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Abstract

Background: Anxiety is highly prevalent in autistic adults and can cause a significant impact on functioning
and quality of life. There are no existing measures of anxiety designed and validated specifically for autistic
adults. In this study, we aimed to adapt an existing anxiety measure designed for autistic children, in collab-
oration with autistic adults and other professionals, to make it suitable for use for autistic adults and to examine
the measurement properties of the newly designed measure.

Methods: Through consultation with autistic adults and professionals working with autistic people, we de-
veloped a preliminary self-report anxiety measure. Five hundred fifty-one autistic adults completed the measure
and another measure of anxiety and depression (the Hospital Anxiety and Depression Scale). Participants
completed measures again after 1 month to determine test/retest reliability. We split the sample to enable
exploratory and confirmatory factor analyses to be undertaken on different samples. We conducted internal
consistency and convergent and divergent validity analyses. We completed receiver operator curve (ROC)
analyses to investigate sensitivity and specificity and identify an indicative clinical cutoff.

Results: Our findings indicate that the Anxiety Scale for Autism-Adults (ASA-A) has promising psychometric
properties. Factor analysis indicated that a bifactor solution with orthogonal general and specific factors was an
adequate fit and that minimal measurement bias would occur if the scale were treated as unidimensional, so the
total score could be used as a valid measure of anxiety. We identified a General Anxiety factor and three group
factors (Social Anxiety, Uncertainty, and Anxious Arousal). ROC analysis indicated a score of 28 could be
considered an indicative clinical cutoff.

Conclusion: The ASA-A is the first self-report anxiety questionnaire specifically developed and validated for
autistic adults. Preliminary evaluation of the measurement properties indicates that the scale will be a useful
tool in research and clinical contexts.
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Lay Summary
Why was this study done?

Autistic adults commonly experience anxiety, which can have a huge impact on their quality of life. One way of
identifying anxiety is by using questionnaires. Research shows that anxiety may be experienced differently by
autistic people, and so, questionnaires that have been created for neurotypical adults may not be suitable for
autistic adults. At present, there are no anxiety measures that have been adapted specifically for autistic adults.
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What was the purpose of this study?

Our team previously created an anxiety questionnaire for autistic children—the Anxiety Scale for Children-
Autism Spectrum Disorder (ASC-ASD). We aimed to adapt this questionnaire to make it suitable for autistic
adults.

What did the researchers do?

We met with autistic people and professionals, and asked them how to change the ASC-ASD to make it suitable
for measuring anxiety in autistic adults. We discussed whether the questions were appropriate for adults, if the
questions were worded clearly, and if anything was missing. We then created the Anxiety Scale for Autism-
Adults (ASA-A).

What did we find?

Once the questionnaire was created, 551 autistic adults with anxiety completed it. We used this information to
test whether the questionnaire was a good way of measuring anxiety. We also tested the questionnaire sub-
scales, which were as follows: Anxious Arousal, Social Anxiety, and Uncertainty. We found that the ques-
tionnaire is useful in giving a total score for anxiety, and we found that a score of 28 indicated anxiety that was
likely to have an impact on someone’s daily life. Each subscale was also found to be useful for providing a
“profile” of anxiety.

What do these findings add to what was already known?

These findings suggest that the ASA-A is a good way of measuring anxiety in autistic adults. This is the first
anxiety measure to be developed for autistic adults. This study is the first step toward testing out the usefulness
of the measure. We hope that our questionnaire can be further tested and that in the future it will help to identify
anxiety experienced by autistic adults more accurately. This would mean that the results of future studies are
more likely to be valid, which should help improve what we know about the anxiety autistic people experience.

What are potential weaknesses in the study?

We used another anxiety measure to measure anxiety levels when testing what the cutoff score should be on our
measure. A clinical interview may have been a more accurate way, and should be done in the future to check
that the cutoff of 28 on the ASA-A is still appropriate for identifying anxiety in autistic adults.

We recruited autistic adults from a database of people who are interested in taking part in research. This helped
us to get enough people to test the questionnaire, but we cannot tell how well these results apply to all autistic
people. Testing the questionnaire with other autistic people, including those who may need some assistance
with reading or who may need someone else to complete it on their behalf will let us know.

How will these findings help autistic adults now or in the future?

The final questionnaire, the ASA-A, has been shown to accurately measure anxiety in autistic adults who do not
have an intellectual disability. The questionnaire will be helpful in both clinical and research services.

Introduction

UTISTIC ADULTS EXPERIENCE anxiety at significantly
higher rates than the general population,' with the
pooled estimate of current anxiety in autism spectrum con-
dition (ASC) reported to be 27% (lifetime prevalence 42%)>
compared with a general population pooled prevalence of
10.6% (lifetime prevalence 16.6%).> The reported preva-
lence of anxiety in autistic adults varies between studies
5 %—77%).4’5 The wide variation in rates of anxiety in autism
may be due to an autism-related presentation of anxiety not
captured by tools validated with neurotypical people.®~'°
A recognition of the need for autism-specific measures of
anxiety has recently led to the development of two pediatric
tools, the ASC-ASD and the Parent Rated Anxiety Scale for

Youth with Autism (PRAS-ASD)."" The ASC-ASD includes
both parent and child self-report version, whereas the PRAS-
ASD is parent report only. The ASC-ASD is an anxiety
measure validated specifically for autistic children.'* Studies
report autistic children with a diagnosis of anxiety scored
significantly higher on the scale than those with no diagnosis,
indicating a good level of sensitivity.'>'* The ASC-ASD is
now used widely in research and clinical services and has
been translated into a number of languages. Currently there
are no autism-specific anxiety measures for autistic adults.
The measurement properties of only one anxiety measure,
the Hospital Anxiety and Depression Scale (HADS),"> have
been investigated with autistic adults.'® The HADS is a
general population measure that does not include autism-
specific items, and so may miss some important aspects of
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anxiety experienced by autistic people. Based on the evi-
dence that there may be a differential presentation of anxiety
in autistic adults,6’10 there is a need to create an anxiety
measure specifically for autistic adults, including items un-
derpinned by existing knowledge of how anxiety presents in
ASC, to ensure that anxiety is accurately identified. The
purpose of the current study was therefore to develop and
provide preliminary validation of the measurement properties
of a self-report anxiety measure specifically developed for
and validated with autistic adults. The content of the tool has
been derived from previous work on the ASC-ASD and in-
cludes autism-related anxiety items, which are not included
in general population measures, such as the HADS.
The aims of this study were to:

e Modify the ASC-ASD through consultation with au-
tistic adults and professionals working with autistic
adults.

e Pilot the new measure with autistic adults to investigate
its measurement properties.

Methods
Stage 1

We used a consultation design to adapt the ASC-ASD'? to
create a preliminary measure. Before the consultation, we
altered the wording of items to make them more appropriate
for adults.

Consultation. We recruited six professionals with aca-
demic or clinical experience working with autistic adults
(two males). We recruited six autistic adults (two females)
through autism services, social media, and by contacting
individuals previously involved in research. Eligibility cri-
teria included age 18 years or older, a diagnosis of ASC, and
no intellectual disability.

We provided participants with the 24-item original mea-
sure and asked them to complete three tasks; were the items
recognizable as a feature of anxiety; was the wording clear;
and was anything relevant not included? Next we summa-
rized the data and refined the measure, including adding 6
additional items. We removed one original item, as it was not
felt to be appropriate for adults. This resulted in a 29-item
preliminary measure for Stage 2. Items are rated on a 4-point
Likert scale, from 0 (‘“‘never’’) to 3 (“‘always’’).

Stage 2

Participants. We collected data for this study as part of a
wider project regarding anxiety in autistic adults. Participants
were members of the Autism Spectrum Cohort-UK (ASC-
UK), a cohort of autistic adults recruited to a longitudinal re-
search study (https://research.ncl.ac.uk/adultautismspectrum).
We invited members of the cohort to participate if they had
experienced anxiety and had the capacity to provide informed
consent. Full demographic characteristics of the overall sample
and subsamples can be found in Table 1.

Procedure. We provided information sheets, measures,
and consent forms to participants either by post or online,
depending on preference. We contacted those who consented
1 month later and asked them to repeat some of the measures,
to allow evaluation of test/retest reliability.
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Measures. In addition to the Anxiety Scale for Autism-
Adults (ASA-A), participants completed the HADS.'®> The
HADS is a self-report measure consisting of 14 items; 7 re-
lated to anxiety and 7 to depression. Respondents indicated
how often they have felt a certain way during the past week,
with responses ranging from ‘“‘never’’ to ‘‘all of the time.”
We omitted participants from analyses if over 10% of the
items were missing. If 10% or less, we replaced the missing
values with the mean of that participant’s subscale score.

Analyses. Factor analysis (FA) and item response theory
(IRT) are two types of models used for scale analysis. In the
current study, we opted to use the more frequently used
method of FA. Certain variants of FA and IRT are equivalent.
We estimated our model using polychoric correlations, which
is reported to be equivalent to using a two-parameter normal-
ogive IRT model. We deleted participants with missing data
listwise before FA (n=46), as prorating the missing items
at an early stage of measure development may bias results.
We retained four outliers on anxiety scores to maximize sam-
ple size.

There is debate about the most appropriate way of deter-
mining a suitable sample size for exploratory factor analysis
(EFA); however, we considered the 6.5:1 participant-to-item
ratio adequate.'” A commonly used guideline for confirma-
tory factor analysis (CFA) sample size is 5-10 participants
per item.

Using FACTOR software,19 we conducted EFA on the
ASA-A data to determine the factor structure. We used
polychoric correlations due to the use of ordinal data.”® We
used unweighted least squares to extract the factors as kur-
tosis was present at item level?! and the rotation method was
Promin. Using an oblique method of rotation allows for
correlation among factors, which would generally be ex-
pected in scientific research.?” Promin is a superior method in
the case of complexity.”

We calculated the internal consistency of the ASA-A total
and subscale scores using Cronbach’s alpha. We assessed
test/retest reliability by repeating the ASA-A and HADS-
Anxiety factor (HADS-A) after 1 month and reporting
Spearman’s rank correlations. We used nonparametric tests
due to ordinal scores. We assessed convergent and divergent
validity by examining the correlation between the ASA-A
and HADS-A and HADS-Depression factor (HADS-D), re-
spectively. Althou§h depression and anxiety are highly cor-
related in autism,2 we anticipated that ASA-A scores would
have significantly higher correlations with HADS-A than
HADS-D.

We conducted CFA using AMOS software® to cross-
validate the fit of the factor-structure against the EFA group
scores. We input data using a polychoric matrix*® and cor-
related factors to reflect the Promin rotation method. We
examined a number of model-fit indices to ensure a com-
prehensive evaluation of the model,®” including the chi-
square/degrees-of-freedom ratio (y*/df), root mean square
error of approximation (RMSEA), Comparative Fit Index
(CFI), and Tucker/Lewis Index (TLI). We covaried modifi-
cation index values higher than twenty from the factor*® to
explore if this would improve fit.

Finally, we undertook a receiver operator curve (ROC)
analysis to determine whether the total ASA-A score dem-
onstrated sensitivity and specificity against total HADS-A
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TABLE 1. DEMOGRAPHIC INFORMATION FOR THE OVERALL SAMPLE AND EACH SUBSAMPLE

Overall sample  EFA sample  CFA sample  Test/retest sample

Demographic (N=505) (n=193) (n=312) (n=426)
Age

Range 17-77 17-77 18-76 16-77

Mean (SD) 41.4 (13.7) 41.4 (13.6) 41.5 (13.9) 42.63 (13.9)
Gender, n (%)

Female 278 (55.0) 101 (52.3) 177 (56.7) 222 (52.1)

Male 210 (46.6) 83 (43.0) 127 (40.7) 189 (44.4)

Other 15 (3.0) 7 (3.6) 8 (2.6) 11 (2.6)

Rather not say 2 (0.4) 2 (1.0) 0 (0.0) 4 (0.9)
Ethnicity, n (%)

White 468 (92.6) 180 (93.2) 288 (92.3) 387 (91.1)

Black 1(0.2) 0 (0.0) 1(0.3) 1(0.2)

Asian 1(0.2) 1 (0.5) 0 (0.0) 2 (0.4)

Mixed race 9 (1.8) 3 (1.6) 6 (1.9 9 (2.1

Other/rather not say 26 (5.2) 9 4.7) 17 (5.5) 27 (6.2)
ASD diagnosis, n (%)

Formal diagnosis 457 (90.5) 175 (90.7) 362 (93.4) 382 (89.7)

Self-diagnosed/awaiting diagnosis/other 48 (9.5) 18 (9.3) 30 (7.6) 44 (10.3)

Mean SRS-2 total score (SD)* 106.5 (24.0) 105.6 (24.7)  106.5 (23.7) 106.2 (23.9)
Support completing questionnaires when registered with ASC-UK? n (%)

Without support 432 (85.5) 162 (83.9) 270 (86.5) 370 (86.9)

With support 68 (13.5) 31 (16.1) 37 (11.9) 51 (12.0)

Missing response 5 (1.0) 0 (0.0) 5(1.6) 5(1.1)
Employment, n (%)

Paid employment or retired 297 (58.8) 115 (59.6) 197 (63.1) 225 (52.8)

Not in paid employment 208 (41.2) 78 (40.4) 115 (36.9) 201 (47.2)
Highest qualification, n (%)

GCSE or below 153 (30.3) 59 (30.6) 93 (29.8) 128 (30.0)

Postschool qualification (e.g., A-level) 135 (26.7) 54 (28.0) 82 (26.3) 116 (27.2)

but not degree

University education (e.g., bachelors or above) 217 (43.0) 80 (41.4) 137 (43.9) 182 (42.8)
Anxiety diagnoses (self-reported), n (%)

Formally diagnosed 355 (71.3) 128 (66.3) 227 (72.8) 230 (54.0)

Suspected 150 (29.7) 65 (33.7) 85 (27.2) 196 (46.0)

“Raw scores >68 on the SRS-2 are indicative of clinically significant autism characteristics associated with functional impairment. The
mean SRS-2 scores in the overall sample and each subset are in the borderline range between ‘“‘moderate’” and ‘“‘severe” autism

characteristics and functional impairment.

ASC-UK, Autism Spectrum Cohort-UK; CFA, confirmatory factor analysis; EFA, exploratory factor analysis; GCSE, General Certificate
of Secondary Education: SRS-2, Social Responsiveness Scale-Version2.

scores (cutoff score of eight to identify caseness).'> We also
used the ROC analysis to determine an indicative anxiety
cutoff score for the ASA-A.

Ethics. We received a favorable ethical approval from
Wales REC 5 (Ref. 18/WA/0014).

Results

We contacted 1127 potential participants and invited
them to participate. Five hundred fifty-one participants
consented, of whom 505 participants provided full data on
the ASA-A. We divided these individuals into two sub-
samples (at a ratio of 40:60), stratified by age and gender to
control for any demographic differences and then allocated
into either the EFA group (n=193) or CFA group (n=312).
This enabled us to undertake the two factor analyses on
different samples, a more robust method of analysis. Four
hundred twenty-six of these participants consented to be
recontacted after 1 month (the retest sample).

Factor analysis

Step 1: Before FA, we removed one question from the data
set—*‘I would feel anxious if I had to stay away from home
overnight because I like to be close to people I am familiar
with.” This item had the highest number of missing re-
sponses. The provisional measure, the ASA-A, utilized in the
analyses consisted of 28 items.

Dunn’s pairwise tests indicated differences between the
scores of males and females (p <0.001, adjusted with Bon-
ferroni correction). The median score for females=56,
males =48. We found a weak negative correlation with age
(r’s=-0.131, p=0.003). Therefore, for allocation to the EFA
and CFA subgroups, we stratified participants by age and
gender at a split of 40:60 to provide sufficient numbers for
EFA and CFA.

A chi-square goodness-of-fit indicated no significant dif-
ference in gender, }52 (1, N=493)=0.568, p=0.457, or age
quartile groups, > (3, N=493)=0.163, p=0.984, between
the EFA and CFA groups. An independent samples #-test
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displayed no significant difference in age between groups,
t (491)=0.091, p=0.492. A Mann—Whitney U-test demon-
strated no significant difference in total anxiety scores between
groups (U=27198.500, p=0.320). We found a very good
sampling adequacy for both EFA and CFA groups (Kaiser-
Meyer-Olkin [KMO]=0.90 and KMO=0.91, respectively).

Step 2: We used a number of techniques to determine the
number of factors to be retained.>' Parallel analysis indicated
that two or three factors should be retained, and an inspection
of the scree plot supported three factors. The ASC-ASD
consisted of four factors, and therefore, it was appropriate for
us to also test the four-, five-, and six-factor solutions.

We applied a loading criterion of >0.450 to the rotated
loading matrices. If this is too high, it reduces reproduc-
ibility of the results, and too low may result in nonmean-
ingful “rubble” factors.”’ We found no items loaded onto
the sixth factor of the six-factor solution, and this was dis-
carded. The five-factor structure resulted in two cross-
loading items, and was not theoretically sound. Only two
items loaded onto the fourth factor in the four-factor solu-
tion. The three-factor solution was the strongest solution,
taking into account parallel analysis and the scree plot, and
made theoretical sense.

We then repeated the EFA, omitting six questions that did
not load onto any factor on the three-item solution. As well
as a three-factor solution, we tested a four-factor solution.
When these questions were deleted, 12 participants no
longer had missing data, and we reallocated them to the EFA
and CFA groups using the SPSS random allocation function.
EFA indicated that no items loaded onto the fourth factor,
and that the three-factor solution provided the best fit. In-
specting the three-factor solution rotated loading matrix
indicated two questions now cross loaded onto two factors,
and did not meet the loading criterion threshold. We omitted
these items, and the final EFA using a three-factor solution
resulted in all items loading >0.450 (Table 2). The new
scale consisted of 20 items; 17 of which were from the ASC-
ASD and three new items. We used the content of each
factor to define the factors as follows: Uncertainty, Anxious
Arousal, and Social Anxiety.

Step 3: We then tested the three-factor solution using
CFA.”” The ledf was 4.27, whereas scores close to 0 dem-
onstrate a strong model fit. RMSEA was over the maximum
threshold of 0.8, and the CFI and TLI were both under the
minimum threshold of 0.9.%” After five large error terms were
covaried, the indices still demonstrated a poor fit. There is
debate surrounding whether it is appropriate to covary
within-item errors, but we felt it was appropriate for the
present study due to similarities in the item content.”

We tested further models (Table 3), including a unifactor
solution and a bifactor solution. When three large modifi-
cation indices were constrained, the bifactor model dem-
onstrated an adequate fit (;{z/df =2.74, RMSEA =0.075,
CFI=0.931). Remaining modification indices did not show
any high values, and only two standardized residual covari-
ances were high. We chose the bifactor solution as the most
suitable model (Fig. 1). It has been argued that psychological
assessments should be modeled using a bifactor framework,
as measures of psychological phenomenon typically include
a number of items measuring how a specific trait manifests in
a number of different domains. This is coherent with a bi-
factor model, which is when the item variance can be sec-
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TABLE 2. FINAL THREE-FACTOR SOLUTION ROTATED
LOADING MATRIX FOR ANXIETY SCALE
FOR AUTISM-ADULTS

Factor
3 SA

Factor Factor

Item 1U 2A

7. Tam anxious about unfamiliar  0.691 —-0.011  0.195
things, people, or places (U)

9. I worry about changes to my  0.734
surroundings or my routine
(U, N)

11. When I don’t know what
will happen, I can’t do
things (U)

13. I need to be prepared before
things happen (U)

18. I worry if I don’t know what
will happen, e.g., if plans
change (U)

1. All of a sudden I feel really
scared (A)

3. My heart suddenly starts to
beat too quickly (A)

6. I suddenly feel as if I can’t
breathe (A)

8. When I have a problem, I
feel physically shaky (A)

15. I worry that something awful
will happen to someone I am
familiar with (A)

16. I suddenly start to physically
shake or tremble (A)

17. 1 suddenly become dizzy or
faint (A)

19. I worry that something bad
will happen to me (U)

20. I suddenly shut down and
become unable to think,
speak, or do things (A, N)

2. I worry what other people
think of me (SA)

4. I feel anxious in situations
where I could make a
mistake (SA)

5. I worry that I will do badly
when I am being assessed
(like work, college,
interviews) (SA)

10. T worry about making
mistakes during social
interactions (SA, N)

12. T worry when I think I have
not done as well as I hoped
(SA)

14. T feel anxious that T will
make a fool of myself in
front of people (SA)

0.015  0.000

0.586 0.170 -0.033

0.865 —0.076 —0.098

0.877 -0.036 —0.046

-0.034  0.685 -0.002

-0.163  0.770  0.019

-0.107  0.884 -0.042

0.182 0.536 0.070

0.042 0.528 0.061

-0.071 0.795 0.003

0.082 0.691 -0.134

0.064 0.574 0.075

0.146  0.547 -0.002

-0.374 0.030 0.890

0259 0.041 0.573

0.085 —0.045 0.749

0.159 -0.015 0.689

0.195 -0.023 0.581

-0.131  0.038  0.857

Bold values indicate allocated Factor.
A, Anxious Arousal; ASA-A, Anxiety Scale for Autism-Adults;
N, new item; SA, Social Anxiety; U, Uncertainty.

tioned into one general factor, that is, anxiety, and multiple
group factors, that is, Anxious Arousal.*!

The majority of items on the ASA-A had factor scores
above the threshold of 0.450 on either the General Anxiety
factor or one of the group factors. The factor loadings of item
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TABLE 3. FIT INDICES FOR ANXIETY SCALE FOR AUTISM-ADULT FACTOR MODELS

df rdf RMSEA CFI TLI
3 factor correlated model 713.743 167 4.274 0.103 0.852 0.831
3 factor correlated model (5 covaried error terms) 514.626 162 3.177 0.084 0.904 0.888
Unifactor 1507.673 170 8.868 0.159 0.637 0.594
Bifactor 553.853 150 3.692 0.093 0.890 0.861
Bifactor (3 covaried error terms) 402.212 147 2.736 0.075 0.931 0.910

CFI, Comparative Fit Index; RMSEA, root mean square error of approximation; TLI, Tucker/Lewis Index.

six, “‘I suddenly feel as if I can’t breathe,”” were 0.443 on the
General Anxiety factor, and 0.628 on the Anxious Arousal
group factor. For item two, ‘‘I worry what other people think
of me,”” the factor loading was 0.366 for the General Anxiety
factor and 0.644 for the Social Anxiety group factor. These
two items may therefore be better predictors of the group
factors rather than the General Anxiety factor. Finally, the
factor scores for item 15, ““I worry that something awful will
happen to someone I'm familiar with,”” were 0.392 for the

General Anxiety factor, and 0.235 for Anxious Arousal group
factor. This suggests that it is a weaker predictor of both
factors, compared with the other items.

Reliability and validity

Reliability and validity results are shown in Table 4. We
undertook further analyses relevant to a bifactor model using
the Bifactor Indices Calculator (Table 5).32

235

FIG. 1. Bifactor model of
the ASA-A. Ellipses repre-
sent latent variables, and
rectangles represent mea-
sured variables; errors are not
shown in the diagram but
were specified for each vari-

Anxious

able. Error covariances be-
tween Q5-12 (=0.487) and
Q15-19 (=0.312) on the
Anxious Arousal group fac-
tor and Q8-16 (=0.452) on
the Social Anxiety group
factor are not shown, but
were included in the analysis.
ASA-A, Anxiety Scale for
Autism-Adults.

Arousal
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TABLE 4. RELIABILITY AND VALIDITY INDICES OF THE ANXIETY SCALE FOR AUTISM-ADULTS
AND HOSPITAL ANXIETY AND DEPRESSION SCALE

Scale Cronbach’s alpha
Internal consistency ASA-A General Anxiety factor (20 items) 0.899
Uncertainty group factor (5 items) 0.834
Anxious Arousal group factor (9 items) 0.845
Social Anxiety group factor (6 items) 0.847
HADS Full scale 0.867
Anxiety subscale 0.819
Depression subscale 0.819
Scales Spearman’s rank correlation

Test/retest reliability (I month) ASA-A (20 items)
HADS-A

ASA-A vs. HADS-A
ASA-A vs. HADS-D

HADS-A vs. HADS-D

Convergent validity
Divergent validity

0.823 (n=407)*
0.739 (n=402)"
0.696 (n=415)"
0.474 (n=414)*
0.515 (n=420)*

dCorrelation is significant at 0.01 level (one-tailed).

HADS, Hospital Anxiety and Depression Scale; HADS-A, Hospital Anxiety and Depression Scale-Anxiety factor; HADS-D, Hospital

Anxiety and Depression Scale-Depression factor.

The General Anxiety factor accounted for 59.5% of com-
mon variance, indicating a strong general anxiety factor. The
Anxious Arousal group factor accounted for 17.2%, the So-
cial Anxiety group factor accounted for 15.0%, and the Un-
certainty group factor accounted for 8.5% of common
variance. The percentage of uncontaminated correlations
(PUC) indicates the percentage of covariance terms that re-
flect only variance of the General Anxiety factor. This was
67.9%, which is below the 80% cutoff that would indicate
that relative bias was less than 5%.>> However, when PUC is
lower than 80%, the general explained common variance
value of 0.60 and Omega hierarchical of 0.773 for the Gen-
eral Anxiety factor would indicate that the multidimension-
ality is not extreme enough to prevent the scale being used as
a unidimensional instrument.** The absolute relative pa-
rameter bias (ARPB), comparing the multidimensional bi-
factor model against the unidimensional unifactor model,
was 13.5%. ARPB <10%-15% is acceptable™ supporting
that the scale can be used as a unidimensional tool to measure
total levels of anxiety.

The total score correlated highly with HADS-anxiety and
significantly higher than with HADS depression, (Z=6.190,
p=0.000), indicating convergent and divergent validity, re-

TABLE 5. COEFFICIENT OMEGA AND OMEGA
HIERARCHICAL OF THE ANXIETY SCALE
FOR AUTISM-ADULTS

Coefficient omega

General Anxiety factor (20 items) 0.949
Uncertainty group factor (5 items) 0.906
Anxious Arousal group factor (9 items) 0.845
Social Anxiety group factor (6 items) 0.907
Omega hierarchical
General Anxiety factor (20 items) 0.733
Uncertainty group factor (5 items) 0.234
Anxious Arousal group factor (9 items) 0.884
Social Anxiety group factor (6 items) 0.395

spectively. ROC analyses using the anxiety cutoff on the
HADS were undertaken. The area under the ROC was 0.900
(confidence interval [95% CI] 0.852-0.948) indicating ex-
cellent discrimination.®® Sensitivity was 0.851 (95% CI
0.811-0.883) and specificity was 0.795 (95% CI 0.645-
0.892) with agreement of 77.10% between participants who
scored above the clinical threshold on HADS-A and ASA-A
total scores. Based on these analyses, the ASA-A cutoff that
maximizes both sensitivity and specificity in detecting anx-
iety is a score of 28.

Discussion

Our study examined the measurement properties of the first
self-report anxiety questionnaire specifically designed for
autistic adults. We adapted the ASC-ASD in collaboration
with professionals and autistic adults to create the ASA-A,
which we found to have promising psychometric properties.
Our preliminary evaluation indicates that the scale will be a
useful tool in research for autistic adults who can complete a
self-report questionnaire. The ASA-A is based on an upward
extension of the ASC-ASD, which was derived from exten-
sive research on the presentation of anxiety in autism, largely
with children and their parents. At present, there is a paucity
of research on the presentation of anxiety in autistic adults
where research is at a very much earlier stage. The small
amount of work that has been undertaken with autistic adults
exploring the potential mechanisms and experiences of
anxiety in autistic adults indicates that models developed
with child samples may have utility when considering anxi-
ety in autistic adulthood.>**'® As such, a tool such as the
ASC-ASD provides a good starting point from which to begin
the process of developing a measure for use in adulthood, and
it is for this reason that we used the ASC-ASD as a frame-
work. We consulted with six autistic adults with experience
of anxiety during the current study to ascertain the face va-
lidity, clarity, and comprehensiveness of the item set. Im-
portant next steps for this work will include additional
exploration of the measurement properties of the tool using



ANXIETY SCALE FOR AUTISM-ADULTS (ASA-A)

techniques such as cognitive interviewing, measurement in-
variance analysis, and IRT.

The purpose of the current study was to develop and pro-
vide preliminary validation of the measurement properties of
the ASA-A. This adds to and therefore complements the work
recently undertaken on the use of the HADS with autistic
people.'® Having access to a range of validated measures,
which may serve specific and different research and clinical
purposes, is of benefit. The HADS is a brief well-known tool
that has good psychometric properties in the general popu-
lation, and has been found to have acceptable measurement
properties in ASC.'>'® As such, the HADS has potential as a
helpful tool for brief screening and for use in research com-
paring autistic and nonautistic populations, subsequent to
measurement invariance analysis being undertaken. The
content of ASA-A, however, has been derived from previous
work with the autism community and the items have been
generated in collaboration with autistic people. This has re-
sulted in the inclusion of autism-related anxiety items, which,
of course, are not included in general population measures,
such as the HADS. As such, the ASA-A may capture the
phenomenology of anxiety for autistic people more accu-
rately. Thus, the ASA-A is an important addition to the re-
searcher and clinician toolbox to enable accurate assessment
of anxiety in autism and in the future subsequent to further
evaluation of any interventions.

EFA identified three group factors of the ASA-A: Anxious
Arousal, Uncertainty, and Social Anxiety. CFA indicated that
a bifactor solution with orthogonal general and specific fac-
tors was an adequate fit. Bifactor analyses suggested that
minimal measurement bias would occur if the scale was
treated as unidimensional so the total score could be used as a
valid measure of anxiety. There is evidence of convergent
and divergent validity for the total score against the HADS,
an established measure of anxiety and depression. An ROC
analysis indicates that a score of 28 on the ASA-A could be
considered an indicative clinical cutoff of anxiety.

Internal consistency and test/retest reliability were both
high for both total factor scores and group factors of the ASA-
A. However, under the bifactor model, Omega hierarchical
was good for both the General Anxiety factor and Anxious
Arousal group factors, but lower for the Uncertainty and
Social Anxiety group factors, so caution should be used in
interpretation. Like other psychological constructs, despite
scales being designed to measure a single construct,® it is
common to find evidence of both unidimensionality and
multidimensionality.37 In this case, results indicate that the
total score is an adequate representation of the constructs
measured and further studies will determine the reproduc-
ibility of these across samples.

Limitations of our study include using the HADS-A to
determine validity rather than a clinical interview. This was
done because currently there is no gold standard anxiety as-
sessment for autism. Although the HADS has been evaluated
among autistic adults and has acceptable properties, using the
HADS-A clinical cutoff as a standard for the ROC analysis is
less than ideal. There are currently no questionnaire measures
or diagnostic clinical interviews for anxiety disorders vali-
dated in autism against which we could benchmark the ASA-
A. Therefore, until such a tool is developed, we have adopted
this compromise position using a well-established measure of
anxiety that has undergone some evaluation among autistic
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adults. Future research could triangulate caseness of anxiety
using a clinical interview with ASA-A scores, and confirm if
the current cutoff of 28 is appropriate. To reduce participant
burden, we used only one measure of divergent validity, the
HADS depression subscale. Including more than one mea-
sure of divergent validity would strengthen the findings. We
recruited people with anxiety from a longitudinal cohort
study, including autistic adults, resulting in a large sample;
however, how well the results can be generalized to the
general autistic population is unknown. Our sample, of which
54.1% were female and 42.5% male, does not reflect the
reported gender ratio in autism. At present, we are not able to
ascertain how the ASA-A performs with autistic adults with
differing levels of verbal or reading ability, or who experi-
ence difficulties identifying and labeling their emotional
experiences. This important limitation could be addressed in
a future study.

Strengths include the inclusion of autistic adults in the
development of the measure. Autistic adults have reported
that their voices are not heard when it comes to meaningful
involvement in research.*®>° The consultations contributed
to how the measure should be adapted. Our sample size en-
abled us to undertake both EFA and CFA. EFA retains factors
that account for variance in the data, whereas CFA seeks to
assess the goodness of fit based on the remaining variance
once the factors have been taken into account.'® Although the
initial three correlated factor solution was supported by
parallel analysis and a scree plot, and made theoretical sense,
CFA indicated that a significant amount of variance was left
unaccounted for and that a bifactor model proved to be a
better fit.

The ASA-A has been designed and validated specifically
for autistic adults without intellectual disability. It has
promising psychometric properties, suggesting that it will be
a useful tool and so would contribute to the measurement and
understanding of anxiety in autistic adults.
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