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Abstract

Prevalence rates of autism based upon child samples have shown a consistent increase over the past three decades, suggesting
that many autistic adults are undiagnosed. Adult diagnostic pathways typically are initiated with measures of autistic-like
traits. Whilst autistic-like traits represent a continuous dimension across the general population, autism is a categorical
diagnosis and the relationship between the two is unclear. A self-report dimensional reflection upon the two diagnostic cri-
teria for autism was developed and reflected upon by 1076 participants embedded within two online surveys. Those with an
informal (self) diagnosis of autism self-reported comparable social difficulties but fewer restricted and repetitive behaviour
difficulties than those with a formal diagnosis of autism. The new items also significantly correlated with autistic-like traits.
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Introduction

Autism Spectrum Disorder (hereafter autism) is a neurode-
velopmental condition defined by persistent difficulties
across multiple contexts within two distinct domains: (1)
social communication and interaction and (2) restricted and
repetitive patterns of behaviours, activities or interests (APA
2013; WHO 2018). Studies in Asia, Europe, and North
America have identified an average prevalence of autism of
between 1 and 2% (Baio et al. 2018). In the USA, substan-
tial increases in prevalence have been identified over the
past three decades, which have been attributed to greater
autism awareness and changing diagnostic criteria, which
have reduced the number of missed cases (see Baio et al.
2018; Christensen et al. 2018). As these prevalence esti-
mates are based upon child populations, this would suggest
that there are a number of adults on the autism spectrum
who are undiagnosed, which is compounded by a lack of
adult-focused autism research (see Camm-Crosbie et al.
2019; Cashin et al. 2016; Pellicano et al. 2014; Milton and
Bracher 2013; Warner et al. 2019).
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Whilst a diagnosis of autism is categorical, either a diag-
nosis is present or it is not, people have reported an autism
social identity, some of whom do not have a formal diag-
nosis of autism (Cooper et al. 2017). Cooper et al. report
that around one fifth of their sample identifying as autistic
did not have a formal diagnosis from a professional, rather
they perceived themselves to be ‘autistic-like’. Autistic-like
traits refer to behavioural traits such as social impervious-
ness, directness in conversation, lack of imagination, affinity
for solitude, and difficulty displaying emotions (Gernsbacher
et al. 2017). Autistic-like traits are argued to vary continu-
ously across the general population, with studies reporting
that groups with a formal diagnosis of autism typically have
higher levels of autistic-like traits than non-autistic compari-
son groups (see Ruzich et al. 2015 for meta-analysis). Autis-
tic-like traits are typically assessed through self-report meas-
ures such as the 50-item Autism Spectrum Quotient (AQ:
Baron-Cohen et al. 2001; see also Baghdadli et al. 2017).
Ruzich et al.’s (2015) meta-analysis of responses to the AQ
from almost 7000 non-autistic and 2000 autistic respondents
identified that non-autistic males had significantly higher
levels of autistic-like traits than non-autistic females, and
that autistic people had significantly higher levels of autistic-
like traits compared to the non-autistic males (with no sex
difference within the autistic sample).

In the UK, the National Institute of Health and Clinical
Excellence (NICE) guidelines recommend using a 10-item
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version of the AQ (Allison et al. 2012; Pilling et al. 2012;
Wilson et al. 2014) as a screen for adults (without intellec-
tual disability) who may have autism, which has a clinical
cut-off of 6 (out of 10). The NICE guidelines propose that
if an adult scores above cut-off on the AQ10, offer a com-
prehensive assessment for autism.! There are items on the
AQ10 that do not refer directly to diagnostic criteria, rather
to cognitive theoretical accounts of autism such as Weak
Central Coherence Theory (‘I usually concentrate more on
the whole picture, rather than the small details’ [reverse
scored]), Theory of Mind (‘When I’m reading a story I find
it difficult to work out the characters’ intentions’) or Execu-
tive Functioning Theory (‘I find it easy to do more than one
thing at once’ [reverse scored]). The aetiology of autism
and high levels of autistic-like traits is therefore found to be
similar, with more similarities than differences (Bralten et al.
2018; Lundstrom et al. 2012; Ronald and Hoekstra 2011; see
also Massrali et al. 2019).

Importantly, however, there are also differences between
those with and without a formal diagnosis of autism who
scored above the cut-off on the AQ (Ashwood et al. 2016;
Lundqvist and Lindner 2017; Payne et al. 2019) and autistic-
like traits (measured by the AQ) have been found to not con-
sistently be predictive of formal autism diagnosis (Bishop
and Seltzer 2012; Conner et al. 2019; Sizoo et al. 2015).
Frith (2014) speculates that heightened awareness of autism,
combined with stretching the diagnostic boundaries, may
have resulted in individuals with problems in social relation-
ships and other features that are reminiscent of autism think-
ing they are autistic, when this may be part of neurotypical
individual variation. Frith asks: ‘Should we believe only in
continua and quantitative differences, or by contrast, in cat-
egorical and qualitative differences?’ (p. 745).

Abu-Akel et al. (2019) recently proposed the co-exist-
ence of a mixed categorical and dimensional architecture
within the autism spectrum, suggesting that dimensional
and categorical classifications of autism need not be mutu-
ally exclusive and that higher autistic-like traits may reflect
greater genetic liability for a formal diagnosis of autism.
If dimensional and categorical classifications of autism are
complementary, it should be possible to develop a dimen-
sional assessment that directly reflects the diagnostic criteria
for autism. The AQ scale (50 and 10 item) is made up of five
subscales, namely social skills, communication, attention to
detail, attention switching and imagination which, as noted
above, are not all synonymous with the diagnostic criteria
for autism. Developing a measure that directly relates to the
diagnostic criteria for autism may ultimately lead to a more
reliable and valid initiation of autism diagnostic pathways.

! https://www.nice.org.uk/guidance/CG142/chapter/1-Guida
nce#identification-and-assessment.

This exploratory study therefore sought to develop a dimen-
sional assessment of the diagnostic criteria for autism. The
aim of the study was to explore the self-reporting of items
that directly reflect the diagnostic criteria for autism on
a dimensional assessment and compare them to existing
dimensional assessments of autistic-like traits.

Method
Design

Participants were asked their sex (male/female/non-binary),
age and diagnostic status (Do you have a formal clinical
diagnosis of autism (i.e. from a qualified health profes-
sional); an informal diagnosis of autism (from a friend
or colleague or self-diagnosis, but do NOT have a formal
clinical diagnosis from a qualified health professional);
none of the above. These groups are referred to as autism-
diagnosed, autism-undiagnosed and no-autism, respectively.
The autism-undiagnosed category has been used for online
surveys of the autistic community to capture those who
do not have a formal diagnosis (e.g.Au-Yeung et al. 2019;
Kapp et al. 2013). Wording was developed for each of the
two diagnostic criteria (social and RRB items), with exam-
ples that related to each of the descriptors,” which enabled
responding upon a continuous scale (see Appendix 1).

Procedure

These two questions were responded to within two online
courses, one that targeted autistic people, and one that tar-
geted the general population to obtain larger numbers of
both those with and without autism. Survey 1 was embedded
in an online survey exploring alcohol consumption by autis-
tic people (reported elsewhere). Survey 2 was embedded
in an online course on autism (FutureLearn.com) and was
identical to Survey 1 with the addition of the AQ10 (Allison
et al. 2012) after the social and RRB items. From the litera-
ture above, it was anticipated that the general population
would provide a range of AQ scores that could be correlated
with the two questions developed for this study (Survey 2),
whereas AQ scores may have reduced variability within an
autistic population (Survey 1). The AQ10 has a reported
Cronbach’s alpha 0.85. A clinical cut-off of 6 or more is pro-
posed, which has sensitivity of 0.88, specificity of 0.91, and
a positive predictive value of 0.85 (Allison et al. 2012). The
self-assessment was presented as an option for those who
would like to reflect upon the diagnostic criteria for autism
and how they applied to themselves. The self -assessment

2 https://www.cdc.gov/ncbddd/autism/hep-dsm.html.
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was very early in both courses. This was not mandatory
and those taking the survey/course could continue without
answering these items. Participants did not have to pay to
take the course and were not compensated for responding to
the two self-assessment items.

Ethical approval was granted by the Psychology Reserach
Ethics Committe, University of Bath. All responses were
confidential and anonymous and participants could with-
draw at any point, returning to the online survey/course.
The online survey/course provided advice and support con-
cerning autism and signposted further support should it be
required.

Participants

715 participants took online Survey 1. 97 did not complete
the survey, one was removed for reporting an age of under
16 and one participant did not consent for their data to be
used, leaving 616 (86%). There were 148 male, 400 female
and 68 non-binary participants with a mean age of 38.71
(sd=13.06, range 16—89). 424 were autism-diagnosed, 128
autism-undiagnosed, and 63 no-autism. 543 participants
responded to Survey 2, of which 20 did not provide consent
for their data to be analysed, four were removed for being
under 16 and 59 did not complete any questions. This left
460 (85%) participants. There were 55 males, 398 females,
four non-binary (and three missing sex data) participants
with a mean age of 44.20 (sd=13.74, range 16-75). There
were 16 autism-diagnosed, 82 autism-undiagnosed and 362
no-autism. Overall there were 1076 participants, comprising
798 females (74.2%), 203 males (18.9%) and 72 non-binary
(6.7%, with three missing) with a mean age of 41.0 years
(sd=13.64; range = 16-89, 14 missing). 440 identified as
autism-diagnosed (40.9%), 210 as autism-undiagnosed
(19.5%) and 425 as no-autism (39.5%; 1 missing).

Results

The means of both items are reported in Table 1 (both
having a median of 2) and the two items correlated with
each other (r(1019)=0.70, p<0.001). A MANOVA was
run in which the dependent variables were the social and
RRB items, sex and diagnostic status were the independ-
ent variables. Survey (1 or 2) was added as a dummy vari-
able. There were no significant differences by sex on the
social item (F(2,1015)=2.63, p=0.072) nor the RRB item
(F(2,1015)=0.20, ns), see Table 1. Diagnostic status had
a significant impact upon both social (F(2,1015)=9.16,
p<0.001) and RRB (F(2,1015)=18.19, p<0.001) items,
see Table 1. Tukey HSD post hoc tests revealed that for the
social item, the no-autism group significantly differed from
the autism-diagnosed and the autism-undiagnosed groups
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Table1 Means (and standard deviation) for the Social and RRB
items by sex and diagnostic status

Social item RRB item
Overall 2.31(1.19) 2.16 (1.30)
Male 2.63 (1.10) 2.39 (1.27)
Female 2.16 (1.20) 2.03 (1.31)
Non-binary 3.03 (0.84) 2.86 (0.95)
Autism-diagnosed 2.95 (0.82) 2.91 (0.88)*
Autism-undiagnosed 2.77 (0.84) 2.69 (0.95)*
No-autism 1.36 (1.07)* 1.03 (1.05)*
Below cut-off 1.29 (1.01)* 0.96 (1.00)*
Above cut-off 2.87 (0.81)* 2.61 (0.99)*

*Significantly different from other categories in column

(both p<0.001). The autism-diagnosed and autism-undiag-
nosed groups did not significantly differ from each other
(p=0.062). For the RRB item, all three groups significantly
differed from each other: The no-autism group significantly
differed from the autism-diagnosed and the autism-undiag-
nosed groups (both p<0.001) and the autism-diagnosed and
autism-undiagnosed groups also significantly differed from
each other (p=0.024). There were no significant interactions
between sex and diagnostic status (both p> 0.05). There was
also not a significant main effect for survey, nor significant
two-way interactions with survey, nor a significant three-way
interaction with survey and sex and diagnostic status (all
p>0.05). As an additional check, the MANOVA analysis
above was rerun for each survey separately and the pattern
of results was the same, except that there was a significant
sex difference for the social item for Survey 1 (F(2,604),
p=0.018) but not Survey 2 (F(2,394)=0.84, ns) and the
sex by diagnostic status interaction was also significant for
the social item (F(4,604) =2.74, p=0.028). For the no-
autism group in Survey 1, males scored higher (mean=2.25,
sd=1.34) than females (1.43. sd=1.17).

For Survey 2, the AQ10 correlated positively with the
social item (r(405)=0.66, p<0.001) and the RRB item
(r(405)=0.68, p<0.001). The AQ10 correlated with the
social item for the subgroups as follows: autism-diagnosed
(r(15)=0.51, p=0.05); autism-undiagnosed (r(70) =0.46,
p <0.001); no-autism (r(320)=0.47, p<0.001) and for
the RRB item as follows: autism-diagnosed (r(15)=0.19,
p=ns); autism-undiagnosed (r(70)=0.52, p <0.001); no-
autism (r(320) =0.46, p <0.001). Taking the AQ10 cut off of
6, 13 (81%) of those who were autism-diagnosed were above
cut off, 59 (72%) of those autism-undiagnosed were above
cut off and 19 (5%) of those with no-autism were above
cut off. In addition, both the social and the RRB items sig-
nificantly positively correlated with every AQ10 item sepa-
rately (all p<0.01; rs mostly 0.4-0.6). Table 1 highlights the
means on the two items for those above and below cut-off
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Table2 Number (and percentage) of each combined score by diag-
nostic status

Autism-diagnosed (%) Autism-undiag- No-autism (%)

nosed (%)

0 0 0 73 (19.1)
1 3(0.7) 3(1.5) 69 (18.0)
2 2(0.5) 1(0.5) 68 (17.8)
3 17 (3.9) 12 (6.1) 70 (18.3)
4 58 (13.3) 33 (16.7) 54 (14.1)
5 95 (21.7) 53 (26.8) 24 (6.3)
6 106 (24.3) 49 (24.7) 17 (4.4)
7 92 (21.1) 27 (13.6) 5(1.3)
8 64 (14.6) 20 (10.1) 3(0.8)
Fig. 1 Proportion of partici- 30
pants obtaining each combined
score by diagnostic status
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and overall there were no significant sex differences and
no difference due to which survey participants were drawn
from. Secondly, those with a formal diagnosis of autism did
not significantly differ from those with an informal (self)
diagnosis of autism on the social item but did score sig-
nificantly higher on the RRB item. Both groups scored sig-
nificantly higher than the no-autism group on both items.
Thirdly, these self-reflections upon the diagnostic criteria
were in accordance with the AQ10 scale assessment of
autistic-like traits.

Further analysis did highlight that there was some evi-
dence of a sex difference favouring females in the no-autism
group for the social item that did not extend to the other
groups (in Survey 1). This male—female sex difference in a
non-clinical population not extending to autistic populations
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which were significantly different from each other (social
item t=15.13, p<0.001; RRB item t=13.59, p<0.001).
The sum of the two items are combined in Table 2, which
highlights that around 80% of the no-autism group have a
score between 0 and 3 and around 80% of the autism groups
have a score between 5 and 8, with both groups having
around 15% with a score of 4, see Fig. 1. The combined
scale had a Chronbach’s Alpha of 0.82.

Discussion

This is the first study to explore how a dimensional self-
reflection upon the diagnostic criteria for autism related
to dimension assessments of autistic-like traits in adults.
Firstly, participants were able to respond to the questions,

Combined score

eeeseee gutism-undiagnosed — 1 0-aUtiSM

is consistent with the literature (e.g. Ruzich et al. 2015). Sex
differences were not identified for the RRB item, however.
Given the highest scores were reported for those identify-
ing as non-binary (see Table 1), it is important for future
research to consider the options available for respondents
to report their sex and gender (e.g. see Cooper et al. 2018).
Only 2 of the 72 (3%) identifying as non-binary were from
the no-autism group. The non-binary group was retained in
the analysis as it made up 6.7% of the sample. Other authors
have removed this group as it can be small (e.g. Kapp et al.
2013) but rerunning the present study’s analysis without the
non-binary group does not change the pattern of results.

A fifth of the present study self-identified as autistic,
which is a similar proportion to other research (Cooper et al.
2017), and may reflect older people having missed formal

@ Springer
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diagnoses (current prevalence rates being based on child
samples, Baio et al. 2018). Consistent with this, both for-
mally and informally diagnosed groups did not significantly
differ from each other on the social item. However, incon-
sistent with this, these two groups did significantly differ
from each other on the RRB item. It may be, therefore that
the RRB aspect of the diagnostic criteria differentiates those
who meet diagnostic criteria, and this aspect of the diagnos-
tic criteria should be a feature of autism awareness for those
considering embarking on an autism diagnostic pathway.
Importantly, however, the difference in the RRB item was
relatively small (p=0.024) and the social item had a trend in
the same direction, albeit non-significant (p=0.062). When
combining the scores on the two items, the vast majority of
those identifying as autistic (with or without a diagnosis)
experienced the behaviours associated with the diagnostic
criteria in most or all situations and those self-reporting no-
autism experienced them rarely or never. Around 15% of
both those identifying as autistic and those not identifying
as autistic, reported experiencing behaviours associated with
diagnostic criteria in some situations. It is interesting that
both groups (with and without autism) can report similar
levels of behaviours related to the diagnostic criteria and
may be due to differing levels of insight between autistic
and non-autistic groups.

It has been found, however, that autistic people have the
insight to accurately self-report data relating to person-
ality traits and mental health which are comparable with
non-autistic groups (Ozsivadjian et al. 2014; Schriber et al.
2014). Whilst parent-report and self-report of autistic-like
traits have been found to vary in absolute terms (by around
7%), they still highly correlate with each other (Baron-Cohen
et al. 2001; Johnson et al. 2009). These studies have sepa-
rately found that when differences appear, self-report can be
both higher or lower than parent-report. Bishop and Seltzer
(2012) propose that insight for self-report may be affected
by level of cognitive functioning, as those with higher 1Q
may be more aware of their difficulties. A limitation of this
study is that measures of IQ were not taken. A relatively
high level of literacy was required to access the survey and
it is likely that participants had IQs within the normal range
or above. The AQ10 screen is intended for adults with sus-
pected autism who do not have a learning disability, and it is
important for future research to consider how best to support
accurate self-report in those on the autism spectrum with co-
occurring intellectual disability. Minimising the number of
items and focussing the items directly on the criteria being
assessed, as in the present study, may prove a useful starting
point for this.

Consistent with Abu-Akel et al. (2019) the significant
correlations between both items and each item on the AQ10
suggests that the dimensional assessment of diagnostic cri-
teria relates to the autistic-like traits assessed by the AQ10.

@ Springer

Comparisons were made with the AQ10 as this is recom-
mended as a screen for adults (without intellectual disability)
by the UK’s NICE guidelines. Future research can explore
links with the full AQ (50 items) as well as other measures
of autistic-like traits (see Baghdadli et al. 2017, for review).
Identifying how such a brief measure relates to assessments
such as the ADOS (Lord et al. 2000) is to be welcomed.
Within the ADOS assessment, social difficulties are often
indexed by a lack of typical behaviours (such as eye con-
tact), whereas RRBs are often indexed by the presence of
abnormal behaviours (such as hand flapping), which may
make RRBs more difficult to assess within the brief assess-
ment context (e.g., hand flapping may only occur when very
excited: Hus et al. 2014). As noted above, explicitly high-
lighting RRBs as diagnostic criteria may prove useful for
individuals considering autism diagnosis and for profession-
als to explore this aspect of the diagnostic criteria beyond
the brief assessment context. This may prove pertinent as
the RRB item differed between the autism-diagnosed and-
undiagnosed groups and did not differ by sex.

Despite the large numbers in the present study, there are
many limitations to this exploratory brief report. The items
were self-report and clearly the findings are dependent upon
the nature of the samples who opted to take part in the sur-
veys. The samples were taken from those who already had an
interest in autism (or alcohol consumption for Survey 1), and
this may not be reflective of the population as a whole. As
noted above, participation required a relatively high level of
literacy and comprehension as well as access to the Internet
which may limit the generalisability of the findings. It may
be that a participant responded to more than one study, and
the autistic sample’s self-report of diagnostic status was not
verifiable. Survey 1 comprised more autistic respondents
than Survey 2 which explored correlations with the AQ10.
The sample was largely female, which was not intended and
has been reported by other autism-related online studies
(e.g. Au-Yeung et al. 2019; Cassidy et al. 2018; Frazier et al.
2018; Kapp et al. 2013; Richards et al. 2019) and needs to be
borne in mind when interpreting the results. Along with the
present study, these studies usually report a response rate of
around 80% being female for both autistic and non-autistic
samples. Frazier et al. attempted to reach as broadly as pos-
sible to get a diverse population of stakeholders from the
autism community for their study, and report 79.1% of 6004
respondents were female. It is interesting to note for future
research that whilst adult-oriented online autism studies can
be female dominated, child-oriented studies are usually male
dominated.

By definition, two questions will be very general, and the
questions are not intended to be diagnostic but may have
value for autism awareness in highlighting the diagnostic
criteria in an accessible manner. It may be that highlight-
ing the restrictive and repetitive behaviour, interests and
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activities aspect of the diagnostic criteria for autism will be
particularly informative for people with problems in social
relationships that are reminiscent of autism but may be part
of neurotypical individual variation (after Frith 2014).
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Appendix 1

Please answer the following two questions as honestly and
accurately as you can. For each question, please choose the
one option that is closest to being true for you in everyday
life.

1. How often do you have difficulties with social commu-
nication and social interaction with other people? (For
example, difficulties with normal back-and-forth social
conversation, or making normal eye contact or making
friends).[Social item]

2. How often do you have difficulties with restricted and
repetitive patterns of behaviours, activities or interests?
(For example, difficulties with repetitive movements,
or insisting on sameness (or routines), or fixated and
intense interests, or very high (or very low) sensitivity to
the environment—such as light, sound or texture).[RRB
item]

0: Almost never/in almost no situations; 1: Rarely/in rare
situations; 2: Sometimes/in some situations; 3: Mostly/in
most situations; 4: Almost always/in almost all situations.
Scores could range from 0—4 for each item.
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