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The advent of disease modifying therapies in spinal muscular atrophy (SMA) has increased life 
expectancy but also raising new challenges. We aimed to explore the neurobehavioral profile in SMA 
type I subjects and in those identified by newborn screening (NBS). Behavioral assessment included 
screening questionnaires (strengths and difficulties questionnaire (SDQ), social communication 
questionnaire (SCQ), and sensory profile 2 (SP2)), neurobehavioral observation, CARS2 and DSM-
5 criteria. The cohort included thirty-one children (25 type I and 6 NBS) aged 2–10 years. On SDQ 
prosocial scale, 14/31 showed borderline or abnormal results. 6/14 had borderline scores at the SCQ 
questionnaire, while none had abnormal scores. Neurobehavioral observation suggested the presence 
of ASD in 3/31, confirmed by CARS2 and DSM-5 criteria. 5/31 showed other behavioral disorders. 
Our findings suggest that autism is present in SMA infants in a percentage slightly higher than in 
the general population. Other neurobehavioral difficulties are less frequent. Our study highlighted 
the challenges to select appropriate tools in infants with limited mobility and the need for a clear 
diagnostic pathway, starting with screening questionnaires followed by more appropriate diagnostic 
tools to reduce the number of false positive results.

Spinal muscular atrophy (SMA) is a rare autosomal recessive neuromuscular disorder caused by mutations in 
the survival motor neuron 1 (SMN1) gene on chromosome 5q11.2, leading to progressive muscular atrophy 
and weakness1. Type I is the most severe pediatric form of SMA, with onset before 6 months of age and severe 
motor, respiratory, and feeding impairment. In the past, infants with type I SMA did not survive after the age 
of two years2. The advent of disease modifying therapies has increased life expectancy associated with some 
functional improvements even if, because of the persistence of some muscle weakness, they never achieve the 
skills observed in typically developing infants. Treated type I infants often achieve head control and sitting but 
independent walking is only achieved in a minority of treated type I infants. They also often develop some 
language abilities, never previously observed in untreated type I infants3–12, with production of intelligible 
words/sentences and preserved comprehension6.

While SMA is known to be a disorder predominantly affecting motoneurons, over the last few years there has 
been increasing interest in determining to which extent SMA should be considered as a multi-system disorder13. 
The rationale behind this is that SMN protein is ubiquitously expressed, and its reduction may affect several 
physiological mechanisms and various cell types other than motoneurons. There is however limited evidence 
of the involvement of other organs14,15 with anecdotal reports of cardiac or autonomic system dysfunction that 
more often occurs in the most severe early-onset forms16,17. More attention has been devoted to the role of the 
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SMN protein during the early stages of brain development and to possible cognitive and neurodevelopmental 
comorbidities. Brain involvement in SMA has been suggested since the late 1990s18,19, especially in the most 
severe forms (types Ia or 0), but the evidence from neuropathological and imaging studies reporting brain 
involvement is limited20–25. The brain magnetic resonance imaging (MRI) changes consist in ventricular 
dilatation and atrophy, or destructive changes rather than brain malformations related to early prenatal insults. 
As the studies were performed in infants who also had severe respiratory involvement it was not always easy to 
ascertain whether the changes observed on MRI could also be at least partly possibly related to postnatal acute 
or chronic hypoxic ischemic insults.

In the last few years, there has been an increasing number of reports which have focused on the possible 
involvement of clinical aspects of neurodevelopment as part of the emerging phenotypes in treated type I 
infants26–28, including possible cognitive impairment29,30. A recent international survey reported an overall 
prevalence of 43% of neurodevelopmental comorbidities in children with early onset SMA26, including autism 
spectrum disorder (ASD), intellectual disabilities, and severe language delay. In particular, the observation of 
uncommonly reported ASD symptoms in untreated Type I children has raised specific concerns. Overall, these 
findings highlighted the need for more systematic prospective studies to better understand the extent to which 
each neurodevelopmental domains related to different neural networks are affected in type I SMA.

Diagnosing neurodevelopmental and, more generally, mental disorders in children with SMA may however 
be challenging as many of the commonly used tools have an important motor component in their items. The 
ASD diagnosis relies on the clinical observation of behaviors consistent with criteria outlined in the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-5)31 and the International Classification of Diseases (ICD, 
World Health Organization)32. Clinicians may employ structured tools along with direct observations (ADOS2) 
and information from multiple sources, such as the child/adolescent, parents (ADI-R), and teachers, to address 
diagnostic uncertainty33. These tools are considered extremely valuable both in clinical and research settings, as 
they are highly standardized, structured, reliable and with a high sensitivity. As they include items that require 
motor abilities, their use in some vulnerable populations, such as those affected by neuromuscular disorders is 
however limited34–41.

In this study, a multidisciplinary team, including expert clinicians in SMA and neurodevelopmental 
disorders administered a comprehensive clinical evaluation, including the use of direct clinical observation, a 
set of parental questionnaires focused on neurodevelopmental disorders related behaviors and structured test 
focused on ASD symptoms. The aim was to investigate social and behavioral functioning of children with SMA, 
also adopting a sensitive approach to establish how the that may be useful for adjusting findings from the used 
tools were influenced by motor performances.

Results
This study prospectively enrolled thirty-four children with genetically confirmed SMA diagnoses. Of these, 
twenty-eight children had a diagnosis of type I (age range: 2.6–9 years; mean age: 6.15 ± 1.92), and six children 
were identified by newborn screening (age range: 3.2–3.8  years; mean age: 3.59 ± 0.23). Among children 
identified by newborn screening, five were clinically asymptomatic at diagnosis and were treated before the 
clinical manifestation of symptoms, while one had minimal signs and was labeled as paucisymptomatic. All 
thirty-four subjects received at least one of the disease-modifying treatments (DMT) (Nusinersen, Risdiplam, 
Onasemnogene abeparvovec) approved in Italy.

The initial cohort includes thirty-four children, of these two had a CHOP INTEND < 8 and one had a profound 
intellectual disability with a mental age < 2 years, and since they were not assessable on any of the subsequent 
questionnaires/observation, this resulted in a final cohort of thirty-one children. Developmental and cognitive 
data assessed through structured instruments were available for all children. Eight children were assessed using 
Weschler scales42, five using Leiter43, six using Raven44, and twelve were assessed using developmental scales45,46. 
The cognitive level scored within the normal range for sixteen children (51%), borderline range in six children 
(19%), intellectual disability was detected in nine children (29%), All but one of the thirty-one children were 
able to speak.

Details on the demographic and clinical characteristics of the sample are summarized in Table 1.
Social and material vulnerability index was 102.25 (SD 3.03), with 3 subjects in the medium–high risk of 

vulnerability (98.6/100.29) and 28 at high risk of vulnerability (100.30/119.64).

Parental questionnaires
Strengths and difficulties questionnaire
Thirty-one parents filled out the SDQ questionnaire (version 4–16 years = 22; version 2–4 years = 9). When the 
parents were requested to indicate any SDQ item they considered unsuitable for their child’s motor ability level 
none of them indicated any item as “not appropriate” and all questions seemed suitable. Table 2 summarizes 
SDQ-P scores.

Social communication questionnaire
Thirty-one parents returned the SCQ questionnaire (version lifetime = 22; version current = 9).

None of the SCQ scored > 15, and six SCQ (19%) scored in the borderline range (11–14).
When the parents were requested to indicate any of the SCQ items some parents considered unsuitable for 

their child’s motor ability level up to ten items. The ten items that were found to be unsuitable for some subjects 
with SMA1, included:

•	 “Are his facial expressions usually appropriate to the situation?” (question 9)
•	 Does she/he ever use your hand like a tool or as if it were part of her/his own body? (question 10)
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•	 “Does he spontaneously point to things around him?” (question 22)
•	 Does he nod his head to say yes?” (question 24)
•	 “Does he engage in imaginative play with other children in a manner that allows each of them to understand 

what the other is pretending?” (question 39).

Statistical analysis on association between results at SCQ and patient characteristics showed no correlation 
except for an association between the parents school level and the SCQ results.

Sensory profile 2
Thirty-one parents returned the SP2 questionnaire (version 7–36 months = 1; version 3–10 years = 30). Twenty-
seven parents perceived their children’s motor problems as a confounding factor for at least 80% of the behaviors 
in the questionnaire. Therefore is not described in the tables or analysis of the results.

Table 3 describes individual results.

Neurobehavioral observation
Thirty-one children completed the neurobehavioral observation. Deficits in communication and social 
interaction and restricted and repetitive behaviors were detected in three children. Similar, less intensive 
symptoms were observed in three children. Other behavioral problems detected in children were oppositive 
behaviors (n.3), anxiety (n.1), and hyperactivity (n.1). Emotional dysregulation was observed in eight children. 
Table 3 describes individual results.

Childhood autism rating scale, 2nd edition
Thirty-one children completed the CARS2. Results scored within the moderate range in three children. Two 
items (body use and activity level) were scored as not appropriate for the weaker children.

Table 3 describes individual results.

Clinically asymptomatic (N = 5) Pauci-symptomatic (N = 1) SMA I (N = 25) Whole cohort (N = 31)

Age at enrollment

 Mean (SD) 3.67 (0.15) 3.2 5.99 (1.96) 5.70 (2)

 Median (min–max) 3.67 (3.2–3.8) 3.2 6.38 (2.26–9.08) 5.90 (2.6–9)

Sex assigned at birth

 Female (N, %) 2 (40%) 0 (0%) 15 (46%) 17 (50%)

 Male (N, %) 3 (60%) 1 13 (54%) 17 (50%)

SMN2 copy number

 2 (N, %) 2 (40%) 1 (100%) 22 (88%) 25 (80.6%)

 3 (N, %) 2 (40%) 0 (0%) 3 (12%) 5 (16.1%)

 4 (N, %) 1 (20%) 0 (0%) 0 (0%) 1 (3.2%)

Age at DMT (years)

 Mean (SD) 0.35 (0.5) 0.08 0.80 (0.95) 0.93 (1.03)

 Median (min–max) 0.05 (0.4–1.2) 0.08 0.37 (0.05–3.45) 0.49 (0.04–3.39)

Social vulnerability index

 Mean (SD) 101 (0.7) 101.3 102 (3.23) 102 (2.93)

 Median (min–max) 101 (101 -103) 101.3 101.03 (99.1–111) 101 (99.1–111)

Parental education level

 N 1 MSD; 1 HSD; 3 UD UD 5 MSD; 10 HSD; 10 UD 6 MSD; 11 HSD; 14 UD

CHOP INTEND pre DMTs

 Mean (SD) 55.4 (5.08) 50 24.7 (8.88) 30.6 (14.6)

 Median (min–max) 57 (50–60) 50 24.5 (12–44) 26.5 (12–60)

CHOP INTEND at evaluation

 Mean (SD) 64 64 43.3 (11.0) 47.3 (12.9)

 Median (min–max) 64 (64–64) 64 44 (16–64) 48.0 (16–64)

HFMSE at evaluation

 Mean (SD) 60.6 (3.29) 50 16.7 (12.1) 25.4 (20.5)

 Median (min–max) 60 (57–64) 50 13.0 (3–52.0) 18 (3–64)

Table 1.  Clinical characteristics of the sample Key to legend: SMN2: Survival Motoneuron 2 Copy number; 
DMT: Disease Modifying Therapy; SD: Standard deviation; CHOP INTEND: Children’s Hospital Of 
Philadelphia Infant Test Of Neuromuscular Disorders; Pre DMTs: Before Disease Modifying therapy; MSD: 
Middle School degree; HSD: High School Degree; UD: University degree.
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DSM-5 diagnosis
Based on DSM-5 criteria, the multidisciplinary team assigned a formal diagnosis to eight children (23%): three 
diagnosis of ASD, three diagnosis of Oppositional Defiant Disorder (ODD), one diagnosis of anxiety Disorder, 
and one diagnosis of Attention Deficit and Hyperactivity Disorder. Table 3 describes individual results.

Figure 1 describes the results in a diagnostic flow-chart, subdividing subjects on the basis of the results at 
the SDQ screening questionnaire (positive to prosocial behavior, positive to other subscales, negative to all 
subscales).

Discussion
The recent reports of possible neurodevelopmental disorders in type I SMA has highlighted the challenge of 
defining ASD and other neurodevelopmental disorders in patients in whom the assessments are largely biased 
by weakness in the skeletal or phonatory muscles. Even when treated with the most advanced therapies, type 
I patients survive and achieve important milestones, never previously achieved in untreated patients such 
as sitting or the ability to talk , but still present a degree of weakness that affects both lower and upper limb 
performances and language.

At the time of selecting the tools to assess neurodevelopmental disorders, a multidisciplinary team had 
to make decisions based on the scarce literature existing on the use of these tools in children with motor 
impairment or, more specifically, in neuromuscular disorders. The possibility to use structured tools with direct 
observations (ADOS-2) was not suitable as ADOS-2 was developed for ambulant children47 and nearly all of 
the type I patients in our cohort was non ambulant. Other questionnaires such as M-CHAT and ADI-R were 
also considered not suitable as they also contain questions that are driven by motor performance (e.g. does your 
child walk? Does your child copy what you do e.g. clap hands, wave “bye bye”, does your child like climbing on 
things?)48. Similarly, other tools such as the ASEBA instrument also included questions that are not appropriate 
in this motor-impaired population (e.g. can’t sit still, restless or hyperactive, gets in many fights, physically 
attacks people, poorly coordinated or clumsy).

As this could produce a bias where abnormal scores reflect physical disability rather than behavioral 
symptoms, it was felt that the use of this tool was not ideal for our cohort of non-ambulant individuals.

Clinically asymptomatic (N = 5) Pauci-symptomatic (N = 1) SMA I (N = 25) Whole cohort (N = 31)

Emotional problems

 Close to average 3 (60%) 1 (100%) 23 (92%) 27 (87%)

 Slightly raised 1 (20%) 0 (0%) 0 (0%) 1 (3%)

 High 1 (20%) 0 (0%) 1 (4%) 2 (7%)

 Very high 0 (0%) 0 (0%) 1 (4%) 1 (3%)

Conduct problems

 Close to average 3 (60%) 0 (0%) 20 (80%) 23 (74%)

 Slightly raised 0 (0%) 0 (0%) 4 (16%) 4 (13%)

 High 1 (20%) 1 (100%) 1 (4%) 3 (10%)

 Very High 1 (20%) 0 (0%) 0(0%) 1 (3%)

Hyperactivity/inattention

 Close to average 4 (80%) 1 (100%) 23 (92%) 26 (84%)

 Slightly raised 0 (0%) 0 (0%) 2 (8%) 2 (7%)

 High 1 (20%) 0 (0%) 0 (0%) 1 (3%)

 Very High 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Peer relationship problems

 Close to average 4 (80%) 0 (0%) 16 (64%) 20 (65%)

 Slightly raised 0 (0%) 0 (0%) 5 (2%) 5 (16%)

 High 1 (20%) 0 (0%) 1 (4%) 2 (7%)

 Very High 0 (0%) 1 (100%) 3 (12%) 4 (13%)

Prosocial behaviour

 Close to average 4 (80%) 0 (0%) 13 (52%) 17 (55%)

 Slightly raised 1 (20%) 0 (0%) 4 (16%) 5 (16%)

 Low 0 (0%) 0 (0%) 2 (8%) 2 (7%)

 Very Low 0 (0%) 1 (100%) 6 (24%) 7 (23%)

Impact score

 No impact 4 (80%) 0 (0%) 24 (96%) 29 (94%)

 Borderline 0 (0%) 0 (0%) 1 (4%) 0 (0%)

 Abnormal 1 (20%) 1 (100%) 0 (0%) 2 (6%)

Table 2.  SDQ results on the whole cohort and subdivided by phenotype (clinically asymptomatic, 
paucisymptomatic, SMA I)
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While most of the standardized tools have been proved to be useful when adapted to specific populations, 
such as verbally impaired children49, there has been concern about their use in motor impaired cohorts with 
some recent efforts to develop an algorithm for cerebral palsy50. So far there has not been a similar effort for 
neuromuscular disorders in which the pattern of motor impairment is different and mainly related to weakness.

Furthermore, as the therapies have been available for a limited number of years, most of our patients were in 
the younger subgroups and we did not have the choice of selecting an older cohort in whom the choice of tests 
would have been easier.

Based on the existing literature, the age range and the relatively low impact of motor performances the 
multidisciplinary team identified a comprehensive clinical assessment aimed at detecting ASD also including 
other more general tests investigating other neurodevelopmental disorders and, in some cases, also other mental 
disorders. While we were aware that there were still some limitations for many of these tests and that none of 
them in isolation could detect the spectrum of disorders we were investigating, we felt that the only way to 
establish their value and limitations was to apply them to our cohort.

Behaviors consistent with ASD criteria outlined in the DSM-5 were found in approximately 10% of our 
cohort. When including other neurodevelopmental disorders, such as ADHD, the overall percentage was 12%. 
These findings are much lower than those reported in a recent international survey indicating that 43% of SMA 
I had some neurodevelopmental disorders26. The difference could be due to the fact that in the present study, the 
formal diagnosis of autism spectrum disorder or other neurodevelopmental disorders was conducted by strictly 
adopting the DSM-5 criteria. In the published international survey26, less than 15% underwent a structured 
observations while the great majority were reported by parents or clinicians with no clear indication of whether 
the assessment of the children was based on parental reports or structured tests administrated by clinicians.

Table 3.  Individual results and clinical characteristics on motor, screening, diagnostic and cognitive tools
Key to figure: copy n: copy number; NA: not applicable; E: emotional problems; C: conduct problems; H: 
hyperactivity; PR: Peer relationship; PB: Prosocial behavior; CHOP: Children’s Hospital of Philadelphia infant 
test of neuromuscular disorders; CARS: Childhood Autism Rating Scale; DSM: Diagnostic Statistic Manual; 
IQ: Intelligence Quotient (normal upon 85, borderline 85–70, intellectual disability < 70); NB neurobehavioral 
observation; asymp: clinically asympthomatic, pauci: Paucisympthomatic. Red = positive results on the 
screening/diagnostic tool. Yellow: borderline result to the screening/diagnostic tool. Green = Negative to the 
screening/diagnostic tool.
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When assessing for autism spectrum disorder, fourteen of the thirty-one children assessed had abnormal 
results on the prosocial difficulties SDQ subscale that has been reported to be associated with possible autism 
spectrum disorder51,52.

The use of additional screening tools, like SCQ and neurobehavioral observations, helped to reduce the 
number of SDQ false positives as only six of the fourteen had borderline results on the SCQ and positive (n = 3) 
or borderline results (n = 3) on neurobehavioral observation. Interestingly the diagnosis of autism spectrum 
disorder on CARS2 and DSM-5 was confirmed only in the three who also had positive results on neurobehavioral 
observation and borderline results on SCQ.

While there has been suggestion that neurodevelopmental difficulties are more likely to be associated with the 
more severe clinical phenotypes, in our cohort autism spectrum disorder was also found in children identified 
with newborn screening and we were unable to show a consistent association with functional abilities.

In this study we were also interested to establish whether other neurodevelopmental disorders and mental 
disorders were present and if and to which extent they could be detected by screening tests. Behavioral difficulties, 
confirmed by DSM-5, were found in another four subjects (1 anxiety, 3 ODD) and they had all been previously 
suspected by the observation during clinical assessment. The SDQ only partially contributed to the identification 
of these subjects, as there were both false positive and false negatives results. Not surprisingly, the SCQ and 
CARS2, which are specifically designed to identify autism spectrum disorder, did not contribute to the detection 
of other neurobehavioral difficulties53.

The percentage of autism spectrum disorder was slightly raised in our cohort (10%) compared to general 
population (1.34%)42.

In contrast, the percentage of anxiety, ODD and ADHD was in line or even lower than the values reported 
in literature (4% anxiety disorder in general population vs 3% in our cohort, ODD 3–15% in general population 
vs 10% in our cohort, ADHD 5–10% in general population vs. 3% in our cohort)54. These percentages are low, 
expecially if we consider that other possible risk factors, such as social and material vulnerability index55,56, or the 

Fig. 1.  Flow-chart of screening and diagnostic assessments. Key to figure: Pink = Positive to the screening/
diagnostic tool; Green = Negative to the screening/diagnostic tool; *Emotional dysregulation.
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diagnosis of a chronic illness57, the frequent hospitalizations and the caregivers’ burden58 may have potentially 
also contributed to their development.

These results should be interpreted with caution as this was a cross sectional study and the age and the 
duration of the follow up in our cohort was variable. While the children with a confirmed diagnosis were 
relatively few, we cannot exclude that children with minor signs such as stereotyped movements or reduced eye 
contact, that were not enough to reach the threshold for autism spectrum disorder on CARS2 and DSM-5, may 
develop more severe or additional signs such as restrictive and repetitive behaviors that become more evident 
at a later age. Moreover, the lack of self-report measures due to the age of most of the participants, may have 
led to an underestimation of internalizing difficulties (anxiety, depression). A longer follow up would also help 
to better understand if the signs of emotional dysregulation, not associated with any confirmed diagnosis on 
DSM-5, will evolve into more structured signs or, as previously reported, may only be transient in relation to 
temporary coping abilities or other environmental factors, including parental distress59.

In conclusion, our study suggest that autism spectrum disorder can be found in type I infants with a 
prevalence that is relatively higher than in the general population. The reason of this relatively high percentage 
may be due to a multifactorial component. If on one hand there is interest to further understand the possible 
central nervous system involvement as one of the features of a multisystemic involvement in the more severe 
form of SMA12, other hypothesis, such as the interaction with multiple genetical and environmental factor 
interact should also be taken into account. Further genetical and omics studies on individuals with SMA and 
ASD could help to identify possible interactions between SMN gene and other genes related to ASD. Most 
importantly, social experiential deprivation due to the high number of hospitalization, fewer motor experiences, 
poor language abilities in the first ages of life, high parental stress due to early diagnosis of SMA, may also play a 
role, as previously reported in other populations60.

While further studies may better establish the role and interaction of these different aspects, it is equally 
important acknowledge the need for an appropriate diagnostic pathway for identifying ASD in SMA patients. 
Our findings suggest that this may be extremely challenging, and the administration of a comprehensive clinical 
evaluation employing a combination of structured tools, direct observations, and information from parents 
may be strategic. Even if we performed a selection of the tests to be used, excluding those who had already been 
reported to be less suitable for infants and children with motor impairment, we and the families observed that 
some of the tools used in this study did not appear to be fully appropriate for our cohort. As reported by parents, 
the majority of the items of the SP2 questionnaires and a limited number of items of SCQ were dependent 
on motor function and not suitable for this cohort. While our study provides additional information on the 
suitability of the used tests, it is still necessary to conduct further work in this area and design new modalities 
of observation using environmental elements tailored to the specific difficulties of children with SMA such 
as a more structured choice of materials and activities for weak children. Further studies are also needed to 
investigate the impact of low levels of SMN protein during early stages of brain development12.

Subjects and methods
This prospective cross-sectional study was conducted between November 2023 and April 2024 at Nemo Pediatric 
Medical Center, part of the Women, children, and Public Health Sciences Department of the Fondazione 
Policlinico Universitario Agostino Gemelli IRCCS in Rome. Children with genetically confirmed SMA diagnoses 
prospectively followed at Nemo Center for clinical consultation were enrolled.

Demographic and clinical information were collected, including sex assigned at birth, data on ethnicity and 
race, SMN2 copy number, SMA I subclassification61, treatment start date, motor function, social and material 
vulnerability index62, and parental education levels.

Any previous clinical evaluations on developmental and cognitive tests were extracted from the medical 
record. After the comprehensive clinical assessment, a multidisciplinary team screened each child for 
neurodevelopmental and mental disorders according to the DSM-5 criteria assessment. All study procedures 
were approved by the ethics committee of the Fondazione Policlinico Universitario Agostino Gemelli IRCCS, 
Rome (Date 26/05/2020, no 1894). Written informed consent was obtained from all the subjects and/or their 
legal guardians (research consent). All experiments were performed in accordance with relevant guidelines and 
regulations.

All children were assessed by a multidisciplinary team (a child psychiatrist, a neuro and psychomotor 
therapist63 a child neurologist, neuroscientist experts on autism, psychologists) with a battery of tests that included 
both screening questionnaires and dedicated diagnostic tools for neurodevelopmental and mental disorders. 
This included a semi-structured clinical observation, the Childhood Autism Rating Scale (CARS)64 and the 
following parental questionnaire: Strengths and Difficulties Questionnaire (SDQ-P)65, Social Communication 
Questionnaire (SCQ)66, Sensory Profile2 (SP2)67.

Parental questionnaires
Two trained clinicians (BB, CC) instructed parents to fill out three parental questionnaires widely used in mental 
health care and research settings.

The SDQ-P provides information on children’s behaviors. Its scoring yields five scales: emotional symptoms, 
conduct problems, hyperactivity/inattention, peer relationship problems, and prosocial behavior. Literature data 
indicates that the prosocial scale is the strongest indicator of autism spectrum disorder51,52. This study used the 
two Italian versions of the SDQ-P based on the subject’s age (2–4 years or 4–17 years).

The SCQ is a tool screening for ASD. Two forms are available, “Current”, which looks at the child’s last 3 
months and can be completed by two years of age, and “Lifetime”, which looks at the child’s developmental 
history and can be completed for children from the age of four years. In this study, the Italian version of SCQ 
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was used, and the cut-off of 15 was selected, as it is commonly considered suggestive of ASD presence68. Some 
studies suggest considering scores between 11 and 15 in high functioning population68.

The SP2 is a norm-referenced questionnaire used to identify sensory processing patterns and assess the effect 
of different sensory processing patterns on functional performance. SP2 score classify children’s level of sensory 
abnormality based on score percentiles from a large normative sample. This study used the two Italian versions 
of SP2 based on the subject’s age (7–36 months or 3–10 years).

Two assessors (BB, CC) scored SDQ-P, SCQ, and SP2 according to existing validated algorithm. Since some 
activities described in questionnaires may not be performed due to strength issues for children with an SMA 
diagnosis, parents were instructed to specify any items they deemed unsuitable for their child’s motor ability 
level.

Neurobehavioral observation
In order to obtain additional information to the parent reported questionnaires, we included a clinical play 
observation. The neurobehavioral observation69 was conducted by two independent and trained clinicians (BB, 
CC) and proceeded through two steps:

	1.	 “Observation of the child’s spontaneous behavior” focusing on spontaneous play, spatial exploration, ap-
proaches to objects, action patterns used, and the type of play implemented.

	2.	 “Engagement with the play set.” Focusing on the child’s reaction to the changed play scheme or activities 
introduced by clinicians. Several domains and symptoms were specifically observed: ability to organize his/
her own game, engaging/sharing the playset with the caregiver/clinician, content of the playset, eye con-
tact, facial expression, communication and social interaction, patterns of behavior, interests, or restricted 
and repetitive activities, behavioral issues (irritability, oppositive behavior, hyperactivity, conduct problems, 
anxiety), emotional dysregulation (inability to regulate the intensity and quality of emotions to generate an 
appropriate emotional response). As regards emotional dysregulation, which is a trans diagnostic entity, 
neurobehavioral observation was scored as present if the child presented an impaired regulation of emo-
tional states, including mood lability and instability, severe irritability, low tolerance to frustration, temper 
outburst, and hyperarousal70 referring to the to characteristic reported in recent literature 71–74.

Each neurobehavioral observation was independently labeled as negative, borderline, or positive according 
to the clinical judgment of the two assessors. Conflicts were solved with the intervention of senior clinicians 
employed at the Nemo Pediatric Medical Center. Concordance between raters was 93%.

Childhood autism rating scale, 2nd edition
The CARS2 is a well-validated clinical tool to explore ASD symptoms through direct observation of children. 
CARS2 comprises 15 items that assess a child’s behavior across various domains, including verbal and nonverbal 
communication, socialization, stereotyped and repetitive behavior, and adaptability to change. Each item is 
rated on a scale from 1 to 4, with 1 indicating typical behavior and 4 indicating highly atypical behavior. Total 
scores on CARS2 range from 15 to 60, with higher scores indicating greater severity of symptoms. Two trained 
clinicians administered the Italian adaptation of the CARS2 (BB, CC) and rated the total score according to 
existing validated algorithms (a score of < 30 indicates non-autism, a score of 30–36.5 indicates mild to moderate 
autism spectrum disorder, a score of ≥ 37 indicates severe autism spectrum disorder).

Statistical analysis
Participant characteristics were described using proportions (percentages) for categorical variables, mean with 
standard deviations (SD), and/or medians with ranges for continuous variables. Parental education levels were 
classified according to the highest degree obtained (middle school, high school, university). The social and 
material vulnerability was assessed using the social and material vulnerability index which is a composite score 
reflecting the risk of adverse social and economic conditions, based on factors such as educational level, family 
structure, housing conditions, labor market participation, and economic conditions within a specific geographic 
area75. This index measures varying degrees of exposure to vulnerability, which do not necessarily indicate an 
actual situation of material and social distress. The index was classified into four levels: low risk (91.12–97.27), 
medium–low risk (97.28–98.65), medium–high risk (98.6–100.29), and high risk (100.30–119.64).

Fisher’s Exact Test for variable data and Kruskal Wallis for continuous variables were employed to investigate 
the association between the results from different tools and the variables describing subject characteristics. Due 
to the small sample size, no association test was conducted between CARS2 and the variables describing subject 
characteristics. Sensitivity and specificity tests were employed to evaluate the ability of each screening tool (SDQ, 
SCQ, neurobehavioral observation) to identify a diagnosis coded via DSM-5 and CARS2.

Data availability
Individual participant data that underlie the results reported in this article will be shared, after de-identification 
beginning 3 months and ending 5 years following article publication, with Researchers who provide a methodo-
logically sound proposal. Proposals should be directed to eugeniomaria.mercuri@unicatt.it; to gain access, data 
requestors will need to sign a data access agreement.
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