9) 4.8 (±2.1) 18.1 ± 3.2 0.0005

GTS: Gilles de la Tourette Syndrome; ASD: Autism Spectrum Disorder; OCD: Obsessive–Compulsive Disorder;
ADHD: Attention Deficit Hyperactivity Disorder; CY-BOCS: Children Yale Brown Obsessive–Compulsive Scale;
CY-BOCS ASD: Children Yale Brown Obsessive–Compulsive Scale for Autism Spectrum Disorder.

3.3. Children’s Yale–Brown Obsessive–Compulsive Scale: Autism Spectrum Disorder

GTS patients presented a mean CY-BOCS ASD of 6.2 (±4.4). In detail, GTS clinical sub-phenotypes
presented the following mean scores: pure GTS, 2.2 (±1.9); GTS + ADHD, 2.9 (±1.9); GTS + OCD,
6.2 (±4.4); GTS + ADHD + OCD, 3.1 (±2.1); and GTS + ASD, 17.9 (±2.9). ASD patients presented a
mean CY-BOCS ASD score of 18.1 (±3.2) (Figure 2, Table 3).

Figure 3 shows a decision tree. Among all the inferred models, we showed the one built as a
function of the CY-BOCS ASD variable. Each internal node of the tree represents a statistical test
(on such a variable, the two departing branches split the data according to the most discriminant
threshold). These analyses revealed that when the score of CY-BOCS ASD was lower than 1, the analyses
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were able to detect GTS only, whereas when the CY-BOCS ASD score was higher than 14, the more
represented clinical group was that with pure ASD, followed by GTS+ASD. However, the overall
accuracy of the model is 46,35%, which means that this variable is not reliable for detection of GTS +
comorbidities when its value is between 1 and 14.

 

Figure 3. Decision tree. Clinical groups: 1: pure GTS; 2: GTS+OCD; 3: GTS +ADHD; 4: GTS +ADHD
+ OCD + OCD; 5: GTS + ASD; 6 ASD.

3.4. Autism Diagnostic Observation Schedule

For all ADOS scales, ASD and GTS + ASD presented scores that fulfilled the diagnosis of ASD.
No significant differences in scores were observed between these groups. In contrast, GTS presented
significantly lower mean scores in ADOS scales compared to those of ASD and GTS + ASD.

With regard to ADOS-SA “Social Interaction”, “Imagination”, and “Communication, Language,
and Behavior”, the GTS sub-phenotypes always presented significantly lower scores than ASD and
GTS + ASD sub-phenotypes. When ADOS-RR subscale scores of “restricted and repetitive behaviors”
from the GTS sub-phenotype were analyzed in detail, different results related to the compared groups
in each ADOS subscale were computed. In particular, no significant differences were detected when
comparing GTS sub-phenotypes and ASD as follows: GTS +ASD vs. GTS +OCD in D3 (repetitive and
stereotyped behavior) and D4 (compulsions); GTS +ASD vs. GTS +OCD +ADHD in D4 (compulsion);
ASD vs. GTS + OCD in D1 (unusual interests), D3 (repetitive and stereotyped behavior), and D4
(compulsions) (Figure 4 and Table 4).
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Figure 4. ADOS (D scale) restricted and repetitive behaviors: comparison between clinical sub-phenotypes.
GTS: Gilles de la Tourette Syndrome; ASD: Autism Spectrum Disorder; OCD: Obsessive–Compulsive
Disorder; ADHD: Attention Deficit Hyperactivity Disorder.

Table 4. ADOS Restricted and repetitive behaviors (D Scale): statistical significance in comparison with
clinical sub-phenotypes.

D. Total D1 D2 D3 D4

“GTS + ASD” vs. “Pure GTS” 0.0005 0.0005 0.0005 0.0005 0.0005

“GTS + ASD” vs. “GTS + OCD” 0.0045 0.0205 0.0005 0.3828 0.9716

“GTS + ASD” vs. “GTS + ADHD” 0.0051 0.0095 0.0061 0.0065 0.0051

“GTS +ASD” vs. “GTS +OCD +ADHD” 0.0002 0.0071 0.0005 0.0005 0.7991

“ASD” vs. “Pure GTS” 0.0005 0.0005 0.0005 0.0005 0.0061

“ASD” vs. “GTS + OCD” 0.0065 0.1287 0.0005 0.6742 0.7789

“ASD” vs. “GTS + ADHD” 0.0005 0.0005 0.0054 0.0067 0.0065

“ASD” vs. “GTS + OCD + ADHD” 0.0005 0.0005 0.0005 0.0005 0.0005

GTS: Gilles de la Tourette Syndrome; ASD: Autism Spectrum Disorder; OCD: Obsessive–Compulsive Disorder;
ADHD: Attention Deficit Hyperactivity Disorder. D1: unusual interests; D2: hand mannerisms and complex
mannerisms; D3: repetitive and stereotyped behavior items; D4: compulsions. * represents a statistically significant
p-value <0.05.

3.5. Autism Diagnostic Interview Revised

For all ADI-R scales, ASD and GTS + ASD presented scores that fulfilled the diagnosis of ASD.
No significant differences in ADI-R scores were found between these groups. Pure GTS ADI-R scores
did not fulfill the diagnosis of ASD and were significantly lower compared to those of ASD and GTS
+ ASD. Regarding the ADI-R scale “Restricted and Repetitive Behaviors” (C scale), no significant
differences were detected when comparing GTS sub-groups and ASD as follows: GTS + ASD vs. GTS
+ OCD in C1 (unusual preoccupations), C2 (rituals), C3 (mannerism), and C4 (unusual interests);
GTS + OCD vs. ASD in C2 (rituals) (Figure 5 and Table 5).
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Figure 5. ADI-R, Restricted and Repetitive Behaviors (C Scale): comparison between clinical sub-phenotypes.

Table 5. ADI Restricted and repetitive behaviors (C): comparison between GTS clinical sub-phenotypes.

C Total C1 C2 C3 C4

“GTS + ASD” vs. “Pure GTS” 0.0005 0.0005 0.0005 0.0005 0.0005

“GTS + ASD” vs. “GTS + OCD” 0.0155 0.7586 0.4183 0.1235 0.0956

“GTS + ASD” vs. “GTS + ADHD” 0.0005 0.0005 0.0335 0.0005 0.0005

“GTS +ASD” vs. “GTS +OCD +ADHD” 0.0335 0.1924 0.1639 0.001 0.0205

“ASD” vs. “Pure GTS” 0.0005 0.0005 0.0005 0.0005 0.0005

“ASD” vs. “GTS + OCD” 0.0032 0.0038 0.2365 0.0042 0.0005

“ASD” vs. “GTS + ADHD” 0.0005 0.0005 0.0005 0.0005 0.0005

“ASD” vs. “GTS + OCD + ADHD” 0.0005 0.0005 0.0005 0.0005 0.0005

C1: unusual preoccupations; C2: compulsive adherence to non-functional routines or rituals; C3: hand and finger
mannerisms; C4: unusual sensory interests; GTS: Gilles de la Tourette Syndrome; ASD: Autism Spectrum Disorder;
OCD: Obsessive–Compulsive Disorder; ADHD: Attention Deficit Hyperactivity Disorder. * represents a statistically
significant p < 0.05.

4. Discussion

Along with a deficit in social communication and interaction, restricted and repetitive behaviors
constitute the defining core features of ASD; however, GTS also shares RRB and social communication
and interaction problems with ASD.

In this study, we explored the prevalence and pattern of ASD symptoms in relation to GTS and
other comorbid disorders, comparing the two distinct cohorts of individuals affected by GTS and ASD.
We systematically assessed a large sample of children and adolescents affected by GTS and compared
them to an ASD group of children and adolescents with verbal capacity.

As our primary hypothesis was that the higher percentage of ASD in GTS recently reported by
other authors [12,13] showed a false comorbidity due to overlap between symptoms that were in
common in both conditions, the study examined the degree to which the gold standard instruments
for autism diagnosis, the ADI-R and ADOS, disentangle restrictive and repetitive behaviors and
social impairment in children and adolescents affected by GTS and ASD and verify the hypothesis
that, in particular, the presence of GTS + OCD and related symptoms could mimic ASD symptoms.
The patients were also assessed by CY-BOCS and CY-BOCS ASD to investigate the overlap between
ASD symptoms and GTS in affected individuals.

The results supported these hypotheses by indicating that higher ASD rates reported in other
samples may be due to the confounding of tic or OCD symptoms for ASD or vice versa. In our
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samples of children and adolescents, 8.9% of patients affected by GTS presented comorbid ASD,
in contrast with the incidences of 20% and 28% reported by Darrow et al. and Huisman-van Dijk et al.,
respectively [12,13].

In particular, when we compared ADOS and ADI-R with GTS and ASD, for ADOS scores, we did
not observe any significant differences between GTS + ASD and GTS + OCD in D3 (repetitive and
stereotyped behavior) and D4 (compulsions); GTS+ASD and GTS+OCD+ADHD in D4 (compulsion);
or ASD and GTS + OCD in D1 (unusual interests), D3 (repetitive and stereotyped behavior),
and D4 (compulsions). When examining ADI-R, no significant differences were detected between
GTS + ASD and GTS + OCD in C1 (unusual preoccupations), C2 (rituals), C3 (mannerism), and C4
(unusual interests); GTS + ASD and GTS + OCD + ADHD in C1 (unusual preoccupations); and GTS +
OCD and ASD in C2 (rituals).

Darrow et al. (2017) studied 535 GTS patients and used the Social Responsiveness Scale Second
Edition (SRS) as a measure of ASD symptoms. The SRS contains five treatment subscales including the
following domains: social awareness, social cognition, social communication (SC), social interaction
(SCI), and restricted interests and repetitive behaviors (RRB).

When they examined the relationship between SRS total score and GTS sub-phenotypes, there were
significant differences in SRS scores among the different classes. The highest SRS scores were found in
the two classes that endorsed OCD symptoms (GTS + OCD + ADHD, OCD symmetry). These two
classes had significantly higher SC and RRB scores than the other classes.

Our findings show that GTS + OCD and GTS + ASD sub-phenotypes were in line with this work;
however, they reported a higher percentage (23%) of GTS-affected participants that met the cut-off
criteria for probable ASD (83% of whom also met criteria for OCD). In our opinion this is because,
as stated in previous studies, children [24] with mood and anxiety disorders have elevated rates of
ASD based on SRS cut-off criteria, suggesting that some of the elevation in SRS scores may reflect
underlying psychiatric impairment rather than being specific to ASD.

The fact that scores for the RRB subscales were higher for individuals who had OCD symptoms
suggests that these SRS subscales may in fact be tapping into common repetitive behaviors in individuals
with GTS and/or OCD that could be confused with stereotypies seen in ASD [13]

This is also supported by Huisman-van Dijk et al. (2016) in their significant paper, where items
measuring repetitive behaviors in autism were loaded into a factor with OCD related items rather than
into a factor with social communication items. Interestingly, the autism factor including lack of social
skills as well as non-functional child routines, attention switching problems, and lack of investigation
was not related to any of the tic or OCD symptom factors. This autism dimension might be etiologically
distinct from the second factor characterized by repetitive behaviors [12].

In our study, the differences between GTS + OCD, GTS + ASD, and ASD samples were significant
except in the ADOS and ADI-R domains of restrictive and repetitive behaviors.

More recently, Eapen et al. [25] in a sample of 203 participants, 44 with GTS and 26 with ASD
compared to the general sample of 133 with a mean age of 18.17 years, examined the occurrence of
autism related features measured by the Social Communication Questionnaire (SCQ) focusing on areas
of overlap and differences.

They found that the GTS sample had significantly higher mean SCQ scores than the general
population but generally lower scores than the ASD sample. The group differences in mean SCQ scores
between GTS and ASD samples were significant except in the domain of RRB.

Eapen et al. suggested that symptom overlap may represent a true overlap through a shared
phenotype or that the overlap may be a phenocopy where the clinical symptoms, for example,
complex tics and related obsessive–compulsive symptoms of GTS, may mimic ASD symptoms and
vice versa where stereotypic and repetitive behaviors characteristic of ASD may mimic GTS. In their
study on the domain level, they found a close concordance between the two disorders on restricted
and repetitive behaviors and less on social communication.
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These results are in line with our study. ADOS differences between GTS clinical sub-phenotypes
and ASD were significant in social interaction, imagination, and communication language and behavior;
when RRB was analyzed, there were no significant differences.

However, restricted and repetitive behaviors are some of the major impairments shown in ASD
and GTS. Having a measure that disentangles these two domains easily in a clinical setting is important
for the clinicians who may use it as a basis for their treatment recommendations. We also assessed our
clinical sample with CY-BOCS and CY-BOCS ASD.

CY-BOCS had the unique ability to detect symptomatology that differed from ASD characteristics,
whereas other measures assessing obsessive–compulsive symptoms did not [26].

Several original CY-BOCS checklist items are nevertheless irrelevant for children with ASD.
However, the results of this study provide an incremental refinement for measuring repetitive behavior
in children and adolescents with GTS and ASD. Nonetheless, certain repetitive behaviors in children
with ASD may have been overlooked due to sample characteristics of children with verbal capacity
and normal or mild intellectual disability. Lower-functioning or non-verbal children were more likely
to engage in hand and finger stereotypy and object manipulation. With regard to obsession and
compulsion measured with CY-BOCS, no significant differences were detected in the comparison of
scores in ASD, GTS + OCD, and GTS + ASD patients in our sample.

CY-BOCS ASD results provided a reliable and valid measure of repetitive behavior in youths with
ASD and underscored differences in repetitive behavior in ASD compared to GTS [20]. With CY-BOCS
ASD, no significant differences were found between GTS + ASD and ASD groups. The score obtained
in the GTS + OCD, compared to the ASD group and GTS +ASD, was significantly lower. The clinical
implications of these findings are important for clinicians who may use the CY-BOCS ASD as a
diagnostic tool. The CY-BOCS ASD yields a total score based on the impact of the symptoms present
rather than subscale scores. The results suggest that the CY-BOCS ASD is a valid and reliable measure
of repetitive behavior in youths with ASD [27]. It is easy to use in a clinical setting, and clinicians may
use it as a basis for their treatment recommendations.

Limitations

The principal limitation of our study is that our Tourette Clinic is a tertiary level center. For this
reason, we assessed and followed complicated cases that may have not been representative of the
general population affected. The different sex distribution is a limitation of this sample because we
analyzed two disorders with a high prevalence in males. Finally, another limitation was related to GTS
sub-phenotype analysis and the comparison of GTS sub-phenotypes with ASD without comorbidities.

5. Conclusions

To conclude, the similarities largely contained within the RRS domain rather than across the RRS
and social communication domains support our hypothesis that higher ASD rates among children
affected by GTS may make it difficult to discriminate between specific features of GTS and ASD,
contributing to the representation of a false comorbidity.

However, another possibility exists that certain symptoms may be duplicated due to environmental
or other factors rather than due to a common genetic basis. The similarities could be due to a phenocopy
rather than phenotypic overlap as suggested by Eapen et al. [25].

Genetic studies together with clinical task-based RMN functional studies could contribute to a
better understanding of the underlying mechanism involved in the etiology of ASD and GTS and
could be critical in obtaining better treatments.

Compared to their peers with GTS but not ASD, children with GTS and ASD have greater treatment
needs (that are either unmet needs or treatment usage). This finding aligns with previous literature
focused on children with ASD, which found high rates of service needs, particularly among children
diagnosed with co-occurring conditions [28].
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When symptoms are not correctly managed, more severe psychopathology may develop,
alongside poorer interpersonal, school, family, and cognitive functioning and life outcomes among
this population relative to that of controls. The possibility of individualizing symptoms to treat
(e.g., compulsions, rituals, and repetitive behaviors) could improve the children’s quality of life and,
consequently, other social aspects of their life. To our knowledge, this is the first study on a large unique
cohort that analyzed symptoms that could mimic diagnosis. ADOS and ADI-R are the gold standard
scales for diagnosis, and they are always able to individualize diagnosis. However, it might be helpful
to define differences that could individualize treatment and help clinicians in the management of
specific patients with GTS and comorbid OCD. In line with previous research [20], we suggest refining
ASD diagnosis by using CY-BOSC ASD to better distinguish repetitive behaviors from compulsion
and rituals.
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