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Abstract:

Background:

Objective:

well as a clinically significant autism spectrum disorder (ASD).

Methods:

Spectrum Quotient.

Results:

presence of significant autistic traits.

Conclusion:

clinical and general population.

The Adult Autism Subthreshold Spectrum (AdAS Spectrum) is a recently developed instrument tailored to assess the broad range of full-threshold
as well as sub-threshold manifestations related to the autism spectrum. Although it has proved to be a valuable instrument for quantitative
assessment of autistic symptoms, the AdAS Spectrum still lacks validated diagnostic thresholds.

The aim of this study was to define the best cut-off scores of the AJAS Spectrum for determining the presence of subthreshold autistic traits as

Our sample was composed of 39 patients with full-blown ASD, 73 subjects with autistic traits, and 150 healthy controls. Subjects were evaluated
by trained psychiatrists, who performed a clinical diagnosis according to DSM-5 and then assessed with the AdAS Spectrum and the Autism

Our results showed that the most discriminant cut-off scores were 70 for identifying subjects with full-blown ASD, and 43 for determining the

The threshold values proposed here showed satisfying levels of specificity and sensibility, as well as a good agreement with the diagnosis
according to DSM-5 criteria, confirming the validity of the AdAS Spectrum as a psychometric tool for measuring ASD-related conditions in the

g
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1. INTRODUCTION

Autism spectrum disorder (ASD) is a condition
characterized by an impairment in social communication and
interactions, as well as in restricted interests and repetitive
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E-mail: barbara.carpital 986@gmail.com

behaviours with a significant impact on global functioning. The
diagnosis of ASD encompasses patients with very different
levels of impairment, with or without the presence of
intellectual disabilities and language development alterations
[1]. In the last few decades, a growing number of data pointed
out the presence of a quantitative more than a qualitative
difference between the old categories of Autistic and
Asperger's Disorder described in DSM-IV TR [2 - 4]. In
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DSM-5, these diagnoses have been merged into the broader
label of ASD [4, 5]. This choice went in the direction of a
dimensional approach to psychopathology, according to the
purpose of classifying psychiatric disorders on the basis of both
common clinical presentations and shared pathophysiology, in
the framework of a link between symptomatic manifestations
and brain functioning [1, 4 - 7]. However, DSM-5 classi-
fication of ASD does not encompass the broader spectrum of
ASD milder (or atypical) manifestations and subthreshold
autistic traits, whose relevance is increasingly gaining attention
in the recent literature [5, 8 - 12]. Autistic traits are a set of
features (such as impaired social skills, atypical and restricted
interests, aloof personality) similar to, although less severe of,
ASD typical presentation. The relevance of autistic traits was
highlighted for the first time amongst first degree relatives of
ASD probands, leading to the conceptualization of a “broad
autism phenotype” and corroborating the hypothesis of a
genetic liability linked to these features [5, 8 - 14]. However,
further studies stressed how autistic traits seem to be
continuously distributed also amongst the general population,
and in particular amongst some high-risk groups (such as
university students of scientific courses) [15 - 18], as well as in
clinical samples of patients with other kinds of psychiatric
disorders [19 - 24]. The recent interest in investigating autistic
traits is justified by the body of evidence that highlighted how
such features, also when subthreshold, may be associated with
significant clinical correlates, including a higher vulnerability
towards the development of psychiatric disorders and suicidal
ideation and behaviours [20, 25, 26].

At the same time, while ASD, as a neurodevelopmental
disorder, is a condition generally detected and clinically
addressed in childhood, a wide number of studies highlighted
the need of providing more attention to detect ASD (as well as
autistic traits) also among adults [5, 19, 27]. In particular, some
authors stressed that milder forms of ASD may be under-
recognized during childhood, and thus patients will eventually
come to clinical attention only when developing, in their
adulthood, other disorders in comorbidity [5, 19, 20]. In these
cases, frequently the underlying ASD is not investigated by
clinicians, remaining undiagnosed and untreated, while leading
to higher treatment resistance and worse outcomes, including
chronicization and suicidality risk [5, 19, 20]. In this
framework, Dell'Osso et al. [28] recently developed and
validated the Adult Autism Subthreshold Spectrum (AdAS
Spectrum), an instrument with the purpose of evaluating the
presence of full-threshold and/or subthreshold autism spectrum
symptoms and traits in adults without intellectual disabilities
and language development alterations. Although other
questionnaires have been previously developed for measuring
autistic traits amongst adults, such as the Autism Spectrum
Quotient (AQ) and the Ritvo Autism and Asperger’s
Diagnostic Scale (RAADS) [15, 29], the AdAS Spectrum is, to
date, the only questionnaire for assessing the presence of the
entire range of autism spectrum manifestations amongst adults
developed after the publication of the DSM-5. Therefore, it is
specifically tailored to the new diagnostic criteria, including
the greater importance given to the altered reactivity to sensory
inputs in ASD patients [28]. It is noteworthy that studies in this
field are increasingly stressing how females with ASD may
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show significantly different clinical presentations than those
typically reported amongst males, on whose basis the
diagnostic criteria of ASD have been established [28, 30]. In
particular, amongst females with ASD, different kinds of
restricted interests and repetitive behaviours were reported,
such as reading fiction, spending time with animals and a
specific focus on food and diet [23, 30, 31]. Moreover, females
are more frequently aware of their own social difficulties,
while showing higher levels of social anxiety (which is,
noticeably, a disorder with a greater prevalence amongst
females and associated with an impairment of the social brain)
[32 - 35] and adopting a specific kind of coping strategies that
typically features the imitation of peers' behaviours [5, 30, 36 -
38]. In light of this data, during the development of the AdAS
Spectrum, specific attention has been provided to include in the
questionnaire items investigating female-specific
manifestations of ASD/autistic traits. The AdAS Spectrum
proved to be a valuable instrument for quantitative assessment
of autistic traits, reporting excellent reliability (Kuder-
Richardson's coefficient of 0.964 for the total score, and above
0.75 for all single domain scores) and a good convergent
validity with previous scales, such as the AQ (Pearson's r
correlation=0.77) and the RAADS (Pearson's r
correlation=0.83). In the last few years, it has been used in
many studies with satisfying results [5, 17, 22 - 26], and a
Spanish version has been validated [39]. However, to date, the
AdAS Spectrum lacks a validated threshold for also
establishing qualitatively the presence of ASD and autistic
traits. The presence of a validated threshold would allow a
better employment of the instrument as a screening tool in
clinical and non-clinical settings. The aim of this study was to
evaluate the best thresholds of the AdAS Spectrum for
determining the presence of subthreshold autistic traits as well
as clinically significant ASD in a clinical setting and in healthy
controls (HC).

2. MATERIALS AND METHODS

2.1. Participants and Procedures

For the aims of this study, we evaluated a convenient
sample consecutively recruited between May 2015 and April
2016 at 4 Italian University Departments of Psychiatry
(Catania, Napoli, Pavia, Pisa), coordinated by the University of
Pisa. The sample was composed of three groups: patients with
full-blown ASD, subjects with autistic traits and HC. The first
group was recruited amongst adult outpatients with a full-
blown ASD diagnosis according to DSM-5 criteria, without
intellectual or language impairment, who were following a
treatment program for ASD. Subjects with autistic traits were
recruited among university students. Subjects in this group
satisfied at least one of the DSM-5 symptomatologic criteria
for ASD, without showing a clinically significant functional
impairment related to the presence of autistic traits. All
subjects were clinically assessed according to DSM-5 criteria,
and were requested to fulfill the AdAS Spectrum and the AQ
questionnaire. All subjects enrolled in this research received
clear information about the study and had the opportunity to
ask questions before they provided written informed consent.
The study was conducted in accordance with the Declaration of
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Helsinki, and the local ethics Committees approved all
recruitment and assessment procedures (Date of approval:
26/03/2015; ID number: 2015551).

2.2. Measures

The AdAS Spectrum is a self-report instrument developed
and validated by Dell’Osso et al. [28] with the aim to assess
the broad spectrum of autism symptoms and traits in adults
with average intelligence and without language impairment. It
was tailored to evaluate not only full-threshold manifestations
but also atypical, non-clinical subthreshold traits, as well as
gender-specific features. The questionnaire is declined in 7
domains, for a total of 160 dichotomous items (yes/no). The
AdAS Spectrum domains allow an independent investigation
of autism spectrum core features, and in particular: the
presence of symptoms since childhood/adolescence
(“Childhood/adolescence” domain); the impairment in verbal
and non-verbal communication (“Verbal communication” and
“Non-verbal communication” domains); empathy alterations
(“Empathy” domain); manifestations of rigidity and difficulties
in adjusting to the change (“Inflexibility and adherence to
routine” domain); ruminative thinking and narrow interests
(“Restrictive interests and rumination”); altered reactivity to
sensory inputs (“Hyper-hypo reactivity to sensory input”
domain).

The Autism Spectrum Quotient (AQ) is one of the most
employed questionnaires for evaluating autistic traits amongst
adults. It is composed of 50 items with responses organized in
a 4-point Likert scale. It features 5 subscales: “Social skills,
“Communication, “Attention to detail, “Attention switching
and “Imagination. This instrument demonstrated excellent
alpha coefficients in the validation study; the most used cut-off
for significant autistic symptoms was 32 [15].

2.3. Statistical Analyses

Chi-square tests and ANOVA analyses were employed for
comparing socio-demographic variables, AdAS Spectrum and
AQ scores amongst groups, followed by Bonferroni post-hoc
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tests. Two Receiver-Operating Characteristics (ROC) curves
were utilized to find the threshold values of AdAS Spectrum
total score that best identify the subjects meeting the DSM-5
criteria for full-blown ASD as well as the subjects with
subthreshold autistic traits. According to the definition of
accuracy, the ROC analysis was built on the basis of sensitivity
and specificity for different cut-offs. The Cohen K was used to
calculate the degree of agreement with the DSM-5 of AdAS
Spectrum and AQ. According to Wheelwright ez al. [40], we
adopted an AQ score of 23 for evaluating the presence of
milder autistic traits, while for the presence of significant
autistic traits, we employed the previously validated threshold
of 32 [15]. In the scientific literature, a Cohen K > 0.60 is
considered adequate [41].

3. RESULTS

We recruited a total of 262 subjects (Females 51.15%, N =
134; Males 48.85%, N = 128; mean age: 25.66+8.85). The
sample was distributed in three groups: 150 HC (HC group;
Females: 60%, N = 90; Males: 40%, N = 60; mean age:
26.64+8.82), 39 patients with ASD (ASD group; Females:
48.7%, N = 19; Males: 51.3%; N = 20; mean age: 28.46+11.77)
and 73 subjects with autistic traits (AT group; Females: 34.2%,
N = 25; Males: 65.8%, N = 48; mean age: 22.14+5.60). The
mean age was significantly different amongst groups
(F(2.259)=9.20; p < .001): in particular, the group with autistic
traits showed a mean age significantly lower when compared
with both the ASD group (p =.007) and the HC (p <.001). No
significant gender differences were found between HC and
subjects with autistic traits as well as between subjects with
autistic traits and patients with ASD, while HC showed a
significantly higher proportion of females when compared with
the ASD subjects (Chi-square = 13.22, p < .001) ( Table 1).
Subjects with ASD reported significantly higher scores on
AdAS Spectrum and AQ than subjects with autistic traits.
These latters scored significantly higher on both questionnaires
than HC, with the exception of AQ “Immagination,, subscale,
for which AT group and HC did not report significantly
different scores (Tables 2 and 3).

Table 1. Comparison of sociodemographic variables amongst groups.

ASD (N=39) AT (N=73) HC (N=150)
mean+ DS meanx DS mean DS F P
Age 28.46+11.77 22.1445.60 26.64+8.82 9.20 <.001*
N(%) N(%) N(%) Chi-Square p
Sex | F 19(48.7) 25(34.2) 90(60) 13.22 <.001*
M 20(51.3) 48(65.8) 60(40)
*AT<ASD; AT<HC; p<.05
*Q:HC>ASD; p<.05
Table 2. Comparison of AdAS Spectrum scores amongst groups.
AdAS Spectrum ASD (N=39) AT (N=73) HC (N=150) F P Post-Hoc comparisons
meanx DS mean+ DS mean+x DS (p<05)
Total 93.43+18.74 60.23+15.66 27.79£14.74 | 310.68 | <.001 ASD>AT>HC
Childhood/adolescence 12.87+£3.75 8.82+3.25 3.74+2.58 176.11 | <.001 ASD>AT>HC
Verbal communication 11.7943.07 5.97+£2.43 2.8242.23 217.93 | <.001 ASD>AT>HC
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(Table 2) contd.....
AdAS Spectrum ASD (N=39) AT (N=73) HC (N=150) F P Post-Hoc comparisons
mean+ DS mean+ DS mean+ DS (p<05)
Non-verbal communication 14.74+4.87 11.89+4.23 5.80+3.60 107.57 | <.001 ASD>AT>HC
Empathy 7.02+2.67 3.5442.56 1.51+1.64 111.01 | <.001 ASD>AT>HC
Inflexibility and adherence to routine 24.17+6.34 15.95+5.60 8.02+4.73 167.13 | <.001 ASD>AT>HC
Restrictive interests and rumination 14.89+2.90 9.89+3.26 4.08+3.20 211.82 | <.001 ASD>AT>HC
Hyper-Hyporeactivity to sensory input 7.92+3.96 4.15+2.49 1.80+1.85 101.14 | <.001 ASD>AT>HC
Table 3. Comparison of AQ scores amongst groups.
AQ ASD (N=39) AT (N=73) HC (N=150) F y/, Post-Hoc comparisons
mean+ DS mean+ DS mean+ DS (p<05)
Total 33.61+7.30 19.82+6.14 12.58+5.26 204.99 <.001 ASD>AT>HC
Social skills 6.97+2.40 3.86+2.55 1.44+1.78 114.72 <.001 ASD>AT>HC
Attention switching 7.95+1.67 5.04+1.84 3.16+1.75 120.95 <.001 ASD>AT>HC
Attention to detail 6.67+1.95 5.00+2.41 4.05+2.14 22.84 <.001 ASD>AT>HC
Communication 7.08+2.14 3.07+1.78 1.36+1.47 183.87 <.001 ASD>AT>HC
Immagination 4.95+2.20 2.92+1.77 2.47+1.66 29.93 <.001 ASD>AT

According to the ROC analysis, the most discriminant cut-
off of the AdAS Spectrum total score for identifying ASD
subject was 70, with an AUC value of 0.971 (p < .001), a
sensitivity of 0.923 and a specificity of 0.910 (Fig. 1). The
degree of agreement with the DSM-5 diagnosis, according to
the Cohen K, was satisfactory (k = 0.706). The most
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discriminant total score cut-off for identifying subjects with
autistic traits was 43, with an AUC value of 0.927 (p<0.001), a
sensitivity of 0.849 and a specificity of 0.833 (Fig. 2). Also, in
this case, the Cohen K used for calculating the degree of
agreement with the DSM-5 criteria was satisfactory (k =
0.651). Cohen K values for the degree of agreement with the
DSM-5 of AdAS Spectrum and AQ are reported in Table 4.
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Fig. (1). ROC curve of the AdAS Spectrum threshold score for determining ASD. AUC = 0.971; threshold score = 70.



208 Clinical Practice & Epidemiology in Mental Health, 2020, Volume 16

ROC curve
10
(i } .}
o 08
=
=
G
&
=] 04
Wi
on K
00 02 04

06

Dell’Osso et al.

08 10

1 - specificity

Fig. (2). ROC curve of the AdAS Spectrum threshold score for determining autistic traits. AUC = 0.927; threshold score = 43.

Table 4. Cohen K values for the degree of agreement of AdAS Spectrum and AQ with DSM-5 in identifying subjects with

ASD and AT.
Clinical evaluation according to DSM-5 AdAS Spectrum (cut-off = 70) AQ (cut-off = 32)
K 95%IC K 95%IC
ASD 0.706 0.594-0.817 0.650 0.506-0.793
AdAS Spectrum (cut-off = 43) AQ (cut-off =23)
K 95%IC K 95%IC
AT 0.651 0.547-0.754 0.349 0.221-0.476

4. DISCUSSION

The aim of this study was to define which score of the
AdAS Spectrum should be considered as a threshold value
when investigating the presence of autistic traits and ASD
amongst adults. Since recently, the AdAS Spectrum was used
in both clinical and non-clinical populations only as a
quantitative instrument in order to investigate the presence of
lifetime autistic traits in the framework of a dimensional
approach [5, 22 - 26]. The AdAS Spectrum has been
demonstrated to be a useful instrument for the assessment of
the autism spectrum, with the capability of also evaluating
specific symptomatological clusters [5, 22 - 26]. However, a
critical flaw of the instrument was the lack of threshold values,
which would allow employing the AdAS Spectrum for a
qualitative evaluation of the presence/absence of ASD or
autistic traits. According to our results, the AdAS Spectrum
showed an excellent ability to discriminate the presence of both
clinical ASD and subthreshold autistic traits. The best
threshold value for identifying full-blown ASD was a score of
70 (which is obtained with a positive endorsement of 70 items
of the questionnaire). This value showed a good agreement
with the diagnosis performed according to DSM-5 criteria, and
it is also associated with good levels of specificity (0.910) and
sensibility (0.923). The threshold score for determining autistic
traits (43) showed lower values of specificity (0.833) and

sensibility (0.849), which are however, still satisfying,
especially considering the non-clinical nature of the condition.
The reported levels of sensibility and specificity for the AdAS
Spectrum thresholds are comparable to those reported by other
questionnaires commonly employed for the screening of ASD
or autistic traits amongst adults, such as the AQ and the
RAADS [15, 29]. However, the AdAS Spectrum is, to date, the
only instrument tailored on the DSM-5 criteria for ASD, thus
taking into account also the manifestations associated with the
hypo- and hyper-reactivity to sensory inputs, which are not
properly investigated by other questionnaires [29]. On the other
hand, the inclusion of female-specific ASD features makes the
AdAS Spectrum an ideal instrument for the assessment of ASD
and autistic traits among female adults [28, 30]. The degree of
agreement between AdAS Spectrum cut-offs and the clinical
evaluation according to DSM-5 was satisfying, with a Cohen K
of 0.706 for clinically relevant ASD symptoms and 0.651 for
the presence of autistic traits. Lower levels of agreement were
reported between clinical evaluations and the AQ, in particular
in determining the presence of autistic traits (Cohen K =
0.349). Globally, these results further confirm the validity of
the AdAS Spectrum for measuring autism-related conditions,
as yet shown by the validation study and by the evaluation of
the psychometric properties of the Spanish version [28, 39].
Moreover, our results also strengthen the findings from
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previous researches, which found AdAS Spectrum scores
above 70 in clinical populations of subjects with ASD and
AdAS Spectrum scores around 40 in clinical or non-clinical
samples of subjects considered at risk for autistic traits [5, 22 -
26]. The study further corroborates the validity of AdAS
Spectrum domains, showing that ASD patients scored
significantly higher than the AT group (which scored, in turn,
significantly higher than HC) on each dimension measured by
the AdAS Spectrum (“Childhood/adolescence”; “Verbal
communication”; “Non-verbal communication”; “Empathy”;
“Inflexibility and adherence to routine”; “Restrictive interests
and rumination”; “Hyper-hypo reactivity to sensory input”).
Similar results were found for the AQ “Social skills,
“Communication, “Attention to detail, and “Attention
switching, subscales, while we did not find significant
differences on AQ “Imagination, subscale between AT group
and HC. This result is in line with previous studies, which
highlighted that Imagination was the AQ subscale with the
lowest internal consistency [42]. Moreover, other authors
reported similar scores for the imagination dimension, as
measured by the AQ, between subjects with a broad autism
phenotype and non-autistic groups [42 - 44]. Noticeably,
imagination skills have been found less impaired, in particular
among women [42 - 44]. On the basis of this data, it is possible
to hypothesize that imagination difficulties would be associated
with more severe presentations of the autism spectrum and/or
with specific, eventually, gender-related, autistic phenotypes.
Globally, this work confirms the validity of employing the
AdAS Spectrum as a psychometric tool for measuring both
autistic traits and ASD in clinical settings as well as in the
general population. The threshold values of the instrument
proposed here showed satisfying levels of specificity and
sensibility, as well as a good agreement with the assessment
performed by trained psychiatrists, allowing clinicians and
researchers to use the questionnaire in different kinds of
settings. In clinical settings, the AdAS Spectrum may improve
prevention and diagnostic procedures. In this framework, it
may allow investigating the presence of ASD or subthreshold
autistic traits - whose role in worsening the psychopathological
course and the clinical outcome has been variously stressed in
the scientific literature — [5, 19, 20] also in clinical populations
of patients with other kinds of mental disorders. In research
settings, the AdAS Spectrum may be considered a powerful
tool for evaluating the presence of both subthreshold and full-
threshold autism spectrum from a qualitative as well as a
quantitative point of view, in clinical and non-clinical
populations, also allowing specific psychopathological
profiling of the subjects.

CONCLUSION

However, this work should be considered in light of
several limitations. First, our sample was relatively small, and a
limited number of demographic features has been taken into
account. Moreover, there were significant gender and age
differences amongst the groups. These elements prevent us
from evaluating possible confounding factors related to
demographic features. Further studies in wider samples, which
would allow a random sampling and/or a stratification for
demographic characteristics, may confirm or eventually
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improve the definition of the best threshold values for the
AdAS Spectrum. Moreover, the AdAS Spectrum is an
instrument that includes 160 items, requiring more time than
other questionnaires to be fulfilled; it may imply a higher risk
of inaccurate responses. However, this feature of the AdAS
Spectrum provides an extremely detailed profile of ASD
symptomatology, eventually identifying which areas were
more impaired than others in the single subject. Finally,
although showing a good agreement with the clinical
assessment, the AdAS Spectrum remains a self-report
instrument, and therefore it is subject to bias. For these reasons,
the AdAS Spectrum should not be used, especially in clinical
settings, as the only diagnostic tool. On the other hand, this
questionnaire can be considered, according to this data, a good
screening instrument to confirm and deepen the clinical
diagnosis amongst subjects with a suspected autism spectrum.
Further studies with the AdAS Spectrum should focus on
deepening the knowledge about the prevalence and relevance
of ASD and autistic traits among the general population, in
high-risk groups and in psychiatric patients, with specific
attention on detecting ASD female phenotypes. The AdAS
Spectrum domains are useful tools for evaluating the impact
and the distribution of specific symptomatological clusters and
their eventual association with neurobiological and
biochemical features.
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