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Abstract

Aim: Increasing literature has shown the usefulness of a dimensional approach to autism. The present study aimed to determine the
psychometric properties of the Adult Autism Subthreshold Spectrum (AdAS Spectrum), a new questionnaire specifically tailored to assess
subthreshold forms of autism spectrum disorder (ASD) in adulthood.
Methods: 102 adults endorsing at least one DSM-5 symptom criterion for ASD (ASDc), 143 adults diagnosed with a feeding and eating disorder
(FED), and 160 subjects with no mental disorders (CTL), were recruited from 7 Italian University Departments of Psychiatry and administered the
following: SCID-5,Autism-SpectrumQuotient (AQ), RitvoAutism andAspergerDiagnostic Scale 14-itemversion (RAADS-14), andAdASSpectrum.
Results: The AdAS Spectrum demonstrated excellent internal consistency for the total score (Kuder–Richardson's coefficient=.964) as well
as for five out of seven domains (all coefficientsN.80) and sound test–retest reliability (ICC=.976). The total and domain AdAS Spectrum
scores showed a moderate to strong (N.50) positive correlation with one another and with the AQ and RAADS-14 total scores. ASDc subjects
reported significantly higher AdAS Spectrum total scores than both FED (pb.001) and CTL (pb.001), and significantly higher scores on the
Childhood/adolescence, Verbal communication, Empathy, Inflexibility and adherence to routine, and Restricted interests and rumination
domains (all pb.001) than FED, while on all domains compared to CTL. CTL displayed significantly lower total and domain scores than
FED (all pb.001). A significant effect of gender emerged for the Hyper– and hyporeactivity to sensory input domain, with women showing
higher scores than men (p=.003). A Diagnosis* Gender interaction was also found for the Verbal communication (p=.019) and Empathy
(p=.023) domains. When splitting the ASDc in subjects with one symptom criterion (ASD1) and those with a ASD, and the FED in subjects
with no ASD symptom criteria (FED0) and those with one ASD symptom criterion (FED1), a gradient of severity in AdAS Spectrum scores
from CTL subjects to ASD patients, across FED0, ASD1, FED1 was shown.
Conclusions: The AdAS Spectrum showed excellent internal consistency and test–retest reliability and strong convergent validity with
alternative dimensional measures of ASD. The questionnaire performed differently among the three diagnostic groups and enlightened some
significant effects of gender in the expression of autistic traits.
© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Autism has been classically described as a condition
characterized by persistent impairment in reciprocal com-
munication and social interaction, deviant development of
language, and restricted, repetitive patterns of behaviors,
interests or activities.
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The fourth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV) [1], and its text revision
version (DSM-IV-TR) [2], reunited five subcategories under
the label of Pervasive Developmental Disorders, including
Autistic, Asperger's, Pervasive Developmental Not Otherwise
Specified, Rett and Childhood Disintegrative Disorders. The
recently released DSM-5 included the former three diagnoses
under the category of autism spectrum disorder (ASD),
highlighting the notion that manifestations of this disorder
may vary greatly depending on the degree of severity of the
autistic symptomatology, on the developmental level, and
chronological age, hence the term spectrum [3]. According to
the DSM-5 description, in fact, some individuals with severe
ASD may completely lack the faculty of speech while others
might show normal formal language skills, with only impaired
use of language for reciprocal communication. In addition,
core diagnostic features are usually more evident in the
developmental period, while interventions and learned
compensation strategies may mask difficulties during adult-
hood. For example, certain adults with ASD may show fluent
language, with relatively subtle impairment in eye contact,
prosody, body posture and facial expression. Moreover, many
adults with ASD with normal intelligence are able to find a
niche that matches their special interests and skills providing
avenues for employment and attenuating the overall impair-
ment associated with the disorder.

Notwithstanding the fact that autism is usually recognized
in early childhood, it has been reported that some ASD may
reach diagnosis only in adulthood, especially when showing
high levels of functioning and no language and intellectual
impairment [3]. The increasing number of adult cases that
has been observed in the recent years may correlate both with
changes in the diagnostic criteria and with the greater
awareness of autism, on which is also likely to depend the
increase in the overall prevalence estimates of ASD in all age
groups [4–5]. However, even when the diagnosis is delayed
by the relative good levels of interpersonal and occupational
functioning, people with ASD maintain a reduced ability to
adapt to stressful life events and, consequently, a marked
susceptibility to anxiety, mood, and trauma and stress-related
disorders as well as to suicidal behaviors [6–13]. In parallel,
recent literature has focused on the comorbidity between
ASD and other mental disorders, with some studies raising
the issue of whether psychiatric comorbidity may mask
ASD, especially in subjects with normal intelligence and
moderate symptoms [7,11,12,14–16]. The presence of
undetected ASD among patients seeking for treatment for
other psychiatric disorders is potentially clinically signifi-
cant, since it might deserve an appropriate diagnosis and
treatment. In this regard, recent literature has highlighted a
possible link between ASD and eating disorders (EDs)
[17–23], with some authors having even hypothesized that
autistic traits may manifest as anorexia nervosa in females
[18,24,25]. Similarly, it has been suggested that autistic traits
in childhood may be a risk factor for developing EDs in
adolescence [15,26–28]. A growing body of studies, in fact,
has shown that also partial forms of autism and autistic traits
may not only have an impact on the clinical presentation of
other mental conditions, but may also play a significant role
in raising the risk for some disorders as well as for suicidality
[11,29]. This fact has increasingly highlighted the potential
usefulness of careful investigations of autistic symptoms
both in clinical samples and in the general population.

A significant body of studies has been drawing attention
to the importance of spectrum approaches for the purpose of
optimization of diagnosis and treatment of mental disorders
[30–42]. In the framework of the so-called Spectrum
Project, an Italian-American collaboration research project
(www.spectrumproject.org), a spectrum approach has been
proposed, encompassing not only core features associated
with DSM mental disorders, but also isolated and atypical
symptoms, as well as subthreshold symptom clusters,
personality traits and behavioral manifestations that may
precede, follow or be manifested in concurrence with DSM
mental disorders [30,39]. The application of this model of
spectrum provides a more accurate representation of clinical
syndromes, including the recognition of subthreshold
prodromal symptoms that can lead to early diagnosis and
prevention [32–34,40–42].

In the last two decades, some authors have enlightened
the potential usefulness of a dimensional approach in the
identification of clinical endo-phenotypes to be tested in
genetic research [43–45], propelling interest in the application
of this approach to autistic conditions. This has led to the
development of several psychometric instruments aiming to
assess autistic symptoms as continuous dimensions spanning
from the clinical to the non-clinical population [35–38,46,47].
Since most of the autism questionnaires based on a continuum
quantitative approach were developed, some important issues
have been raised regarding the definition of the core features of
autism. As amatter of fact, ASDwas one of themost important
changes introduced with the fifth edition of the DSM, not only
for the description of autism conditions as a whole, but also for
a significant remodeling of symptom criteria. The DSM-IV
Social and Communication domains, for example,merged into
one Social-Communication domain in DSM-5, as deficits in
communication were considered intimately related to social
deficits. As far as the Restricted and Repetitive Interests and
Behaviors domain in the DSM-5 is concerned, great
importance has been devoted to the hyper–hypo reactivity to
sensory inputs, for the first time included among ASD
symptom criteria [3]. However, only a few items exploring
this dimension are included in the existing questionnaires.
Another important concern, raised by more recent literature,
is that commonly used diagnostic systems are based on a
male stereotype of ASD, not suitable for femalemanifestations
of the disorder. Only in most recent years, in fact, a female
profile of ASD has begun to emerge [48–52], so that it has
not been yet incorporated in current nosographic systems,
while currently available questionnaires may still have an
over-reliance on male symptoms, and therefore not be
sensitive enough to detect female-specific phenotypes ofASD.

http://www.spectrumproject.org
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Aiming to address the issues raised by more recent studies,
we developed theAdultAutismSubthreshold Spectrum (AdAS
Spectrum), a questionnaire exploring the autism spectrum by
means of 160 items in subjects with normal or above normal
intelligence without language impairment. In proceeding with
our conceptualization previously mentioned [30], the AdAS
Spectrum refers not only to the core manifestations, but also to
the attenuated and atypical symptoms, the personality traits, and
the behavioral manifestations that may be associated with ASD
but which may also be present in subthreshold or partial forms
[53]. Further, while building the questionnaire, great attention
was given to the female phenotypes of ASD as well as to the
sensory reactivity area of symptoms.More specifically, most of
gender-related manifestations incorporated in the questionnaire
refer either to the tendency of women with ASD to camouflage
by imitating others, often adopting an alternative persona and
acting as someone who is socially successful, or to the
proneness to avoid social interactions, choosing instead to
engage in creative solitary activities, read fiction, or spend time
with animals [54]. Moreover, since women with ASD have
been described as showing great ability in recognizing their
own social confusion so that they often try to stay on the
periphery of social situations and develop intense anxiety in
social situations, some social anxiety-like behavioral features
have also been included in the questionnaire [55,56].

The purpose of this study was to determine the psycho-
metric properties of the AdAS Spectrum questionnaire.
2. Methods

The data were collected betweenMay 2015 and April 2016
at 7 Italian University Departments of Psychiatry, coordinated
by the University of Pisa: Brescia, Catania, Firenze, Napoli,
Pavia and Siena.

2.1. Study sample and procedure

The total sample included three diagnostic groups, all
evaluated according to DSM-5 criteria. Exclusion criteria
were age below 18 years, language or intellectual impair-
ment affecting the possibility to fulfill the assessments, and a
diagnosis of schizophrenia. Specifically, the three groups
were individuated as follows: 102 subjects endorsing at least
one criterion symptom for ASD (ASDc); 143 consecutive
patients attending two clinics for the treatment of feeding and
eating disorders (FED); and 160 individuals without current
or lifetime mental disorders (CTL). The SCID-5 was used to
confirm the diagnosis of FED and the absence of mental
disorders among CTL subjects, as well as to determine
comorbid mental disorders in the FED and ASDc groups.

The ASDc group comprised two subgroups including:
(1) 34 patients with a diagnosis of ASD (with no intellectual
or language disability) recruited from a treatment program
for autism (ASD); and (2) 68 subjects endorsing only one
DSM-5 symptomatological criterion for ASD (ASD1), in
particular 26 subjects (38.2%) endorsing criterion A and
42 (61.8%) criterion B. Since several studies have evidenced
high levels of autistic traits among university students [57],
ASD1 subjects were consecutively enrolled among students
who responded to a recruitment campaign conducted at three
University Schools in Italy (the “Scuola Superiore
Sant'Anna” in Pisa, the “Collegio Universitario di Merito”
in Pavia and the “Scuola Superiore di Catania” in Catania).
Among ASDc subjects, none reported a DSM-5 diagnosis of
FED; 2 subjects (2.0%) reported a comorbid diagnosis of
bipolar disorder (all in the ASD1 subgroup), 2 (2.0%) a
diagnosis of panic disorder (all in the ASD1 subgroup) and
29 (28.4%) any other anxiety disorder (6 in the ASD
subgroup and 23 in the ASD1 subgroup, respectively).

The FED group comprised two subgroups including: (1) 35
subjects who satisfied only one DSM-5 symptomatological
criterion for ASD (FED1), in particular 15 subjects (42.9%)
endorsing criterion A and 20 (57.1%) criterion B; and (2) 108
subjects who did satisfy any DSM-5 symptomatological
criterion for ASD (FED0). No FED patient reported a diagnosis
of ASD. 4 subjects (2.8%) in this group reported a comorbid
diagnosis of bipolar disorder (1 in the FED0 subgroup and 3
in the FED1 subgroup, respectively), 8 a diagnosis of panic
disorder (6 among FED0 and 2 among FED1) and 9 any
other anxiety disorder (5 in the FED0 subgroup and 4 in the
FED1 subgroup).

The test–retest reliability of the AdAS Spectrum,
performed in order to provide evidence for the temporal
stability of the AdAS Spectrum scores, was determined on
28 subjects randomly extracted from study sites, by means of
a second evaluation over an interval of two weeks from the
initial assessment.

The study was conducted in accordance with the
Declaration of Helsinki. The Ethics Committee of the
Azienda Ospedaliero-Universitaria of Pisa approved all
recruitment and assessment procedures. Eligible subjects
provided written informed consent, after receiving a complete
description of the study and having the opportunity to ask
questions. Subjects were not paid for their participation.

2.2. Measures

Assessment procedures included the Structured Clinical
Interview for DSM-5 [58], the Autism-Spectrum Quotient
(AQ) [35] the Ritvo Autism and Asperger Diagnostic Scale
14-item version (RAADS-14) [59] and the AdAS Spectrum.
These assessments were conducted by psychiatrists, who
were trained and certified in the use of the study instruments
at the University of Pisa.

2.2.1. The Autism-Spectrum Quotient (AQ)
The Autism-Spectrum Quotient (AQ) is a widely used

questionnaire, developed about fifteen years ago, to provide a
self-report measure of autistic traits to be used in adults with
normal IQ [35]. It comprises 50 questions, assessing 5 different
areas: social skill, attention switching, attention to detail,
communication and imagination. In the original validation
study, individuals with high functioning autism were found to
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have a mean score of 35.8 (±6.5) that was significantly higher
than the control group who had a mean score of 16.4 (±6.3).
Test–retest and inter-rater reliability of the AQ were good,
and items comprising each of the five domains showed
moderate to high alpha coefficients, indicating reasonable
construct validity [35]. The AQ has been used as a screening
tool for ASD in the general population, as well as to evaluate
autistic traits within clinical groups [12,60–64].

2.2.2. The Ritvo Autism and Asperger Diagnostic Scale 14-item
version (RAADS-14)

The RAADS-14 [59] is a screening tool derived from the
Ritvo Autism and Asperger Diagnostic Scale Revised
(RAADS-R) [65] and consists of 14 questions assessing
autistic symptoms. The response alternatives to each statement
are given on a four-point Likert scale (ranging from 0 to 3)
indicating the duration of each symptom (3= ‘true now and
when I was young’, 2 = ‘true only now’, 1= ‘true only when I
was younger than 16’ and 0 = ‘never true’). In the validation
paper, subjects in the ASD group showed a RAADS-14 score
significantly higher than the control group, with a median
score of 32 for ASD, 15 for attention deficit hyperactivity
disorder, and 11 for other psychiatric disorders. A cut-off score
of 14 or above reached a sensitivity of 97% and a specificity of
46 to 64%. A factor analysis identified three factors consistent
with mentalizing deficits, social anxiety and sensory reactivity
relevant for the diagnosis of ASD.

2.2.3. The Adult Autism Subthreshold Spectrum
(AdAS Spectrum)

The AdAS Spectrum was developed by a group of
researchers from the University of Pisa, within the framework
of the Spectrum Project, an international Italy–USA research
network started in 1995 [32–34,39–42]. In line with all
the spectrum assessment instruments, the AdAS Spectrum
was developed simultaneously in Italian and English, by
researchers that are essentially bilingual and some also studied
in the United States (CC and CG), and revised by an Italian/
English bilingual translator that is trained in the field of
psychiatry; all questions were discussed extensively, always
with an eye toward deciding precisely how the concept was
expressed in both languages and revised for inconsistencies
between the two languages. In the present study we used the
final Italian version.

The questionnaire includes 160 items exploring the wide
spectrum of manifestation of autism organized into seven
domains. Items responses are coded in a dichotomousway (yes/
no) and domain scores are obtained by counting the number of
positive answers. The Childhood/adolescence domain de-
scribes symptoms occurring during early developmental
phases, such as being very quiet or unable to speak at all,
avoiding eating or playingwith other children at school or being
teased or bullied by schoolmates. The Verbal communication
domain covers the features encompassing the tendency to not
speak much or speak in a very low voice or in a strange or
monotonous way, the preference for communicating via e-mail
or text messages rather than speaking to someone on the phone
or in person, difficulty in intervening in or ending a
conversation, and the habit of butting into a conversation
inopportunely. The Non-verbal communication domain ex-
plores difficulty in looking others straight in the eye, feelings of
discomfort about hugging, kissing or holding someone by the
hand, and tendency to take on a role to feel more at ease when
interacting with other people or to flare up in a rage without
reason. The Empathy domain explores impairment in under-
standing and interpreting the facial expressions, intentions or
thoughts of others but also the presence of greater attachment to
pets or objects rather than people. The Inflexibility and
adherence to routine domain includes difficulty in under-
standing the nuances of things, difficulty in changing one's
daily habits or methods of work, unwillingness to get rid of
useless objects, and tendency to follow precise procedures or
patterns, to write lists or to always wear the same type of
clothes. The Restricted interests and rumination domain
encompasses some typical symptoms such as talking only
about a few preferred topics and being fascinated by numbers
and systematic information about certain things, but also the
proneness to brood over the same thoughts, the incapacity to be
concise, and the tendency towaste time over detail, to lose track
of time and to take refuge in day-dreaming. The Hyper– and
hyporeactivity to sensory input explores in great details the
tendency to over- or under-react to noises, textures, pain or
temperature. This domain covers a broad range of manifesta-
tions, from being able to hear very low noises to perceiving
noises as amplified or unbearable; from having a high pain
threshold to complaining about recurrent aches; and from feeling
uneasy, anxious or frightened in environments full of noise,
smells and bright lights to feeling immobilized like a block of ice.

It is worth remarking that, while the AdAS Spectrum
includes features belonging to ASD, it was not developed to be
a diagnostic instrument. The AdAS Spectrum rather assesses
the presence/absence of a broad variety of manifestations
associated with ASD across the lifetime of an individual, but
which may also be present in individuals who do not fulfill the
diagnostic threshold, evaluated independently from their
interference with the overall functioning and quality of life.
From such a perspective, the duration, clustering and severity
of criterion symptoms required to make a diagnosis according
to the DSM-5 are not determined by means of the AdAS
Spectrum. However, it allows to define, assess and test,
together with the typical aspects of ASD, a wider area of
clinical and non-clinical manifestations, with specific attention
devoted to some gender-specific features (i.e., manifestations
occurring in females that are usually under-identified due to a
male-biased understanding of ASD) [66] and to hyper–
hypo-reactivity to sensory input, recently included as a
criterion symptom in the DSM-5.

2.3. Statistical analyses

In order to estimate the internal consistency of the AdAS
Spectrum, Kuder–Richardson coefficients were computed



able 1
dAS Spectrum internal consistency, in the total sample and divided by
ender, and test–retest reliability.

dAS Spectrum domains Number
of items

Kuder–Richardson
coefficient

ICCa

Total
sample

Males Females

hildhood/Adolescence 21 0.828 0.808 0.838 0.984
erbal communication 18 0.808 0.817 0.806 0.941
on-verbal communication 28 0.808 0.818 0.807 0.924
mpathy 12 0.762 0.777 0.755 0.976
flexibility and adherence
to routine

43 0.883 0.837 0.889 0.977

estricted interest and rumination 21 0.853 0.857 0.852 0.951
yper– and hyporeactivity to
sensory input

17 0.794 0.787 0.795 0.978

otal score 160 0.964 0.964 0.964 0.976
a Test–retest AdAS Spectrum reliability was determined on 28 subjects

ndomly extracted from study sites.
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on each domain and for the total score of the questionnaire,
in the total sample and by gender. In addition, Pearson's
product correlation coefficients among domains were
computed to explore the validity of the internal structure of
the scale. The intra-class correlation coefficient (ICC) was
calculated to assess the test–retest reliability of the
questionnaire. The convergent validity was verified, com-
puting Pearson's correlation coefficient between AdAS
Spectrum total score and both AQ and RAADS-14 total
scores, in the total sample and by gender. The Known-groups
validity was determined by comparing mean total and
domain scores of the AdAS Spectrum among groups. The
effects of diagnosis and gender on AdAS Spectrum domain
and total scores, and of their possible interactions, were
analyzed by means of eight two-way ANOVA analyses.
Games–Howel test, which allows for unequal variance among
groups, was utilized for post-hoc pairwise comparisons. We
then split the ASDc group in the ASD and ASD1 subgroups,
and the FED group in the FED1 and FED0 subgroups in order to
compare mean rates of endorsement of the overall scale and
each domain across these five subgroups.

Further, to identify the AdAS Spectrum items that best
characterize each group, the percentage of each group scoring
on each item was computed.

All statistical analyses were carried out using (SPSS)
version 23.0 [67].
3. Results

The ASDc subjects had a mean age of 24.29 (±8.33) years
(75% of subjects were ≤24 years old) and consisted of
66 (64.7%) males and 36 (35.3%) females. The FED subjects
had a mean age of 32.73 (±13.06) years (75% of patients
were ≤41 years old) and consisted of 10 (7.0%) males and
132 (93.0%) females. The group of CTL subjects, had a mean
age of 26.53 (±9.09) years (75% of subjects were ≤29 years
old) and consisted of 61 (38.6%)males and 97 (61.4%) females.

3.1. Reliability

Kuder–Richardson's coefficients for the overall sample
and divided by gender, as well as the ICCs, evaluated in the
subsample of 28 subjects, are listed in Table 1. The reliability
for the AdAS Spectrum total score was excellent, with a
coefficient of .964, in the total sample and in both gender
groups. The reliability coefficients for the individual AdAS
Spectrum domain scores were also high, exceeding the value
of .80. Only the Empathy and Hyper– and hyporeactivity to
sensory input domains showed a lower but still good level of
reliability, in the total sample (.762 and .794, respectively)
and in both males (.777 and .787, respectively) and females
(.755 and .795, respectively).

The test–retest reliability for total and domain scores
was found to be excellent, with all ICCs above the value of .90.

The AdAS Spectrum domain scores were positively and
significantly correlated with one another (pb.001), with
T
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Pearson's coefficients ranging from .49 to .81. All the AdAS
Spectrum domain scores were highly correlated with the
AdAS Spectrum total score (see Table 2).

3.2. Convergent validity

Pearson's correlation coefficients for the relationships
between the AdAS Spectrum total and domain scores and
alternative measures of autism spectrum symptoms are shown
in Table 3. AdAS Spectrum total scores were positively and
strongly correlated with both AQ and RAADS-14 total scores
in the total sample (r=.77 and r=.83, respectively) and in the
two subsamples of males (r=.81 and r=.84, respectively) and
females (r=.76 and r=.82, respectively). All the AdAS
Spectrum domains appeared to be from moderately to strongly
correlated with AQ and RAADS-14 total scores in the total
sample (Pearson's r correlation coefficients ranging from .58 to
.79), as well as among males (Pearson's r correlation
coefficients ranging from .57 to .84) and females (Pearson's
r correlation coefficients ranging from .58 to .77).

3.3. Known-groups validity

By means of eight two-way ANOVAs we explored the
effects of diagnosis and gender on the AdAS Spectrum
domains and total scores (Table 4a). The analyses revealed a
main significant effect of the diagnosis on all the AdAS
Spectrum domains and total scores (all pb.001).

As shown in Table 4b, the mean total and domain scores of
the AdAS Spectrum were found to differ significantly across the
three diagnostic groups. Post-hoc comparisons showed that the
ASDc group reported significantly higher total and domain
scores compared to the CTL group. The ASDc group showed
significantly higher scores on theChildhood/adolescence, Verbal
communication, Empathy, Inflexibility and adherence to routine
and Restricted interests and rumination domains compared to
the FED group. The CTL subjects displayed significantly lower
total and domains scores than FED (all pb.05).



Table 2
Correlations among the AdAS Spectrum domainsa.

AdAS Spectrum domains Childhood/
Adolescence

Verbal
communication

Non-verbal
communication

Empathy Inflexibility and
adherence to routine

Restricted interest
and rumination

Hyper–hypo reactivity
to sensory input

Childhood/Adolescence
Verbal communication 0.67
Non-verbal communication 0.64 0.68
Empathy 0.56 0.61 0.49
Inflexibility and adherence to routine 0.69 0,67 0.71 0.55
Restricted interest and rumination 0.67 0.75 0.72 0.56 0.81
Hyper– and hyporeactivity to sensory

input
0.60 0.66 0.60 0.52 0.71 0.72

Total score 0.82 0.85 0.84 0.70 0.91 0.90 0.81
a Pearson's correlation coefficients were all significant at the p b .001 level, two tailed.
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Further, as displayed in Table 4a, a statistically significant
effect of gender emerged for the Hyper–hyporeactivity to
sensory input domain of the AdAS Spectrum, with women
showing higher scores than men (3.96±3.41 vs. 3.23±3.09,
p=.003). A Diagnosis * Gender interaction was also found
for the Verbal communication (p=.019) and Empathy (p=
.023) domains. Specifically, concerning the AdAS Spectrum
Verbal communication domain, among ASDc subjects,
women reported statistically significant higher scores than
men (8.94±4.47 vs. 6.98±4.14, p=.029) (see Fig. 1A).
Concerning the Empathy domain, CTL subjects reported
statistically significant lower scores with respect to either
ASDc or FED among both males (2.24±2.14 vs. 4.11±3.11,
pb.001 and vs. 4.80±2.44, p=.017, respectively) and females
(1.69±1.95 vs. 5.11±3.49, pb.001 and vs. 3.57±2.43,
pb.001, respectively); only among females, patients with
FED reported statistically significant lower scores than ASDc
subjects (3.57±2.43 vs. 5.11±3.40, p=.003) (see Fig. 1B).

Splitting the ASDc group into ASD and ASD1 subgroups,
and the FED into FED0 and FED1 subgroups, in order to test the
AdAS Spectrum performance in detecting more subtle
differences in the expression of ASD symptoms, we reported
a graphical representation of the rates of endorsement in the
overall AdAS Spectrum scale and each domain in the obtained
five groups (Fig. 2). Statistically significant differences were
obtained by means of a one-way ANOVA followed by
Games-Howel tests for post-hoc comparisons. Subjects with
Table 3
Correlations between the AdAS Spectrum domainsa and AQ and RAADS-14 tota

AdAS Spectrum domains AQ Total sc

Total sample Male

Childhood/Adolescence 0.65 0.73
Verbal communication 0.76 0.80
Non-verbal communication 0.58 0.57
Empathy 0.64 0.66
Inflexibility and adherence to routine 0.66 0.74
Restricted interest and rumination 0.70 0.73
Hyper– and hyporeactivity to sensory input 0.58 0.58
Total score 0.77 0.81

a Pearson's correlation coefficients were all significant at the p b .001 level, t
ASD differed from CTL, FED0 and ASD1 subjects in all AdAS
domains. They also differed from FED1 in four out of seven
domains (Childhood/Adolescence, Verbal communication,
Empathy and Restricted interests and rumination). Concerning
FED subjects, FED1 differed from FED0 and from CTL in all
AdAS Spectrum domains. Moreover, they differed from ASD1

in all domains except Childhood/Adolescence and Restricted
interests and rumination. ASD1 differed from CTL in all
domains and from FED0 for Childhood/Adolescence and Res-
tricted interests and rumination domains (all pb.05).

3.4. Endorsement rates of each AdAS Spectrum item

An item analysis (percentage in each group scoring on
each item) is provided in Table 5. Percentages higher than
.60 are displayed in bold.
4. Discussion

This paper introduces the AdAS Spectrum, a new
instrument focused on a dimensional approach to autism
built upon a spectrum model [30,34] aiming to highlight not
only the core manifestations of ASD, but also the attenuated
and atypical symptoms, the personality traits, and the
behavioral manifestations that may be associated with it
but which may also be present in subthreshold or partial
forms. Results provide evidence of the validity and reliability
l score, in the total sample and divided by gender.

ore RAADS-14 Total score

s Females Total sample Males Females

0.60 0.70 0.75 0.69
0.73 0.79 0.84 0.77
0.58 0.63 0.63 0.64
0.63 0.65 0.66 0.66
0.62 0.71 0.74 0.70
0.68 0.72 0.75 0.70
0.60 0.70 0.66 0.71
0.76 0.83 0.84 0.82

wo tailed.



Table 4a
Two-way ANOVA analyses on AdAS Spectrum domain scores.

Independent
variables

Childhood/
Adolescence

Verbal
communication

Non-verbal
communication

Empathy

df F p F p F p F p

Diagnosis 2, 399 54.39 b.001 55.68 b.001 38.76 b.001 35.81 b.001
Gender 1, 399 0.02 .879 0.18 .675 0.01 .965 0.53 .466
Diagnosis * Gender 2, 399 1.35 .260 4.03 .019 0.45 .636 3.79 .023

Independent
variables

Inflexibility and adherence to
routine

Restricted interest and
rumination

Hyper–hypo reactivity to sensory
input

Total score

df F p F p F p F p

Diagnosis 2, 399 50.92 b.001 62.37 b.001 36.79 b.001 72.94 b.001
Gender 1, 399 2.92 .088 3.50 .062 8.63 .003a 1.56 .212
Diagnosis * Gender 2, 399 1.61 .201 1.26 .286 1.92 .148 2.21 .111

Bold is for statistical significance at least.
a Mean domain score in males were lower than mean domain score in females (3.23 ± 3.09 vs. 3.97 ± 3.41).
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of the AdAS Spectrum administered to subjects with at least
one DSM-5 ASD symptom criterion, to patients with FED and
to healthy controls, both in the whole sample and divided by
gender. We found excellent internal consistency and test–
retest reliability, and strong convergent validity with alterna-
tive dimensional measures of ASD. As expected, the
questionnaire performed differently among the three groups
explored, but it also showed good sensitivity in distinguishing
subjects expressing either a full or a partial phenotype (namely,
only one symptom criterion) of ASD across the three groups.

The Kuder–Richardson's coefficients showed excellent
internal consistency for the AdAS Spectrum total score
(.964), as well as for five out of seven domains (N.80) in the
total sample. The Empathy and Hyper– and hyporeactivity
to sensory input domains showed a lower but still good
reliability estimate (N.70). The same results were obtained
when considering the male and the female subsamples
separately. Likewise, the AdAS Spectrum total and domains
scores showed moderate to strong positive associations with
one another, confirming the validity of the internal structure
of the instrument. The results of reliability analyses also
provided evidence for the temporal stability of the AdAS
Spectrum scores over an interval of two weeks, with excellent
ICCs for the overall questionnaire and for all the domains.
Table 4b
Main effect of diagnosis on AdAS Spectrum total and domain scores.

AdAS Spectrum domains
CTL (n = 160)
(mean ± SD)

FED
(me

Childhood/Adolescence 4.49 ± 3.22 7.
Verbal communication 3.36 ± 2.56 5.
Non-verbal communication 6.91 ± 4.71 10.
Empathy 1.91 ± 2.04 3.
Inflexibility and adherence to routine 9.33 ± 5.95 15.
Restricted interest and rumination 4.99 ± 3.83 8.
Hyper– and hyporeactivity to sensory input 2.18 ± 2.23 4.
Total score 33.15 ± 20.09 55.
The results also provided strong support for convergent
validity. The AdAS Spectrum scores, in fact, showed a
positive, significant correlation with alternative dimensional
measures currently adopted to assess ASD symptoms and
features. Particularly, all the AdAS Spectrum scores
appeared to be from moderately to strongly correlated with
the AQ and the RAADS-14 total scores. More specifically,
moderate correlations emerged between the Non-verbal
communication and the Hyper– and hyporeactivity to
sensory input domains of the AdAS Spectrum and the AQ
total scores, leading us to hypothesize that these could be related
to the different constructs of the instruments, as the AdAS
Spectrum includes a more accurate characterization of the above
mentioned areas addressed by a number of specific items.
Importantly, the AdAS Spectrum was shown to perform
similarly in the overall sample and in both male and female
subsamples separately.

Strong support was obtained for the known groups' validity
of the AdAS Spectrum, as pairwise comparisons showed that
subjects who met at least one DSM-5 symptom criterion for
ASD scored significantly higher on the AdAS Spectrum total
score compared to both patients with FED and healthy
controls, confirming the discriminant validity of the question-
naire. Comparisons of the AdAS Spectrum domains scores
(n = 143)
an ± SD)

ASDc (n = 102)
(mean ± SD)

Games–Howel post-hoc
comparisons (p b .05)

24 ± 4.30 9.70 ± 4.53 CTL b FED b ASDc
69 ± 3.46 7.68 ± 4.35 CTL b FED b ASDc
99 ± 4.32 11.84 ± 4.97 CTL b FED, CTL b ASDc
66 ± 2.44 4.46 ± 3.23 CTL b FED b ASDc
62 ± 7.27 17.83 ± 7.82 CTL b FED b ASDc
16 ± 4.33 10.96 ± 4.82 CTL b FED b ASDc
34 ± 3.34 5.24 ± 3.72 CTL b FED, CTL b ASDc
70 ± 23.53 67.71 ± 27.61 CTL b FED b ASDc



Fig. 1. (A) Gender effect on AdAS Spectrum Verbal Communication domain score in the three diagnostic groups. (B) Diagnosis effect on AdAS Spectrum
Empathy domain scores among males and females.
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Fig. 2. Five-subgroup comparisons of AdAS Spectrum total and domain scores. Scores are expressed as percentage of items endorsed in each domain. Equal letters
denote not significant differences (pN.05) among the five diagnostic subgroups.
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provided further information about dimensions assessed in the
AdAS Spectrum. Specifically, ASDc subjects showed signifi-
cantly higher scores on all AdASSpectrumdomainswith respect
to CTL, who, in turn, also displayed significantly lower scores
than FED individuals. Even thoughASDc subjects scored higher
than FED patients on all domains, differences reached statistical
significance in all but two domains: Non-verbal communication
and Hyper– and hyporeactivity to sensory input.

The finding of higher autistic symptoms amongFEDpatients
compared to healthy controls is consistent with previous data
showing high comorbidity betweenASD (but also autistic traits)
and EDs [16–18,23,68,69]. The presence of ASD symptoms, in
fact, has been consistently reported in patients with EDs,
especially anorexia nervosa [18–20,23,69,70]. Gillberg et al.
[19,20,70] first suggested a possible link between EDs and
ASD as aloofness and problemswith social interaction in ASD
are also seen in anorexia nervosa, and the obsessive insistence
on sameness in anorexia nervosa can also be seen in ASD.
Moreover, consistently with the notion of possible common
pathological mechanism between EDs and ASD, some reports
highlight common neuropsychological traits (e.g., inflexibility,
weak central coherence and executive functions in general) and
behaviors (e.g., rigidity, impulsivity and poor social skills)
between the two conditions [20,68,71]. Despite the fact that the
question whether the autistic traits either pre-exist or follow the
EDs is still unresolved [26,68], underlying ASD has been
suggested to significantly increase the likelihood of developing
EDs [15,16,26] and it has been established that autistic traits
in childhood may be a risk factor for developing EDs in
adolescence [15,16,27,28,68,72]. Thus, the AdAS Spectrum
would seem to sketch a more specific picture of autism
spectrum occurring in these patients characterized by deficits in
non-verbal communication and disordered reactivity to sensory
input, which are the two dimensions that did not show to
significantly differentiate FED subjects from ASDc.

Notably, our results seem to suggest the ability of the AdAS
Spectrum to detect a different expression of sensory reactivity
between gender groups, with females showing higher scores
on the Hyper– and hyporeactivity to sensory input domain
across the three diagnostic groups. Even though preliminary,
these results seem to corroborate scant previous observations
concerning the possible female phenotype of Asperger's
Disorder [54,55].Wemay also argue that two further results of
this study support the possible usefulness of the AdAS
Spectrum in detecting gender-related dimensions of autism
spectrum. First, males were shown to better perform in verbal
communication than female counterparts only in the ASDc
group. Previous literature insights indicate that male subjects
with ASD exhibit poorer verbal abilities than female counter-
parts [73]; however, somehow in keeping with our results,
another study revealed that girls with high autistic symptoms but
without a diagnosis of ASD show greater communication
difficulties than males, despite reduced social impairment [74].
Second, while CTL group showed lower impairment in
empathic function than FED and ASDc in both male and
female subgroups, a significant difference in empathy between
FED and ASDc was also found only among women.

With the aim of testing the sensitivity of AdAS Spectrum in
detecting more subtle differences in the expression of ASD
symptoms, the ASDc group was further divided into patients
with ASD and subjects with one ASD symptom criterion
(ASD1), and the FED group in patients with or without one

image of Fig. 2


Table 5
Item analysis: rates of endorsement (%) by groups.

Item CTL
(n = 160)

FED
(n = 143)

ASDc
(n = 103)

Item CTL
(n = 160)

FED
(n = 143)

ASDc
(n = 103)

1 16.3 25.9 46.1 81 15.6 26.6 43.1
2 15.0 34.3 54.9 82 7.5 9.8 21.6
3 33.1 44.8 66.7 83 20.0 26.6 36.3
4 21.9 21.0 67.6 84 29.4 48.3 31.4
5 18.8 41.3 59.8 85 25.0 47.6 52.0
6 27.5 41.3 46.1 86 26.3 46.9 62.7
7 26.9 41.3 36.3 87 11.9 16.8 33.3
8 45.0 59.4 69.6 88 26.9 46.9 45.1
9 26.3 33.6 57.8 89 13.8 31.5 30.4
10 1.9 17.5 22.5 90 16.9 34.3 41.2
11 17.5 32.9 36.3 91 3.1 23.1 18.6
12 4.4 20.3 27.5 92 19.4 14.0 46.1
13 18.8 18.2 42.2 93 10.0 13.3 33.3
14 21.3 53.1 63.7 94 22.5 21.0 54.9
15 13.1 37.1 44.1 95 49.4 51.0 51.0
16 48.8 49.7 70.6 96 13.8 20.3 47.1
17 31.9 45.5 44.1 97 59.4 69.9 75.7
18 23.8 43.4 36.3 98 55.0 76.2 73.5
19 28.7 44.1 58.8 99 42.5 58.7 67.6
20 5.6 7.7 11.8 100 11.9 29.4 25.5
21 2.5 12.6 6.9 101 19.4 53.1 45.1
22 11.9 26.6 31.4 102 8.1 21.0 17.6
23 15.0 38.5 46.1 103 3.1 11.9 11.8
24 25.0 42.7 52.9 104 22.5 58.0 53.9
25 21.9 36.4 53.9 105 28.7 64.3 57.8
26 15.6 27.3 30.4 106 3.1 7.0 0.0
27 16.3 20.3 46.1 107 13.8 31.5 33.3
28 8.8 10.5 28.4 108 24.4 46.2 52.0
29 16.3 51.7 50.0 109 23.8 45.5 54.9
30 0.6 9.1 18.6 110 12.5 46.2 39.2
31 6.3 13.3 21.6 111 24.4 38.5 46.1
32 9.4 23.8 40.2 112 22.5 46.2 49.0
33 65.6 54.5 77.5 113 38.8 43.4 46.1
34 13.8 29.4 47.1 114 23.1 23.8 26.5
35 35.0 49.7 51.0 115 13.1 30.1 26.5
36 9.4 26.6 21.6 116 6.9 24.5 21.6
37 18.8 27.3 47.1 117 8.8 37.1 38.2
38 28.7 49.7 56.9 118 15.6 25.2 33.3
39 17.5 32.2 47.1 119 60.0 71.3 84.3
40 62.5 79.0 66.7 120 8.1 21.7 23.5
41 19.4 42.7 45.1 121 19.4 28.0 39.2
42 15.0 37.1 37.3 122 25.6 34.3 39.2
43 33.8 37.1 34.3 123 12.5 15.4 23.5
44 32.5 53.8 49.0 124 10.0 21.0 30.4
45 7.5 21.0 27.5 125 48.1 61.5 62.7
46 33.1 63.6 57.8 126 8.1 25.9 36.3
47 41.3 50.3 41.2 127 16.9 30.8 52.0
48 24.4 21.7 39.2 128 23.8 40.6 57.8
49 20.6 32.2 61.8 129 18.8 31.5 55.9
50 15.6 36.4 24.5 130 15.6 39.2 45.1
51 27.5 55.9 39.2 131 31.3 54.5 64.7
52 23.1 54.5 59.8 132 17.5 18.2 40.2
53 20.6 29.4 46.1 133 8.1 14.7 40.2
54 30.0 49.0 48.0 134 21.3 33.6 61.8
55 34.4 39.9 56.9 135 19.4 25.9 54.9
56 21.3 30.8 33.3 136 19.4 34.3 44.1
57 15.6 48.3 44.1 137 21.3 26.6 33.3
58 49.4 59.4 53.9 138 48.8 74.8 80.4
59 17.5 37.8 39.2 139 28.1 56.6 67.6
60 14.4 27.3 43.1 140 36.9 55.9 70.6
61 10.6 14.0 19.6 141 36.9 55.2 56.9

Table 5 (continued)

Item CTL
(n = 160)

FED
(n = 143)

ASDc
(n = 103)

Item CTL
(n = 160)

FED
(n = 143)

ASDc
(n = 103)

62 25.0 43.4 43.1 142 22.5 51.7 52.0
63 8.1 21.7 18.6 143 33.8 48.3 65.7
64 16.9 25.2 35.3 144 18.8 25.2 51.0
65 49.4 57.3 70.6 145 23.8 32.9 45.1
66 16.9 19.6 39.2 146 2.5 9.1 12.7
67 4.4 11.2 9.8 147 13.1 27.3 31.4
68 12.5 42.0 24.5 148 10.6 23.1 30.4
69 3.8 13.3 31.4 149 20.6 32.2 51.0
70 24.4 45.5 34.3 150 17.5 33.6 26.5
71 26.3 30.1 54.9 151 19.4 38.5 32.4
72 12.5 24.5 38.2 152 5.0 17.5 15.7
73 13.1 23.8 45.1 153 6.3 19.6 19.6
74 8.1 23.8 18.6 154 18.1 24.5 42.2
75 9.4 25.2 23.5 155 3.8 28.0 19.6
76 31.3 37.1 55.9 156 23.1 42.0 36.3
77 18.1 29.4 31.4 157 11.3 27.3 43.1
78 11.9 28.7 35.3 158 3.8 11.9 6.9
79 19.4 42.7 52.9 159 16.9 23.8 39.2
80 26.9 41.3 53.9 160 3.8 17.5 20.6
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ASD symptom criterion (FED1 and FED0). Results showed a
gradient of severity in AdAS Spectrum scores from CTL
subjects to ASD patients, across FED0, ASD1, FED1. These
results support of the existence of a continuous distribution of
autism dimensions spanning from ASD-affected subjects to
the general population and spreading across different disorders
[30,35,75–78]. This might also suggest the need for assessing
subthreshold autism spectrum in other mental disorders.

When examining these results, potential limitations of the
study should be acknowledged. First of all, the age distribution
within the three diagnostic groups, with most subjects in the
younger age ranges, impaired us performing a more detailed
investigation of the possible role of age as independent variable
interacting with both diagnosis and gender. Further studies
in larger samples stratified by different age ranges are thus
warranted. However, it is important to notice that the AdAS
Spectrum is a lifetime instrument that captures symptoms that
may arise anytime across the lifespan, with the only exception
of the domain referring to childhood and adolescence. Second,
our findings did not elucidate whether this continuum is uni- or
multidimensional because of the relatively small sample size
that prevented us from performing a factor analysis. Third is the
fact that the AdAS Spectrum is a self-report instrument and it
may be considered less accurate compared to the rating of the
clinician. Fourth, the questionnaire is quite long. However, in
this regard, it has to be noted that the great number of items
allowed us to depict some subtle differences in the way in
which subjects with ASD, even in its subthreshold forms, and
those with FED express autistic symptoms.

In the context of the above-mentioned limitations, the
AdAS Spectrum displayed good psychometric properties.
Overall, the dimensions explored by the AdASSpectrum seem
to be relevant for patients with ASD, either with sub-threshold
or full-blown disorder, and proved to constitute a robust
construct. The number of items and the content of AdAS
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Spectrum could help in solving some of the shortcomings of
the DSM-5 conceptualization of ASD and existing instru-
ments by giving a more specific description of the clinical
phenotype of each patient, with important implications for
research and, ultimately, for professionals' awareness of autistic
conditions. The evidence of a specific profile in patients with FED,
while not enabling us to draw definitive conclusions, suggested
that theAdASSpectrummight be a promising instrument to use in
different samples, which may help to identify specific phenotypes
to be used in clinical, neurobiological and genetic studies.
5. Conclusions

The results of the present study show a coherent construct
of the AdAS Spectrum with high internal consistency, sound
test–retest reliability, and strong convergent validity with
alternative dimensionalmeasures of autism. Further studies are
warranted to test this new tool not only in ASD patients,
including those featuring partial and sub-threshold forms, but
also in different diagnostic groups and in the general
population.
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