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Abstract

Objectives: This study was designed to examine the diagnostic performance of the

social and communication disorders checklist (SCDC) and strength and difficulties

questionnaire (SDQ) to detect autism spectrum conditions (ASC), along with the

social responsiveness scale‐second edition (SRS‐2) as reference, in a psychiatry

outpatient setting.

Methods: We translated the SCDC into Japanese since its Japanese version was

unavailable. We examined its test‐retest reliability as well as the internal consis-

tency reliability and diagnostic performance of the three questionnaires among 41

Japanese psychiatric outpatients, using the best‐estimate diagnosis of ASC based on

the diagnostic interview for social and communication disorders, as a gold standard.

Results: The test‐retest reliability was high for the SCDC. Although the internal

consistency reliability was high for the SCDC and SRS‐2, that was low for the

prosocial and peer problem subscales of the SDQ. The performance of the SCDC,

SDQ, and SRS‐2 to detect ASC was moderate: the area under the ROC curve of

0.78, 0.78, and 0.84, respectively.

Conclusions: Although questionnaires to detect ASC, including the three examined,

generally have only moderate performance in this setting, these can be successfully

applied to high‐risk populations such as psychiatry outpatients, when multi‐level
rather than dichotomous likelihood ratios are used.
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1 | INTRODUCTION

Routine screening for autism spectrum condition (ASC), also known

as autism spectrum disorder (ASD), in the general population is

recommended at younger age, for example, at 18 and 24 months

(Guthrie et al., 2019; Johnson et al., 2007), although it is still

controversial (Crowe & Salt, 2015; Siu et al., 2016). However,

diagnosis of ASC is often made at a later age (Baio et al., 2018;

Shattuck et al., 2009; Williams, Thomas, Sidebotham, & Emond,

2008), and besides, ASC often remains undetected and thus

untreated (Saemundsen, Magnússon, Georgsdóttir, Egilsson, &

Rafnsson, 2013). This highlights the need to screen for older children

and adolescents with ASC in a psychiatric outpatient setting, where

they are referred for diagnostic assessments through less specialized

instances such as primary care physician's recommendations and

parental (or their own) concerns. For screening in such a clinical

practice setting, parent‐or teacher‐administered questionnaires are

typically chosen that are inexpensive and simple to administer, score,

and interpret.

Currently, there is limited evidence on psychometric properties of

screening questionnaires of ASC in such settings. For example, in a

systematic review of screening measures for children aged 3 or above

at risk for ASC, only five measures had enough published evidence to

be included, though the evidence was not well established (Norris &

Lecavalier, 2010): the social communication questionnaire (SCQ;

Berument, Rutter, Lord, Pickles, & Bailey, 1999), Gilliam autism rating

scale/‐second edition (Gilliam, 2006), social responsiveness scale/‐
second edition (SRS/SRS‐2; Constantino & Gruber, 2012), autism

spectrum screening questionnaire (Ehlers, Gillberg, &Wing, 1999), and

Asperger syndrome diagnostic scale (Myles, Bock, & Simpson, 2001).

Thesemeasures have 40, 42, 65, 27, and 50 items, respectively, and are

all relatively lengthy in clinical practice; thus, there is a need for briefer

and psychometrically sound measures that warrant further diagnostic

assessments. As such, we chose the social and communication disor-

ders checklist (SCDC; Skuse et al., 2005) and strength and difficulties

questionnaire (SDQ) (Goodman, 1997) in the present study.

The SCDC is a caregiver or teacher‐administered questionnaire

of 12 items. It was originally developed to measure the degree of the

social and communication deficits in Turner's syndrome (Skuse et al.,

1997) and has later been used to measure that deficits in autism

traits (Skuse et al., 2005). However, only one study examined the

performance of the SCDC to detect ASC in a psychiatry outpatient

setting (Bölte, Westerwald, Holtmann, Freitag, & Poustka, 2011). The

SDQ is a screening measure of 25 items that form five subscales

(composed of five items each): emotional symptoms, hyperactivity/

inattention, prosocial behavior, peer problems, and conduct prob-

lems. The SDQ discriminates well between children with and without

psychiatric disorders in the general population (Goodman, 1997,

1999), but only limited studies examined its screening performance

to detect specific psychiatric disorders (Goodman, Renfrew, & Mul-

lick, 2000; Russell, Rodgers, & Ford, 2013; Salayev & Sanne, 2017). As

the SDQ has been widely used in clinical practice, it is clinically sig-

nificant and useful to know how well its subscales can predict ASC

(Russell et al., 2013). In the present study, therefore, we aimed to

examine and compare the performance of the SCDC and SDQ, along

with the SRS‐2 as reference, for the diagnosis of ASC in a psychiatry

outpatient setting.

2 | METHODS

2.1 | Participants

This study was conducted in companion with a validation study of the

Kiddie Schedule for Affective Disorders and Schizophrenia Present

and Lifetime Version for Diagnostic and Statistical Manual of Mental

Disorders (DSM‐5) in Japan (Nishiyama et al., 2020). We consecu-

tively recruited all outpatients seen by the second author (Takeshi

Nishiyama) in the department of child and adolescent psychiatry at

the Kamibayashi Memorial Hospital from March 3 to April 21, 2018.

The only inclusion criterion was age (between 5 and 18 years in both

samples).

Informed consent was obtained from the parents, and assent was

obtained from the participating children. Of the 41 patients we

approached, all consented to participate in the present study. The

procedures of the present study were approved by the institutional

ethics committee of the Kamibayashi Memorial Hospital

(No.2017015) and Aichi Medical University (No.13‐159).

3 | MEASURES

3.1 | Gold‐standard diagnosis

The second author, blind to questionnaire responses, made the

diagnoses of all the patients based on DSM‐5 criteria using all

available data sources (including previous records, a significant other,

psychological assessments, laboratory test results, and information

provided from the multidisciplinary clinical stuff, a caregiver, and a

teacher of the patient when possible). He followed each patient

longitudinally for at least 3 months to assess the stability of the

original diagnoses assigned. We used a “best estimate” diagnosis

(Leckman, Sholomskas, Thompson, Belanger, & Weissman, 1982) thus

obtained as a gold standard in the present study. This procedure

included the Diagnostic Interview for Social and Communication

Disorders (DISCO) for the DSM‐5 diagnosis of ASD (Kent et al.,

2013). The DISCO interview was conducted by the second author,

who had been certified to use the instrument for research purposes,

before, during or after the sampling period.

3.2 | Questionnaires

In the present study, we used three questionnaires: the SCDC, SDQ,

and SRS‐2. Whereas the Japanese version of the SDQ and SRS‐2 was

already developed, that of the SCDC was not (Kamio et al., 2013;
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Matsuishi et al., 2008). We translated and adapted the SCDC into

Japanese according to the procedure described in the section of

translation and cultural adaptation. Then we used the Japanese

versions of the SDQ and SRS‐2 and a Japanese translation of the

SCDC. Although the SDQ and SRS‐2 are available in self‐reported
and caregiver‐rated (or teacher‐rated) forms, we used the caregiver‐
rated form in the present study. To examine the test‐retest reliability
of the SCDC, we administered this measure twice to the subsample

of 27 participants, with a mean interval 5.0 weeks.

The SCDC is an informant‐administered questionnaire of 12 items

that measures autistic traits. Each item of the SCDC is rated on a 3‐
point Likert scale (0–2): “not true,” “quite or sometimes true,” or “very

or often true” with a maximum score of 24. The SRS‐2 is a 65‐item
rating scale thatmeasuresautistic traits. Each itemof theSRS‐2 is rated
on a 4‐point Likert scale (0–3) that ranges from ‘‘not true’’ to ‘‘almost

always true’’ with a maximum score of 195. The SRS‐2 provides the

T‐score, a standardized score with a mean of 50, and a standard devi-

ation of 10 in the Japanese population by age and sex (Kamio et al.,

2013). By standardizing theSRS‐2rawscores, it is possible to represent

the severity of autistic symptomology across different sex vand age

groups. T‐scores indicate: nonclinical (T‐score < 60), mild (T‐score of

60–65), moderate (T‐score of 66–75), and severe (T‐score ≥76;
Constantino & Gruber, 2012).

Unlike the former two questionnaires focusing on autistic traits,

the SDQ is a measure of 25 items that covers five broad areas:

emotional symptoms, hyperactivity/inattention, prosocial behavior,

peer problems, and conduct problems. Each item of the SDQ is rated

on a 3‐point Likert scale (0–2): “not true,” “somewhat true,” or

“certainly true.” A score for prosocial behavior is in the opposite

direction of scores for the other four areas in the SDQ. To use the

prosocial score with other scores in a unified manner, we reversed

the items for prosocial behavior by (a maximum prosocial score of

10)–(an original unreversed prosocial score), hereinafter referred to

as “an unsocial score.” The extended version of the SDQ includes the

impact supplement that enquires about overall distress, social

impairment, burden, and chronicity (Goodman, 1999), which we also

used in the present study. The impact supplement consists of eight

items: perceived difficulties, chronicity, distress, social impairment in

four domains (home life, friendships, classroom learning, and leisure

activities), and burden to others. All the items are rated on a 4‐point
Likert scale: “not at all (0),” “only a little (0),” “quite a lot (1),” or “a

great deal (2).” Since the item on chronicity did not predict clinical

status in a previous study (Goodman, 1999), we did not include the

item in the present study. An impact score is computed by adding five

scores of a distress and four social impairment items, ranging

between 0 and 10 in the caregiver‐rated form.

3.3 | Translation and cultural adaptation

To preserve conceptual equivalence with the original version, we

carefully followed the principles of good practice for the translation

and cultural adaptation process for patient‐reported outcomes measures

(Wild et al., 2005). After permission from the original developer

(DS), the SCDC was translated into Japanese independently by two

Japanese investigators fluent in English (the eighth and ninth

authors). Together with the second author, the translators

compared the two translations and produced a single, reconciled

version. Then, it was back‐translated into English by a professional

native English translator fluent in Japanese (the first author), who

was blind to the original sources of the measures before or during

back‐translation. The resultant back‐translations were sent to the

original developer for any translation discrepancies that arose

between English and Japanese versions. We repeated these pro-

cedures several times until the Japanese versions were approved by

the original developer.

3.4 | Statistical analysis

To describe the clinical and demographic variables in the samples, we

reported numbers and percentages for categorical variables, and

means and standard deviations for continuous variables. To examine

the internal consistency reliability of the three questionnaires, we

estimated Cronbach's alpha. To examine the test‐retest reliability of

the SCDC, we estimated intraclass correlation (ICC) based on a one‐
way random‐effects model, single measurement, and absolute

agreement (Boateng, Neilands, Frongillo, Melgar‐Quiñonez, & Young,

2018). To assess the criterion validity of each questionnaire, we

conducted receiver operating characteristics (ROC) analysis to

evaluate the association between the gold‐standard diagnosis and

each scale (Mokkink et al., 2019). We calculated the area under the

ROC curve (AUC) by the nonparametric method (DeLong, DeLong, &

Clarke‐Pearson, 1988). For criterion validity of each questionnaire,

we also estimated multiple‐level likelihood ratios (LRs; Peirce &

Cornell, 1993), which indicate how much more likely or less likely a

specific test result is for individuals with a disease than for individuals

without this disease. In clinical practice, LR > 10 indicates strong

evidence for diagnosis and LR < 0.1 exclusion of diseases. To achieve

the optimum number of levels, we followed the rules proposed by a

previous study as follows: (1) provide sufficient disordered and

nondisordered subjects in each level to allow the LRs to be mono-

tonically related and (2) collapse levels where the LRs are close to

one another and their 95% CIs easily overlap (Peirce & Cornell,

1993). In order to examine whether sex, age, and comorbidity of

intellectual disability (ID) could have influence on the SCDC and SDQ

scores, multivariate regression analysis was performed. Omega

squared (ω2) was used as a measure of effect size to describe the

amount of total variation in the scores that could be explained by

each predictor. The effect sizes ω2 of 0.01, 0.06, and 0.14 are

considered cut‐off points for small, medium and large effect sizes,

respectively (Kirk, 2016).

Prior to the study, we estimated the required sample size for test‐
retest reliability, based on the former observed ICC of 0.81 (Skuse

et al., 2005) and found that the sample size of 25 is required to attain

the prespecified width of 95% CI of 0.3 (Supporting information 1;
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Giraudeau &Mary, 2001). We also estimated the required sample size

for a ROC analysis, based on the former observed AUC for the SDQ:

0.714 (standard error: 0.039; Salayev & Sanne, 2017) and that for the

SCDC: 0.64 (Bölte et al., 2011), and found that the sample size of 51 is

required to attain the prespecified width of 95% CI of 0.3 (Supporting

information 1; Hajian‐Tilaki, 2014).
All analyses were performed using R version 3.4.0 for Windows.

The package ltm was used for computing Cronbach's alpha; the

package psych was used for computing ICC; the package pROC was

used for computing AUC (Robin et al., 2011); and the package

effectsize for estimating omega squared.

4 | RESULTS

The sample profile indicated a predominance of males (boys: 78.0%)

and school‐aged children (mean age � SD: 11.1 � 3.1 years). The

sample revealed low IQ (82.4 � 24.6) partly because of eight

participants (19.5%) with ID included. A diagnosis of ASC was

assigned to 14 participants (34.1%), a diagnosis of Attention deficit

hyperactivity disorder to 24 participants (58.5%), and other

diagnoses to 17 participants (41.4%). 13 participants (31.7%) were

assigned to comorbid diagnoses, and thus, the total does not sum up

to 100% (Figure 1). Based on the SRS‐2 T‐scores, 78.6% (n ¼ 11) of

ASC subjects were in the severe clinical range (T‐score ≥ 76), 14.3%

(n ¼ 2) were in the moderate clinical range (T‐score of 66–75), none

were in the mild clinical range (T‐score of 60–65), and 7.1% (n ¼ 1)

were in the nonclinical range (T‐score < 60).

The SCDC and SRS‐2 demonstrated high internal consistency,

as shown by Cronbach's alpha coefficients of 0.90 (95% CI: 0.84,

0.93) and 0.95 (95% CI: 0.92, 0.97), respectively (Nunnally &

Bernstein, 1994). The SCDC also demonstrated good test‐retest
reliability, as shown by one‐way random ICC of 0.69 (95% CI: 0.43,

0.84) (Fleiss, 2011). On the contrary, the unsocial (¼ reversed

prosocial) and peer problem subscales of the SDQ indicated low

internal consistency, as shown by Cronbach's alpha coefficients of

0.69 (95% CI: 0.50, 0.80) and 0.25 (95% CI: 0.00, 0.53), respectively.

Especially, the latter internal consistency was unacceptably low.

Cronbach's alpha coefficients of other SDQ subscales were 0.62

(95% CI: 0.38, 0.75) for emotional symptoms, 0.46 (95% CI: 0.09,

0.66) for conduct problems and 0.80 (95% CI: 0.64, 0.88) for

hyperactivity/inattention.

Table 1 shows the performance of the SCDC, SDQ, and SRS‐2 to

detect ASC. In the ROC analysis, the unsocial and conduct problem

subscales of the SDQ, the SCDC, and SRS‐2 revealed AUC signifi-

cantly larger than 0.5, and the peer problem subscale of the SDQ

revealed a marginally significant AUC. Therefore, we did not address

the other two subscales of the SDQ (emotional symptoms and hy-

peractivity/inattention) in subsequent analyses. To examine how well

a total score of two from the chosen three subscales of the SDQ

predict ASC status, we conducted ROC analyses and found that

summing the unsocial and peer problem subscales gave the largest

AUC of 0.75 (95% CI: 0.58, 0.91) and the only AUC significantly

larger than 0.5. Further adding the impact score to the sum of the

unsocial and peer problem subscales resulted in a decreased AUC of

0.73 (95% CI: 0.58, 0.89). Then, to examine how well each item in the

impact supplement along with the total of the unsocial and peer

problem scores predicts ASC status, we conducted a logistic

regression analysis and found that only two items, perceived diffi-

culties and social impairment in leisure activities, had a statistically

significant and substantial influence on ASC status (Table 2). There-

fore, we conducted the ROC analysis to examine how well the total of

the unsocial and peer problem scores plus perceived difficulties and

social impairment in leisure activities in the impact supplement

predicts ASC status. This resulted in an increased AUC of 0.78 (95%

CI: 0.62, 0.94), which is essentially identical to that of 0.78 (95% CI:

0.63, 0.94) for the SCDC, making this the overall best scoring method

of the SDQ. The SRS‐2 showed a slightly higher AUC of 0.84 (95% CI:

0.71, 0.97) than the SCDC and SDQ (Figure 2).

Table 3 shows the multi‐level LRs of the SDQ based on the best

scoring method and the SCDC for ASC status. Here, the number of

levels was set to three according to the rule of thumb described in the

statistical analysis section. Both questionnaires had informative levels

of LRs, that is, around 0.1 or 10 at both ends of the score range.

Table 4 shows the influence of sex, age, and ID on the SCDC and

SDQ scores, conditional on ASC status in the multiple linear

regression analysis. Whereas the influence of ASC status was

significant and large (0.14 < ω2), the influence of sex, age, and ID

were all found to be non‐significant and negligible (ω2 ≤ 0.01).

F I GUR E 1 Venn diagrams showing the diagnostic overlaps

between autism spectrum disorder (ASD), Attention deficit
hyperactivity disorder (ADHD), and intellectual disability (ID). The
numbers of participants diagnosed with the three most prevalent

diseases, ASD, ADHD, and ID were 14, 24, and 8, respectively. The
numbers of participants with more than one disorder are
represented in the overlapping portions of the circles, while those
with one disorder are represented in the non‐overlapping portions

of the circles

4 of 9 - KURU ET AL.



5 | DISCUSSION

The present study sought to assess and compare diagnostic perfor-

mance of very short questionnaires, the SCDC and SDQ to detect

ASC along with the SRS‐2 as reference. For this purpose, we first

developed the Japanese adaptation of the SCDC (Supporting Infor-

mation 2). This yielded slightly different but essentially the same

findings as reported in former studies using the original English and

German versions: Cronbach's alpha coefficient of 0.90, compared to

0.93 (Skuse et al., 2005); the ICC of 0.69, compared to 0.81 (Skuse

et al., 2005) for test‐retest reliability; and the AUC of 0.78, compared

to 0.64 (Bölte et al., 2011) to detect ASC in clinical samples. This

indicates the success in producing a functionally equivalent measure

from English into Japanese via the standard back‐translation
procedure.

Our study finding that the SCDC and SDQ have worse discrim-

inatory power than the SRS‐2 in detecting ASC is no wonder, as the

SCDC and SDQ subscales for screening for ASC include much fewer

items than the SRS‐2: whereas the SRS‐2 has 65 items, both the

SCDC and the SDQ subscales for screening for ASC have 12 items,

where the SDQ subscales for screening for ASC in this study consists

of the unsocial subscale, the peer problem subscale and the items of

perceived difficulties and social impairment in leisure activities in the

impact supplement. We chose two subscales of the SDQ, the unsocial

and peer problem subscales as the best predictive subscales of ASC

status through exploring possible combinations of subscales. This

finding is consistent with the only study that examined the perfor-

mance of the SDQ to detect ASC in a clinical setting (Salayev &

Sanne, 2017), which showed that the two subscales best predicted

ASC status with the AUC of 0.71, close to the value of 0.75 in our

study. To enhance the diagnostic performance of ASC, we examined

the influence of adding the impact supplement of the SDQ using the

impact score. Contrary to our expectation, this slightly weakened the

diagnostic performance to the AUC of 0.73. On the contrary, adding

the most predictive items in the impact supplement alone, the items

of perceived difficulties and social impairment in leisure activities,

TAB L E 1 The performance of the
SCDC, SDQ, and SRS‐2 to detect ASCa Scale AUC (95% CI)

SDQ Emotional symptoms 0.48 (0.29, 0.67)

Conduct problems 0.68 (0.51, 0.86)

Hyperactivity/Inattention 0.58 (0.40, 0.76)

Peer problems 0.65 (0.48, 0.82)

Unsocial behaviorb 0.69 (0.50, 0.87)

Impact score 0.68 (0.52, 0.85)

Unsocial behavior þ peer problems 0.75 (0.58, 0.91)

Unsocial behavior þ conduct problems 0.56 (0.37, 0.74)

Peer problems þ conduct problems 0.45 (0.27, 0.63)

Unsocial behavior þ peer problems þ impact score 0.73 (0.58, 0.89)

Unsocial behavior þ peer problems þ 2 impact itemsc 0.78 (0.62, 0.93)

SCDC 0.78 (0.63, 0.94)

SRS‐2 0.84 (0.71, 0.97)

Abbreviations: ASC, autism spectrum conditions; AUC, area under the curve; SCDC, social and

communication disorders checklist; SDQ, strength and difficulties questionnaire; SRS‐2, social
responsiveness scale‐second edition.
aThe area under the ROC curve (AUC) was used to show the performance of the SCDC, SDQ and the

SRS‐2 to detect ASC. Bold value represents AUC significantly larger than 0.5.
bUnsocial behavior: the reversed prosocial behavior scale.
cPerceived difficulties and social impairment in leisure activities in the impact supplement.

TAB L E 2 The result of the logistic regression analysis to
examine the influence of each item in the impact supplement of
the SDQ on ASC statusa

Item OR (95% CI)

Unsocial behavior þ peer problemsb 1.35 (0.94, 2.15)

Item 1: perceived difficulties 17.4 (1.18, 604.0)

Item 2: distress 0.42 (0.02, 4.76)

Item 3: social impairment in home life 0.45 (0.03, 6.18)

Item 4: social impairment in friendships 0.12 (0.01, 0.91)

Item 5: social impairment in classroom learning 0.45 (0.08, 2.12)

Item 6: social impairment in leisure activities 13.8 (1.87, 216.3)

Item 7: burden to others 0.55 (0.05, 3.77)

Abbreviations: ASC, autism spectrum conditions; SDQ, strength and

difficulties questionnaire.
aBold value represents OR significantly larger than 1.0.
bThe total score of the unsocial (¼ reversed prosocial) and peer

problems subscales of the SDQ.
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increased the diagnostic performance to the AUC of 0.78, identical to

that of the SCDC. From this finding, although the impact supplement

includes eight items to cover diverse aspects of social impairment

and distress, the items could be redundant, and the two items were

only found enough to enhance the diagnostic performance. Overall,

our results showed that the diagnostic performance of both the SDQ

and SCDC was moderate for screening for ASC in a psychiatry

outpatient setting. Nevertheless, both questionnaires can be reason-

ably used in the setting as below.

In general, a trade‐off exists between high sensitivity (high false

positives) and high specificity (high false negatives). If the multi‐level
LRs are instead used for test performance, it is not necessary to

tolerate the cost of high false positives or negatives. The approach

retains as much information as possible that is originally contained in

the test by deriving multiple level indices instead of reducing the test

into a dichotomous value below or above the cutoff. At the same time,

it is important to notice that patients are referred to a psychiatry

outpatient setting because of a perceived high risk for psychiatric

disorders (ASC here in the study), while general population screening

is conducted in a lower‐risk population. A more accurate screening

test is of greater importance in a low‐risk population than in a high‐
risk population such as psychiatry outpatients: based on the result of

the SCDC in the current study (Table 3), a patient with a pretest

probability of 33.3% for ASC (≒ the ASC prevalence in our sample)

who shows the SCDC score ≥18 has a posttest probability of 83% for

ASC, whereas a patient with a pretest probability of 1% who shows

the SCDC score ≥18 has a post‐test probability of 1.1%. Note that

this calculation was conducted using the formula: pretest odds �

LR¼ posttest odds, where odds can be converted to probabilities and

vice versa using the following formulae of odds ¼ probability/

(1 � probability) and probability ¼ odds/(1 þ odds). Thus, such a

questionnaire with moderate accuracy can be successfully applied

only to high‐risk populations such as psychiatry outpatients when

multi‐level rather than dichotomous LRs are used. As shown in the

diagnostic performance of the SRS‐2, whose AUC was 0.84 in this

study, even questionnaires lengthier than the SCDC and SDQ have

essentially moderate diagnostic performance for ASC in clinical

TAB L E 3 LRs of the SDQ based on the best scoring method

and the SCDC for the diagnosis of ASC

Questionnaire Score LR (95% CI)

SCDC 19–23 9.64 (1.78, 52.2)

7–18 0.85 (0.52, 1.42)

0–6 0.24 (0.05, 1.21)

SDQ1a 17–24 11.6 (2.21, 60.7)

11–16 0.84 (0.47, 1.51)

0–10 0.19 (0.04, 0.94)

SDQ 2b 15–18 9.64 (1.78, 52.2)

10–16 1.10 (0.63, 1.93)

0–9 0.16 (0.03, 0.77)

Abbreviations: ASC, autism spectrum conditions; LRs, likelihood ratios;

SCDC, social and communication disorders checklist; SDQ, strength and

difficulties questionnaire.
aSDQ 1: the total of the unsocial and peer problem scores plus

perceived difficulties and social impairment in leisure activities in the

impact supplement.
bSDQ 2: the total of the unsocial and peer problem scores.

TAB L E 4 Results of multiple regression analysis for the
influence of sex, age, and ID on the SCDC and SDQ scores

SCDC SDQa

βb ω2c p‐value βb ω2c p‐value

ASC 4.32 0.14 0.033 2.96 0.19 0.017

Sex: male � 1.03 <0.01 0.614 0.17 <0.01 0.894

Age � 0.30 <0.01 0.315 � 0.08 <0.01 0.654

ID 2.73 <0.01 0.279 1.73 0.01 0.261

Abbreviations: ASC, autism spectrum conditions; ID, intellectual

disability; SCDC, social and communication disorders checklist; SDQ,

strength and difficulties questionnaire.
aThe SDQ score: the total of the unsocial (¼ reversed prosocial) and

peer problem scores plus perceived difficulties and social impairment in

leisure activities in the impact supplement.
bβ: an estimated regression coefficient for each variable.
cω2: Omega squared represents how much variance in the score of each

questionnaire is accounted for by each explanatory variable.

F I GUR E 2 Receiver operating characteristics (ROC) curves for
the social and communication disorders checklist (SCDC), strength

and difficulties questionnaire (SDQ), and social responsiveness
scale‐second edition (SRS‐2) to discriminate between patients with
and without autism spectrum conditions. The ROC analysis of the

SDQ was conducted based on the total of the unsocial (¼ reversed
prosocial) and peer problem scores plus perceived difficulties and
social impairment in leisure activities in the impact supplement. The
total score was used for the ROC analysis of the SCDC and SRS‐2
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samples: for the SCQ (current form), AUC of 0.77 (Corsello et al.,

2007), 0.67 (Snow & Lecavalier, 2008), and 0.56 (Hollocks et al.,

2019); and for the SRS, AUC of 0.81 (Bölte et al., 2011) and 0.92

(Duvekot, van der Ende, Verhulst, & Greaves‐Lord, 2015). Thus, these
lengthier questionnaires for screening for ASC can be applied only to

a high‐risk population in a clinically meaningful way, just like the

SCDC and SDQ.

There have been concerns that several factors such as sex, age,

and ID could potentially affect the presentation of autistic symptom-

atology and thus the accuracy of ASC diagnostic or screening

instruments. However, studies on this topic were very limited. In the

present study, we found that all of age, sex, and comorbid ID had

nonsignificant and negligible influence on the SCDC and SDQ scores,

conditional on ASC status. This finding is in agreement with the

previous work investigating sex bias in the 10‐item autism spectrum

quotient (AQ‐10), where although individual items showed some sex

bias, these biases were found to cancel out to give an overall unbiased

test score (Murray et al., 2017). However, our finding is in disagree-

ment with the former studies showing lower accuracy of the SDQ in a

severe ID group (Sappok, Diefenbacher, Gaul, & Bölte, 2015) and in a

lower age group (Barnard‐Brak, Brewer, Chesnut, Richman, &

Schaeffer, 2016). The disagreement regarding the influence of age

might be partly due to use of an adult sample in the former study.

The strengths of the current study are the use of a sample with a

broad spectrum of patients typically seen in clinical practice and of

the best‐estimate diagnosis of ASC using a semi‐structured inter-

view, blinded to the screening tests. The possibility of the so‐called
“spectrum bias” and “work up bias” is thus minimized (Ransohoff &

Feinstein, 1978). Nevertheless, our findings should be viewed with

some degree of caution. First, the sample size was relatively small,

which led to rather large confidence intervals for AUC and LRs.

Especially, since we could not achieve the required sample size to

attain the prespecified width of 95% CI, the ROC analyses in the

present study were low‐powered. The second issue concerns the

generalizability of our study findings, especially for the SDQ. In the

present study, we examined the best discriminatory scoring method

of the SDQ to detect ASC, but the finding should be examined in

other samples to confirm the performance. Third, the “best estimate”

diagnosis used in the present study relied on all available data

sources including the semi‐structured interview, DISCO, but not a

semi‐structured observation instrument such as the Autism

Diagnostic Observation Schedule second edition (Lord et al., 2012).

In general, diagnostic classification of ASC should rely on the inte-

gration of different sources of information, including a parental

interview as well as a child observation from different contexts

(Constantino & Charman, 2016). Thus, no reliance on an observation

instrument might compromise the validity of the “best estimate”

diagnosis. Finally, we found that all of age, sex, and comorbid ID had

nonsignificant and negligible influence on the SCDC and SDQ scores,

conditional on ASC status in the multiple linear regression analysis.

However, our sample size was prohibitively small to conduct a sub-

group analysis to confirm these factors could influence accuracy of

the questionnaires to detect ASC.

In conclusion, the SCDC and SDQ demonstrated moderate

screening performance to detect ASC among Japanese psychiatry

outpatients. Although questionnaires to detect ASC, including the

three examined in this study, generally have only the moderate

performance, these can be successfully applied to high‐risk pop-

ulations such as psychiatry outpatients, when multi‐level rather than
dichotomous LRs are used.
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