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Abstract Traits of autistic spectrum disorders (ASD)

occur frequently in attention deficit hyperactivity disorder

(ADHD), but the significance of their presence in terms of

phenotype and underlying neurobiology is not properly

understood. This analysis aimed to determine whether

higher levels of autistic traits, as measured by the Social

Communication Questionnaire (SCQ), index a more

severe presentation in a large, rigorously phenotyped

sample of children with ADHD (N = 711). Regression

analyses were used to examine association of SCQ scores

with core ADHD features, clinical comorbidities and

cognitive and developmental features, with adjustment for

putative confounders. For outcomes showing association

with total SCQ score, secondary analyses determined

levels of differential association of the three ASD sub-

domains. Results suggest that increasing ASD symptom-

atology within ADHD is associated with a more severe

phenotype in terms of oppositional, conduct and anxiety

symptoms, lower full-scale IQ, working memory deficits

and general motor problems. These associations persisted

after accounting for ADHD severity, suggesting that

autistic symptomatology independently indexes the

severity of comorbid impairments in the context of

ADHD. Sub-domain scores did not show unique contri-

butions to most outcomes, except that social deficits were

independently associated with oppositional symptoms and

repetitive behaviours independently predicted hyperactive-

impulsive symptoms and motor problems. It would be

worthwhile for clinicians to consider levels of socio-

communicative and repetitive traits in those with ADHD

who do not meet diagnostic criteria for ASD, as they

index higher levels of phenotypic complexity, which may

have implications for efficacy of interventions.

Keywords ADHD � ASD � Comorbidity � Cognitive

deficits � Neurodevelopment

Introduction

Autistic spectrum disorders (ASD) and attention deficit

hyperactivity disorder (ADHD) are childhood-onset neu-

rodevelopmental disorders. Although there are some

important differences (e.g., core symptom definition and

recommended treatment), ASD and ADHD share many

similar impairments in developmental and cognitive

domains. Both are substantially more common in boys

than girls, with a gender ratio of around 6:1 [1, 2]. There

is strong comorbidity of both disorders with intellectual

disability (ID) [3–6]. Both are also associated with other

specific learning and developmental problems, notably

reading difficulties [7–9] and motor problems, including

developmental co-ordination disorder [10, 11]. Specific

speech and language problems similar to those in ASD are
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frequently seen in those with ADHD [12], and general

language delay, one of the defining features of ASD, is

also commonly seen in ADHD [13]. Furthermore, both

disorders are associated with deficits in executive func-

tions (EF) [14, 15].

Importantly, ASD and ADHD also show remarkably

high comorbidity with each other, at trait and full disorder

level, both in clinical [16–19] and general population [20–

23] cross-sectional samples. Further support for this

comes from a recent longitudinal population twin study,

which showed that traits of one condition at age 8 are

significantly associated with traits of the other condition at

age 12, with a stronger association for ADHD predicting

ASD than vice versa [24]. Furthermore, whilst the neu-

robiology of both disorders is yet to be fully elucidated,

there is evidence from genetic [25] and imaging studies

[26] that they may share underlying neurobiological

dysfunction.

Current diagnostic classification systems (DSM-IV and

ICD-10) preclude the co-diagnosis of ADHD in children

with ASD. However, with comorbidity estimates being so

high, the DSM-5 will no longer have this restriction [27].

In view of these potential changes and research highlight-

ing the overlap across these two conditions, there have

been a number of attempts to shed light on the similarities

between children with a primary diagnosis of ADHD or

ASD and children meeting diagnostic criteria or having a

high level of traits of both conditions, in terms of their core

neurodevelopmental phenotypes, comorbid problems and

cognitive and developmental profiles. For the purpose of

this study, we focus on the presence of elevated ASD traits

in children with ADHD.

Core ADHD symptom profile of ADHD children

with elevated ASD traits

The profile of ADHD symptoms in children with a primary

diagnosis of ADHD does not appear to be influenced by the

presence of high ASD traits [28, 29]. However, high ASD

traits may be associated with a greater likelihood of a

combined subtype of ADHD [29]. Others have shown that

ASD traits assessed continuously within a clinical ADHD

sample are predicted by higher levels of hyperactive-

impulsive symptoms but not inattentive symptoms [30],

although there was a trend towards association with inat-

tention in the study. It is important to note that these studies

generally screen for and exclude children with a diagnosis

of ASD. To date, results are conflicting and it is not clear

whether the presence of autistic traits in children diagnosed

with ADHD indexes a typical, or indeed more severe,

presentation in terms of the core ADHD symptoms and

diagnosis subtype. Further studies are necessary to clarify

the inconclusive findings.

Comorbidity in ADHD children with elevated ASD

traits

Research on comorbid psychopathology differences in

children with ADHD with high vs. low levels of ASD traits

is also mixed. One study found no clear differences [29],

whereas another study, which utilised latent class analysis

in a sample of children with ADHD to distinguish clusters

based on ASD traits, found higher rates of comorbid

oppositional defiant disorder (ODD) and conduct disorder

(CD) in children with high ASD symptoms [31]. Others

have assessed ASD and ADHD traits continuously within a

clinical ADHD sample and found an association between

high ASD trait scores and presence of maternal ASD traits,

but did not find an association with ODD, CD or anxiety

symptoms [30]. Taken as a whole, the evidence is limited

and mixed and it is not clear whether children with a

diagnosis of ADHD who have traits of ASD are more likely

to show elevated comorbid problems.

Cognitive/developmental profiles of ADHD children

with elevated ASD traits

In terms of general cognitive ability, the presence of ASD

traits in children with ADHD does not appear to be asso-

ciated with IQ [29, 32]. However, studies generally exclude

children with IQ \ 70 and, therefore, the full extent of

impairments in IQ in ADHD children with elevated ASD

traits has not been fully explored. A recent review of the

few studies examining deficits in various EF sub-domains

simultaneously in children with ADHD and ASD suggests

that EF deficits appear qualitatively similar in both con-

ditions but can vary in degree of severity [33]. However,

this review also highlights the lack of sufficient research

directly comparing children with traits of both phenotypes

relative to those with only one phenotype; studies to date

are small, with inconsistencies in methodology, inclusion

criteria and the specific EF sub-domains tested, making it

difficult to make any firm conclusions. In terms of other

developmental domains, there is some evidence that

autistic traits in children with ADHD are associated with

higher rates of motor and language problems [31]. Further

studies are necessary to confirm these findings and clarify

the specifics of the relationship between ASD traits and

cognitive and developmental deficits in children with

ADHD.

Rationale for current study

Although in summary, there are a number of studies

beginning to address whether autistic traits in children with

ADHD index a more severe clinical, cognitive and devel-

opmental profile [28–32], interpretation of findings is
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complicated by methodological heterogeneity between

studies. We aim to clarify and extend previous research

using a large, rigorously phenotyped ADHD sample (with

no known clinical diagnosis of and, therefore, unselected

for ASD), assessing ASD traits using a continuous scale

rather than a cut-off point, addressing putative confounders

(age, gender, IQ, socioeconomic status) and including

children across the full range of intellectual abilities.

Based on previous literature, we hypothesise that the

presence of an increasing number of ASD symptoms in

those with ADHD may be associated with combined sub-

type ADHD diagnosis, a greater number of ADHD symp-

toms, more severe comorbid anxiety, depression, ODD and

CD problems, lower IQ, lower reading ability, more EF

problems and a greater rate of speech and motor problems.

Although traditionally regarded as clustering very strongly,

the three domains of ASD (deficits in social interaction,

communication problems and restrictive/repetitive behav-

iours) have been suggested to dissociate, both in terms of

clinical presentation and in terms of underlying genetic

aetiology [34]. As a secondary analysis, we thus seek to

determine whether these three sub-domains of ASD

symptoms are differentially associated with any of the

outcomes which show an association with total ASD trait

scores (i.e., if any sub-domain is independently associated

with the outcome over and above the other sub-domains).

Methods

Sample

Children with a confirmed or suspected clinical diagnosis

of ADHD were recruited through child psychiatry and

paediatric outpatient clinics in the United Kingdom for a

study of genetic and environmental influences on ADHD.

Approval for the study was obtained from the North West

England and Wales Multicentre Research Ethics Commit-

tees and written informed consent to participate was

obtained from parents, and assent/consent was gained from

the children.

Children were eligible for inclusion in this current

analysis if they had a current diagnosis of ADHD DSM-III-

R or DSM-IV with complete subtype data available and

sufficient ASD trait data for analysis (see ‘‘Measures’’

section below for details). Exclusion criteria were a known

clinician’s diagnosis of ASD or schizophrenia (screened for

using the referral form), history of epilepsy or other neu-

rological disorder, and diagnosis of bipolar disorder or

Tourette’s syndrome (as confirmed by diagnostic inter-

view). Presence of ID was not an exclusion criterion for the

current analyses. These criteria resulted in a total of

N = 711 young people included in the analyses. There

were 113 females (15.9 %) in the sample and the children

were aged between 5 and 18 years (mean = 10.3,

SD = 2.9).

Measures

Research diagnoses of ADHD and psychiatric comorbidi-

ties were ascertained using the parent version of the Child

and Adolescent Psychiatric Assessment (CAPA) [35], a

semi-structured interview. The CAPA provides both

symptom counts and categorical diagnoses of the presence

of psychiatric disorders. The comorbid conditions assessed

were DSM-IV ODD, CD, anxiety disorders (generalised

anxiety disorder, social anxiety and separation anxiety),

depression and mania. As a secondary analysis of CD

problems, CD symptoms were divided into aggressive and

covert symptoms as suggested by previous factor analyses

[36]. Comorbid anxiety and depression symptoms were

also assessed using the child version of the CAPA [37] for

children aged 12 years and over; these were endorsed if

either parent or child reported their presence. CAPA

interviews were undertaken by trained psychologists and

cases were discussed weekly with a child psychiatrist.

Inter-rater reliability for ADHD diagnostic subtype was

perfect (j = 1.0). Inter-rater reliability for parent-rated CD

symptoms was very good (intra class correlation = 0.98).

Confirmation of pervasiveness of ADHD symptoms in

school was obtained using the Child ADHD Teacher

Telephone Interview (CHATTI) [38], the Conners Teacher

Rating Scale [39] or the DuPaul rating scale [40]. ADHD

diagnosis was considered as a binary outcome, with DSM-

III-R-only as well as inattentive and hyperactive-impulsive

subtypes collapsed into a single group (N = 192) and

compared with those with a diagnosis of combined subtype

ADHD (N = 519).

ASD traits were analysed as a continuous measure using

the Social Communication Questionnaire (SCQ), (formerly

known as the Autism Screening Questionnaire, ASQ) [41,

42]. The SCQ is a 40-item parent-rated questionnaire,

based on the Autism Diagnostic Interview-Revised (ADI-

R) [43]. These trait scores were examined in a continuous

manner as there is evidence that autistic traits are contin-

uously distributed throughout the population [44]. All

analyses are conducted on SCQ total scores in children

who have ADHD but no known clinician’s diagnosis of an

ASD. Item 1 is a language screening item and was omitted

from the total score. For consistency and comparability,

where parents answered ‘no’ to this item and consequently

omitted the following seven questions, these children were

not included in analyses (N = 20). The remaining 39 items

were divided into the three sub-domains of autistic symp-

toms, as defined by the diagnostic symptoms stipulated by

the DSM-IV and ICD-10; there were 20 items classed as
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‘social deficits’, 10 as ‘communication deficits’ and 8 as

‘restricted and repetitive behaviours (RRBs)’. Totals for

each sub-domain were calculated based on these items.

Item 18 was unclassified as it is not a part of the diagnostic

criteria for ASD. Details of item classification can be found

in Supplementary Table 1. To account for missing ques-

tionnaire items in calculating the total SCQ score and sub-

domains, a prorated score was calculated for children with

10 % or fewer missing items, where the fraction of

endorsed items out of those completed was multiplied by

the total number of items (39). Children with [10 %

missing on any sub-domain or total were omitted from

analyses (N = 107). Group comparisons showed that these

children with excessive missing data had lower IQ

(p = 0.03) than the children included in the final sample

(N = 711), although they did not differ in terms of gender,

age at assessment, family socioeconomic status (SES) or

severity of their ADHD symptoms.

The Wechsler Intelligence Scale for Children (WISC-III

and WISC-IV) [45, 46] was used to assess full-scale IQ,

using all subtests. The Digit Span subtest is a measure of

verbal working memory and has been used in previous

research to assess this domain of functioning in children

with ADHD [47] and ASD [48]. The Wechsler Objective

Reading Dimensions (WORD) [49] was used to assess

reading, spelling and reading comprehension abilities in

children up to the age of 12. The intra–extra dimensional

shift (IED) task from the Cambridge Neuropsychological

Battery (CANTAB) [50] was used as a measure of EF

(visual discrimination, set shifting and attentional flexibil-

ity). The measure used was whether the child had suc-

cessfully completed stage 8, the crucial stage at which the

extra-dimensional shift first occurs; this variable measures

ability to shift attention to a previously irrelevant feature

(known as set-shifting), akin to a change in category in the

Wisconsin Card Sorting Task (WCST) [51] and has been

found to be particularly impaired in unmedicated children

with ADHD [52, 53] and in children with ASD [54, 55]

relative to controls.

All cognitive assessments were performed by trained

psychologists. Parents were asked to withhold stimulant

medication from their child for 24 h prior to testing. Parents

were also asked general questions about their child’s speech

and motor development at the interview; these were: ‘‘was

your child talking by age 2?’’, ‘‘has your child ever had

speech therapy?’’, ‘‘was your child walking by

18 months?’’, and ‘‘is your child clumsy?—not at all,—just

a little,—pretty much,—very much’’. Children who were not

talking by age 2 and/or had had speech therapy were classed

as positive for this broad measure of language problems.

Children who were not walking by 18 months and/or were

clumsy ‘‘pretty much’’ or ‘‘very much’’ were classed as

positive for this broad measure of motor problems.

Family annual income, parental employment status and

parental educational attainment were assessed by parental

questionnaire. Low income was defined as annual family

income \£20,000 (equivalent *$32,000), and low educa-

tional attainment was defined as having left school without

qualifications (GCSE or equivalent) at the age of 16. SES

was classified by the occupation of the main family wage

earner in the family using the UK Standard Occupation

Classification 2000 [56]. Three SES categories were

defined (low: unskilled workers/unemployed; medium:

manual and non-manual skilled/partially skilled workers;

high: professional and managerial workers). Medium and

high categories were merged to give binary categories of

low SES or otherwise.

Data analyses

All analyses were performed using SPSS version 18. All

tests were two-tailed. Where a variable was not normally

distributed, the scores were natural logarithmically

transformed (ln x ? 1), and analyses were run on

transformed scores (which were all normally distributed).

First, the effect of putative covariates was assessed using

simple logistic and linear regressions. Next, logistic and

linear regressions were used to determine the associa-

tions of total SCQ score (predictor variable) with clini-

cal, cognitive and developmental characteristics

(outcomes) of the ADHD sample. Our primary model

analysed unadjusted associations between SCQ scores

and outcomes in the full sample. Next, we included

covariates to determine to what extent observed associ-

ations were explained by other variables. IQ, age, gender

and family SES were included as covariates; children

with any one of these covariates missing (N = 112)

could not be included in this model. Finally, severity of

ADHD symptoms was added as a further covariate to

determine whether ADHD symptom levels contributed to

the observed associations. However, IQ was not included

as a covariate in the analysis of the WISC-IV Digit Span

subtest in view of it being a component of full-scale IQ.

Owing to the number of primary tests performed, cor-

rection for multiple testing was administered using

Bonferroni; alpha was set at p = 0.003 (0.05/19) for 19

tests performed (11 tests of clinical outcomes, 6 tests of

cognitive outcomes and 2 tests of developmental

outcomes).

As a secondary test of CD problems, aggressive and

covert CD symptoms were entered into a multivariate

regression model together, first unadjusted and then after

adjusting for all covariates. This was to test whether either

type of CD symptoms independently contributed to any

observed association between the CD symptoms and total

SCQ score.

26 Eur Child Adolesc Psychiatry (2014) 23:23–34

123



As a secondary test of IQ abilities, the four WISC-IV

indices were entered simultaneously into one multivariate

regression model, to determine the level of each index’s

unique contribution to variance in SCQ scores (i.e., to

determine whether any of the indices are independently

associated with the outcome over and above the other

indices). Given that these indices are components of IQ,

this multivariate model did not include IQ as a covariate.

For outcome variables that showed association with

overall SCQ score, secondary analyses were performed on

the three SCQ sub-domain scores (social deficits, com-

munication deficits and RRBs), to see whether scores on

any of the sub-domains predicted a greater association with

the outcome variables above and beyond shared variance

with the other sub-domains. For each outcome variable,

covariates (age, IQ, gender and family SES) and all three

SCQ sub-domain scores were entered into a single multi-

variate model to test for association with the outcomes. As

these sub-domain analyses were exploratory and second-

ary, the same threshold for multiple testing (p \ 0.003)

was used when interpreting the results.

Results

Table 1 shows general sample characteristics, including

mean total SCQ by each of the descriptive and diagnostic

variables. Total SCQ scores and IQ scores were normally

distributed and IQ ranged between 43 and 124 (mean = 84.3,

SD = 14.0), which included 85 children with an IQ \ 70.

Figure 1 displays the frequency distribution of SCQ scores

across the sample. Total SCQ scores were associated with

lower full-scale IQ (B = -0.45, p = 5.7 9 10-8), greater

rate of low family income [odds ratio (OR) = 1.04, 95 %

confidence intervals (CI) = 1.01–1.07, p = 0.006] and low

family SES (OR = 1.04, 95 % CI = 1.01–1.06, p = 0.003).

There was no association of SCQ and child’s age at assess-

ment (B = -0.02, p = 0.31), gender (OR = 1.01, 95 %

CI = 0.98–1.04, p = 0.54) or parental education

(OR = 1.00, 95 % CI = 0.97–1.03, p = 0.91).

Results of regression analyses of SCQ scores with

clinical, cognitive and developmental outcomes are dis-

played in Tables 2 and 3.

Clinical outcomes: ADHD and comorbidities

In terms of ADHD profile, higher SCQ scores were asso-

ciated with presence of the ADHD combined subtype

diagnosis in comparison to the other ADHD subtypes in the

unadjusted model. SCQ scores were also positively asso-

ciated with number of inattentive, hyperactive-impulsive

symptoms and total number of ADHD symptoms. This

pattern of results remained similar after adjusting for

covariates.

Higher SCQ scores showed association with the pres-

ence of ODD and CD diagnoses and increasing ODD and

Table 1 Sample characteristics

Variable N % SCQ mean (SD)

Gender Male 598 84.1 13.1 (6.7)

Female 113 15.9 12.7 (6.3)

Family income Low income 285 63.3 13.7 (7.2)

Medium–high income 165 36.7 11.8 (6.6)

Parental education No GCSEs 128 27.1 13.0 (6.9)

GCSEs or higher 345 72.9 13.1 (7.0)

Socioeconomic status Low family SES 332 51.5 13.7 (6.7)

Medium–high SES 313 48.5 12.1 (6.6)

ADHD diagnosis subtype DSM-IV combined subtype 519 73.0 13.7 (6.7)

DSM-IV predominantly inattentive subtype 43 6.0 9.9 (6.2)

DSM-IV predominantly hyperactive-impulsive subtype 73 10.3 11.4 (6.9)

DSM-III-R-only 76 10.7 11.8 (5.6)

ODD or CD diagnosis DSM-IV ODD diagnosis 305 44.3 13.9 (6.7)

DSM-IV CD diagnosis 131 19.0 15.1 (6.7)

No CD or ODD diagnosis 252 36.6 11.0 (6.1)

Anxiety or depression diagnosis Any DSM-IV anxiety diagnosisa 49 7.2 15.7 (7.7)

Any DSM-IV depression diagnosisa 6 0.9 11.7 (6.0)

No anxiety or depression diagnosis 630 92.2 12.8 (6.5)

Total sample 711 100 13.0 (6.6)

a Two children met criteria for a diagnosis of both anxiety and depression
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CD symptoms. The pattern of results persisted after

adjustment for covariates, though overall the strength of the

associations decreased.

In the secondary test of CD symptoms, both aggressive

(B = 2.66, p = 6.0 9 10-5) and covert (B = 1.79,

p = 0.002) symptoms independently showed association

with SCQ total. After adjusting for covariates, aggressive

symptoms continued to show independent association with

SCQ scores (B = 2.27, p = 0.002) but covert symptoms

were no longer associated (B = 0.89, p = 0.16).

In the primary unadjusted analysis, SCQ scores were

positively associated with presence of any anxiety diag-

nosis and increasing number of anxiety and depression

symptoms. The pattern of results remained similar after

adjustment for covariates, although the association with

depression symptoms was less strong when ADHD severity

was included.

Cognitive/developmental outcomes

Full-scale IQ was found to be negatively associated with SCQ

score. A secondary multivariate regression model was used to

explore the relative contributions of the four indices of the

WISC-IV to this association. There were no unique contri-

butions of Verbal Comprehension Index, Perceptual Rea-

soning Index or Processing Speed (p [ 0.05). However, there

was a trend towards an association between higher SCQ

scores and a lower Working Memory Index above and

beyond contributions shared with the other three WISC-IV

indices (unadjusted analysis: B = -0.07, p = 0.014; adjus-

ted for all covariates: B = -0.09, p = 0.0029).

An analysis of the Digit Span subtest found that lower

scores were significantly predicted by higher SCQ scores, a

finding that persisted after adjusting for covariates.

Detailed results can be found in Table 3.
Fig. 1 Frequency distribution of total Social Communication Ques-

tionnaire score in the sample (N = 711)

Table 2 Association of the Social Communication Questionnaire with clinical outcomes: ADHD and comorbidities

Outcome variable Unadjusted (max N = 711) Adjusteda (max N = 599) Adjustedb (max N = 599)

B (Std. error) OR (95 % CI) p value* p value* p value*

DSM-IV combined ADHD diagnosis 1.06 (1.03–1.09) 1.6E-05 2.0E-03 N/A

ADHD symptoms: inattentivec 0.01 (0.00) 1.0E-03 7.1E-03 N/A

ADHD symptoms: hyperactive-impulsivec 0.01 (0.00) 1.1E-08 6.8E-06 N/A

ADHD symptoms: total 0.08 (0.01) 1.4E-08 5.9E-06 N/A

DSM-IV ODD diagnosis 1.03 (1.01–1.06) 4.2E-03 2.1E-03 0.013

DSM-IV CD diagnosis 1.06 (1.03–1.09) 1.1E-04 0.016 0.036

ODD symptoms 0.10 (0.01) 1.5E-14 2.6E-08 6.4E-06

CD symptomsc 0.02 (0.00) 2.3E-09 2.1E-05 3.9E-04

DSM-IV anxiety any diagnosis 1.06 (1.02–1.11) 3.9E-03 1.1E-03 2.5E-03

Anxiety symptomsc 0.02 (0.00) 7.9E-07 5.3E-06 1.2E-04

Depression symptomsc 0.01 (0.00) 1.4E-03 1.5E-03 0.022

ADHD attention deficit hyperactivity disorder, ODD oppositional defiant disorder, CD conduct disorder

* Statistical threshold to account for multiple testing: p value\0.003; all p values presented to two significant figures; direction of effect across analyses is

consistent unless otherwise stated
a Adjusted for IQ, age, gender and family socio-economic status
b Adjusted for IQ, age, gender, family socio-economic status and ADHD severity
c Transformed
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In terms of EF, whether children successfully completed

the extra-dimensional shift stage of the CANTAB IED task

was not found to be associated with SCQ score. There was

also no association of SCQ scores with WORD Basic

Reading, Spelling Reading Comprehension after account-

ing for multiple testing, in any of the models.

Higher SCQ scores were associated with a greater

likelihood of motor problems and general language

problems.

Secondary analysis of SCQ sub-domains

For each of the outcome variables showing a significant

association with total SCQ score, additional tests were

performed to determine whether any of the three SCQ sub-

domains (social deficits, communication deficits and

RRBs) showed an independent contribution to the observed

association. After accounting for multiple testing, the sub-

domains were generally not found to contribute indepen-

dently to the associations seen with the outcome variables.

The exceptions to this were that social deficits were inde-

pendently associated with number of ODD symptoms

(B = 0.12, p = 0.0002) and RRBs independently predicted

hyperactive-impulsive symptoms (B = 0.03, p = 0.0005),

anxiety symptoms (B = 0.05, p = 0.002) and presence of

motor problems (OR = 1.25, 95 % CI = 1.12–1.40,

p = 0.0001). These results are available from the authors

upon request.

Discussion

We set out to determine whether the presence of autistic

traits in children with a diagnosis of ADHD indexes

severity of phenotype in terms of clinical, cognitive and

developmental features. The SCQ scores in our sample

(mean = 13.0, SD = 6.6) are lower than reported in chil-

dren ascertained primarily in terms of a diagnosis of ASD

(mean = 22.3 [41]), as would be expected given that this

sample consists of children with ADHD and those with a

clinician’s diagnosis of ASD were not included. Further-

more, this mean is higher than previously reported in

typically developing children (mean = 3.89, SD = 2.77

[31]; mean = 2.8, SD = 2.1 [32]) and somewhat higher

than reported for other ADHD samples (mean = 8.5,

SD = 6.2 [31]; mean = 11.6, SD = 5.5 [32]). Although

not a direct comparison, the higher SCQ traits in our

sample as compared with previous reported scores in

controls are consistent with the many previous observations

of high levels of comorbidity between ADHD and ASD at

both diagnosis and trait level.

As predicted, the results on the whole suggest that

autistic symptomatology, as indexed by total SCQ scores,

within ADHD (even when known ASD cases are not

included) is associated with a more severe phenotype in

terms of several clinical, cognitive and developmental

features. The results show that higher SCQ scores predict

greater severity of ADHD symptoms and greater likelihood

of combined subtype, more comorbid ODD, CD, anxiety

Table 3 Association of Social Communication Questionnaire with cognitive/developmental outcomes

Outcome variable Unadjusted (max N = 711) Adjusteda (max N = 599) Adjustedb (max N = 599)

B (Std. error) OR (95 % CI) p value* p value* p value*

WISC-IV full-scale IQ -0.45 (0.08) 5.7E-08 1.1E-06d 1.6E-06d

WISC-IV Digit Span subtest -0.07 (0.02) 8.6E-05 1.7E-04d 5.4E-04d

CANTAB IED completed stage 8 1.00 (0.97–1.04) 0.76 0.33 0.43

WORD Basic Reading -0.05 (0.02) 0.020 0.99e 0.78e

WORD Spellingc -4.47 (2.10) 0.034 0.95e 0.68e

WORD Reading Comprehension -0.03 (0.02) 0.17 0.18e 0.13e

Motor problems 1.09 (1.06–1.12) 2.6E-09 5.2E-09 6.7E-07

Language problems 1.07 (1.04–1.10) 3.9E-06 7.8E-06 2.7E-03

WISC-IV Wechsler Intelligence Scale for Children version IV, WORD Wechsler Objective Reading Dimensions, CANTAB IED intra-extra

dimensional shift task from the Cambridge Neuropsychological Battery

* Statistical threshold to account for multiple testing: p value\0.003; all p values presented to two significant figures; direction of effect across

analyses is consistent unless otherwise stated
a Adjusted for IQ, age, gender and family socio-economic status
b Adjusted for IQ, age, gender, family socio-economic status and ADHD severity
c Transformed
d Not corrected for IQ
e Direction of effect opposite to that in the unadjusted analysis
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and depression symptoms, lower cognitive ability (specif-

ically, lower full-scale IQ and impairments in working

memory as assessed by the Digit Span subtest) and a

greater rate of general developmental (motor and language)

problems. This pattern of results persisted even after taking

into account potential confounding effects of age, IQ,

gender and family SES and was found not to be driven by

severity of ADHD itself. However, when covariates were

included some of the associations weakened and p values

fell below the threshold accounting for multiple testing,

specifically in terms of depression symptoms and ODD and

CD diagnoses. The most robust associations were found

between SCQ score and ODD, CD and anxiety symptoms,

working memory problems and motor problems, which

persisted after accounting for ADHD symptoms. These

results lend strength to the assertion that autistic symptoms

independently drive the observed severity of these

comorbid impairments, rather than simply being a proxy

marker of ADHD symptom severity.

Although more working memory deficits were predicted

by increasing SCQ score, there was no association detected

between SCQ scores and whether children were able to

successfully complete the extra-dimensional shift compo-

nent of the IED CANTAB task, a further EF measure.

Although previous studies have shown that unmedicated

children with ADHD and children with ASD perform

worse on this aspect of the IED task than controls [52–55],

the current results suggest that autistic traits in ADHD do

not index a greater deficit in set-shifting. A previous study

utilising the IED task indicates that children with a joint

diagnosis of ADHD and ASD may struggle more on this

task than children with ASD without ADHD, but the study

detected no differences in the performance of children with

ADHD without ASD compared to the other groups, except

that they took longer to complete the task [57]. EF is a

broad construct and the current results suggest that differ-

ent aspects of EF (e.g., working memory and set-shifting)

need to be considered separately as they may show dif-

ferential association with autistic traits.

Secondary analysis of the independent contributions of

covert and aggressive CD symptoms to the association

between SCQ scores and CD symptoms indicates that it is

the aggressive symptoms which drive this association. This

finding is in line with previous studies which have shown

that CD traits in children with ADHD are a marker of

greater clinical severity [58] and higher genetic risk [59],

which appears to be driven by aggressive, rather than

covert, CD symptoms [60, 61].

Secondary analyses were also performed to determine

the relative contributions of the three SCQ sub-domains

(social deficits, communication deficits and RRBs) to

observed main associations. Results indicated that for most

outcomes associated with SCQ total score, the three

sub-domains did not show any independent association

above and beyond the variance they explained in common,

although with a few exceptions. After correction for mul-

tiple testing, associations were observed between the sub-

domain of social deficits and number of ODD symptoms,

as well as the sub-domain of RRBs and hyperactive-

impulsive symptoms, anxiety symptoms and general motor

problems. The results suggest that RRBs in children with

ADHD, as assessed by the SCQ, may index a more general

dysfunction of motor processes (i.e., hyperactivity, impul-

sivity and general motor problems in the form of late onset

walking and clumsiness). Previous research has shown that

all three sub-domains contribute to the higher SCQ scores

in children with ADHD when compared to their unaffected

siblings and typically developing controls [31], although a

smaller study found this was the case with social and

communication problems but not repetitive behaviours

compared with typically developing controls [32]. The

current study addresses the proposed independence [34] of

these sub-domains and suggests that the variance that is

common across them is broadly relevant to the clinical,

cognitive and developmental outcomes assessed, with only

a handful of unique effects.

An alternative approach to investigate the effects of

comorbidity between ASD and ADHD is to assess whether

a sample of children ascertained primarily in terms of a

diagnosis of ASD shows similarly elevated comorbid and

cognitive problems. Studies generally find that children

with ADHD ? ASD have elevated ASD symptomatology,

higher rates of comorbid ODD, CD, anxiety and depression

problems and lower IQ scores than children with ASD-only

[62–66] although others do not [28, 67]. Thus it would

seem that, in general, ADHD problems in children with

ASD also index more comorbid and cognitive problems,

lending support to the removal of the dual diagnosis

exclusion proposed for DSM-5 [27].

The current study includes the following strengths but

also has a number of limitations. The sample size was large

and rigorously phenotyped for ADHD and comorbid con-

ditions, using the CAPA for every participant, and a

comprehensive assessment of cognition was undertaken.

This study assessed ADHD using DSM-IV criteria that

require excluding cases of ASD and, therefore, children

with comorbid ASD were not included. However, ASD

scores were not assessed by standardised interview and

observations. Given that children with ADHD and ASD

show higher rates of ID, children were not excluded on the

basis of IQ so as not to lose clinically valuable information.

Likely for historical reasons [68], children with ID have

generally been excluded from ADHD research studies but

not from ASD research. The pattern of our results remained

the same when ID cases (N = 85) were excluded (results

available from first authors).
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It is not clear whether the SCQ has validity for autistic

traits in ADHD in the same way that it does in those with

ASD and the general population, although that could easily

also apply to assessment of other forms of comorbid psy-

chopathology in ADHD (e.g., CD). For instance, the item

on ‘‘complicated movements of the body’’ (part of the sub-

domain of RRBs) may be interpreted as referring to

straightforward hyperactivity, an idea that has been pro-

posed by others in general with regard to parental reports of

children’s behaviour [32, 69]. An analysis of the properties

of the SCQ in a sample of young people ‘at risk’ for ASD

found that 25 % of those who screened false-positive for

ASD went on to receive a diagnosis of ADHD or hyper-

kinetic disorder [70], but to date it has not been examined

in detail as to whether the SCQ has good discriminant

validity of autistic symptoms in a population with ADHD

specifically.

Although the continuous analysis of SCQ scores can be

viewed as a strength, it is possible that some of the children

with particularly high SCQ scores in this sample would

have a clinical diagnosis of an ASD, were the diagnosis to

be revisited and assessment with the ADI-R [43] or the

Autism Diagnostic Observation Schedule (ADOS) [71]

carried out; other studies of ASD traits in ADHD have

excluded children over a certain threshold of ASD prob-

lems who are then confirmed as having ASD on subsequent

assessment, using the Parental Account of Children’s

Symptoms [31]. It is worth noting that analysing the data

using the SCQ as a binary variable (dividing the children

into groups based on the screening cut-off threshold used in

the literature [41]) and thus comparing children with total

SCQ \15 (N = 433) to those with SCQ score C15

(N = 278) gives the same pattern of results and direction

of effects as reported for the continuous analysis (results

available from the first authors). Given that a previous

study suggested that a cut-off point of 11 is particularly

meaningful in identifying children with ADHD who may

have ASD [30], it is of interest to note that 61.2 %

(N = 435) of the children in this sample have SCQ scores

C11.

There was a wide age range across the sample and as

such, it is important to bear in mind that ADHD subtypes

are not stable over time and their validity as categorical

entities is questionable although symptom domains as

dimensions seem to be better validated [72]. Indeed, lon-

gitudinal developmental trajectories of hyperactive-inat-

tentive traits in the general population are diverse [73].

This issue was partially addressed by excluding those with

remitted ADHD, and using symptom count measures as

well as categorical subtype diagnoses.

A further limitation of the study is that although parents

were asked to withhold stimulant medication for 24 h prior

to cognitive testing, a small proportion of parents (14.4 %)

did not follow these instructions. However, this informa-

tion could not be reliably used as a covariate when

examining the association of SCQ score with the cognitive

tests due to the high variability of the types and dosages of

medication the children took and perhaps more impor-

tantly, the variability in time of day the assessments took

place (ranging from morning to evening).

Although no associations were found between reading

and spelling and SCQ scores, the WORD was only asses-

sed in children between 5 and 11 years old (N = 375).

Similarly, the CANTAB IED task was only available for a

proportion of the children (N = 252), which may have

reduced the power to detect potential effects. The measures

of general motor and language development were broad

screening questions indicative of developmental problems

rather than detailed validated measures, which precluded

the assessment of more subtle associations of autistic

symptomatology with general development.

Finally, a major limitation of this cross-sectional data is

that without longitudinal follow-up it is not possible to

ascribe a direction of effect to the observed associations

between SCQ scores and the clinical and cognitive out-

comes. Related to this point, in the secondary analyses of

covert and aggressive CD symptoms, as well as that for the

indices of the WISC-IV IQ, the analytical approach dif-

fered from the primary analysis (i.e., in the CD/IQ sec-

ondary analyses, SCQ score was the outcome not the

predictor) to be able to assess the unique contribution of

each of the CD/IQ components to the observed main

associations using multivariate regression. Given that we

are unable to ascribe a direction of effect to the observed

associations in view of the cross-sectional nature of the

data, this analytical strategy provides an insight into the

origin of effects.

Clinical implications and suggestions for future

research directions

Overall, the findings suggest that in children with ADHD,

the presence of autistic symptomatology (that is not at a

diagnostic level) indexes a more impaired phenotype—

encompassing not only severity of ADHD, but also

comorbid psychopathology, general cognitive and working

memory deficits, and motor and language developmental

problems. These findings corroborate and extend previous

research [29–31] and would benefit from subsequent rep-

lication with other large samples. Ideally, a set of controls

also assessed on all measures would be included, to

determine the true independent and joint relationships of

ADHD and ASD traits with other forms of psychopathol-

ogy in children.

With the current proposed changes to DSM-5 and ICD-

11, clinical thinking and practice are already moving
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beyond the restriction of precluding a dual diagnosis of

ADHD and ASD. Our results further suggest the merit of

this. They highlight that rather than attempting to generate

mutually distinctive diagnostic classes, it would be

worthwhile for clinicians to acknowledge the strong over-

lap in young people with ADHD and to consider levels of

socio-communicative and RRB traits in those who do not

meet diagnostic criteria for ASD, as they index higher

levels of comorbidity and cognitive and developmental

problems.

The presence of undiagnosed deficits in social and

communication abilities may also have implications for the

effectiveness of behavioural strategies and pharmacologi-

cal treatment aimed to ameliorate ADHD symptoms.

Whilst there is evidence for potential beneficial effects of

stimulant medication on ADHD traits in children with ASD

[74], (although the evidence for the effectiveness of ato-

moxetine in reducing ADHD behaviours in ASD is more

mixed [75, 76]), it is not yet clear as to how the presence of

ASD symptoms in children with ADHD may impact on

response to ADHD medication. Nevertheless, if strategies

aimed at addressing autistic symptomatology in ADHD

could be implemented, these might have the potential to

improve the effect of both behavioural and pharmacologi-

cal ADHD interventions, reduce comorbidities and their

associated distress and facilitate learning.
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