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Abstract

Objectives: Autism is difficult to identify in adults due to lack of validated self-report
questionnaires. We compared the effectiveness of the autism-spectrum quotient
(AQ) and the Ritvo autism-Asperger's diagnostic scale-revised (RAADS-R) question-
naires in adult mental health services in two English counties.

Methods: A subsample of adults who completed the AQ and RAADS-R were invited
to take part in an autism diagnostic observation schedule (ADOS Module 4) assess-
ment with probability of selection weighted by scores on the questionnaires.

Results: There were 364 men and 374 women who consented to take part. Recorded
diagnoses were most commonly mood disorders (44%) and mental and behavioural dis-
orders due to alcohol/substance misuse (19%), and 4.8% (95% CI [2.9, 7.5]) were iden-
tified with autism (ADOS Module 4 10+). One had a pre-existing diagnosis of autism;
five (26%) had borderline personality disorders (all female) and three (17%) had mood
disorders. The AQ and RAADS-R had fair test accuracy (area under receiver operating
characteristic [ROC] curve 0.77 and 0.79, respectively). AQ sensitivity was 0.79 (95%
Cl [0.54, 0.94]) and specificity was 0.77 (95% CI [0.65, 0.86]); RAADS-R sensitivity was
0.75 (95% CI [0.48, 0.93]) and specificity was 0.71 (95% ClI [0.60, 0.81]).

Conclusions: The AQ and RAADS-R can guide decisions to refer adults in mental

health services to autism diagnostic services.
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1 | INTRODUCTION

Social and communication disorders, including autism spectrum disorders
(ASDs), contribute to substantial societal burden (Knapp et al., 2009) and
can be challenging for adults and carers involved in providing and
accessing support (Commission for Social Care Inspection, 2008, Depart-
ment of Health, 2006). Improving recognition and diagnosis of ASD
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became a cross-government policy in England in 2009 with the passing
of the Autism Act, the Think Autism Strategy (Health, 2014), and statu-
tory guidance to the National Health Service and local authorities in
2015 (Health, 2015). Many high-functioning adults with ASD have
not been diagnosed (National Audit Office, 2009; Brugha et al., 2011).
Such recognition can be valuable because a diagnosis opens up a range
of autism services, such as social groups, support to live independently,
and support with finding and remaining in employment. With the right
support, many adults with ASD can live and work independently, and
lead fulfilling and rewarding lives.

Most adults living with ASD do not have intellectual disability,
though ASD is more prevalent within this group (Brugha et al., 2016). It
is difficult to identify ASD in adults who have not been diagnosed in
childhood because existing diagnostic instruments ideally require input
from a parent who is often not available. Self-completion questionnaire
tests have the potential to be useful, but have not been validated in rep-
resentative study populations (Wigham et al., 2018), and evaluations to
date have shown there is very limited evidence to support their use in
the assessment and diagnosis of ASD in adults. Mental health settings
are a particularly important population for study because ASD is more
common in these settings (Nylander & Gillberg, 2001), has the potential
to be “masked” by other conditions (Kopp & Gillberg, 1997; Rastam,
2008; Rydén, Rydén, & Hetta, 2008) or can be erroneously diagnosed
because of symptom overlap with other conditions.

With the above in mind, this study focused on validating the two
most common adult self-completion ASD questionnaires: the autism-
spectrum quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, &
Clubley, 2001) and the Ritvo autism-Asperger's diagnostic scale-
revised (RAADS-R; Ritvo et al., 2011) for the first time in representa-
tive mental health settings with a view to facilitating mental health
professionals' referrals to specialist autism services. The study forms
part of a wider programme to assess acceptability, content validity,
criterion-related validity, and reliability of the AQ and RAADS-R. This
article presents findings from the latter two components (criterion-

related validity and reliability).

2 | METHOD

The target population was drawn from adult mental health service users of
psychiatric inpatient units, outpatient units, and community mental health
services served by the relevant trusts in Leicestershire and Northampton-
shire, England. Approximately 1,000 service users are seen in these set-
tings per month. Secure and elderly psychiatric units were excluded from
the study owing to the capacity to consent issues. In total, 46 potential
mental health sites were identified and their clinical leads invited to take
part in the study; 32 (70%) agreed to help with recruitment.

Between August 2011 and December 2012, adult (aged 18+) men-
tal health service users from the participating mental health sites were
approached by members of the research team and specially trained
research volunteers to take part in the study. All adults, regardless of
recorded diagnosis, were deemed eligible to be approached with a few

exceptions, namely, adults who could not speak English, had intellectual

disability or lacked capacity to consent (normally under advice from the
acting clinician), or whose contact was with one specialist service for
eating disorders. Participants were asked to complete the AQ and
RAADS-R, with the option of completing them in the presence of the
researcher or taking the questionnaires home to complete.

As well as basic demographic information, recorded primary psychiat-
ric diagnoses within 2 years prior to questionnaire completion and diag-
noses of ASD or attention deficit hyperactivity disorder within 5 years
prior to questionnaire completion were collected for all consenting adults.
This was achieved via a combination of reviewing their clinical letters as
well as accessing electronic healthcare records. In the case of service
users recruited within the community setting, all were approached prior
to their interview with the diagnostic clinician and thus any new diagno-
ses as a result of this subsequent clinical interview were not recorded.

Adults were selected for a second home interview with the autism
diagnostic observation schedule (ADOS Module 4; Lord et al., 2000),
with a greater likelihood of selection, the higher their score in the AQ
and/or RAADS-R questionnaires (Table 1). In September 2012, when
recruitment was slowing, the probabilities of selection were changed to
increase the number of service users selected for a second interview.

To assess test-retest reliability, a random sample of participants
was contacted within 1-3 months of completing their first question-

naire to complete the questionnaires again.

21 | Instruments
The AQ (Baron-Cohen et al., 2001) is a 50-item self-completion question-
naire that identifies autistic traits in adults with typical (normal)
1Q. Responses are given in four ordinal responses, dichotomised for scor-
ing, for whether a respondent agrees or does not agree with the given
statements. The developers of the AQ initially assessed its effectiveness,
using a case-control design, in university students and winners of a UK
mathematical Olympiad who were compared with adults with high-
functioning autism/ASD recruited through the National Autistic Society,
clinics, and advertisements, finding that the AQ discriminated well
between participants with and without ASD (Baron-Cohen et al., 2001),
with a lower cutoff threshold recommended for screening in clinical prac-
tice (Woodbury-Smith, Robinson, Wheelwright, & Baron-Cohen, 2005).
The RAADS-R is an 80-item questionnaire completed by the ser-
vice user with support from a clinician (Ritvo et al., 2011). Four
response options are offered, measuring whether the respondent
judges the given statement to be true now and/or in childhood or
never true. The developers of the RAADS-R evaluated its efficacy,
using a case-control design, in three specially selected groups of
adults in centres in the United States and Europe: adults with con-
firmed autism or Asperger syndrome (n = 201), adults with other men-
tal disorders who were not autistic (n = 302), and adults with no
previous mental health disorders (n = 276). The RAADS-R discrimi-
nated well between the groups (100% specificity; 97% sensitivity;
Ritvo et al., 2011), but the mean RAADS-R scores in the nine research
centres were significantly different, and there was potential for clini-

cian bias in supporting the participant to complete the questionnaires.
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TAB LE, 1 .Probablllty of selec.tlon for Pre September 2012 Post September 2012

second interview by total scores in the

autism-spectrum quotient (AQ) and Probability N Probability N Total

Ritvo autism-Asperger's diagnostic scale- Total AQ score 0-19 01 126 03 31 157

revised (RAADS-R)
20-24 0.2 112 0.6 18 130
25-29 0.3 62 0.9 11 72
30-39 0.6 69 1.0 18 86
40+ 1.0 9 1.0 1 10
Total - 378 - 79 457

Total RAADS-R score 0-49 0.1 92 0.3 24 116

50-79 0.2 79 0.6 10 89
80-129 0.3 126 0.9 27 153
130-179 0.6 60 1.0 10 70
180+ 1.0 8 1.0 2 10
Total - 365 - 73 438

The reference standard used to assess criterion-related validity was
the ADOS Module 4 (Lord et al., 2000) already validated in the adult gen-
eral population in England in comparison with two autism standardised
assessments, the Diagnostic Interview for Social and Communication Dis-
orders (DISCO) and Autism Diagnostic Interview - Revised (ADI-R)
(Brugha et al., 2012). The ADOS is a widely used instrument for assessing
behaviours described in autism, developed by Catherine Lord et al (Lord,
Rutter, Dilavore, & Risi, 2002). The assessment consists of a series of
structured and semi-structured tasks that involve social interaction
between the interviewer and individual. Module 4 is designed for adults
with fluent verbal ability. Interviewers completed extensive training and

reliability assessment as described previously (Brugha et al., 2011).

2.2 | Statistical methods

For the purposes of this study, we allowed up to three missing values in the
questionnaires: Missing values were then imputed as the average (mean) of
the other items in the respective questionnaire. Population demographics,
psychiatric diagnoses, and the distribution of AQ and RAADS-R scores were
described and tested for normality. Internal consistency of items on the
questionnaires was assessed using Cronbach's alpha (Cronbach, 1951). Spe-
arman's correlations between AQ and RAADS-R scores with the ADOS
Module 4 were calculated. Receiver operating characteristic (ROC) curves
were used to identify “optimal” (at least 0.7 for both sensitivity and specific-
ity) cutoff threshold scores on both the AQ and RAADS-R for identifying
autism cases (as measured by an ADOS Module 4 score of 10+). For both
questionnaires, sensitivity and specificity, with 95% confidence intervals
(Cls) were calculated. For the questionnaires to have opt in potential, speci-
ficity needed to be 0.7 or above. Thus, optimal sensitivity and specificity
was set to be the highest sensitivity for a specificity 20.7.

Test-retest reliability for the repeat questionnaires was assessed
using Bland-Altman plots (Bland & Altman, 1986). The intra-class
coefficient was coded using methods described by Baumgartner and
Jackson (1995), assuming random measurement error and no system-

atic bias between tests.

3 | RESULTS

3.1 | Response rate and participant characteristics
Between July 2011 and December 2012, 739 of 1,479 (50%) eligible
patients from outpatient/community mental health team, inpatient,
and other mental health settings agreed to take part in the study and
to complete both the AQ and RAADS-R questionnaires (Figure 1).
The researcher recorded gender and broad age group (estimated if
not provided) of nonparticipants. The age and gender of participants
and nonparticipants was similar, but there were proportionally more
male participants (50% participants vs. 46% nonparticipants), and
participants were also marginally older (28% participants vs. 24%
nonparticipants were aged 50+ years). As expected, refusals
(directly to research team member or informed by the health profes-
sional) were more common in outpatient/community mental health
team settings than in inpatient units (57% and 30%, respectively).

Of the 738 participants, 457 (62%) completed the AQ and
438 (59%) completed the RAADS-R. About one-third of the question-
naires (n = 144 AQ and n = 172 RAADS-R) had between one and
three missing items requiring imputation. The remaining 254 (34%)
participants did not return or failed to fully complete the question-
naires (Table 2). A total of 624 participants allowed access to their
recorded psychiatric diagnoses. The most common diagnosis was
mood disorder, primarily bipolar affective disorder (n = 39; 23% of
mood disorders) or depression (n = 62; 37% of mood disorders;
Table 3).

3.2 |
items

Internal consistency of AQ and RAADS-R

The median total score on the AQ was 22 (range 3 to 46). The scores
appeared to be normally distributed (Shapiro-Wilk test p =.11;
Table 4). Internal consistency for items on the AQ using Cronbach's

alpha was good (a = 0.85) with the average inter-item correlation
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TABLE 2 Characteristics of participating mental health service users and questionnaire completion by mental health setting

All settings Inpatient units Outpatient/ community mental health settings Other
Service users N (%) N (%) N (%) N (%)
Participants 738  (100.0) 239 (100.0) 476 (100.0) 23 (100.0)
Age group (years) <40 312 (42.3) 117 (49.0) 189 (39.7) (26.1)
40-49 220  (29.8) 62 (25.9) 152 (31.9) (26.1)
50+ 206  (27.9) 60 (25.1) 135 (28.4) 11 (47.8)
Gender Male 366  (49.6) 135 (56.5) 217 (46.6) 14 (60.9)
Female 372 (50.4) 104 (43.5) 259 (54.4) 9 (39.1)
Questionnaire completion
AQ 457 185 256 16
RAADS-R 438 174 248 16
Both incomplete 45 (6.1) 17 (7.1) 21 (4.4) 7 (30.4)
Not returned 209 (28.3) 25 (10.5) 184 (38.7) (0.0)

lower than the recommended range (0.15 to 0.50; Simms & Watson,

2007), from 0.097 for Item 47 to 0.106 for Item 9.

The median total score on the RAADS-R was 84.5 (range O to 207).
We found evidence that the scores did not follow a normal distribution

(Shapiro-Wilk p < .001). Internal consistency for items on the RAADS-R

using Cronbach's alpha was good (a = 0.95) with the average inter-item

correlation within the recommended range (.15 to .50; Simms & Watson,
2007), from .202 for Item 56 and Item 60 to .208 for Item 40.
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TABLE 3 Mental health service recorded psychiatric diagnoses
(by broad ICD-10 category) of participating mental health service users

Characteristic Number (%)

Consenting participants® 624 (100.0)

No diagnosis within time frame 243 (38.9)

Diagnosis within time frame (ICD-10)° 381 (61.1)

Mental and behavioural disorders due to alcohol/ 73(11.7)
substance misuse (F1x.x)

Schizophrenia, schizotypal and delusional 64 (10.2)
disorder (F2x.x)

Mood disorder (F3x.x) 167 (26.8)

Neurotic, stress-related and somatoform 43(6.9)
disorders (F4x.x)

Personality disorder (Fé6x.x) 61 (9.8)

Autism spectrum disorders (F84.x) 6(1.0)

Attention deficit hyperactivity disorder (F90.x) 5(0.8)

Other mental health disorders (FOx.x, F5x.x, F81. 12 (1.9)

X, F95.x)

Note. Percentages do not always add up to 100.0 because of
rounding. Abbreviation: ICD; International Classification of Diseases.
Number who gave permission to access diagnoses.

bDiagnoses total to 431 owing to individuals having more than one
diagnosis.

3.3 | Criterion-related validity of the AQ and
RAADS-R

One hundred and fifty-three eligible participants who had completed the
AQ and/or the RAADS-R took part in the reference interview assess-
ment with the ADOS Module 4. In total, 98 interviews were conducted
among participants who completed either or both questionnaires. One
hundred and forty-five participants had completed the AQ of whom
93 participants agreed to be interviewed (response rate 64.1%), usually
in their own home. One participant had such complex difficulties that
the interviewers did not feel confident in scoring the ADOS Module
4. This participant was excluded from the analyses, leaving 92 remaining.

Scores in the AQ and ADOS Module 4 were moderately corre-
lated (Spearman's rho = 0.44) and appeared to follow a normal distri-
bution (Shapiro-Wilk p =.11). Scores had good internal consistency
(o = 0.85), but average inter-item correlations were lower than the
recommended range (.15 to .50; Simms & Watson, 2007) ranging from
.097 for Item 47 to .106 for ltem 9.

Using the recommended cutoff threshold in the ADOS Module
4 of 7+ for ASD, with a minimum of 2+ for communication and 4+ for
reciprocal social interaction, 25 cases of ASD were identified. Nine-
teen adults met the higher threshold of 10+ for autism (4.8%; 95% Cl
[2.9, 7.5]): 8 were men and 11 were women.

Of these 19 research-identified adult autism cases, only one had
a recorded service coded diagnosis of ASD prior to entering the study.
The most common service diagnoses in those remaining were person-
ality disorders (n = 5; 28%) and mood disorders (n = 3; 17%).

Using the higher cutoff threshold for autism, the ROC curve for
AQ revealed a “fair” diagnostic accuracy (Cicchetti & Sparrow, 1981,

TABLE 4 Summary of criterion-related validity and test-retest
reliability findings for the autism-spectrum quotient and Ritvo
autism-Asperger's diagnostic scale-revised

Content AQ RAADS-R

Distribution of Normally distributed Not normally
scores distributed

Internal Good internal Excellent internal
consistency of consistency consistency
items (= 0.85) (a = 0.95)

Inter-item Inter-item correlations
correlations outside within recommended
recommended range
range

Diagnostic Fair diagnostic Fair diagnostic
accuracy accuracy (area accuracy (area under
under ROC curve ROC curve 0.79)
0.77)
Sensitivity and 0.79 and 0.77 at 0.75 and 0.71 at cutoff
specificity cutoff 231 2120

Test-retest Excellent (ICC = 0.90) Excellent (ICC = .88)

reliability

Abbreviations: AQ, autism-spectrum quotient; ICC, intra-class correlation
coefficient; RAADS-R, Ritvo autism-Asperger's diagnostic scale-revised;
ROC, receiver operating characteristic.

Fleiss, 1981; area under the ROC curve = 0.77; Figure 2). Optimal sen-
sitivity and specificity was at a cutoff of 31, with sensitivity 0.79 (95%
CI [0.54, 0.94]) and specificity 0.77 (95% CI [0.65, 0.86]).

For adults who had completed the RAADS-R, the response rate
was again 64.1%. As before, one participant was excluded owing to
her complex difficulties. Scores in the RAADS-R and ADOS Module
4 were moderately correlated (Spearman's rho = 0.47), and we found
evidence that they did not follow a normal distribution (Shapiro-Wilk
p < .001). Internal consistency for items was excellent (a« = 0.95) and
average inter-item correlations were within the recommended range
(.15 to .50; Simms & Watson, 2007), ranging from .202 for Item
56 and Item 60 to .208 for Item 40.

Sixteen adults met the higher ADOS threshold of 10+ for autism:
6 were men and 10 were women. As before, the most common ser-
vice recorded diagnosis, among those remaining research identified
adult autism cases, were personality disorders (n = 5; 33%) and mood
disorders (n = 3; 20%).

Using the higher ADOS threshold for autism, the ROC curve for
RAADS-R revealed a “fair” diagnostic accuracy (Cicchetti & Sparrow,
1981, Fleiss, 1981; area under the ROC curve = 0.78; Figure 2). Opti-
mal sensitivity and specificity was at a cutoff of 120-126, with sensitiv-
ity 0.75 (95% Cl [0.48, 0.93]) and specificity 0.71 (95% Cl [0.60, 0.81]).

3.4 | Test-retest reliability of the AQ and
RAADS-R

Twenty participants completed the AQ, and 26 participants completed
the RAADS-R for a second time within 1-3 months of first completion,
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with mean baseline AQ scores 21 (range 6-39) and mean baseline
RAADS-R scores 87 (range 6-192). Using Bland-Altman plots
(Figure 3,b), we found no significant differences between the mean
values for the two administrations of either the AQ or RAADS-R and
no evidence of systematic bias (AQ: mean difference = —0.80; 95% Cl
[-2.83, 1.23]; p = .42, and RAADS-R: mean difference = —5.19; 95% Cl
[-16.89, 6.51]; p = .37). The intra-class correlation coefficient for the
two AQ tests was .90 (95% Cl [0.82, 0.99]) and for the two RAADS-R
tests was .88 (95% ClI [0.80, 0.97]) suggesting excellent test-retest reli-
ability (Table 4).
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4 | DISCUSSION

Overall, the findings suggest that both the self-completion question-
naires, the AQ and the RAADS-R, may be useful in facilitating psychia-
trists' and psychologists' referrals to ASD services for a diagnostic
assessment. However, the questionnaires cannot be used in isolation,
but in conjunction with clinical judgement and other ASD assessment
tools if necessary. Of note, 6% (n = 44) of the participants could not
complete either questionnaire, suggesting that a significant minority
of mental health services users with capacity struggle with these self-
completion questionnaires and need to be assessed differently. This
has implications for their use in clinical practice.

Neither questionnaire appeared to be superior in this study. Iltems
in the AQ were less internally consistent than items in the RAADS-R,
but the AQ appeared to be easier to complete, and we noted that more
participants failed to complete the RAADS-R than the AQ (12%
vs. 10%). The optimal threshold for the RAADS-R was also substantially
higher than that recommended by the developers (120 vs. 65), which
might, in part, be explained by the different study populations, but
merits further investigation. More than half of our service users met
the threshold for autism using this recommended (lower) cut off, which
is concerning. Our study interviewers remarked that participants
seemed to struggle more with the scoring options for RAADS-R; also
they appeared to become confused by what some of the questions
were asking, especially those looking at sensory issues or emotions.
The RAADS-R developers encourage clinician support to patients when
completing the test but do permit unsupervised use, which would
reduce cost of use. In our study, although support was offered to all
patients, a minority of patients would insist on taking the question-
naires away with them to complete on their own, potentially impacting
on the effectiveness of this measure for such individuals.

Although the male to female ratio was similar among the 392 indi-

viduals who completed the questionnaires (48.7% men and 51.3%

Ritvo Autism-Asperger’s Diagnostic Scale— Revised (RAADS-R)
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(a) Bland-Altman Plot for test-retest agreement of the Autism Spectrum Quotient (AQ) and (b) Ritvo autism-Asperger's

diagnostic scale-revised (RAADS-R). Intra-class correlation coefficient = .90 for AQ; intra-class correlation coefficient = .88 for RAADS-R
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women), we identified more autism cases among women than men,
which is contrary to the literature in the general population where
autism is more prevalent among men (Brugha et al., 2011, Fombonne,
2005, Newschaffer et al, 2007). Five of the women with ADOS-
determined autism (45%) had a diagnosis of borderline personality dis-
order, which might support previous research that ASD can be
“masked” by such disorders (Rydén et al., 2008). Alternatively women
with undiagnosed ASD appear to be more likely than men to mimic
“normal” behaviour and repress autistic behaviour, which can be
exhausting and potentially harmful to their mental health (Yaull-Smith,
2008). However, our findings might also suggest false positives with
the ADOS Module 4. We also cannot rule out the possibility that
adults with ASD were more likely to agree to take part in the project
because they were interested in the subject area.

The high proportion (38.9%) of consenting participants lacking a
pre-existing mental health diagnosis is likely to be because these
patients had yet to commence or were still undergoing an initial
assessment of their mental health at the time their research assess-
ment was completed, such that a formal diagnosis had not yet been
determined and coded (and we did not make a record of delayed cod-
ings). Additionally, the approach towards coding for pre-existing men-
tal health diagnoses being limited to diagnoses within 2 years prior to
questionnaire completion (or 5 years in the case of ASD and attention
deficit hyperactivity disorder) could miss diagnoses made prior to this
point.

Both the AQ and RAADS-R were evaluated by their original
developers using a case-control design that is not recommended in
test evaluations (Leeflang, Deeks, Takwoingi, & Macaskill, 2013) and
which is likely to result in possibly as much as a threefold over-
estimation of sensitivity and specificity (Lijmer et al., 1999). This
design does not take account of the different prevalence of ASD both
in the population in which the questionnaires would be completed
and in the normal (neurotypical) control groups. Such tests should be
evaluated in samples representative of people whose reference diag-
nosis is unknown and for whom the test is therefore likely to be used,
whereas in both of the developer evaluations, subjects were chosen
whose diagnosis was already known. Furthermore, we found that the
threshold on the AQ recommended by the original developers per-
formed optimally in our ROC analyses in our methodologically rec-
ommended cohort design, which was marked in contrast to the
RAADS-R in which the developers' recommended cutoff threshold
that is clearly far too low and should not be used. Therefore, it could
be argued that the marked difference in optimal cut point on the
RAADS-R not found in the AQ is due to other population differences
between all three of these studies rather than to the case-control
design used by both developers, such as differences in population
composition and in the underlying disorder prevalence. If so, the regu-
lar use of such tests must be verified in local calibration estimations,
and the so called recommended thresholds should not be relied upon
until evaluated independently. When tested in a randomly selected
general population community sample, a reduced version of the AQ
performed poorly (Brugha et al., 2011). Therefore, it is somewhat
encouraging that in a sample of users of adult mental health services,

likely to have high levels of psychiatric comorbidity, it appears to be
cost effective (as does the RAADS-R).

There have been a number of other published independent evalu-
ations of the AQ and the RAADS-R described in systematic reviews of
the literature (National Collaborating Centre for Women's and Chil-
dren's Health, 2011; National Institute for Health and Care Excellence,
2014) and most recently by Wigham et al. (2018). The sensitivity and
specificity of the AQ-50 and the AQ-10 were found to be good
(280%) when comparing archival clinical data from adults with ASD,
against a general population group (Wigham et al., 2018). In possibly
the only study to evaluate the AQ in a large cohort design (Ashwood
et al.,, 2016), findings were reported using the subject and informant
versions of the AQ-50 and the AQ-10. Participants were consecu-
tively referred to an ASD assessment clinic, from primary care and
from tertiary care settings, and had high rates of comorbid mental
health conditions. Across both AQ versions, sensitivity was above
71%, but specificity was less than 38%. The review authors concluded
that the findings from these studies suggest that due to low levels of
specificity, the AQ is not a reliable indicator of which people should
progress to a full ASD assessment (Wigham et al., 2018). The same
review (Wigham et al., 2018) covered the few published evaluations
of the RAADS-R drawing the same conclusion that due to poor speci-
ficity, it could not be recommended; it is notable that all the evalua-
tions identified used the case-control design. Therefore, the present
study appears to be the first to use a cohort design to evaluate the
RAADS-R.

5 | STRENGTHS AND LIMITATIONS

A major strength of this evaluation is the use of a representative sam-
ple of one population of clinical relevance; many such evaluations
compare different populations (e.g., people known to have a disease
who are compared with controls who are highly unlikely to have the
disease) leading to biased overestimation of the sensitivity and speci-
ficity of a test (Lijmer et al., 1999). It is an approach that fits with the
reason for the choice of a test, which is to assist in identifying individ-
uals from the same population who warrant closer and costlier
investigation.

Inevitably, there are some possible study limitations. The findings
are dependent on the accuracy of the reference standard measure,
the ADOS Module 4, which is a well-established and validated assess-
ment tool for ASD in the adult general population (Brugha et al.,
2012). Our own experience suggests that participants may have
scored artificially high in the assessment because of their ongoing
mental health difficulties. In total, 392 participants completed either
test questionnaire and agreed to take part in a subsequent interview.
Assuming that we identified all cases of autism using the weighted
sampling strategy for second interview, the 19 cases of autism we
identified equates to 4.8% of the mental health service user popula-
tion, higher than previous estimates of 3% (Nylander & Gillberg,
2001). Furthermore, the finding that only one of the 19 cases of
autism identified in the present research was already recognised by
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the specialist mental health service they were attending is retrospec-
tive and does not take account of the fact that some participants had
no previous contact with the service or that autism may have been
recognised by the service after the participant joined the study.
Therefore, recognition levels by services may not be as poor as this
finding implies. Additionally, our prevalence estimate and standard
error did not take account of the weighted sampling strategy because
the study was small and may not be representative of other such pop-
ulation settings. A further limitation is that we did not use a
standardised developmental assessment, which is often unobtainable
in adulthood, but which is a recommended part of an autism assess-
ment (American Psychiatric Association, 2013), but relied only on one
measure (the ADOS) to classify autism cases. Although best practice
diagnostic procedures often recommend including the ADOS Module
4 in conjunction with other assessment tools, such as a developmental
assessment (Pugliese et al., 2015), our review of the literature on pos-
sible limitations of the ADOS show that there has as yet been no
definitive research addressing this question. Nevertheless, it cannot
be ruled out that the presence of psychiatric comorbidity could have
elevated the ADOS scores, which potentially inflated the rate of
autism and rates of comorbidity described in this study population,
and that an unknown proportion of such cases could have had an
onset of social communication psychopathology later than childhood.

The use of a two-phase survey design is a further limitation; this
was necessary as the condition being studied is relatively uncommon
and it would have been very costly to conduct ADOS examinations on
everyone in the first phase sample, who had completed at least one of
the two test questionnaires. Therefore, unfortunately, positive and
negative predictive value could not be accurately calculated because
both are highly sensitive to the correct classification of cases and
non-cases, which is reduced by the further sampling required in a two
phase design. Negative predictive value would have been of value to
clinicians as it can be used to underpin a decision that suspicion of a
condition is not warranted and further testing and investigation are
unnecessary. Indeed, to clinicians, this is a particularly valued property
of a test. Further work in this area is clearly required.

Our two test questionnaire results are based on the optimal cut
point on each test determined by our ROC analysis. That cut point hap-
pens to be identical to that originally recommended by the developers of
the AQ, thus satisfying an important prerequisite of test evaluations that
the test result is not determined by the criterion measure (i.e., ADOS).
However, as pointed out earlier, the RAADS-R did not satisfy this pre-
requisite; the cut point recommended by its developers was 65 and not
120 in our evaluation. Therefore, this new higher cut point does need to
be evaluated independently.

Strictly speaking, as noted above, a test should be evaluated in the
population in which it is likely to be used; therefore, we do not know
how these tests would perform in adult mental health patients clinically
judged to need testing. Instead, we evaluated these two tests in the
whole of a population in which practice until now has rarely been to
consider the value of testing for autism. As autism awareness grows and
as clinicians and Multi-disciplinary team (MDTs) are increasingly

supported and trained to be more aware of the presence of comorbid

autism, the design of such studies should focus instead on those clini-
cally judged to be more likely benefit from such a test. But an advantage
of our study is that we have obtained an estimate of the prevalence of
autism in the adult mental health service user population and an esti-
mate of its under recognition, neither of which would have been possi-
ble if we focused on studying only those likely to be tested in practice.
A final limitation for some users of our findings will be the fact
that service users in contact with eating disorder services could not

be included in this study.

6 | CONCLUSIONS AND CLINICAL
IMPLICATIONS

The AQ and RAADS-R can be used to facilitate referrals from mental
health settings to autism diagnostic services, but not on their own to
determine a diagnosis. But in order to develop the capacity to meet
this largely unrecognised need, mental health services will have to
adapt. Only one of the 19 cases of autism identified in the present
research was already recognised by the specialist mental health ser-
vice they were attending. This and the finding that almost one in
20 service users has autism suggests that adult psychiatrists and allied
mental health professionals should all be trained and experienced in
identifying autism.

ACKNOWLEDGEMENTS

We would like to thank all mental health service users who kindly
gave their time to be part of this project and allowed us into their
homes. We gratefully acknowledge the research volunteers who hel-
ped us with recruitment, especially Faeza Seedat, Kristina Woodward,
and Anne-Marie Thomas. We also thank the expert panel who com-
mented on the questionnaires and CLAHRC LNR for ably guiding us
through the project, in particular Phil Shelton. We thank Lewis S and
Lovett C, who assisted with research interviews and Jane Smith with
study organisation. Finally, we would like to acknowledge Dr Dave
Clarke PhD (LPT) and the psychiatrists who went out of their way to
help us with recruitment, particularly Professor Bhaumik (LPT), Dr
Chakraborty (LPT), Dr Kunigiri (LPT), Dr Minajagi (LPT), Dr Villanova
(LPT), Dr Chawla (NHFT), and Dr Malik (NHFT).

CONFLICT OF INTEREST
The authors have no conflict of interest to declare.

ORCID

Traolach Brugha "= https://orcid.org/0000-0002-9786-9591

REFERENCES

American Psychiatric Association. (2013). Diagnostic and statistical manual
of mental disorders, fifth edition (DSM-5™). Washington DC: American
Psychiatric Press.

Ashwood, K. L. Gillan, N., Horder, J., Hayward, H., Woodhouse, E.,
Mcewen, F. S., ... Murphy, D. G. (2016). Predicting the diagnosis of
autism in adults using the autism-spectrum quotient (AQ) questionnaire.
Psychological Medicine, 46, 2595-2604.


https://orcid.org/0000-0002-9786-9591
https://orcid.org/0000-0002-9786-9591

BRUGHA €T AL

WILEY_L 2

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., & Clubley, E.
(2001). The autism-spectrum quotient (AQ): Evidence from Asperger
syndrome/high-functioning autism, males and females, scientists and
mathematicians. Journal of Autism and Developmental Disorders,
31,5-17.

Baumgartner, T. A., & Jackson, A. S. (1995). Measurement for evaluation in
physical education and exercise science (5th ed. pp. 113-118).
Dubuque, IW: Brown and Benchmark.

Bland, J. M., & Altman, D. G. (1986). Statistical methods for assessing
agreement between two methods of clinical measurement. Lancet,
327,307-310.

Brugha, T. S., Mcmanus, S., Bankart, J., Scott, F., Purdon, S., Smith, J., ...
Meltzer, H. (2011). Epidemiology of autism spectrum disorders in
adults in the community in England. Archives of General Psychiatry, 68,
459-465.

Brugha, T. S., Mcmanus, S., Smith, J., Scott, F. J., Meltzer, H., Purdon, S, ...
J., B. (2012, in press). Validating two survey methods for identifying
cases of autism spectrum disorder among adults in the community.
Psychological Medicine, 42, 647-656.

Brugha, T. S., Spiers, N., Bankart, J., Cooper, S. A., Mcmanus, S., Scott, F. J.,
... Tyrer, F. (2016). Epidemiology of autism in adults across age groups
and ability levels. The British Journal of Psychiatry, 209, 498-503.

Cicchetti, D. V., & Sparrow, S. (1981). Developing criteria for establishing
interrater reliability of specific items: Application to assessment of
adaptive behavior. American Journal of Mental Deficiency, 86, 127-137.

Commission for Social Care Inspection. (2008). Cutting the cake fairly.
London: Commission for Social Care Inspection.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests.
Psychometrika, 16, 297-334.

Department of Health. (2006). Better services for people with an autistic
spectrum disorder. London: Department of Health.

Fleiss, J. (1981). Statistical methods for rates and proportions (2nd ed.).
New York: John Wiley.

Fombonne, E. (2005). Epidemiological studies of pervasive developmental
disorders. In F. R. Volkmar, R. Paul, A. Klin, & D. Cohen (Eds.), Hand-
book of autism and pervasive developmental disorders (3rd ed.). Hobo-
ken, NJ: John Wiley & Sons, Inc..

Health, D. O. (2014). Think autism: Fulfilling and rewarding lives, the strat-
egy for adults with autism in England. An update. In London: Depart-
ment of Health.

Health, D. O. (2015). Statutory guidance for local authorities and NHS
organisations to support implementation of the adult autism strategy.
In London: Department of Health.

Knapp, M., Romeo, R., & Beecham, J. (2009). Economic cost of autism in
the UK. Autism, 13, 317-336.

Kopp, S., & Gillberg, C. (1997). Selective mutism: A population-based
study. A research note. Journal of Child Psychology and Psychiatry, 38,
257-262.

Leeflang, M. M., Deeks, J. J., Takwoingi, Y., & Macaskill, P. (2013).
Cochrane diagnostic test accuracy reviews. Systematic Reviews, 2, 82.

Lijmer, J. G., Mol, B. W., Heisterkamp, S., Bonsel, G. J., Prins, M. H., Van Der
Meulen, J. H., & Bossuyt, P. M. (1999). Empirical evidence of design-
related bias in studies of diagnostic tests. JAMA, 282, 1061-1066.

Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Jr., Leventhal, B. L,
Dilavore, P. C.,, ... Rutter, M. (2000). The autism diagnostic observation
schedule-generic: A standard measure of social and communication
deficits associated with the spectrum of autism. J. Autism Dev. Disord,
30, 205-223.

Lord, C., Rutter, M., Dilavore, P. C., & Risi, S. (2002). Autism diagnostic
observation schedule. In ADOS Manual. Los Angeles: Western Psycho-
logical Services.

National Audit Office. (2009). Supporting people with autism through adult-
hood. London: NAO.

National Collaborating Centre For Women's And Children's Health. (2011).
Autism: Recognition, referral and diagnosis of children and young people
on the autism spectrum (Clinical Guideline 142). London: National Insti-
tute for Health and Clinical Excellence.

National Institute For Health And Care Excellence. (2014). Autism in adults
evidence update (p. 59). London: National Institute for Health and Care
Excellence.

Newschaffer, C. J., Croen, L. A., Daniels, J., Giarelli, E., Grether, J. K.,
Levy, S. E., ... Windham, G. C. (2007). The epidemiology of autism
spectrum disorders. Annual Review of Public Health, 28, 235-258.

Nylander, L., & Gillberg, C. (2001). Screening for autism spectrum disorders
in adults psychiatric out-patients: A preliminary report. Acta Psy-
chiatrica Scandinavica, 103, 428-434.

Pugliese, C. E., Kenworthy, L., Bal, V. H., Wallace, G. L., Yerys, B. E,,
Maddox, B. B., ... Anthony, L. G. (2015). Replication and comparison of
the newly proposed ADOS-2, Module 4 algorithm in ASD without ID:
A multi-site study. Journal of Autism and Developmental Disorders, 45,
3919-3931.

Rastam, M. (2008). Eating disorders in autism spectrum disorders with focus
on adolescent and adult years. Clinical Neuropsychiatry, 5, 31-42.

Ritvo, R. A, Ritvo, E. R., Guthrie, D., Ritvo, M. J., Hufnagel, D. H.,,
Mcmahon, W.,, ... Eloff, J. (2011). The Ritvo autism Asperger diagnostic
scale-revised (RAADS-R): A scale to assist the diagnosis of autism
Spectrum disorder in adults: An international validation study. Journal
of Autism and Developmental Disorders, 41, 1076-1089.

Rydén, G., Rydén, E., & Hetta, J. (2008). Borderline personality disorder
and autism spectrum disorder in females - A cross-sectional study.
Clinical Neuropsychiatry, 5, 22-30.

Simmes, L. J., & Watson, D. (2007). The construct validation approach to per-
sonality scale construction. In R. W. Robins, C. Fraley, & R. F. Krueger
(Eds.), Handbook of research methods in personality psychology (p. 251).
New York: Guilford Press.

Wigham, S., Rodgers, J., Berney, T., LE Couteur, A., Ingham, B. & Parr, J. R.
2018. Psychometric properties of questionnaires and diagnostic mea-
sures for autism spectrum disorders in adults: A systematic review.
Autism, 23, 287-305. 1362361317748245.

Woodbury-Smith, M. R, Robinson, J., Wheelwright, S., & Baron-Cohen, S.
(2005). Screening adults for Asperger syndrome using the AQ: A pre-
liminary study of its diagnostic validity in clinical practice. Journal of
Autism and Developmental Disorders, 35, 331-335.

Yaull-Smith, D. (2008). Girls on the spectrum. NAS Communication, 31-32.
https://www.autismhampshire.org.uk/assets/uploads/Dale-Yaull-Smith-
Communication-Spring-2008.pdf

How to cite this article: Brugha T, Tyrer F, Leaver A, et al.
Testing adults by questionnaire for social and communication
disorders, including autism spectrum disorders, in an adult
mental health service population. Int J Methods Psychiatr Res.
2020;29:e1814. https://doi.org/10.1002/mpr.1814



https://www.autismhampshire.org.uk/assets/uploads/Dale-Yaull-Smith-Communication-Spring-2008.pdf
https://www.autismhampshire.org.uk/assets/uploads/Dale-Yaull-Smith-Communication-Spring-2008.pdf
https://doi.org/10.1002/mpr.1814

	Testing adults by questionnaire for social and communication disorders, including autism spectrum disorders, in an adult me...
	1  INTRODUCTION
	2  METHOD
	2.1  Instruments
	2.2  Statistical methods

	3  RESULTS
	3.1  Response rate and participant characteristics
	3.2  Internal consistency of AQ and RAADS-R items
	3.3  Criterion-related validity of the AQ and RAADS-R
	3.4  Test-retest reliability of the AQ and RAADS-R

	4  DISCUSSION
	5  STRENGTHS AND LIMITATIONS
	6  CONCLUSIONS AND CLINICAL IMPLICATIONS
	ACKNOWLEDGEMENTS
	  CONFLICT OF INTEREST
	REFERENCES


