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Abstract

The purpose of this study was to identify developmental profiles associated with
autism spectrum disorder (ASD) and global developmental delay (DD) in pre-
school aged Italian children. Developmental profiles were evaluated by means of
a standardized tool widely used for the assessment of psychomotor development
in early childhood, the Griffiths III scales, recently adapted and standardized for
the Italian population. Specifically, we compared the Griffiths III profiles of chil-
dren with ASD and DD (ASD + DD) with those of children with DD alone.
Moreover, we inspected the psychometric function of single items by comparing
children with ASD + DD and children with DD with typically developing
(TD) children from the Griffiths III normative sample. In this way, we aimed to
isolate the effects of each diagnostic class on psychomotor abilities and on the psy-
chometric function of single items. The ASD + DD and DD groups were found
to share the presence of lower age equivalent scores relative to their chronological
age in all the developmental domains considered: Foundations of Learning, Lan-
guage and Communication, Eye and Hand Coordination, Personal-Social-Emo-
tional and Gross Motor Skills. However, the DD group displayed a homogeneous
profile with similar levels of delay in all developmental domains, while children
with ASD + DD exhibited relative weaknesses in the Language and Communica-
tion and Personal-Social-Emotional scales. The analysis of the psychometric func-
tion drawn for each item has confirmed different profiles in social-communicative
and non-verbal items between the two diagnostic groups and in relation to TD
normative sample. The Griffiths III is a valid psychometric tool for identifying
atypical developmental profiles and its use may be recommended during the diag-
nostic process of ASD and DD, to detect specific strengths and weaknesses and
guide person-centered treatment.

Lay Summary

The present study has provided evidence that Griffiths III is a useful tool for iden-
tifying specific developmental profiles of autism spectrum disorder (ASD)
+ global developmental delay (DD) and DD alone. Griffiths III may optimize the
diagnostic process of neurodevelopmental disorders, help to early identify the risk
of socio-communicative disorders in children suspected of having developmental
disabilities, such as autism spectrum disorder and global developmental delay,
and guide tailored treatments. The results of the present study have immediate
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and social systems.

KEYWORDS

INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder with wide clinical heterogeneity, character-
ized by early onset of significant difficulties in social
behaviors and communication, restricted interests, and
repetitive patterns of behavior (APA, 2013). The etiologi-
cal factors of ASD remain largely unknown (Masini
et al., 2020; Yoon et al., 2020) and diagnostic markers
are currently only behavioral (APA, 2013). According to
the most updated United States data (Maenner et al.,
2023), the average age of diagnosis is around 4 years,
although early identification has increased over time
(Shaw et al., 2021). A recent European survey of 2032
respondents across 14 FEuropean countries (Italy
included) reports an average age of access to diagnostic
services around 3 years (standard deviation of
17 months) and an average age of access to intervention
services around 3.5 years, even though the first concerns
usually arrive from parents and family members at
around 18 months of age of the child later diagnosed with
ASD (Bejarano-Martin et al., 2020).

One of the fundamental challenges for clinicians is to
identify diagnostic tools that should be valid and reliable,
and also suitable to intercept the individual variability
intrinsic to early onset neurodevelopmental disorders and
to early distinguish specific functional profiles' for
different diagnostic classes. The most consistent and valid
tools supporting ASD clinical diagnosis are tests based
on parental report and structured play sessions designed
to identify core features of ASD (Randall et al., 2018),
such as Autism Diagnostic Interview-Revised (Lord
et al, 1994) and Autism Diagnostic Observation
Schedule-2 (Lord et al., 2012). Together with the assess-
ment of core symptoms, the description of cognitive, psy-
chomotor, behavioral, and daily-living adaptive

The term developmental profile in this paper is not used as “longitudinal”, rather
it is referred to profiles describing the level of acquired abilities in the most
important developmental areas evaluated by developmental scales in young
children (foundation of learning, language, eye-hand coordination, personal-
social-—emotional and gross motor domains).

The term psychomotor is used with a similar meaning to “developmental”, but
refers more to abilities than profiles, since developmental scales measure
psychomotor abilities.

The term functional profile refers to the general functioning of the child relative to
his abilities and includes developmental profile and other aspects of child
functioning such as behavior, intelligence and adaptive-daily living skills.

clinical relevance, supporting the definition of good practices in the diagnostic
process. ASD, DD and the co-occurrence of these conditions leads to an elevated
need for support in the domains of social competences, personal independence
and daily living. Furthermore, there is a need for early identification with subse-
quent timely and tailored treatment that may reduce long-term costs for sanitary

autism spectrum disorder, developmental profiles, global developmental delay, Griffiths 11T

functioning is very important during the diagnostic
assessment to identify possible underlying intellectual dis-
abilities in ASD, describe the functional profile in each
developmental domain, determine the need for support
and guide tailored treatments (Braconnier & Siper, 2021;
Klinger & Renner, 2000). In fact, children with ASD
often experience additional developmental disorders
(APA, 2013) and DSM 5—oriented diagnosis requires
clinicians to specify if the ASD is accompanied by limita-
tions in intellectual or language functioning and/or asso-
ciated with other neurodevelopmental, mental or
behavioral problems, such as Attention Deficit and
Hyperactivity Disorder, language and communication
disorders, obsessive-compulsive disorders, mood-anxiety
disorders and epilepsy (APA, 2013; Jacob et al., 2019). In
particular, Intellectual Disability (ID) is present in 37.9%
of children with ASD aged 8 years with information on
cognitive abilities in the United States (Maenner et al.,
2023) and is one of the most disabling ASD co-occurring
conditions, being associated with reduced adaptive func-
tioning in children (Hedvall et al., 2013; Lee et al., 2022)
and reduced quality of life of caregivers (Vaz
et al., 2021). ID is a condition characterized by signifi-
cant limitations in both intellectual functioning and
adaptive behavior during childhood or adolescence
(APA, 2013). Tools for diagnosis of ID encompass both
intelligence tests such as Wechsler Intelligence Scales
(Wechsler, 2003, 2012) or Leiter International Perfor-
mance Scale (Roid et al., 2013) and caregivers’ reports
about adaptive behavior levels such as Vineland Adap-
tive Behavior Scale (Sparrow et al., 2016) or Adaptive
Behavior Assessment System (Harrison &
Oakland, 2003). During early childhood, it is difficult to
assess ID because children’s abilities are quite variable
and still subjected to modifications (Lee et al., 2022);
therefore, children under 5 years of age with significant
delay in more than one developmental domain, who are
unable to undergo standardized intellectual evaluation,
are instead diagnosed with global developmental delay
(DD; APA, 2013; Shevell et al., 2003). DD is diagnosed
when the child has at least two standard deviations below
average in two or more developmental domains, namely
gross or fine motor, speech/language, cognition, social/
personal and/or activities of daily living (Shevell, 2008;
Shevell et al., 2003), assessed with standardized develop-
mental tests such as Griffiths Scales (Green et al., 2016;
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Griffiths, 1970; Stroud et al., 2016). The prevalence of
ID/DD varies considerably at regional levels, ranging
from 1% to 10% in high-middle income countries (Gil
et al.,, 2020; Pinchefsky & Shevell, 2017, Zablotsky
et al., 2019). Although ID and DD share complementary
features and pre-school children with DD are at higher
risk to present ID during school age, an infant or child
with DD will not necessarily have ID in later years; in
the same way, many children who have mild-
to-borderline ID may have had an early development
within the normal range and may not be identified until
school age when the context (e.g., school) poses them
higher requirements that they meet with difficulty
(Carulla et al., 2011; Pinchefsky & Shevell, 2017). A com-
bined diagnosis of ASD and ID/DD significantly impacts
the need for support in the areas of social competences as
well as personal independence and daily living (Green &
Carter, 2014; Liss et al., 2001; Perry et al., 2009). Chil-
dren with both ASD and ID/DD may make slower pro-
gress in their social development than those with ASD
alone or ASD associated with language disorder only
(Bennett et al., 2014; Zachor et al., 2007). Children of the
first type tend to show worse long term cognitive out-
comes (Hedvall et al., 2013), thus requiring earlier inten-
sive intervention to promote their developmental
progress (Hinnebusch et al., 2017).

ASD, ID/DD or a co-diagnosis of these conditions,
represent a great challenge for the healthcare system: the
early age onset, the wide phenotypic variability within
the same diagnostic group and different special needs in
several functional domains, require the activation of
person-centered, specific and integrated therapeutic and
assistance programs (Marquez-Caraveo et al., 2021). The
early identification of specific and reliable developmental
profiles associated with ASD and DD that could predict
functional and adaptive outcomes together with other
biological and environmental factors, represents the
opportunity of modifying atypical developmental trajec-
tories in the period of maximum cerebral plasticity in the
0-5 years range (Dawson, 2008; Lai et al., 2014; Remer
et al., 2017), with a possible reduction of long term costs
for the socio-sanitary system. In this framework, compar-
ing the developmental profile of children with co-
occurring ASD and DD and children presenting only
DD could help to differentiate the two conditions, sepa-
rating overlapping aspects (e.g., limitations in intellectual
functioning) from features specific for ASD
(e.g., challenges in communication and social interac-
tion). Diagnostic criteria for ASD and DD both include
some difficulties in communication as part of their core
symptomatology; young children with DD may often
lack early social communication skills, and may be diffi-
cult to be distinguished from children with ASD (Veness
et al., 2014; Ventola et al., 2007). Thus, the challenge of
the differential diagnosis is particularly relevant in young
children, and clinicians would benefit from tools that
could discriminate between the two conditions during the
diagnostic process. To guide accurate diagnosis and

functional assessment, the developmental profiles should
be specific and derived from updated and standardized
psychometric instruments, such as developmental and/or
intellectual scales, to ensure the highest validity and repli-
cability of data that can orient clinical etiopathogenetic
investigations and therapeutic interventions.

To date, there is a limited number of studies in the lit-
erature investigating the functional and developmental
profiles in ASD and ID/DD since early ages with the aim
to identify predictive profiles that could differentiate the
two conditions, support the process of differential diag-
nosis, inform individualized interventions and predict
long-term functional outcomes. Some studies addressed
differences in developmental profiles between ASD and
other neurodevelopmental disorders confirming that
social, linguistic and communication weaknesses differen-
tiate ASD from other developmental disorders in general
(e.g., Torrens & Ruiz, 2021), language disorders
(Barbaro & Dissanayake, 2012; Delehanty et al., 2018;
Ozyurt & Elikiigiik, 2018) and DD (Barbaro &
Dissanayake, 2012; Delehanty et al., 2018; Mitchell
et al., 2011). Moreover, school-age children with ASD
without ID show an intellectual profile with better per-
formances on visual than auditory, in particular working-
memory, tasks (Audras-Torrent et al., 2021), confirming
the strength in visual-spatial and abstract reasoning abili-
ties and weaknesses in verbal abilities as a possible spe-
cific marker of ASD intellectual functioning. A recent
case report on a child with ASD and mild global delay,
provided evidence of a Griffiths III profile with peaks
and valleys form, presenting extremely low scores in
language-communication (B scale) and personal-social—
emotional (D scale) scales and scores within the border-
line range in the eye-hand coordination (C scale) and
gross motor (E scale) scales (Jansen et al., 2020). Devel-
opmental scales, such as Griffiths scales, directly measure
the child’s psychomotor abilities in the most important
developmental domains such as learning-cognitive abili-
ties, language and communication, eye-hand coordina-
tion, personal-social and gross motor skills. They are
particularly suitable for the investigation of functional
profiles, given their strong feasibility and validity demon-
strated in diagnostic and follow-up contexts (Barnett
et al., 2004; Del Rosario et al., 2021; Green et al., 2020;
Li et al., 2020; Scandurra et al., 2019), and they can
replace the intelligence scales in describing both the
global cognitive level and the specific psychomotor pro-
file and guide the diagnostic characterization in pre-
school age children with ASD (Jansen et al., 2020). The
updated version of the Griffiths scales, Griffiths III
(Green et al., 2016; Stroud et al., 2016), has been recently
adapted and standardized for the Italian population
(Lanfranchi et al., 2019), and this makes the Italian con-
text particularly suitable for the application of Griffiths
I1I for clinical and research purposes.

The present study aimed to explore the developmental
profile, as assessed with the Griffiths 111, of Italian chil-
dren with co-occurring ASD and DD (ASD + DD),
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comparing the profile of children with ASD + DD with
that of a group of children with DD but not ASD (DD).
In a first analysis, we compared the mean Griffiths III
profiles of children with ASD + DD with that of children
with only DD (between scale comparison). In a second
exploratory analysis at the item level (within scale com-
parison), we compared the psychometric functions
(curves of difficulty) of each item obtained by children
with ASD + DD, children with only DD and TD chil-
dren from the normative sample used as a reference
point. This analysis was carried out only for the items
that have a satisfactory number of observations and
allows to make inferences about the item difficulties dis-
tributions across different ages among the three groups.
According to the characteristics of ASD + DD and DD,
we expected lower age equivalent scores in both groups
with respect to their chronological age in all the develop-
mental domains considered. However, we expected
different profiles in the two clinical groups: a flat profile,
characterized by similar levels of delay in all developmen-
tal domains in children with only DD, and a peaks and
valleys profile in children with ASD + DD, with
relative weaknesses in the language-communication and
personal-social-emotional ~domains. Moreover, we
expected that the same specific weaknesses and strengths
could be evident also when comparing the single items
psychometric distributions between ASD + DD, DD and
the TD normative sample.

METHODS
Participants

Seventy-four children aged between 6 and 68 months
were involved in the study. Participants were recruited
among children who were referred for clinical purposes
to the Pediatric Neuroscience Department of Fondazione
IRCCS Istituto Neurologico Carlo Besta between 2018
and 2021 (convenience sampling method). Inclusion cri-
teria were having an age between 1 and 72 months (the
normative age range of the Griffiths III) and having
received clinical diagnosis of DD or ASD with DD
according to DSM 5 (APA, 2013). A neurological exam
was conducted by a child neurologist at the first visit, and
included the assessment of the neurological functional
domains of posture and muscle tone, reflexes, involun-
tary movements, coordination and balance, fine manipu-
lation, sensory function, and cranial nerve function.
Children with minor neurological signs at the clinical
neurological exam, as defined by Hadders-Algra (2002)
(e.g., difficulties with muscle tone regulation, posture,
balance, coordination, mildly abnormal reflexes) were
included, but children with suspected congenital or
acquired disorder of the central nervous systems
(e.g., with signs of cerebral palsy, muscular dystrophy or
evidence of frank acquired neurological pathology) were
excluded.

Participants were divided in two groups depending on
the presence or absence of a concomitant diagnosis of
DD and ASD: 39 children were in the ASD + DD group
(MCA months =42.6; SDCA months = 15.3) and
35 children were in the DD group (MCA months = 31.7;
SDCA months = 16.5). Diagnosis of DD was given by
experienced child neurologists and developmental neuro-
psychologists (Matilde Taddei, Sara Bulgheroni, and
Chiara Pantaleoni) according to DSM 5 criteria that is,
children presented developmental milestone delay in
regards to more than one area of motor, speech and lan-
guage, cognition, social functioning or activities of daily
living, and confirmed by the presence of at least two
developmental areas investigated by Griffiths III more
than two standard deviations below average. For all the
children, the diagnosis of ASD was given by the same
experienced child neurologists and developmental neuro-
psychologists (Matilde Taddei, Sara Bulgheroni, and
Chiara Pantaleoni) according to DSM 5 criteria, and
confirmed by standardized ASD diagnostic instruments
such as Autism Diagnostic Observation Schedule-Second
Edition (ADOS-2) (Lord et al., 2012), Autism Diagnostic
Interview-Revised (ADI-R) (Lord et al., 1994) and/or by
Telemedicine-based ASD Evaluation Tool for Toddlers
and Young Children (TELE-ASD-PEDS) (Corona
et al., 2020; Wagner et al., 2021) or Brief Observation of
Symptoms of Autism (BOSA) (Lord et al., 2020). TELE-
ASD-PEDS and BOSA have been used for the assess-
ment in time of social distancing in the lockdown period
due to COVID-19 pandemic.

All of the children that participated in this study were
Italian. Information about bilingual exposure and socio-
demographic data of the clinical sample is given in
Table 1. All the participants’ parents gave their informed
consent for personal data use for scientific aims before
they participated in the study. The study was conducted
in accordance with the Declaration of Helsinki. The for-
mal approval from the ethic committee and ethic code
assignment are not required in accordance with current
regulation.

TABLE 1 Socio-demographic characteristics of the two groups.

Variable ASD + DD DD

N (total) 39 35
Mean age months (SD) 42.6 (15.3) 31.7 (16.5)
Male/female 3217 24/11
Preterm birth 7 (18%) 6 (17%)
Italian as L1 29 (74%) 34 (97%)
Only child 18 (46%) 13 (37%)
Mother education level (n)

Graduate 9 12
College 13 12
Middle school 8 3
Unknown 9 8

Abbreviations: ASD + DD, autism spectrum disorder and developmental delay;
DD, developmental delay; L1, first language; SD, standard deviation.
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Moreover, with the purpose of comparing the devel-
opment of children in the ASD + DD and DD group
with typical development, the data of the normative sam-
ple of the Italian children from the Griffiths III were uti-
lized. The procedures for sample recruiting, data
collection and an extensive description of the sample
have been published in the study for Italian validation
and standardization of Griffiths III (Lanfranchi
et al., 2019).

Measures
Griffiths I11

All the participants were assessed using the Griffiths I11
scales (Green et al., 2016), a direct measure of child psy-
chomotor development, in their Italian adaptation
(Lanfranchi et al., 2019). The Griffiths III allows the
assessment of 5 developmental domains (see Table 2 for a
brief description of domains): Foundations of Learning
(A Scale), Language and Communication (B Scale), Eye
and Hand Coordination (C Scale), Personal-Social-Emo-
tional (D Scale), and Gross Motor Skills (E Scale). In
each scale, the items assess the main developmental mile-
stones for that particular domain. The Griffiths III scales
allow for the computation of a number of pooled scores.
In order to avoid floor effect and following the sugges-
tion by Toffalini et al. (2019) about the assessment of
individuals with ID (and DD) to the purpose of this study
raw scores were converted into Age Equivalent
(AE) scores. Moreover, developmental quotients
(DQ) were considered. Similar to the original version, the
Italian adaptation of the Griffiths III showed high reli-
ability, both in terms of internal coherence (with values
ranging from 0.83 to 0.99 depending on the scale and age
band considered) and test-retest (with values ranging

TABLE 2 Griffith III scales.

Scale Description

Measures the development of thinking,
verbal and non-verbal cognition,
memory, executive functions

A. Foundations of
learning

B. Language and Measures language development, including

communication expressive language, receptive language,
and communication skills
C. Eye-hand Considers fine motor skills, manual

dexterity, bimanual coordination, and
visual perception skills

coordination

D. Personal-Social-
Emotional

Measures constructs relating to the child’s
developing sense of self and growing
independence, interactions with others,
adaptive behavior and aspects of early
emotional development

E. Gross motor Assesses postural control, balance, gross

body coordination

from 0.96 to 0.99 depending on the scale considered).
Moreover, high construct, convergent and discriminant
validity were demonstrated (Lanfranchi et al., 2019).

Procedure

As for the two clinical sample of children with ASD
-+ DD and DD, during the first visit to the Pediatric Neu-
roscience Department of Fondazione IRCCS Istituto
Neurologico Carlo Besta, children who exhibited signs of
neurodevelopmental disorder received an initial assess-
ment of approximately 40 min by a pediatric neurologist,
including current health, developmental history, family
history, together with the neurological exam. For chil-
dren suspected of presenting with ASD and DD, the neu-
rologist scheduled a cognitive-behavioral evaluation
including the administration of Griffiths III, either as
outpatient or inpatient. On the day of the first appoint-
ment scheduled for the behavioral assessment a trained
and qualified developmental neuropsychologist (Matilde
Taddei and Sara Bulgheroni) completed the Griffiths I11.
The assessment was performed in a quiet examination
room approximately 15 square meters in size and with no
distracting objects. The Griffiths III administration and
scoring was implemented according to the Italian adapta-
tion and administration manual and normative data
(Lanfranchi et al., 2019). A full Griffiths III evaluation
takes approximately one and a half hours to complete. If
a child had a lack of compliance due to emotional-
motivational or attentive issues during the evaluation, a
new appointment was made, but the evaluation had to be
completed within 1 week. According to the clinical needs,
the evaluation was completed with interviews and check-
lists administered to parents/caregivers and structured
play sessions administered to the child. Procedures for
the Griffiths III administration and data collection
referred to the TD normative sample are extensively
described elsewhere (Lanfranchi et al., 2019).

Data analysis

A Bayesian approach was adopted to all data analysis. It
had the crucial advantage of facilitating the estimation
process especially in the secondary analysis at the item
level, by means of informed priors based on information
drawn from the normative (typically developing) popula-
tion (see details below). More generally, the advantages
of a Bayesian approach encompass using any available
prior information directly in the analysis, an emphasis on
estimating parameters with uncertainty, and an emphasis
on a probabilistic account of the phenomenon at hand
rather than on simplified accept/reject inferential conclu-
sions (e.g., Kruschke, 2015; Kruschke & Liddell, 2018).
Bayesian models were estimated using the “brms” pack-
age of R (Birkner, 2017), based on the STAN coding
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language. All models were fitted using the MCMC
Bayesian estimation method, with four chains each with
2000 iterations (the first 1000 iterations in each chain are
discarded as warmups; so, the final models are based on
4000 samples). Evidence was examined via posterior dis-
tributions: the median values were considered as the
point-estimates for parameters, while 95% Bayesian
Credible Intervals (BCIs) were estimated using the quan-
tile method. We interpreted parameters with their 95%
BCIs excluding the null-value as likely different from
zero and worth commenting.

The primary analysis examined whether mean profiles
of scores might differ, in terms of level and shape, across
the five scales between the ASD + DD and the DD
group (between scales comparison). Mixed-effects models
were used. The response variable was the age equivalent
scores (an additional analysis was conducted on stan-
dardized scores), which were treated as measurements
repeated by participants in each scale. Scale and group
were entered as the fixed effects. The parameters concern-
ing the effect of group and the scale x group interaction
were examined. Random intercepts were set for partici-
pants. Very diffuse prior distributions were set for the
parameters of the “scale” factor. Specifically, based on a
loose default expectation of observing a flat profile
(which is what we expect, by definition, in the general
population), priors were set as normal with M = 0, and a
large SD = 20, thus N (0, 20) (this prior is very weakly
informed and centered on zero; we obtained the same
results by using default uninformed priors of maximum
likelihood estimation). Uninformed default priors were
set for all other coefficients.

A secondary analysis was conducted on yes/no
responses at the item level (within scales comparison). As
responses were binomial, logistic regressions were used,
with age equivalent as the predictor. We followed an
IRT-like approach. We calculated the item characteristic
curve (ICC) separately for each item and each group.
The estimated parameter of interest for each item was the
age equivalent at which the probability of a “yes”
response for that item is 50% (there is no chance level).
Unfortunately, starting and ending points meant that
there were no complete observations for all participants
in all items, as is normal for a test that assesses develop-
ment. For the first and last items in each scale, there were
even no observations at all. We calculated the ICCs only
for items for which there were at least five observations,
including at least one success and one fail, in at least one
group. To facilitate estimation, informed Bayesian priors
based on the TD population (i.e., the normative sample)
were set for both intercept and slope in each model. For
both coefficients, prior distributions were normal with
their mean values equal to those estimated for the TD
normative sample in a previous round of analysis, con-
ducted with the same method but with completely unin-
formed, uniform default priors (and using actual age
instead of age equivalent, as this is the normative

sample). The SDs of the prior distributions used for the
clinical groups were equal to 1.00 for the intercept
(to avoid excessive leverage of the prior on the posterior
distribution) and 0.50 for the slope. Additionally, the
slope was bound to be positive (as we consider it as
implausible that the probability of solving an item might
decrease as children grow). All estimates for the second-
ary analyses were redone with uninformed default priors
and the results are reported in the Appendix S1.

RESULTS
Between scales comparison

The primary analysis compared the age equivalent scores
of the ASD + DD and DD group in the five Griffiths
scales. The descriptive statistics are reported in Table 3.
The estimated mean scores with 95% BClIs are shown
in Figure 1, along with all individual profiles. Overall,
the mean difference in age equivalent between the two
groups across the five scales was negligible,
B =2.04 months (95% BCIL: —2.54, 6.56), slightly in
favor of ASD + DD group. Since the ASD + DD group
was older in terms of chronological age, the same differ-
ence was strongly negative when standardized scores
were considered, B = —17.64 (—25.86, —9.41) as reported
in Supplemental materials. A peaks and valleys profile
emerged for the ASD + DD group with relative strengths
in scales A—Foundations of Learning, C—Eye and Hand
Coordination, and E—Gross Motor Skills and relative
weaknesses in scales B—Language and Communication
and D—Personal-Social-Emotional (Figure 1). Taking
“scale A” as the intercept (as the one that assess cognitive
development), the drop in scale B was B = —8.10 (—9.81,
—6.39), scale C was nearly exactly equal, B =043
(—1.34, 2.11), scale D again had a drop, B = —6.35
(—8.12, —4.67), and scale E was even slightly superior,
B =3.16 (1.40, 4.86). On the contrary, all discrepancies
observed within the profile of the DD group were negligi-
ble in terms of magnitude (all Bs ranged between —1.01
and —3.05 taking “scale A” as reference), showing as a
consequence a more homogeneous profile. Figure S1
shows the same profile calculated on standardized scores

TABLE 3 Mean (and standard deviation in parentheses) equivalent
age in the two clinical groups for each scale.

Scale ASD + DD DD

23.61 (10.93)
15.49 (10.72)
24.00 (10.79)
17.23 (8.26)
26.74 (8.78)

21.23 (11.13)
18.83 (11.17)
20.23 (11.82)
19.11 (11.17)
18.17 (9.95)

A. Foundations of learning

B. Language and communication
C. Eye-hand coordination

D. Personal-social-emotional

E. Gross motor skills

Abbreviations: ASD + DD, autism spectrum disorder and developmental delay;
DD, developmental delay.
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FIGURE 1 Estimated mean age equivalent scores by scale and
group. Error bars represent 95% Bayesian Credible Intervals (BCls) of
the estimates. Small dots and lines on the background represent
individual observations. ASD+DD, children with autism spectrum
disorder and global developmental delay; DD, children with global
developmental delay; EHC, eye and hand coordination; FoL,
foundations of learning; GM, gross motor skills; LC, language and
communication; PSE, personal-social-emotional.

(since many individual profiles were at floor, the average
profiles appear slightly flatter).

Single items

The second explorative analysis compared the psycho-
metric function (curve of difficulty) of each item for chil-
dren with ASD + DD, DD and TD children belonging
to the normative sample of the test. Figures 2-6 show the
estimated values of the psychometric function for all
items in all groups (provided when there are at least five
observations, and the estimate is non-negative, which
may happen for the TD normative sample in a few early
items that are generally reached even in newborn chil-
dren). Specifically, the figures show the estimated age
(chronological age for the TD normative sample and age
equivalent for children with ASD + DD and DD) at
which each item has its ideal difficulty in that group
(i.e., at which the probability of solution is estimated as
50%). BCIs are reported only when they did not span
larger than 15 months, after which we considered the esti-
mates as excessively unreliable. In the latter cases, we
placed a white question mark over the dots in the figure
and reported no BClIs, as a warning that the estimates
must be taken with caution. Unfortunately, this was the
case for most items, suggesting a paucity of data for this
analysis (despite the informed priors). Nonetheless, for at
least a few items information could still be drawn. To
facilitate the interpretation of the graphs, the correspond-
ing sub-domain referred to each item within each scale is
reported (as abbreviation) next to each item’s acronym.

The analysis drawn for each item generally confirmed
a different pattern of performance between items requir-
ing more social-communicative engagement and non-
verbal items in the two diagnostic groups relative to the
TD normative sample, revealing specific profiles also
within each developmental scale and not only between
scales as shown in the first analysis. For what concerns
the Foundations of Learning (A scale), children with
ASD + DD tended to perform at higher age equivalent
than the TD normative sample in the first year items, that
involve foundation of learning, visual attention, non-
verbal reasoning and visual-perceptual abilities, mainly
by means of material exploration and manipulation.
Moreover, they tended to perform at a similar age equiv-
alent than the TD normative sample second year items,
mainly “hole form boards” involving non-verbal visuo-
perceptual abilities. From the third year onward children
with ASD + DD tended to perform at the same, or even
at lower, age equivalent than the TD normative sample
non-verbal visuo-perceptual and cognitive tasks, such as
those that involve activities with “hole form boards” and
blocks, while they tend to perform at higher age equiva-
lent than the TD normative sample verbal cognitive and
memory items that involve, directly or indirectly, lan-
guage. Children with DD seemed to show a difficulty
trend in the middle between children with ASD + DD
and TD, that is they tended to perform the first items at a
lower age equivalent than children with ASD + DD but
at higher age equivalent than TD, while sometimes they
performed the third year’s items at a higher age equiva-
lent than children with ASD + DD and quite similarly to
the TD normative sample. In the Language and Commu-
nication scale children with ASD + DD tended to per-
form at higher age equivalent not only with respect to the
TD normative sample but also with respect to children
with DD the great majority of the items involving com-
municative intention and expressive and receptive lan-
guage, highly related to social responsiveness and
attention to voice, in particular in the first 3 years. In the
Eye and Hand scale children with ASD + DD tended to
perform at a higher age equivalent than the TD norma-
tive sample first year items. It is important to mention
that these items, that mainly assess early fine motor abili-
ties such as grasping, are performed in the interaction
with the clinician, that for example offers to the child a
wooden ring with a string and observes if the child grasps
the ring (c1.6), reaches for ring and grasps (c1.9), resists
adult who tries to take the ring (c1.8), grasps the string
(cl.11). For the fine motor and bilateral coordination
items from the second year onward, that require less
interaction with the clinician to be performed (spontane-
ous appropriate use of the material is often automatic
independently from verbal instruction, for example,
blocks to stuck, ring on ring pole), children with ASD
+ DD tended to perform these items at the same age
equivalent than the TD normative sample. However,
children with ASD + DD tended to perform at lower age
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FIGURE 2 Scale “A”—estimated age at which an item is solved with 50% probability, divided by group. Error bars represent 95% Bayesian
Credible Intervals (BCls). Estimates with a white question mark “?” on them means that their 95% BCI are larger than 15 months and thus we
considered them as unreliable. Estimates for ASD + DD and DD were computed with parameters from the typically developing normative sample
(TD) curves used as informed Bayesian priors (see Section 2). Only items for which at least five observations in the autism spectrum disorder (ASD)
+ global developmental delay (DD) and/or DD group are shown. Estimates were computed only for items and groups where there were at least five
actual observations. Dots with white question marks indicate that the estimates are highly unreliable and should not be taken with caution (see text
for details). coNV, cognition nonverbal; coVE, cognition verbal; foun, foundations of learning; meNV, memory nonverbal; meVE, memory verbal,

vpNV, visuo-perceptual nonverbal.

equivalent than the TD normative sample the items of
the third and fourth year that involve bricks or blocks
(e.g., c3.1 blocks; c3.3 tower of bricks) or drawing
(e.g., c3.6 vertical strike; ¢3.9 horizontal strike; c4.1 copy
a circle). The trend of children with DD was similar to
that described for scale A Foundation of Learning, some-
how in between children with ASD + DD and TD. In
the Personal Social Emotional scale children with ASD
+ DD tended to perform at higher age equivalent not
only with respect to the TD normative sample, but also
with respect to children with DD the great majority of
the items assessing social, personal and emotional devel-
opment. Finally, for what concerns the Gross Motor scale
from the second year onward children with ASD + DD
tended to perform at a lower age equivalent than the TD
normative sample (and children with DD) items that
assess coordination and balance skills such as running
(2.8, €3.4), climbing stairs (e.g., 2.6, €2.7), throwing a
ball (e.g., €2.14, €3.2), jumping (e.g., e4.1, e4.3).

By way of illustration of the single item analysis, Fig-
ures 7, 8 show examples of the psychometric function
(ICC) drawn for two items, one in which the group with
ASD + DD is estimated as reaching the criterion at a
lower age equivalent than the TD normative sample, and
the other in which the group with ASD + DD is esti-
mated to reach the skill at an higher age equivalent.
Figure 7 shows that, for item a4.4, “draw a person” the
group with ASD + DD reached the criterion (i.e., 50%
probability of positive solution) at about 34 months of
age equivalent, while the TD normative sample reached
it at about 43 months of age equivalent. Figure 8 shows
that, for item b2.12, “use two word sentences” the crite-
rion is reached at around 32 months of age equivalent by
the group with ASD + DD, and at about 25 months of
age equivalent by the TD normative sample.

All analyses on items were replicated with unin-
formed default priors and the results were comparable as
reported in Figures S2-S8.
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FIGURE 3 Scale “B”—estimated age at which an item is solved with 50% probability, divided by group. See Figure 2 caption for details.
Estimates were computed only for items and groups where there were at least five actual observations. Dots with white question marks indicate that
the estimates are highly unreliable and should not be taken with caution (see text for details. exp, expressive language; int, intention to communicate;

rec, receptive language.

DISCUSSION

The purpose of the present study was to identify the
developmental profiles associated with ASD + DD and
DD in pre-school aged Italian children. To assess the
developmental profiles, we administered the Griffiths 111
scales, a standardized tool for the assessment of neurode-
velopment in early childhood, recently adapted and stan-
dardized for the Italian population. By means of dual
comparison of children with co-diagnosis of ASD and
DD with children with DD alone, having as a reference
point TD children of the Italian normative sample, we
have pointed at isolating the effects of each diagnostic
class on psychomotor developmental profiles. As
expected, the two diagnostic groups ASD + DD and DD
shared the presence of lower age equivalent scores with
respect to their chronological age in all the considered
developmental domains. This is coherent with the core
clinical characteristics of DD, with a child presenting a
significant delay in reaching the developmental mile-
stones compared to other children of the same chronolog-
ical age. Moreover, in line with our hypothesis, the

between scales analysis has shown different developmen-
tal profiles in the two diagnostic groups: the group with
DD displays a homogeneous profile with similar levels of
delay in all developmental scales, while children with
ASD + DD show relative weaknesses in Language and
Communication and Personal-Social-Emotional sub-
scales.

An explorative analysis was implemented at the single
item level to compare the distribution of age equivalent
at which each psychomotor acquisition is reached in chil-
dren with ASD + DD and children with only DD, com-
paring them with the TD normative sample of the
normative sample (within scales analysis). This analysis,
despite being cross-sectional and therefore not specifi-
cally referring to the longitudinal trajectories of psycho-
motor acquisitions, allows to make inferences about the
item difficulties distributions across different ages among
the three groups. The analysis of the psychometric func-
tion drawn for each item confirmed different pattern of
performance in social-communicative and non-verbal
items among the two diagnostic groups with respect to
the TD normative sample: in visuo-perceptual, fine-
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FIGURE 4 Scale “C”—estimated age at which an item is solved with 50% probability, divided by group. See Figure 2 caption for details.
Estimates were computed only for items and groups where there were at least five actual observations. Dots with white question marks indicate that
the estimates are highly unreliable and should not be taken with caution (see text for details). bilat, bilateral coordination; finmt, fine-motor; graph,

graphomotor; vperc, visuoperceptual.

motor, non-verbal reasoning and non-verbal cognitive
items (for example, blocks assembly, constructive and
visuo-motor abilities, color matching, form board solv-
ing) children with ASD 4+ DD were found to acquire
abilities at a lower age equivalent than children with DD
but also than the TD normative sample, and this is par-
ticularly true for the items referred to the second, third
and fourth years of age, that require assembling blocks,
perceptive matching, forms-boards, drawing a person,
requiring less interaction with the examiner. This pattern
is well exemplified by Figure 7. On the contrary, children
with ASD + DD acquire abilities that involve language
(for example, communicative vocalization, object and
verbal concept identification, digit span) or that require
interaction with the examiner (for example, showing
shared enjoyment, obey to simple instructions) at a
higher age equivalent than the TD normative sample and
the DD group, confirming a specific profile of this
domain in the two diagnostic groups, well exemplified by
Figure 8. Thus, the different pattern of performance in
verbal (and socio-communicative) versus non-verbal
developmental domain among the two diagnostic groups

is evident not only comparing different scales, but also
comparing items requiring verbal (and socio-communica-
tive) versus non-verbal processing within the same scale.
This is particularly evident in the Scale A Foundation of
Learning (Figure 2), investigating cognition, memory and
learning abilities by means of both verbal and non-verbal
tasks. This item-level analysis should be considered
explorative since few items have a satisfactory number of
observations, but it still supports clinical evidence and
may pave the way for future more systematic studies in
this direction. For example, to conduct further factorial
analyses on the Foundation of Learning Scale providing
separated psychometric measures of verbal and non-
verbal abilities related to cognition, learning and mem-
ory, may enable a more accurate definition of the func-
tional profile and increase the clinical predictive power of
the developmental scale with respect to future intellectual
disability.

The results of the present study confirm that children
with ASD + DD present weaknesses in social and com-
municative psychomotor developmental domains since
early years (Li et al., 2020), and that social and
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FIGURE 5 Scale “D”—estimated age at which an item is solved with 50% probability, divided by group. See Figure 2 caption for details.
Estimates were computed only for items and groups where there were at least five actual observations. Dots with white question marks indicate that
the estimates are highly unreliable and should not be taken with caution (see text for details). emot, emotional; pers, personal; soci, social.

communicative abilities measured at early ages may dif-
ferentiate children with ASD + DD from that with only
DD, and from typically developing children (Delehanty
et al., 2018). Young children with co-diagnosis of ASD
and DD were found to not only present with some degree
of language delay with respect to their peers, but also spe-
cifically lack social bases of language (for example, use of
gestures, facial expressions, imitation, joint attention and
eye-contact) and thus are at risk for weaker/atypical lan-
guage development and verbal learning (Torrens & Ruiz,
2021). This aspect differentiates children with ASD

+ DD from children with ASD with fluent language and
without intellectual disability, which may present suffi-
cient development of imitation, joint attention, use of
gestures, words and phrases to communicate around their
special interests, but present subtler difficulties in the
social use of language (Lord et al., 2022). Differently, in
children with DD but not ASD, despite the presence of
some degree of delay in expressive and receptive lan-
guage, the acquisition of joint attention skills, social
responsiveness, social referencing and social imitation
leads to better responsiveness to language, drawing them
closer toward the path of typical development

(Barbaro & Dissanayake, 2012). For what concerns the
non-verbal domain, children with ASD + DD display a
slowdown with respect to children with DD in the items
of the first year of life, caused by a reduced, repetitive or
disorganized initiative toward objects and the environ-
ment. This trend seems to be recovered in subsequent
items (second and third years), in relation to the greater
interest in visuo-perceptual processing and activities com-
pared to the verbal ones, facilitating compensation strate-
gies that favor learning and success in tasks mediated by
visual-perceptual support, not requiring direct and con-
stant interaction with the examiner. It has been widely
described that social and communication concerns for
children with suspected ASD become evident very early
during development, between 12 and 18 months of age
(Salgado-Cacho et al., 2021; Plate et al., 2022), with some
early signs also before (Chericoni et al., 2016;
Davidovitch et al., 2018) and are the target of early inter-
vention to at-risk infants. On the other hand, children
with ASD notably benefit by the presentation of visual
support during cognitive performances (Samson
et al., 2012); moreover, relative strengths in visuo-spatial
and abstract reasoning and visual working memory have
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FIGURE 6 Scale “E”—estimated age at which an item is solved with 50% probability, divided by group. See Figure 2 caption for details.
Estimates were computed only for items and groups where there were at least five actual observations. Dots with white question marks indicate that
the estimates are highly unreliable and should not be taken with caution (see text for details). balan, balance; coord, coordination; postu, postural.
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FIGURE 7 Example of psychometric function for an item in which
both autism spectrum disorder (ASD) + global developmental delay
(DD) and DD group are estimated as reaching the 50% criterion at
lower equivalent age than the TD normative sample. Curves for ASD

+ DD and DD are estimated using parameters from the TD curve as
informed Bayesian priors (see Section 2). Shaded areas represent 95%
Bayesian credible bands. Dots represent fail (0) and success

(1) observations for ASD + DD and DD.

been described in children with ASD at different ages as
a possible specific marker of their intellectual functioning
(Audras-Torrent et al., 2021; Mouga et al., 2020). The
presence of communicative and social weaknesses and
non-verbal strengths in children with ASD, both in terms
of age equivalent comparisons and single items psycho-
metric distributions, described in our study, confirms that

ltem: b2.12
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Probability of solved item
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o

0.00- TAA
10 15 20 25 30 35 40 45
Age (TD) or Age equivalent (ASD+DD and DD)

FIGURE 8 Example of psychometric function for an item in the
autism spectrum disorder (ASD) + global developmental delay

(DD) group (but not the DD group) is estimated as reaching the 50%
criterion at higher equivalent age than the TD normative sample.
Curves for ASD + DD and DD are estimated using parameters from
the TD curve as informed Bayesian priors (see Section 2). Shaded areas
represent 95% Bayesian credible bands. Dots represent fail (0) and
success (1) observations for ASD + DD and DD.

the core features of ASD translate into a specific psycho-
motor functioning profile already evident in pre-school
age also in children with co-occurring ASD and DD.
From a methodological point of view, the present
study provides evidence of the Griffiths scales’ efficacy in
describing and discriminating specific psychomotor pro-
files related to discrete diagnostic classes in pre-school
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aged children. The Griffiths III, and its recent Italian
standardization, is confirmed as a tool valid for the ASD
diagnostic phase, more often occurring around 3—4 years
of age, and suitable to describe the profile of functioning
and provide information on the concomitant presence of
language and/or psychomotor-intellectual disability, nec-
essary to guide both the clinical investigations and thera-
peutic interventions. Moreover, Griffiths III seems to be
effective in identifying specific psychomotor profiles and
may be used, together with other ad-hoc early detection
instruments, to early intercept risks for socio-
communicative disorders in children with suspect ID/DD
(Delehanty et al., 2018; Thurm et al., 2019). Children
with DD display considerable variability in their commu-
nicative and adaptive functioning, at least partly due to
the large number of potential underlying causes, but their
developmental delays may be more likely to persist into
subsequent age periods than those of children with spe-
cific developmental delay (e.g., language delay alone,
Everitt et al., 2013; Thomaidis et al., 2014), and a co-
diagnosis of DD and ASD predicts worse functional and
adaptive outcomes in social, communicative and daily
living skills (Hedvall et al., 2013). On the other hand, to
specifically explore early developmental profiles in chil-
dren with ASD and a co-diagnosis of DD is particularly
important, since non-verbal cognitive abilities seem to be
strongly related to later language acquisition in children
with ASD (Mouga et al., 2020) and early interventions
on social abilities such as imitation, joint attention, eye-
contact, social orientation and responsivity may lead to
significant improvement not only in verbal but also in
general cognitive and adaptive abilities (Colombi
et al., 2018; Lin et al., 2020). In this vein, thanks to their
specificity in describing the skills’ profile, the Griffiths 111
are a particularly useful tool to define individualized
goals for intervention.

The present results have immediate impact on the
clinical practice: in fact, collecting evidence about psy-
chometric behavioral instruments may optimize the diag-
nostic assessment improving the ability to early intercept
the socio-communicative risk in children suspected of
having global developmental delay. Continued efforts to
characterize the early development of children screened
and diagnosed through differing methodological
approaches are needed to inform our understanding of
the larger, overall population of children with neurodeve-
lopmental disorders. Moreover, the present results may
be helpful to clarify to parents and teachers the core and
early functional correlates of specific neurodevelopmen-
tal conditions such as socio-communicative disorders,
and to guide tailored individual plans since early child-
hood, with the aim to optimize the developmental trends
and longitudinal outcomes. For example, both children
with ASD + DD and DD could benefit from being clear
and specific when giving instructions, break down tasks
in small steps, set consistent classroom and domestic rou-
tines, giving opportunity to success and to be praised and
reinforced. On the other hand, parents and teachers of

children with ASD or suspected ASD should be aware
that the child would benefit even more by visual rather
than verbal cues for learning, thus it could be useful to
demonstrate the task or using another child as a model to
demonstrate the correct behavior, using a visual schedule,
video or poster to help the child understand what is
expected.

Limitations of the present study are mainly repre-
sented by the convenience sampling method, as often
revealed in clinical studies: the need to select the partici-
pants during clinical practice has limited the apriori selec-
tion and balancing of the sample (e.g., excluding children
with minor neurological signs or screened for neuroge-
netic syndromes, balancing the samples with respect to
sex/gender, age and bilingualism) and has caused the pau-
city of data for the single items analysis resulting in sev-
eral excessively unreliable estimates. While the sex/gender
distribution of our clinical samples is quite representative
of male to female ratio in ASD and DD populations
(3.1:1), in our ASD + DD sample only 74% of children
have Italian as first language: bilingualism may interfere
with testing administration and should be controlled in
future studies. Moreover, the numerosity of clinical sam-
ples is limited, and for this reason the results remain at an
exploratory level. Further studies with broader samples
are needed in order to generalize the obtained results. In
particular, the inclusion of a further clinical sample of
children with ASD without DD could allow to control
for the possible addictive effect of ASD and DD on
social-communicative difficulties and to confirm that the
specific grade of social weakness is caused by the single
presence of ASD, rather than by the addictive impact of
ASD and DD. The sample recruiting during the pan-
demic period did interfere with the application of instru-
ments for directly assessing core symptoms of ASD, such
as ADOS-2, which have been occasionally replaced by
tools for ASD assessment in times of social distancing;
thus, the assessment for ASD could not be consistent
across participants. Finally, future studies should provide
indices of informant-based levels of adaptive functioning
(e.g., Vineland Adaptive Behavior Scales or Adaptive
Behavior Assessment Systems), to investigate how the
identified developmental profiles may predict the adap-
tive functioning.

In conclusion, the present study has provided evi-
dence that Griffiths III are useful for identifying specific
developmental profiles of autism spectrum disorder asso-
ciated to global developmental delay and of global devel-
opmental delay alone. The Griffiths III may optimize the
diagnostic process of neurodevelopmental disorders, help
to early identify the risk of socio-communicative disor-
ders in children suspected of having developmental dis-
abilities, and guide person-centered treatments.

ACKNOWLEDGMENTS

We thank all the children and the families who partici-
pated in this study. This work is supported by the Italian
Ministry of Health (RCC) and by Pierfranco and Luisa

511907 SUOWIWIOD dAIERID 3|qedt|dde au Ag paueAob a1e S9o1Le YO 138N JO S3IN1 10} Afeiq178UIUO AB]IAA UO (SUOIPLOD-PUB-SLUBIWOD A3 1M ARe.q)1 U |UO//SdIY) SUONIPUOD PUe SW L 81 39S *[€202/60/T0] U0 Afelqiauliuo Ao|im ‘1a Jeiued enoped JO A1sieAiun AQ €662 IMe/z00T 0T/I0p/wod" &3] 1w Akeiq 1jpuljuo//sdiy wouj papeo|umoq ‘2 ‘€202 ‘908E6E6T



TADDEI ET AL.

1357

Mariani Foundation. Open access funding provided by
BIBLIOSAN.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ETHICS STATEMENT

All the participants’ parents gave their informed consent
for personal data use for scientific aims before they par-
ticipated in the study. The study was conducted in accor-
dance with the Declaration of Helsinki.The formal
approval from the ethic committee and ethic code assign-
ment are not required in accordance with current
regulation.

ORCID

Matilde Taddei "® https://orcid.org/0000-0002-5832-8995

REFERENCES

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). American Psychiatric Publish-
ing, Inc.

Audras-Torrent, L., Miniarikova, E., Couty, F., Dellapiazza, F.,
Berard, M., Michelon, C., Picot, M. C., & Baghdadli, A. (2021).
WISC-V profiles and their correlates in children with autism spec-
trum disorder without intellectual developmental disorder: Report
from the ELENA cohort. Autism Research, 14(5), 997-1006.

Barbaro, J., & Dissanayake, C. (2012). Developmental profiles of
infants and toddlers with autism spectrum disorders identified pro-
spectively in a community-based setting. Journal of Autism and
Developmental Disorders, 42(9), 1939-1948.

Barnett, A. L., Guzzetta, A., Mercuri, E., Henderson, S. E.,
Haataja, L., Cowan, F., & Dubowitz, L. (2004). Can the Griffiths
scales predict neuromotor and perceptual-motor impairment in
term infants with neonatal encephalopathy? Archives of Disease in
Childhood, 89(7), 637-643.

Bejarano-Martin, A., Canal-Bedia, R., Magdn-Maganto, M.,
FernéndeZ-AlvareZ, C., Cilleros-Martin, M. V., Sanchez-
Goémez, M. C., Garcia-Primo, P., Rose-Sweeney, M., Boilson, A.,
Linertovd, R., & Roeyers, H. (2020). Early detection, diagnosis
and intervention services for young children with autism spectrum
disorder in the European Union (ASDEU): Family and profes-
sional perspectives. Journal of Autism and Developmental Disor-
ders, 50(9), 3380-3394.

Bennett, T. A., Szatmari, P., Georgiades, K., Hanna, S., Janus, M.,
Georgiades, S., Duku, E., Bryson, S., Fombonne, E.,
Smith, I. M., & Mirenda, P. (2014). Language impairment and
early social competence in preschoolers with autism spectrum dis-
orders: A comparison of DSM-5 profiles. Journal of Autism and
Developmental Disorders, 44(11), 2797-2808.

Braconnier, M. L., & Siper, P. M. (2021). Neuropsychological assess-
ment in autism spectrum disorder. Current Psychiatry Reports,
23(10), 1-9.

Biirkner, P. C. (2017). Brms: An R package for Bayesian multilevel
models using Stan. Journal of Statistical Software, 80, 1-28.

Carulla, L. S., Reed, G. M., Vaez-Azizi, L. M., Cooper, S. A,
Leal, R. M., Bertelli M., Adnams, C., Cooray, S., Deb, S.,
Dirani, L. A., & Girimaji, S. C. (2011). Intellectual developmental
disorders: Towards a new name, definition and framework for
“mental retardation/intellectual disability” in ICD-11. World Psy-
chiatry, 10(3), 175-180.

Chericoni, N., de Brito Wanderley, D., Costanzo, V., Diniz-
Gongalves, A., Leitgel Gille, M., Parlato, E., Cohen, D.,
Apicella, F., Calderoni, S., & Muratori, F. (2016). Pre-linguistic
vocal trajectories at 6-18 months of age as early markers of
autism. Frontiers in Psychology, 7, 1595.

Colombi, C., Narzisi, A., Ruta, L., Cigala, V., Gagliano, A.,
Pioggia, G., Siracusano, R., Rogers, S. J., Muratori, F., & Prima
Pietra Team. (2018). Implementation of the early start Denver
model in an Italian community. Autism, 22(2), 126-133.

Corona, L., Hine, J., Nicholson, A., Stone, C., Swanson, A., Wade, J.,
Wagner, L., Weitlauf, A., & Warren, Z. (2020). TELE-ASD-
PEDS: A telemedicine-based ASD evaluation tool for toddlers and
young children. Vanderbilt University Medical Center.

Davidovitch, M., Stein, N., Koren, G., & Friedman, B. C. (2018). Devi-
ations from typical developmental trajectories detectable at
9 months of age in low risk children later diagnosed with autism
spectrum disorder. Journal of Autism and Developmental Disorders,
48(8), 2854-2869.

Dawson, G. (2008). Early behavioral intervention, brain plasticity, and
the prevention of autism spectrum disorder. Development and Psy-
chopathology, 20(3), 775-803.

Del Rosario, C., Slevin, M., Molloy, E. J., Quigley, J., & Nixon, E.
(2021). How to use the Bayley scales of infant and toddler develop-
ment. Archives of Disease in Childhood-Education and Practice,
106(2), 108-112.

Delehanty, A. D., Stronach, S., Guthrie, W., Slate, E.,, &
Wetherby, A. M. (2018). Verbal and nonverbal outcomes of tod-
dlers with and without autism spectrum disorder, language delay,
and global developmental delay. Autism & Developmental Lan-
guage Impairments, 3, 2396941518764764.

Everitt, A., Hannaford, P., & Conti-Ramsden, G. (2013). Markers for
persistent specific expressive language delay in 3-4-year-olds.
International Journal of Language & Communication Disorders,
48(5), 534-553.

Gil, J. D., Ewerling, F., Ferreira, L. Z., & Barros, A. J. (2020). Early
childhood suspected developmental delay in 63 low-and middle-
income countries: Large within-and between-country inequalities
documented using national health surveys. Journal of Global
Health, 10(1), 010427.

Green, E., Stroud, L., O’Connell, R., Bloomfield, S., Cronje, J.,
Foxcroft, C., Hurter, K., Lane, H., Marais, R., Marx, C.,
McAlinden, P., Paradice, R., Venter, D., & Venter, D. (2016).
Griffiths scales of child development 3rd ed. part II: Administration
and scoring. Hogrefe.

Green, E. M., Stroud, L., Marx, C., & Cronje, J. (2020). Child develop-
ment assessment: Practitioner input in the revision for Griffiths
1I1. Child: Care, Health and Development, 46(6), 682—691.

Green, S. A., & Carter, A. S. (2014). Predictors and course of daily liv-
ing skills development in toddlers with autism spectrum disorders.
Journal of Autism and Developmental Disorders, 44(2), 256-263.

Griffiths, R. (1970). The abilities of young children: A comprehensive sys-
tem of mental measurement for the first eight years of life. Child
Development Research Centre.

Hadders-Algra, M. (2002). Two distinct forms of minor neurological
dysfunction: Perspectives emerging from a review of data of the
Groningen perinatal project. Developmental Medicine and Child
Neurology, 44(8), 561-571.

Harrison, P., & Oakland, T. (2003). Adaptive behavior assessment sys-
tem (2nd ed.). Psychological Corporation.

Hedvall, A., Fernell, E., Holm, A., Asberg Johnels, J., Gillberg, C., &
Billstedt, E. (2013). Autism, processing speed, and adaptive func-
tioning in preschool children. The Scientific World Journal,
2013(1), 7.

Hinnebusch, A. J., Miller, L. E., & Fein, D. A. (2017). Autism spectrum
disorders and low mental age: Diagnostic stability and develop-
mental outcomes in early childhood. Journal of Autism and Devel-
opmental Disorders, 47(12), 3967-3982.

511907 SUOWIWIOD dAIERID 3|qedt|dde au Ag paueAob a1e S9o1Le YO 138N JO S3IN1 10} Afeiq178UIUO AB]IAA UO (SUOIPLOD-PUB-SLUBIWOD A3 1M ARe.q)1 U |UO//SdIY) SUONIPUOD PUe SW L 81 39S *[€202/60/T0] U0 Afelqiauliuo Ao|im ‘1a Jeiued enoped JO A1sieAiun AQ €662 IMe/z00T 0T/I0p/wod" &3] 1w Akeiq 1jpuljuo//sdiy wouj papeo|umoq ‘2 ‘€202 ‘908E6E6T


https://orcid.org/0000-0002-5832-8995
https://orcid.org/0000-0002-5832-8995

1358

TADDEI ET AL.

Jacob, S., Wolff, J. J., Steinbach, M. S., Doyle, C. B., Kumar, V., &
Elison, J. T. (2019). Neurodevelopmental heterogeneity and com-
putational approaches for understanding autism. Translational
Psychiatry, 9(1), 1-12.

Jansen, J. M., Green, E., Stroud, L. A., & Watson, M. B. (2020). Using
the Griffiths IIT and quartile charts in assessing autism Spectrum
disorder: A case study. Journal of Education and Learning, 9(1),
30-40.

Klinger, L. G., & Renner, P. (2000). Performance-based measures in
autism: Implications for diagnosis, early detection, and identifica-
tion of cognitive profiles. Journal of Clinical Child Psychology,
29(4), 479-492.

Kruschke, J. K. (2015). Doing Bayesian data analysis, second edition: A
tutorial with R, JAGS, and Stan. Academic Press.

Kruschke, J. K., & Liddell, T. M. (2018). The Bayesian new statistics:
Hypothesis testing, estimation, meta-analysis, and power analysis
from a Bayesian perspective. Psychonomic Bulletin & Review,
25(1), 178-206.

Lai, M., Lombardo, M. V., & Baron-Cohen, S. (2014). Autism. The
Lancet, 383(9920), 896-910.

Lanfranchi, S., Rea, M., & Ferri, R. (2019). Vianello. R Studio di vali-
dazione e standardizzazione italiana delle Griffiths III, Hogrefe
Editore.

Lee, T., Park, K. J., Shon, S. H., Kim, S., & Kim, H. W. (2022). Predic-
tors of developmental outcome in 4-to 6-year-olds with develop-
mental disability. Psychiatry Investigation, 19(7), 519-526.

Li, H. H., Wang, C. X., Feng, J. Y., Wang, B., Li, C. L., & Jia, F. Y.
(2020). A developmental profile of children with autism spectrum
disorder in China using the Griffiths mental development scales.
Frontiers in Psychology, 3105, 570923.

Lin, T. L., Chiang, C. H., Ho, S. Y., Wu, H. C., & Wong, C. C. (2020).
Preliminary clinical outcomes of a short-term low-intensity early
start Denver model implemented in the Taiwanese public health
system. Autism, 24(5), 1300-1306.

Liss, M., Harel, B., Fein, D., Allen, D., Dunn, M., Feinstein, C.,
Morris, R., Waterhouse, L., & Rapin, 1. (2001). Predictors and corre-
lates of adaptive functioning in children with developmental disor-
ders. Journal of Autism and Developmental Disorders, 31(2), 219-230.

Lord, C., Charman, T., Havdahl, A., Carbone, P., Anagnostou, E.,
Boyd, B., Carr, T., De Vries, P. J., Dissanayake, C., Divan, G., &
Freitag, C. M. (2022). The lancet commission on the future of care
and clinical research in autism. The Lancet, 399(10321), 271-334.

Lord, C., Rutter, M., DiLavore, P. C., Risi, S., Gotham, K., &
Bishop, S. L. (2012). Autism diagnostic observation schedule (2nd
ed.). Western Psychological Services.

Lord, C., Holbrook, A., Dow, D., Byrne, K., Grzadzinksi, R., Sterrett,
K., Toolan, C., & Kim, S. H. (2020). Brief observation of symp-
toms of autism (BOSA ). Western Psychological Services.

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism diagnostic
interview-revised: A revised version of a diagnostic interview for
caregivers of individuals with possible pervasive developmental
disorders. Journal of Autism and Developmental Disorders, 24(5),
659-685.

Maenner, M. J., Warren, Z., Williams, A. R., Amoakohene, E.,
Bakian, A. V., Bilder, D. A., Durkin, M. S., Fitzgerald, R. T.,
Furnier, S. M., Hughes, M. M., Ladd-Acosta, C. M., McArthur,
D., Pas, E. T., Salinas, A., Vehorn, A., Williams, S., Esler, A.,
Grzybowski, A., Hall-Lande, J., ... Shaw, K. A. (2023). Preva-
lence and characteristics of autism spectrum disorder among
children aged 8 years —Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2020. MM WR Sur-
veillance Summaries, 72(2), 1-14. https://doi.org/10.15585/mmwr.
$87202al

Marquez-Caraveo, M. E., Rodriguez-Valentin, R., Pérez-Barrén, V.,
Vazquez-Salas, R. A., Sanchez-Ferrer, J. C., De Castro, F., Allen-
Leigh, B., & Lazcano-Ponce, E. (2021). Children and adolescents
with neurodevelopmental disorders show cognitive heterogeneity
and require a person-centered approach. Scientific Reports, 11(1),
1-14.

Masini, E., Loi, E., Vega-Benedetti, A. F., Carta, M., Doneddu, G.,
Fadda, R., & Zavattari, P. (2020). An overview of the main
genetic, epigenetic and environmental factors involved in autism
spectrum disorder focusing on synaptic activity. International Jour-
nal of Molecular Sciences, 21(21), 8290.

Mitchell, S., Cardy, J. O., & Zwaigenbaum, L. (2011). Differentiating
autism spectrum disorder from other developmental delays in the
first two years of life. Developmental Disabilities Research Reviews,
17(2), 130-140.

Mouga, S., Correia, B. R., Café, C., Duque, F., & Oliveira, G. (2020).
Language predictors in autism spectrum disorder: Insights from
neurodevelopmental profile in a longitudinal perspective. Research
on Child and Adolescent Psychopathology, 48(1), 149-161.

Ozyurt, G., & Elikiigiik, C. D. (2018). Comparison of language features,
autism spectrum symptoms in children diagnosed with autism
spectrum disorder, developmental language delay, and healthy
controls. Archives of Neuropsychiatry, 55(3), 205-210.

Perry, A., Flanagan, H. E., Dunn Geier, J., & Freeman, N. L. (2009).
Brief report: The Vineland adaptive behavior scales in young chil-
dren with autism spectrum disorders at different cognitive levels.
Journal of Autism and Developmental Disorders, 39(7), 1066-1078.

Pinchefsky, E., & Shevell, M. (2017). Intellectual disabilities and global
developmental delay. In Handbook of DSM-5 disorders in children
and adolescents (pp. 19-55). Springer.

Plate, S., Yankowitz, L., Resorla, L., Swanson, M. R., Meera, S. S.,
Estes, A., Marrus, N., Cola, M., Petrulla, V., Faggen, A.,
Pandey, J., & IBIS Network. (2022). Infant vocalizing and pheno-
typic outcomes in autism: Evidence from the first 2 years. Child
Development, 93(2), 468-483.

Randall, M., Egberts, K. J., Samtani, A., Scholten, R. J., Hooft, L.,
Livingstone, N., & Williams, K. (2018). Diagnostic tests for autism
spectrum disorder (ASD) in preschool children. Cochrane Data-
base of Systematic Reviews, 7, CD009044.

Remer, J., Croteau-Chonka, E., Dean, D. C., III, D’arpino, S.,
Dirks, H., Whiley, D., & Deoni, S. C. (2017). Quantifying cortical
development in typically developing toddlers and young children,
1-6 years of age. Neurolmage, 153, 246-261.

Roid, G. H., Miller, L. J., Pomplun, M., & Koch, C. (2013). Leiter
international performance scale-3. In G. H. Roid & L. J. Miller
(Eds.), Leiter international performance scale revised. Stoelting.

Salgado-Cacho, J. M., Moreno-Jiménez, M. D. P., & de Diego-
Otero, Y. (2021). Detection of early warning signs in autism Spec-
trum disorders: A systematic review. Children, 8(2), 164.

Samson, F., Mottron, L., Souli¢res, 1., & Zeffiro, T. A. (2012).
Enhanced visual functioning in autism: An ALE meta-analysis.
Human Brain Mapping, 33(7), 1553-1581.

Scandurra, V., Emberti Gialloreti, L., Barbanera, F., Scordo, M. R.,
Pierini, A., & Canitano, R. (2019). Neurodevelopmental disorders
and adaptive functions: A study of children with autism spectrum
disorders (ASD) and/or attention deficit and hyperactivity disorder
(ADHD). Frontiers in Psychiatry, 10, 673.

Shaw, K. A., Maenner, M. J., Bakian, A. V., Bilder, D. A,
Durkin, M. S., Furnier, S. M., Hughes, M. M., Patrick, M.,
Pierce, K., Salinas, A., Shenouda, J., Vehorn, A., Warren, Z.,
Zahorodny, W., Constantino, J. N., DiRienzo, M., Esler, A.,
Fitzgerald, R. T., Grzybowski, A., & Cogswell, M. E. (2021).
Early identification of autism spectrum disorder among children
aged 4 years—Autism and developmental disabilities monitoring
Network, 11 sites, United States, 2018. MMWR Surveillance Sum-
maries, 70(10), 1-14.

Shevell, M. (2008). Global developmental delay and mental retardation
or intellectual disability: Conceptualization, evaluation, and etiol-
ogy. Pediatric Clinics of North America, 55(5), 1071-1084.

Shevell, M. 1., Ashwal, S., Donley, D., Flint, J., Gingold, M., Hirtz, D.,
Majnemer, A., Noetzel, M., & Sheth, R. D. (2003). Practice
parameter: Evaluation of the child with global developmental
delay. Neurology, 60(3), 367-380.

Sparrow, S. S., Cicchetti, D. V., & Saulnier, C. A. (2016). Vineland
adaptive behavior scales (3rd ed.). Pearson.

511907 SUOWIWIOD dAIERID 3|qedt|dde au Ag paueAob a1e S9o1Le YO 138N JO S3IN1 10} Afeiq178UIUO AB]IAA UO (SUOIPLOD-PUB-SLUBIWOD A3 1M ARe.q)1 U |UO//SdIY) SUONIPUOD PUe SW L 81 39S *[€202/60/T0] U0 Afelqiauliuo Ao|im ‘1a Jeiued enoped JO A1sieAiun AQ €662 IMe/z00T 0T/I0p/wod" &3] 1w Akeiq 1jpuljuo//sdiy wouj papeo|umoq ‘2 ‘€202 ‘908E6E6T


https://doi.org/10.15585/mmwr.ss7202a1
https://doi.org/10.15585/mmwr.ss7202a1

TADDEI ET AL.

| 1359

Stroud, L., Foxcroft, C., Green, E., Bloomfield, S., Cronje, J.,
Hurter, K., & Venter, D. (2016). Griffiths scales of child develop-
ment. Part I: Overview 3rd ed., Development and psychometric
properties. Hogrefe.

Thomaidis, L., Zantopoulos, G. Z., Fouzas, S., Mantagou, L.,
Bakoula, C., & Konstantopoulos, A. (2014). Predictors of severity
and outcome of global developmental delay without definitive eti-
ologic yield: A prospective observational study. BMC Pediatrics,
14(1), 1-7.

Thurm, A., Farmer, C., Salzman, E., Lord, C., & Bishop, S. (2019).
State of the field: Differentiating intellectual disability from autism
spectrum disorder. Frontiers in Psychiatry, 10, 526.

Toffalini, E., Buono, S., Zagaria, T., Calcagni, A., & Cornoldi, C.
(2019). Using Z and age-equivalent scores to address WISC-IV
floor effects for children with intellectual disability. Journal of
Intellectual Disability Research, 63(6), 528-538.

Torrens, V., & Ruiz, C. (2021). Language and communication in pre-
school children with autism and other developmental disorders.
Children, 8(3), 192.

Vaz, S., Thomson, A., Cuomo, B., Falkmer, T., Chamberlain, A., &
Black, M. H. (2021). Co-occurring intellectual disability and
autism: Associations with stress, coping, time use, and quality of
life in caregivers. Research in Autism Spectrum Disorders, 84,
101765.

Veness, C., Prior, M., Eadie, P., Bavin, E., & Reilly, S. (2014). Predict-
ing autism diagnosis by 7 years of age using parent report of infant
social communication skills. Journal of Paediatrics and Child
Health, 50(9), 693-700.

Ventola, P., Kleinman, J., Pandey, J., Wilson, L., Esser, E.,
Boorstein, H., Dumont-Mathieu, T., Marshia, G., Barton, M.,
Hodgson, S., & Green, J. (2007). Differentiating between autism
spectrum disorders and other developmental disabilities in children
who failed a screening instrument for ASD. Journal of Autism and
Developmental Disorders, 37(3), 425-436.

Wagner, L., Corona, L. L., Weitlauf, A. S., Marsh, K. L.,
Berman, A. F., Broderick, N. A., Francis, S., Hine, J.,

Nicholson, A., Stone, C., & Warren, Z. (2021). Use of the TELE-
ASD-PEDS for autism evaluations in response to COVID-19: Pre-
liminary outcomes and clinician acceptability. Journal of Autism
and Developmental Disorders, 51(9), 3063-3072.

Wechsler, D. (2003). Wechsler intelligence scale for children, fourth edi-
tion (WISC-1V). The Psychological Corporation.

Wechsler, D. (2012). Wechsler preschool and primary scale of intelligence
(4th ed.). The Psychological Corporation.

Yoon, S. H., Choi, J., Lee, W. J., & Do, J. T. (2020). Genetic and epige-

netic etiology underlying autism spectrum disorder. Journal of

Clinical Medicine, 9(4), 966.

Zablotsky, B., Black, L. I., Maenner, M. J., Schieve, L. A.,
Danielson, M. L., Bitsko, R. H., Blumberg, S. 1],
Kogan, M. D., & Boyle, C. A. (2019). Prevalence and trends of
developmental disabilities among children in the United States:
2009-2017. Pediatrics, 144(4), €20190811.

Zachor, D. A., Ben-Itzchak, E., Rabinovich, A. L., & Lahat, E. (2007).
Change in autism core symptoms with intervention. Research in
Autism Spectrum Disorders, 1(4), 304-317.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Taddei, M., Bulgheroni, S.,
Toffalini, E., Pantaleoni, C., & Lanfranchi, S.
(2023). Developmental profiles of young children
with autism spectrum disorder and global
developmental delay: A study with the Griffiths I1T
scales. Autism Research, 16(7), 1344-1359. https://
doi.org/10.1002/aur.2953

511907 SUOWIWIOD dAIERID 3|qedt|dde au Ag paueAob a1e S9o1Le YO 138N JO S3IN1 10} Afeiq178UIUO AB]IAA UO (SUOIPLOD-PUB-SLUBIWOD A3 1M ARe.q)1 U |UO//SdIY) SUONIPUOD PUe SW L 81 39S *[€202/60/T0] U0 Afelqiauliuo Ao|im ‘1a Jeiued enoped JO A1sieAiun AQ €662 IMe/z00T 0T/I0p/wod" &3] 1w Akeiq 1jpuljuo//sdiy wouj papeo|umoq ‘2 ‘€202 ‘908E6E6T


https://doi.org/10.1002/aur.2953
https://doi.org/10.1002/aur.2953

	Developmental profiles of young children with autism spectrum disorder and global developmental delay: A study with the Gri...
	INTRODUCTION
	METHODS
	Participants
	Measures
	Griffiths III

	Procedure
	Data analysis

	RESULTS
	Between scales comparison
	Single items

	DISCUSSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


