
BackgroundBackground Autistic traits arewidelyAutistic traits arewidely

distributed inthe generalpopulation, butdistributed in the generalpopulation, but

the boundaries ofthe autistic spectrumthe boundaries ofthe autistic spectrum

are unclear.Whole-population surveys ofare unclear.Whole-population surveys of

unselected samples of children areunselected samples of children are

hamperedby the lackof appropriatehamperedby the lackof appropriate

screening instruments.screening instruments.

AimsAims To assesswhether the Social andTo assesswhether the Social and

Communication Disorders ChecklistCommunication Disorders Checklist

(SCDC) fulfils the need for a sensitive(SCDC) fulfils theneed for a sensitive

measure of autistic traits, which canbemeasure of autistic traits, which can be

completed in a fewminutes andwhichcompleted in a fewminutes andwhich

measuresheritable characteristics in bothmeasuresheritable characteristics in both

males and females.males and females.

MethodMethod A12-item scale, the SCDC,A12-item scale, the SCDC,

was completed by three independentwas completed by three independent

samples drawn froma twinregister, asamples drawn froma twinregister, a

groupwithTurner syndrome and childrengroupwithTurner syndrome and children

with a diagnosis of autistic-spectrumwith a diagnosis of autistic-spectrum

disorder attendingclinics.The dataweredisorder attendingclinics.The datawere

used to establishthe heritability, reliabilityused to establishthe heritability, reliability

andvalidityofthe checklist.andvalidityof the checklist.

ResultsResults Traitsmeasuredby the SCDCTraitsmeasuredby the SCDC

werehighlyheritable in both genderswere highlyheritable in both genders

(0.74).Internal consistency was excellent(0.74).Internal consistencywas excellent

(0.93) and test^retest reliabilityhigh(0.93) and test^retest reliabilityhigh

(0.81).Discriminant validitybetween(0.81).Discriminant validitybetween

pervasive developmental disorder andpervasive developmental disorder and

otherclinicalgroupswasgood,otherclinicalgroupswasgood,

discrimination fromnon-clinical samplesdiscrimination fromnon-clinical samples

wasbetter; sensitivity (0.90), specificitywasbetter; sensitivity (0.90), specificity

(0.69).(0.69).

ConclusionsConclusions The SCDCis a unique andThe SCDCis aunique and

efficient first-level screeningefficient first-level screening

questionnaire for autistic traits.questionnaire for autistic traits.

Declaration of interestDeclaration of interest None.None.

Autism may not be an excessively rareAutism may not be an excessively rare

disorder (Volkmardisorder (Volkmar et alet al, 2004). Rather, it, 2004). Rather, it

could represent the extreme of a quantita-could represent the extreme of a quantita-

tive distribution of autistic traits that aretive distribution of autistic traits that are

present in the general population (e.g.present in the general population (e.g.

SpikerSpiker et alet al, 2002; Constantino & Todd,, 2002; Constantino & Todd,

2003). Surveys of large unselected samples2003). Surveys of large unselected samples

are required to test and refine this hypothe-are required to test and refine this hypothe-

sis. Currently available instruments de-sis. Currently available instruments de-

signed to measure autistic traits suffersigned to measure autistic traits suffer

limitations that render them unsuitable forlimitations that render them unsuitable for

large-scale surveys: poor sensitivity (Southlarge-scale surveys: poor sensitivity (South

et alet al, 2002), little evidence on validity, 2002), little evidence on validity

(Ehlers(Ehlers et alet al, 1999; Scott, 1999; Scott et alet al, 2002; Cohen, 2002; Cohen

et alet al, 2003), applicability to a limited age, 2003), applicability to a limited age

range of children (Charmanrange of children (Charman et alet al, 2001), 2001)

and time (up to 20 min) taken for comple-and time (up to 20 min) taken for comple-

tion (Berumenttion (Berument et alet al, 1999; Constantino, 1999; Constantino

& Todd, 2003). We predicted that& Todd, 2003). We predicted that

the Social and Communication Disordersthe Social and Communication Disorders

Checklist (SCDC) (SkuseChecklist (SCDC) (Skuse et alet al, 1997) would, 1997) would

fulfil the need for a brief, simple instrumentfulfil the need for a brief, simple instrument

providing a reliable and valid dimensionalproviding a reliable and valid dimensional

measure of heritable autistic traits inmeasure of heritable autistic traits in

children with no learning disability.children with no learning disability.

METHODMETHOD

Informed consent was obtained fromInformed consent was obtained from

all participants in accordance with guide-all participants in accordance with guide-

lines from the appropriate hospital ethicslines from the appropriate hospital ethics

committees. Three independent samplescommittees. Three independent samples

participated in heritability, reliability andparticipated in heritability, reliability and

validity studies. The heritability study wasvalidity studies. The heritability study was

conducted using the Cardiff Study of Allconducted using the Cardiff Study of All

Wales and North of England Twins, whichWales and North of England Twins, which

is a population-based twin study of all twinis a population-based twin study of all twin

births in Wales and Greater Manchester.births in Wales and Greater Manchester.

Data on the heritability of the SCDC haveData on the heritability of the SCDC have

been previously published (Scourfieldbeen previously published (Scourfield etet

alal, 1999) but here are re-analysed to, 1999) but here are re-analysed to

examine gender differences in more detail.examine gender differences in more detail.

It is well established that autism is a highlyIt is well established that autism is a highly

heritable disorder, so any instrument pur-heritable disorder, so any instrument pur-

porting to measure autistic traits shouldporting to measure autistic traits should

itself show high heritability (however,itself show high heritability (however,

demonstrating high heritability does notdemonstrating high heritability does not

prove the validity of the measure). Theprove the validity of the measure). The

SCDC was sent to parents of twins agedSCDC was sent to parents of twins aged

5–17 years from a register of births in5–17 years from a register of births in

south-east Wales (details available insouth-east Wales (details available in

ScourfieldScourfield et alet al, 2004). Of the 1109 families, 2004). Of the 1109 families

contacted, 670 replied, a response rate ofcontacted, 670 replied, a response rate of

60%. The mean age of the girl twins was60%. The mean age of the girl twins was

10.6 years (s.d.10.6 years (s.d.¼3.3) and that of the boys3.3) and that of the boys

was 10.6 years (s.d.was 10.6 years (s.d.¼3.2). There were 2783.2). There were 278

monozygotic pairs (124 male pairs andmonozygotic pairs (124 male pairs and

154 female pairs) and 378 dizygotic pairs154 female pairs) and 378 dizygotic pairs

(198 opposite-gender pairs, 99 male pairs(198 opposite-gender pairs, 99 male pairs

and 81 female pairs).and 81 female pairs).

The test–retest reliability study sampleThe test–retest reliability study sample

was recruited from a database of femaleswas recruited from a database of females

with Turner syndrome, based on a nationalwith Turner syndrome, based on a national

case register. It comprised 254 individualscase register. It comprised 254 individuals

(mean age 15.7 years, s.d.(mean age 15.7 years, s.d.¼4.2, range4.2, range

3.3–19.1). Verbal IQ data were available3.3–19.1). Verbal IQ data were available

for 72 of these individuals, scored on thefor 72 of these individuals, scored on the

Wechsler Intelligence Scale for ChildrenWechsler Intelligence Scale for Children

(Wechsler, 1992): the mean verbal IQ was(Wechsler, 1992): the mean verbal IQ was

96.9 (s.d.96.9 (s.d.¼17.6, range 58–130).17.6, range 58–130).

Participants in the validity study com-Participants in the validity study com-

prised patients from three separate clinics:prised patients from three separate clinics:

the social and communication disordersthe social and communication disorders

clinic at Great Ormond Street Hospital forclinic at Great Ormond Street Hospital for

Children, London (Children, London (nn¼230), a child and230), a child and

adolescent mental health service (CAMHS)adolescent mental health service (CAMHS)

clinic in Luton (clinic in Luton (nn¼30) and another in30) and another in

Hartlepool (Hartlepool (nn¼23). For the Great Ormond23). For the Great Ormond

Street recruits, ICD–10 psychiatric diag-Street recruits, ICD–10 psychiatric diag-

noses (World Health Organization, 1992)noses (World Health Organization, 1992)

were established using a novel compu-were established using a novel compu-

terised autism interview, the Develop-terised autism interview, the Develop-

mental, Dimensional and Diagnosticmental, Dimensional and Diagnostic

Interview (3di; SkuseInterview (3di; Skuse et alet al, 2004). In the, 2004). In the

Great Ormond Street clinic the majorityGreat Ormond Street clinic the majority

of referrals concerned children with neuro-of referrals concerned children with neuro-

developmental or language problems. Thedevelopmental or language problems. The

CAMHS recruits were categorised accord-CAMHS recruits were categorised accord-

ing to clinician diagnosis. None of theing to clinician diagnosis. None of the

patients recruited into the survey had parti-patients recruited into the survey had parti-

cipated in previous research, and none hadcipated in previous research, and none had

previously been assessed with standardisedpreviously been assessed with standardised

psychiatric interviews for autism. Thepsychiatric interviews for autism. The

Great Ormond Street social and communi-Great Ormond Street social and communi-

cation disorders clinic is a quaternary refer-cation disorders clinic is a quaternary refer-

ral service that specialises in the assessmentral service that specialises in the assessment

of children with high-functioning autismof children with high-functioning autism

and complex presentations. The meanand complex presentations. The mean

verbal IQ in the Great Ormond Streetverbal IQ in the Great Ormond Street

sample was 94.2 (sample was 94.2 (nn¼164; range 40–153,164; range 40–153,

s.d.s.d.¼20.1) and the mean performance20.1) and the mean performance

IQ was 92.7 (IQ was 92.7 (nn¼118; range 49–143,118; range 49–143,

s.d.s.d.¼18.7). Data on IQ were not available18.7). Data on IQ were not available

for the CAMHS participants, but all offor the CAMHS participants, but all of

them were in mainstream education. Thethem were in mainstream education. The

Great Ormond Street sample for recruit-Great Ormond Street sample for recruit-

ment into this study comprised consecutivement into this study comprised consecutive

referrals to the clinic over a period of 4.5referrals to the clinic over a period of 4.5
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years, from July 1999 to December 2003.years, from July 1999 to December 2003.

The CAMHS recruits were consecutive re-The CAMHS recruits were consecutive re-

ferrals during January and February 2004.ferrals during January and February 2004.

An additional sample of normal controlsAn additional sample of normal controls

((nn¼118) was recruited to enable the assess-118) was recruited to enable the assess-

ment of the SCDC’s validity as a screeningment of the SCDC’s validity as a screening

instrument for autistic traits in the generalinstrument for autistic traits in the general

population (Table 1). All members of thepopulation (Table 1). All members of the

control group had intellectual abilities withincontrol group had intellectual abilities within

the normal range, were English-speakingthe normal range, were English-speaking

and were in mainstream schooling.and were in mainstream schooling.

The SCDC was sent out for completionThe SCDC was sent out for completion

by parents. For participants attending theby parents. For participants attending the

Great Ormond Street Hospital clinic, thisGreat Ormond Street Hospital clinic, this

questionnaire formed part of the pre-questionnaire formed part of the pre-

appointment assessment, and if initiallyappointment assessment, and if initially

incomplete the omission was rectified priorincomplete the omission was rectified prior

to the clinical assessment. Unlike previousto the clinical assessment. Unlike previous

evaluations of the Social Responsivenessevaluations of the Social Responsiveness

Scale (Constantino & Todd, 2003) andScale (Constantino & Todd, 2003) and

the Autism Screening Questionnaire (nowthe Autism Screening Questionnaire (now

known as the Social Communication Ques-known as the Social Communication Ques-

tionnaire; Berumenttionnaire; Berument et alet al, 1999) in clinical, 1999) in clinical

populations, questionnaire completionpopulations, questionnaire completion

never followed the standardised interview.never followed the standardised interview.

Establishing SCDCEstablishing SCDC
psychometric propertiespsychometric properties
ReliabilityReliability

In order to assess internal reliability, theIn order to assess internal reliability, the

SCDC’s internal consistency was calcu-SCDC’s internal consistency was calcu-

lated. External reliability was evaluated inlated. External reliability was evaluated in

terms of test–retest reliability; parents ofterms of test–retest reliability; parents of

188 participants completed the SCDC for188 participants completed the SCDC for

a second time, at a mean retest interval ofa second time, at a mean retest interval of

2.7 years (s.d.2.7 years (s.d.¼0.5, range 1.51–5.39).0.5, range 1.51–5.39).

ValidityValidity

We assessed content validity primarily byWe assessed content validity primarily by

comparing questions in the SCDC withcomparing questions in the SCDC with

items in standardised interviews, such asitems in standardised interviews, such as

the Autism Diagnostic Interview – Revisedthe Autism Diagnostic Interview – Revised

(ADI–R; Lord(ADI–R; Lord et alet al, 1994) and the 3di, 1994) and the 3di

(Skuse(Skuse et alet al, 2004), that most strongly, 2004), that most strongly

discriminate autistic-spectrum disordersdiscriminate autistic-spectrum disorders

from non-autistic conditions. The domainsfrom non-autistic conditions. The domains

of content of the questions (see Appendix)of content of the questions (see Appendix)

comprise social reciprocity (questions 1,comprise social reciprocity (questions 1,

2, 3, 6 and 10), non-verbal skills (8)2, 3, 6 and 10), non-verbal skills (8)

and pragmatic language usage (7, 11and pragmatic language usage (7, 11

and 12). Three questions concern func-and 12). Three questions concern func-

tional impairment (3–5). There is, how-tional impairment (3–5). There is, how-

ever, no explicit question concerningever, no explicit question concerning

circumscribed interests or stereotypedcircumscribed interests or stereotyped

patterns of motor behaviour.patterns of motor behaviour.

For further validity analysis, the diag-For further validity analysis, the diag-

nosis of an autistic-spectrum disorder wasnosis of an autistic-spectrum disorder was

defined according to ICD–10 criteria, todefined according to ICD–10 criteria, to

include autism, atypical autism and Asper-include autism, atypical autism and Asper-

ger syndrome. In the Great Ormond Streetger syndrome. In the Great Ormond Street

clinic sample this was established fromclinic sample this was established from

the 3di (see below) according to con-the 3di (see below) according to con-

ventional criteria based on the ADI–Rventional criteria based on the ADI–R

algorithm (Lordalgorithm (Lord et alet al, 1994), combined, 1994), combined

with findings from the Autism Diagnosticwith findings from the Autism Diagnostic

Observation Scale – Generic (LordObservation Scale – Generic (Lord et alet al,,

2000). Individuals meeting only ICD–102000). Individuals meeting only ICD–10

diagnostic criteria for pervasive develop-diagnostic criteria for pervasive develop-

mental disorder not otherwise specifiedmental disorder not otherwise specified

were categorised as non-cases for thewere categorised as non-cases for the

purpose of this study. The 3di is a parentalpurpose of this study. The 3di is a parental

autism interview that can be administeredautism interview that can be administered

to unselected clinical and general populationto unselected clinical and general population

samples; it measures both symptom intensitysamples; it measures both symptom intensity

and comorbidity across the full range of theand comorbidity across the full range of the

autistic spectrum (Skuseautistic spectrum (Skuse et alet al, 2004). It is a, 2004). It is a

computerised procedure, for administrationcomputerised procedure, for administration

by trained interviewers, which generatesby trained interviewers, which generates

symptom and diagnostic profiles for bothsymptom and diagnostic profiles for both

autism and non-autistic conditions. The 3di’sautism and non-autistic conditions. The 3di’s

test–retest and interrater reliability weretest–retest and interrater reliability were

assessed in unselected clinical (assessed in unselected clinical (nn¼50) and50) and

non-clinical (non-clinical (nn¼30) populations (Skuse30) populations (Skuse et alet al,,

2004). Concurrent (2004). Concurrent (nn¼120), discriminant120), discriminant

((nn¼120) and criterion (120) and criterion (nn¼29) validity were29) validity were

evaluated in autistic-spectrum disorder andevaluated in autistic-spectrum disorder and

non-autistic patient groups. Test–retest andnon-autistic patient groups. Test–retest and

interrater reliabilities were excellent (mostinterrater reliabilities were excellent (most

intraclass correlation coefficients were greaterintraclass correlation coefficients were greater

than 0.9). Concurrent validity of the 3dithan 0.9). Concurrent validity of the 3di

(agreement with independent clinician formu-(agreement with independent clinician formu-

lation) was very good (meanlation) was very good (mean kk¼0.74).0.74).

Criterion validity of the 3di, in a comparisonCriterion validity of the 3di, in a comparison

with the ADI–R (Lordwith the ADI–R (Lord et alet al, 1994), was, 1994), was

excellent, and the instrument’s ability toexcellent, and the instrument’s ability to

discriminate between autistic-spectrumdiscriminate between autistic-spectrum vv..

non-autistic individuals was almost perfectnon-autistic individuals was almost perfect

(sensitivity 1.0, specificity(sensitivity 1.0, specificity 440.97).0.97).

Concurrent validity of the SCDC wasConcurrent validity of the SCDC was

assessed by a comparison of mean scoresassessed by a comparison of mean scores

on this measure of children with clinicallyon this measure of children with clinically

diagnosed autistic-spectrum disorderdiagnosed autistic-spectrum disorder

((nn¼208) and children with other clinical208) and children with other clinical

diagnoses (diagnoses (nn¼76). Non-autistic conditions76). Non-autistic conditions

in the comparison samples includedin the comparison samples included

conduct disorders, attention-deficit hyper-conduct disorders, attention-deficit hyper-

activity disorder (ADHD), pragmatic dis-activity disorder (ADHD), pragmatic dis-

orders oforders of language, Tourette syndromelanguage, Tourette syndrome

andand obsessive–compulsive disorder, diag-obsessive–compulsive disorder, diag-

nosed by experienced clinicians accordingnosed by experienced clinicians according

to ICD–10 criteria. We expected the meanto ICD–10 criteria. We expected the mean

SCDC scores of these clinical groups to beSCDC scores of these clinical groups to be

higher than those of children in the generalhigher than those of children in the general

population, because of their associationpopulation, because of their association

with autistic features (e.g. Geurtswith autistic features (e.g. Geurts et alet al,,

2004; Gilmour2004; Gilmour et alet al, 2004). Accordingly a, 2004). Accordingly a

second test of concurrent validity was per-second test of concurrent validity was per-

formed, to compare SCDC scores of theformed, to compare SCDC scores of the

clinically identified samples with generalclinically identified samples with general

population controls (population controls (nn¼118).118).

Criterion validity of the SCDC wasCriterion validity of the SCDC was

evaluated by determining correlationsevaluated by determining correlations

between the questionnaire total score andbetween the questionnaire total score and

the sub-scale scores of algorithms generatedthe sub-scale scores of algorithms generated

by the 3di (Skuseby the 3di (Skuse et alet al, 2004), which are, 2004), which are

equivalent to the sub-scale scores of theequivalent to the sub-scale scores of the

ADI–R algorithm (LordADI–R algorithm (Lord et alet al, 1994)., 1994).

Discriminant validity analysis wasDiscriminant validity analysis was

conducted using receiver operatingconducted using receiver operating

characteristic (ROC) analysis (Fombonne,characteristic (ROC) analysis (Fombonne,

1991) in which the area under a ROC curve1991) in which the area under a ROC curve

(the AOC) serves as an index of a test’s(the AOC) serves as an index of a test’s

accuracy in discriminating between groups.accuracy in discriminating between groups.

In this analysis clinical cases of autistic-In this analysis clinical cases of autistic-

spectrum disorder were compared withspectrum disorder were compared with

other clinical and non-clinical cases.other clinical and non-clinical cases.

Subsequently, the sensitivity and specificitySubsequently, the sensitivity and specificity

of the instrument were determined, basedof the instrument were determined, based

on the optimal cut-off that had been de-on the optimal cut-off that had been de-

rived for discriminating autistic-spectrumrived for discriminating autistic-spectrum

disorder from other clinical conditionsdisorder from other clinical conditions

and from normal-range behaviour.and from normal-range behaviour.
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Table 1Table 1 Validity sample characteristicsValidity sample characteristics

Autism and atypicalAutism and atypical

autismautism

((nn¼208)208)

Clinic control groupClinic control group

((nn¼76)76)

Normal controlNormal control

groupgroup

((nn¼118)118)

Gender: male, %Gender: male, %11 8282 8888 4949

Age, years: mean (range)Age, years: mean (range) 8.9 (2.5^18.1)8.9 (2.5^18.1) 10.8 (2.4^17.7)10.8 (2.4^17.7) 13.0 (7.3^17.4)13.0 (7.3^17.4)

Verbal IQ: mean (s.d.)Verbal IQ: mean (s.d.)22 93.0 (20.6)93.0 (20.6) 102.5 (13.8)102.5 (13.8)

Non-verbal IQ: mean (s.d.)Non-verbal IQ: mean (s.d.)33 91.9 (19.0)91.9 (19.0) 99.7 (15.5)99.7 (15.5)

Proportion of verbal IQs below 80, %Proportion of verbal IQs below 80, % 2424 55

SCDC score: mean (s.d.)SCDC score: mean (s.d.) 16.6 (5.7)16.6 (5.7) 13.0 (6.1)13.0 (6.1) 2.9 (4.0)2.9 (4.0)

SCDC, Social and Communication Disorders Checklist.SCDC, Social and Communication Disorders Checklist.
1. Therewas no difference betweenmean SCDC scores of males and females in either of the clinic groups, although1. There was no difference betweenmean SCDC scores of males and females in either of the clinic groups, although
such differences are found in the normal controls.such differences are found in the normal controls.
2. Verbal IQwas available for144 individuals in the autismgroup and 20 clinic controls; therewas a significantdifference2. Verbal IQwas available for144 individuals in the autism group and 20 clinic controls; therewas a significantdifference
between the groups:between the groups:UU¼969.5,969.5, PP550.05.Therewas no correlation between verbal IQ and SCDC score (0.05.Therewas no correlation between verbal IQ and SCDC score (rr¼770.12,0.12, PP440.1).0.1).
3. Non-verbal IQ was available for105 individuals in the autism group and13 clinic controls; scores did not differ accor-3. Non-verbal IQ was available for105 individuals in the autism group and13 clinic controls; scores did not differ accor-
ding to group (ding to group (UU¼505.0,505.0, PP440.1).Therewas no correlation between non-verbal IQ and SCDC score (0.1).Therewas no correlation between non-verbal IQ and SCDC score (rr¼770.07,0.07, PP440.4).0.4).
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Statistical analysis was conducted usingStatistical analysis was conducted using

the Statistical Package for the Socialthe Statistical Package for the Social

Sciences (SPSS version 11 for Windows).Sciences (SPSS version 11 for Windows).

Test–retest reliability of the SCDC wasTest–retest reliability of the SCDC was

assessed using intraclass correlation coeffi-assessed using intraclass correlation coeffi-

cients (ICCs). One-way ICCs were used,cients (ICCs). One-way ICCs were used,

to allow for inter-individual variability.to allow for inter-individual variability.

Internal consistency was evaluated byInternal consistency was evaluated by

calculating Cronbach’scalculating Cronbach’s aa coefficient. Con-coefficient. Con-

current validity was assessed using one-waycurrent validity was assessed using one-way

analysis of variance (ANOVA), with clinicalanalysis of variance (ANOVA), with clinical

group as the factor. Tamhane’s T2 (Tam-group as the factor. Tamhane’s T2 (Tam-

hane, 1979) was used as ahane, 1979) was used as a post hocpost hoc test totest to

see which diagnostic groups differed fromsee which diagnostic groups differed from

each other in terms of mean SCDC score.each other in terms of mean SCDC score.

RESULTSRESULTS

Heritability studyHeritability study
Earlier analyses of these data showed no sig-Earlier analyses of these data showed no sig-

nificant difference in the size of genetic influ-nificant difference in the size of genetic influ-

ence in males and females and no evidenceence in males and females and no evidence

of separate non-additive genetic effects inof separate non-additive genetic effects in

females (Scourfieldfemales (Scourfield et alet al, 1999). Here, addi-, 1999). Here, addi-

tional analyses have further examined thetional analyses have further examined the

question of gender differences and have in-question of gender differences and have in-

cluded the influence of a scalar amplificationcluded the influence of a scalar amplification

or dampening of the phenotype in either gen-or dampening of the phenotype in either gen-

der. This allows for comparison with anotherder. This allows for comparison with another

twin study of an autism trait measure (Con-twin study of an autism trait measure (Con-

stantino & Todd, 2003). These additionalstantino & Todd, 2003). These additional

analyses have shown no evidence of separateanalyses have shown no evidence of separate

additive genetic effects in males or femalesadditive genetic effects in males or females

and no evidence of scalar amplification orand no evidence of scalar amplification or

dampening of the phenotypic trait in eitherdampening of the phenotypic trait in either

gender. For both males and females thegender. For both males and females the

influence of the shared environment wasinfluence of the shared environment was

non-significant and the best fitting modelnon-significant and the best fitting model

showed, for both genders, a heritability ofshowed, for both genders, a heritability of

0.74 and non-shared environmental influence0.74 and non-shared environmental influence

of 0.26 (summary of data presented as a dataof 0.26 (summary of data presented as a data

supplement to the online version of thissupplement to the online version of this

paper).paper).

Internal and external reliabilityInternal and external reliability
of the SCDCof the SCDC
Cronbach’sCronbach’s aa coefficient for the SCDC wascoefficient for the SCDC was

0.93, showing that the content of the0.93, showing that the content of the

instrument has high internal consistency.instrument has high internal consistency.

The ICC for test–retest SCDC scores on aThe ICC for test–retest SCDC scores on a

clinical sample of 188 children (Skuseclinical sample of 188 children (Skuse etet

alal, 1997) with a mean retest interval of, 1997) with a mean retest interval of

2.7 years (s.d.2.7 years (s.d.¼0.5, range 1.51–5.39) was0.5, range 1.51–5.39) was

0.81 (95% CI 0.76–0.86).0.81 (95% CI 0.76–0.86).

Validity of the SCDCValidity of the SCDC
Concurrent validityConcurrent validity
The mean SCDC score for the autistic-The mean SCDC score for the autistic-

spectrum group was 16.6 (s.d.spectrum group was 16.6 (s.d.¼5.7), which5.7), which

was significantly higher than that ofwas significantly higher than that of

the clinical control group (mean score 11.6,the clinical control group (mean score 11.6,

s.d.s.d.¼6.6) and the community control6.6) and the community control

group (mean score 2.9, s.d.group (mean score 2.9, s.d.¼4.0); one-way4.0); one-way

ANOVA (ANOVA (FF(2,346)(2,346)¼258.72,258.72, PP550.001). How-0.001). How-

ever, it should be noted that Levene’s testever, it should be noted that Levene’s test

showed that the assumption of equality ofshowed that the assumption of equality of

variances had been violated for this analysisvariances had been violated for this analysis

(Levene statistic 19.6,(Levene statistic 19.6, PP550.001). Tamhane’s0.001). Tamhane’s

T2 was therefore used forT2 was therefore used for post hocpost hoc compari-compari-

sons between groups, as this test is speciallysons between groups, as this test is specially

designed for situations in which populationdesigned for situations in which population

variances differ, and is conservative in rela-variances differ, and is conservative in rela-

tion to type 1 error. Thistion to type 1 error. This post hocpost hoc analysisanalysis

showed that significant differences in SCDCshowed that significant differences in SCDC

scores exist between all three clinical groups:scores exist between all three clinical groups:

for each group comparison,for each group comparison, PP550.001.0.001.

Discriminant validityDiscriminant validity

Discriminant validity was then assessed byDiscriminant validity was then assessed by

determining the power of the SCDC to dis-determining the power of the SCDC to dis-

tinguish participants with autistic-spectrumtinguish participants with autistic-spectrum

disorder from non-autistic participants,disorder from non-autistic participants,

using ROC analysis. This analysis was doneusing ROC analysis. This analysis was done

in two parts. First, we found that the SCDCin two parts. First, we found that the SCDC

showed impressive accuracy in discriminat-showed impressive accuracy in discriminat-

ing children with an autistic-spectruming children with an autistic-spectrum

disorder from (clinical plus non-clinical)disorder from (clinical plus non-clinical)

controls (AOCcontrols (AOC¼0.86,0.86, PP550.001). Maximal0.001). Maximal

discrimination between all pervasive devel-discrimination between all pervasive devel-

opmental disorder (PDD) diagnoses andopmental disorder (PDD) diagnoses and

non-PDD diagnoses/normal comparisonsnon-PDD diagnoses/normal comparisons

was obtained at a cut-off score of 9 pointswas obtained at a cut-off score of 9 points

(a score of 9 or above implied a case). Sen-(a score of 9 or above implied a case). Sen-

sitivity was 0.90 and specificity was 0.69sitivity was 0.90 and specificity was 0.69

with this cut-off; the positive predictivewith this cut-off; the positive predictive

validity was 0.75 and the negative predic-validity was 0.75 and the negative predic-

tive validity was 0.86. Of the 61 falsetive validity was 0.86. Of the 61 false

positives obtained with this cut-off, 19positives obtained with this cut-off, 19

(31%) were clinical control cases selected(31%) were clinical control cases selected

from children attending the Great Ormondfrom children attending the Great Ormond

Street clinic. These were cases of socialStreet clinic. These were cases of social

communication difficulty on referral thatcommunication difficulty on referral that

had already been assessed locally and werehad already been assessed locally and were

referred to our national centre for a secondreferred to our national centre for a second

(or even a third) opinion. Their presence is(or even a third) opinion. Their presence is

likely to have raised the false-positive rate;likely to have raised the false-positive rate;

among comparisons from the general popu-among comparisons from the general popu-

lation the false-positive rate was only 9%.lation the false-positive rate was only 9%.

We repeated the ROC analysis excludingWe repeated the ROC analysis excluding

data from the general population sample.data from the general population sample.

The sensitivity of the instrument (with theThe sensitivity of the instrument (with the

identical cut-off) was the same (0.9) butidentical cut-off) was the same (0.9) but

the specificity was reduced to 0.35.the specificity was reduced to 0.35.

Criterion validityCriterion validity

Finally, criterion validity was assessed byFinally, criterion validity was assessed by

comparing total scores on the SCDC withcomparing total scores on the SCDC with

the ADI–R equivalent algorithm outputthe ADI–R equivalent algorithm output

generated by the 3di, for the Great Ormondgenerated by the 3di, for the Great Ormond

Street sample (Street sample (nn¼230), comprising 73 chil-230), comprising 73 chil-

dren with autism, 131 with other PDDdren with autism, 131 with other PDD

diagnoses and 26 without a PDD diagnosis.diagnoses and 26 without a PDD diagnosis.

These correlations were modest, which is un-These correlations were modest, which is un-

surprising in view of the fact that the itemssurprising in view of the fact that the items

that make up the SCDC were not derivedthat make up the SCDC were not derived

from the ADI–R and are designed to measurefrom the ADI–R and are designed to measure

autistic traits rather than for diagnostic pur-autistic traits rather than for diagnostic pur-

poses. Correlation with the social interactionposes. Correlation with the social interaction

sub-scale was 0.41 (sub-scale was 0.41 (PP550.001), correlation0.001), correlation

with the language/communication sub-scalewith the language/communication sub-scale

was 0.30 (was 0.30 (PP550.001) and correlation with0.001) and correlation with

the repetitive and stereotyped behaviourthe repetitive and stereotyped behaviour

sub-scale was 0.21 (sub-scale was 0.21 (PP550.01). The correla-0.01). The correla-

tion between the SCDC total and the 3di totaltion between the SCDC total and the 3di total

score was 0.38 (score was 0.38 (PP550.001).0.001).

DISCUSSIONDISCUSSION

Population screeningPopulation screening
for autistic traitsfor autistic traits
‘Is autism one end of the normal spectrum‘Is autism one end of the normal spectrum

of behaviour, or is it an abnormal condi-of behaviour, or is it an abnormal condi-

tion?’ (Medical Research Council, 2001).tion?’ (Medical Research Council, 2001).

To date, no whole population screen forTo date, no whole population screen for

autistic traits has been published. Weautistic traits has been published. We

simply do not know whether autisticsimply do not know whether autistic

behaviours are continuous with a normalbehaviours are continuous with a normal

distribution of severity, as the work ofdistribution of severity, as the work of

SpikerSpiker et alet al (2002) and Constantino &(2002) and Constantino &

Todd (2003) implies; or whether autism isTodd (2003) implies; or whether autism is

distinct, either in terms of bimodality ofdistinct, either in terms of bimodality of

quantitative trait distribution or in qualita-quantitative trait distribution or in qualita-

tive difference from normal development.tive difference from normal development.

The SCDC may be used for a first-stageThe SCDC may be used for a first-stage

screen of school-aged populations in orderscreen of school-aged populations in order

to provide an answer to these questions.to provide an answer to these questions.

Heritability of the SCDCHeritability of the SCDC
Autism is a highly heritable disorder, but ofAutism is a highly heritable disorder, but of

the various screening instruments availablethe various screening instruments available

only the Social Responsiveness Scale hasonly the Social Responsiveness Scale has

been evaluated in terms of formal heritabil-been evaluated in terms of formal heritabil-

ity by means of a twin study. Constantinoity by means of a twin study. Constantino

& Todd (2003) report a best fitting model& Todd (2003) report a best fitting model

heritability estimate of 0.48, with a sampleheritability estimate of 0.48, with a sample

size of 788 twin pairs. The best fittingsize of 788 twin pairs. The best fitting

model for SCDC data showed no signifi-model for SCDC data showed no signifi-

cant gender differences and, using similarcant gender differences and, using similar

analyses, a substantially greater heritabilityanalyses, a substantially greater heritability

of 0.76 with unique environmental influ-of 0.76 with unique environmental influ-

ences of 0.24. A heritability of 0.76 is closeences of 0.24. A heritability of 0.76 is close

to the heritability estimates (about 0.9)to the heritability estimates (about 0.9)

reported in twin studies of clinical cases ofreported in twin studies of clinical cases of

autism (Baileyautism (Bailey et alet al, 1995). No significant, 1995). No significant

influence of the shared environmentinfluence of the shared environment

emerged in our study, although the upperemerged in our study, although the upper

95% confidence limit of these estimates95% confidence limit of these estimates

was 0.26 in females and 0.45 in males;was 0.26 in females and 0.45 in males;

therefore, it is possible that a larger sampletherefore, it is possible that a larger sample

size might have detected a more significantsize might have detected a more significant

effect.effect.
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Comparative reliabilityComparative reliability
and validity of the SCDCand validity of the SCDC
The instrument compares well with existingThe instrument compares well with existing

autism screening tools in terms of its psy-autism screening tools in terms of its psy-

chometric properties. Internal consistencychometric properties. Internal consistency

of the SCDC is very high (0.93), indicatingof the SCDC is very high (0.93), indicating

it has a simple factorial structure, bothit has a simple factorial structure, both

in studies of symptomatic cases and inin studies of symptomatic cases and in

the general population. The derivation ofthe general population. The derivation of

this 12-item questionnaire from principalthis 12-item questionnaire from principal

components analysis of a longer instrumentcomponents analysis of a longer instrument

was described by Skusewas described by Skuse et alet al (1997). Test–(1997). Test–

retest reliability (established with anretest reliability (established with an

interval of nearly 3 years) has not, to theinterval of nearly 3 years) has not, to the

best of our knowledge, been evaluated withbest of our knowledge, been evaluated with

comparable instruments. The issue of valid-comparable instruments. The issue of valid-

ity was established in terms of content,ity was established in terms of content,

concurrent validity, discriminant and criter-concurrent validity, discriminant and criter-

ion validity. In common with the Socialion validity. In common with the Social

Responsiveness Scale (ConstantinoResponsiveness Scale (Constantino et alet al,,

2003), total scores on the SCDC were2003), total scores on the SCDC were

independent of IQ. The sensitivity andindependent of IQ. The sensitivity and

specificity values obtained by Berumentspecificity values obtained by Berument etet

alal (1999) for the questionnaire now known(1999) for the questionnaire now known

as the Social Communication Question-as the Social Communication Question-

naire (0.85 and 0.75 respectively) werenaire (0.85 and 0.75 respectively) were

closely similar to our own estimates ofclosely similar to our own estimates of

0.90 and 0.69 respectively, which were0.90 and 0.69 respectively, which were

based on a ROC analysis of a sample thatbased on a ROC analysis of a sample that

contained a high proportion of childrencontained a high proportion of children

with no psychiatric diagnosis. Because thewith no psychiatric diagnosis. Because the

inclusion of the latter sample might haveinclusion of the latter sample might have

led to inflated estimates of the SCDCled to inflated estimates of the SCDC

performance, we subsequently conductedperformance, we subsequently conducted

a further ROC analysis in which cases ofa further ROC analysis in which cases of

autistic-spectrum disorder were comparedautistic-spectrum disorder were compared

with other social communication andwith other social communication and

neurodevelopmental disorders. The highneurodevelopmental disorders. The high

sensitivity of the instrument was replicatedsensitivity of the instrument was replicated

(0.90), which is appropriate for a screening(0.90), which is appropriate for a screening

instrument, but specificity was substantiallyinstrument, but specificity was substantially

reduced. This is no doubt because autisticreduced. This is no doubt because autistic

traits are strongly correlated with commontraits are strongly correlated with common

problems such as ADHD (Geurtsproblems such as ADHD (Geurts et alet al,,

2004) and conduct disorder (Gilmour2004) and conduct disorder (Gilmour etet

alal, 2004). We did not anticipate that the, 2004). We did not anticipate that the

SCDC would be suitable for making dis-SCDC would be suitable for making dis-

criminations within the autistic spectrumcriminations within the autistic spectrum

of disorders: such discrimination was aof disorders: such discrimination was a

problem even for the Autism Screeningproblem even for the Autism Screening

Questionnaire (BerumentQuestionnaire (Berument et alet al, 1999), which, 1999), which

was designed specifically for application towas designed specifically for application to

clinical populations (Volkmarclinical populations (Volkmar et alet al, 2004)., 2004).

Autism as a dimensional disorderAutism as a dimensional disorder
Increasing evidence supports the hypothesisIncreasing evidence supports the hypothesis

that autism is a quantitative or dimension-that autism is a quantitative or dimension-

al spectrum, with no clear qualitativeal spectrum, with no clear qualitative

distinction between traits found amongdistinction between traits found among

individuals with the disorder and the gener-individuals with the disorder and the gener-

al population. The majority of people withal population. The majority of people with

autism probably have IQ scores in theautism probably have IQ scores in the

normal range, although autistic behavioursnormal range, although autistic behaviours

may be proportionately more commonmay be proportionately more common

among those with learning disabilitiesamong those with learning disabilities

(Medical Research Council, 2001). Is(Medical Research Council, 2001). Is

autism unidimensional, as claimed by Con-autism unidimensional, as claimed by Con-

stantino & Todd (2003) and Spikerstantino & Todd (2003) and Spiker et alet al

(2002)? Contrary evidence is provided by(2002)? Contrary evidence is provided by

SilvermanSilverman et alet al (2002), who found that(2002), who found that

social and language deficits in autisticsocial and language deficits in autistic

disorders were not closely correlated withdisorders were not closely correlated with

stereotyped and repetitive behaviours.stereotyped and repetitive behaviours.

Screening questionnaires are generally notScreening questionnaires are generally not

sensitive to the latter dimension of autisticsensitive to the latter dimension of autistic

impairment, which has proved to beimpairment, which has proved to be

problematic, in terms of weak diagnosticproblematic, in terms of weak diagnostic

differentiation, in studies of autistic indi-differentiation, in studies of autistic indi-

viduals with IQ scores in the normal rangeviduals with IQ scores in the normal range

(e.g. Berument(e.g. Berument et alet al, 1999). Items concern-, 1999). Items concern-

ing such traits are virtually absent froming such traits are virtually absent from

similar screening instruments (Constantinosimilar screening instruments (Constantino

& Todd, 2003).& Todd, 2003).

ImplicationsImplications
Recent surveys of the prevalence of autismRecent surveys of the prevalence of autism

in the community indicate not only anin the community indicate not only an

increase in the number of cases meetingincrease in the number of cases meeting

conventional criteria, but a disproportionateconventional criteria, but a disproportionate

increase in the number of milder cases thatincrease in the number of milder cases that

fail to reach full ICD–10 or DSM–IVfail to reach full ICD–10 or DSM–IV

(American Psychiatric Association, 1994)(American Psychiatric Association, 1994)

criteria (Chakrabarti & Fombonne, 2001;criteria (Chakrabarti & Fombonne, 2001;

Yeargin-AllsoppYeargin-Allsopp et alet al, 2003). Subclinical, 2003). Subclinical

cases of autism may present indirectly, forcases of autism may present indirectly, for

example with conduct problems at schoolexample with conduct problems at school

(Gilmour(Gilmour et alet al, 2004). The burgeoning, 2004). The burgeoning

recognition of autistic disorders is puttingrecognition of autistic disorders is putting

a great strain on local services. Rationala great strain on local services. Rational

planning for the likely number of as-yet-planning for the likely number of as-yet-

unrecognised cases requires a better esti-unrecognised cases requires a better esti-

mate than we currently have of where themate than we currently have of where the

boundaries of the autistic spectrum lie.boundaries of the autistic spectrum lie.

The SCDC, a brief, reliable and validThe SCDC, a brief, reliable and valid

screening questionnaire, should finallyscreening questionnaire, should finally

allow this question to be answered in theallow this question to be answered in the

context of a whole-population survey ofcontext of a whole-population survey of

school-age children.school-age children.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& The Social and Communication Disorders Checklist (SCDC) is a brief andThe Social and Communication Disorders Checklist (SCDC) is a brief and
effective screeningmeasure for pervasive developmental disorders.effective screeningmeasure for pervasive developmental disorders.

&& It will be useful in studies that aim to estimate the boundaries of the autisticIt will be useful in studies that aim to estimate the boundaries of the autistic
spectrumbymeasuring autistic traits in large community samples.spectrumbymeasuring autistic traits in large community samples.

&& The SCDC can be used to further our understanding of the role of sub-thresholdThe SCDC can be used to further our understanding of the role of sub-threshold
autistic traits in behavioural difficulties and conditions such as attention-deficitautistic traits in behavioural difficulties and conditions such as attention-deficit
hyperactivity and conduct disorders.hyperactivity and conduct disorders.

LIMITATIONSLIMITATIONS

&& Interrater reliability data are needed.Interrater reliability data are needed.

&& The SCDCwas designed for large-scale surveys and is not suitable for providingThe SCDCwas designed for large-scale surveys and is not suitable for providing
clinical diagnoses. It has excellent sensitivity, but low specificity with regard to theclinical diagnoses. It has excellent sensitivity, but low specificity with regard to the
diagnosis of autism itself.diagnosis of autism itself.

&& The SCDC is a parent-reportmeasure. A self-ratedversion for adults has notbeenThe SCDCis a parent-reportmeasure. A self-ratedversion for adults has notbeen
validated in adult populations of individuals with autism.validated in adult populations of individuals with autism.
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APPENDIXAPPENDIX

Social and Communication Disorders ChecklistSocial and Communication Disorders Checklist

The Social and Communication Disorders Checklist (SCDC) was devised to be simply and quickly rated, comprising just 12 questions. Nine of these serve to measureThe Social and Communication Disorders Checklist (SCDC) was devised to be simply and quickly rated, comprising just 12 questions. Nine of these serve to measure
abnormalities in those aspects of the autistic triad that reflect ‘reciprocal social interaction skills’and ‘communicationabnormalities in those aspects of the autistic triad that reflect ‘reciprocal social interaction skills’and ‘communication skills’.Items 4,5 and 6measurebehaviouralskills’.Items 4,5 and 6measurebehavioural problemsproblems
in a more general sense, and reflect functional impairment. Each item on the scale is rated according to whether the behaviour has been seen over the past 6 months,in a more general sense, and reflect functional impairment. Each item on the scale is rated according to whether the behaviour has been seen over the past 6 months,
and if so whether the associated statements are‘quite or sometimes true’ or ‘very or often true’.Corresponding scores of 0,1 and 2 apply, so the maximum possible scoreand if so whether the associated statements are‘quite or sometimes true’ or ‘very or often true’.Corresponding scores of 0,1 and 2 apply, so the maximum possible score
is 24.The instrument wasis 24.The instrument was originally developed to measure social-originally developed to measure social-behaviour deficits inTurner’s syndrome (Skusebehaviour deficits inTurner’s syndrome (Skuse et alet al, 1997)., 1997).

ChecklistChecklist

For each item, pleasemark the box that best describes your child’s behaviour over the past 6months.For each item, pleasemark the box that best describes your child’s behaviour over the past 6 months.
Not trueNot true Quite or sometimes trueQuite or sometimes true Very or often trueVery or often true

1.1. Not aware of other people’s feelingsNot aware of other people’s feelings && && &&
2.2. Does not realise when others are upset or angryDoes not realise when others are upset or angry && && &&
3.3. Does not notice the effect of his/her behaviour on othermembers of the familyDoes not notice the effect of his/her behaviour on othermembers of the family && && &&
4.4. Behaviour often disrupts family lifeBehaviour often disrupts family life && && &&
5.5. Very demanding of other people’s timeVery demanding of other people’s time && && &&
6.6. Difficult to reasonwithwhen upsetDifficult to reason withwhen upset && && &&
7.7. Does not seem to understand social skills, e.g. persistently interrupts conversationsDoes not seem to understand social skills, e.g. persistently interrupts conversations && && &&
8.8. Does not pick up on body languageDoes not pick up on body language && && &&
9.9. Does not appear to understand how to behavewhen out (e.g. in shops, or other people’s homes)Does not appear to understand how to behavewhen out (e.g. in shops, or other people’s homes) && && &&

10.10. Does not realise if s/he offends people with her/his behaviourDoes not realise if s/he offends peoplewith her/his behaviour && && &&
11.11. Does not respondwhen told to do somethingDoes not respondwhen told to do something && && &&
12.12. Cannot follow a command unless it is carefully wordedCannot follow a command unless it is carefully worded && && &&

Do you have any other comments or concerns? (If yes, please describe.)Do you have any other comments or concerns? (If yes, please describe.)
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