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Abstract It is unknown whether the Autism-spectrum

quotient (AQ) can discriminate between Autism Spectrum

Disorder (ASD) and Attention Deficit and Hyperactivity

Disorder (ADHD) with or without comorbid Substance Use

Disorder (SUD). ANOVA’s were used to analyse the mean

AQ (sub)scores of 129 adults with ASD or ADHD. We

applied receiver operating characteristic (ROC) computa-

tions to assess discriminant power. All but one of the mean

AQ (sub)scores were significantly higher for adults with

ASD compared to those with ADHD. The SUD status in

general was not significantly associated with AQ (sub)-

scores. On the Social Skills subscale patients with ASD and

comorbid SUD showed less impairment than those without

SUD. The cut-off score 26 yielded 73% correct classifi-

cations. The clinical use of the AQ in differentiating

between ASD and ADHD is limited.

Keywords Autism spectrum disorder � ADHD �
Substance use disorder � Autism-spectrum quotient

Introduction

Autism spectrum disorder (ASD) encompasses Autistic

Disorder, Asperger’s Disorder, and Pervasive Develop-

mental Disorder not otherwise specified (PDD–NOS). The

clinical nature of ASD is characterized by a triad of

behavioral deficits in the development of (a) reciprocal

social interactions and (b) verbal and non-verbal commu-

nication, and (c) a restricted patterns of interests and ste-

reotyped behaviors. In addition, many patients with ASD

display attention problems (Corbett and Constantine 2006;

Courchesne et al. 1989; Wing 1997).

The definition of Attention deficit and hyperactivity

disorder (ADHD) centers on the deficit in attention in

combination with impulsivity and hyperactivity. The dis-

tinction between ASD and ADHD in children can be

complicated due to attention symptoms present in both

disorders (Goldstein and Volkow 2002; Jensen et al. 1997).

It is increasingly recognized that the clinical impairment of

developmental disorders like ASD and ADHD may not

manifest before adulthood (Faraone et al. 2006; Ketelaars

et al. 2008). Particularly in those ‘late presentations’ it can

be very difficult to distinguish between ASD and ADHD,

especially when motor hyperactivity is not a prominent

ADHD feature (Anckarsäter et al. 2006). Furthermore,

classification of ASD and ADHD in adults is complicated

because the phrasing of the criteria for these disorders in
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DSM-IV (American Psychiatric Association 2000) and

ICD-10 (World Health Organization 2001) is based on

school age children. Finally, in adults with ASD and

ADHD, Substance use disorder (SUD) may occur as a

comorbid condition making the differentiation between

ASD and ADHD even more complex (van Wijngaarden

et al. 2009).

Baron-Cohen and colleagues developed the Autism-

spectrum quotient (AQ) as a self-report questionnaire to

quantify autistic symptoms in normal intelligent adults.

Several publications by different research groups have

established the psychometric properties and validity of the

instrument (Baron-Cohen et al. 2001; Kurita et al. 2005),

although there is still discussion about the cut-off values

(Ketelaars et al. 2008; Wakabayashi et al. (2006); Wood-

bury-Smith et al. 2005). The AQ consists of 50 statements,

reflecting personal beliefs, views and preferences. The

respondent can agree or disagree with each of these state-

ments using a 4 point Likert scale (1 = ‘‘definitely agree’’,

2 = ‘‘slightly agree’’, 3 = ‘‘slightly disagree’’, and

4 = ‘‘definitely disagree’’) (Woodbury-Smith et al. 2005).

The 50 items were divided by the original authors into 5

theoretical subscales of 10 items each: Social skills,

Communication, Imagination, Attention to detail, and

Attention switching. Recently, Hoekstra et al. (2008)

argued for a two factor model, with factor 1 (Attention to

detail) consisting of one of the five subscales, and factor 2

(Social interaction) consisting of the remaining four sub-

scales (Hoekstra et al. 2008).

Several studies indicate that the AQ can differentiate

reasonably well between ASD and controls in the general

population (Baron-Cohen et al. 2001; Wakabayashi et al.

2006). It remains unclear however, to what extend the AQ

can differentiate between ASD and other psychopatholog-

ical conditions. Only one study showed that the AQ can

distinguish between ASD and non-ASD conditions in an

out-patient setting (Woodbury-Smith et al. 2005). In

addition, Cath et al. (2008) indicated that there is a sta-

tistically significant difference on two subscales of the AQ

scores between patients with Obsessive Compulsive Dis-

order or Social Anxiety Disorder only and patients with

those disorders comorbid with ASD (Cath et al. 2008). The

clearest evidence that the AQ differentiates between ASD

and different psychopathological conditions, is given by

Hoekstra et al. (2008) who showed that the AQ can dis-

tinguish between ASD and ‘pure’ OCD or SAD on the total

AQ score and both factor scales (Hoekstra et al. 2008). In

short, very little is still known about the discriminating

ability of the AQ when it concerns conditions that are

difficult to distinguish from ASD, like ADHD (especially

when further complicated by comorbid SUD).

The aim of the present study is to determine (a) whether

the AQ can discriminate between ASD and ADHD in

adults, and (b) whether the discriminating properties of the

AQ are negatively influenced by the presence of a con-

current SUD.

Methods

Participants

In the course of a broader study design (Sizoo et al. 2009)

we presented a battery of instruments, among which the

AQ, to 129 participating adults recently diagnosed with

ASD or ADHD. Prior approval for the study was obtained

from the regional medical ethical committee. A consecu-

tive sample of patients was recruited between January 2006

and June 2007 from two specialized diagnostic clinics for

adults with (possible) developmental disorders such as

ASD and ADHD.

After having been diagnosed with ASD or ADHD, 191

patients (n = 100 ASD and n = 91 ADHD), were

informed by their own clinicians about the study, and were

asked for permission to be approached by the research

team. Seven subjects had been diagnosed with ADHD

before being diagnosed with ASD in the centers. Because

all ADHD associated symptoms reported by these subjects

could—in retrospect—better be explained by ASD, we

decided to use only the diagnosis ASD in these patients.

Exclusion criteria were: history of comorbid psychotic

disorder, bipolar disorder, IQ \ 80, insufficient command

of the Dutch language, and uncorrected visual or auditory

impairment. Of the 167 patients contacted by our team, 138

agreed to participate after having given informed consent.

Of those, 7 did not complete the AQ for various adminis-

trative reasons, and 2 were excluded due to a total IQ

below 80. The 29 non-responders were of normal intelli-

gence, and did not differ significantly from the study

sample with respect to age and sex distribution. Thus 129

questionnaires could be included for analyses.

The IQ was determined by means of the Wechsler Adult

Intelligence Scale-III in 85 patients (Wechsler 1997). For

the remainder (n = 44), the IQ had already been estab-

lished elsewhere using valid methods.1

The DSM-IV diagnoses were based on current and ret-

rospective assessment by a multidisciplinary team of

experienced clinicians. For a diagnosis of ASD, semi-

structured clinical interviews based on the Autism Diag-

nostic Interview Revised (ADI-R) were used (Lord et al.

1994) as well as DSM-IV checklists, and all available

information from schools and child psychiatric services

with regard to the developmental history in childhood.

1 Previous version of the WAIS (Dutch), or Groninger Intelligence

Test (GIT).
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ADHD diagnoses were made according to a national pro-

tocol including a semi-structured developmental history

and a DSM-IV criteria checklist for adult and childhood

ADHD symptoms. Further details on the diagnostic pro-

cedure have been published earlier (Sizoo et al. 2009). The

AQ was not part of the diagnostic process.

Materials

The AQ was translated into Dutch by a bi-lingual Dutch

native speaker. The 50 items of the AQ are formulated in

such a way that 24 statements confirm, and the other 26

deny ASD characteristics. The raw scores are recoded such

that a higher score represents a higher degree to which the

item is suggestive of ASD. These scores are then dichot-

omized (1, 2 = 0; 3, 4 = 1) reflecting whether or not an

ASD symptom is present (Woodbury-Smith et al. 2005).

This yields a maximum possible total score of 50. A cut-off

value of 26 has been suggested for a clinical population and

a cut-off value of 32 for the general population (Baron-

Cohen et al. 2001; Woodbury-Smith et al. 2005). Internal

consistency of the total score of the translated test was

good for the total group (Cronbach’s a = 0.81), and for the

ASD group (Cronbach’s a = 0.80), but poor for the ADHD

group (Cronbach’s a = 0.66) (Cicchetti 1994).

Statistics

We used linear regression analysis to identify possible

confounders (age, sex, or total IQ) in the relationship

between diagnosis and AQ scores. We defined a (group of)

variable(s) to be a confounder if entering that (group of)

variable(s) into the model with diagnosis as independent

and the AQ score as dependent, resulted in more than 10%

change in the regression coefficient of diagnosis.

Assumptions for parametric tests were met and total AQ

scores and subscales scores were analysed in ANOVA’s with

Diagnosis (ASD or ADHD) and SUD status (SUD-, SUD^

and SUD?) as between subject factors. Partial eta squared in

these analyses reflected the proportion of total variability

attributable to each factor. Cut-off scores, sensitivity, speci-

ficity and percentage correctly classified patients were cal-

culated using receiver operating characteristic (ROC) curves.

All statistical analyses were carried out with SPSS 15.0

software, using two-tailed tests with a = 0.05.

Results

Clinical Characteristics

The 129 subjects enrolled in the present study were adult

Caucasian males (n = 97) and females (n = 32) (Table 1).

The ASD group consisted of 76 subjects with a diagnosis

Autistic Disorder (n = 10), Asperger Syndrome (n = 32),

or Pervasive Developmental Disorder not otherwise spec-

ified (PDD–NOS: n = 34). The distribution of these sub-

types is comparable to other studies (Fombonne 2005

p.53). The ADHD group consisted of 53 subjects, 44 with

the combined subtype, and 9 with the inattentive subtype.

Substance use status was determined using DSM-IV cri-

teria. Subjects with current abuse or dependence were

designated as SUD? (n = 28), and those with no life-time

history of SUD as SUD- (n = 76). Subjects with a former

history of SUD, who had been abstinent for at least

6 months prior to participation in the study, were desig-

nated as SUD^ (n = 25). Because behavioral addictions,

like gambling, seem to share the same neurobiological

underpinnings of craving and dependence, gambling was

also included in our definition of SUD (Goudriaan et al.

2006; Potenza 2007).

Group Characteristics and Types of SUD

The ADHD and ASD groups were comparable with respect

to IQ and age (Table 1). The percentage of female partic-

ipants was significantly higher in the ADHD compared to

the ASD group (34 vs. 18%; X
2

ð1Þ ¼ 4:043, p = 0.044). The

percentage of lifetime SUD in the ADHD group was sig-

nificantly higher than in the ASD group (60 vs. 28%;

X
2

ð1Þ ¼ 13:83, p \ 0.001). In the ASD group with lifetime

SUD, alcohol was the most frequent comorbid SUD,

whereas other drugs and gambling accounted for most of

the comorbid problems in the ADHD group with lifetime

SUD.

Effects of Diagnosis and SUD Status

Since age, sex, and total IQ (independently or in combi-

nation) did not confound the main effect of Diagnosis on

the AQ (sub) scores (see Statistics section). We did not

correct for age, sex, or total IQ.

A statistically significant diagnosis by SUD interaction

was found for the Social skill subscale (Table 2). Post hoc

ANOVA analysis indicated that for this subscale the AQ

score in the ASD group differed significantly depending on

the SUD status (F2 = 3.158, p = 0.05). The AQ score was

significantly higher (indicating more problems with social

skills) in the ASD subgroup without a history of SUD

compared to the ASD subgroups with current SUD. There

was no difference in social skill score among the SUD

subgroups in the ADHD group.

The ASD group scored significantly higher compared to

the ADHD group on the total AQ score, and on all but one

of the subscales, namely Attention to detail. The SUD

status did not significantly affect the AQ (sub-)scores.
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Discriminating Power of the AQ

A ROC analysis was conducted to assess the discriminant

power, assuming that in using the AQ to discriminate

between ADHD and ASD, it is equally important to min-

imize the false negatives, as it is to minimize the false

positives. This optimum was established by determining

which cut-off score was associated with the highest value

of the sum of ASD screen positives and ADHD screen

negatives. The cut-off score 26 resulted in a sensitivity of

0.68, a specificity of 0.79, and the correct classification of

the greatest numbers in our population (73%), which con-

sisted for 59% of ASD patients. For our sample this meant

that, using the optimum cut-off of 26, we would still fail to

identify 24 out of 76 patients with ASD, and 11 out of 53

patients with ADHD. The associated false negative rate for

ASD is 0.32. We repeated the ROC computations for our

population with and without SUD. With the cut-off at 26,

the percentage correctly identified patients was not signif-

icantly different between the subgroups: without lifetime

SUD 71%, and with lifetime SUD 75%.

Discussion

The aim of this study was to assess the usefulness of the

AQ in differentiating between adult ASD and adult ADHD

and to explore whether SUD comorbidity affects the AQ

scores and hence the discriminant power of the AQ when

using it in patient populations with SUD comorbidity.

This study indicates that the total AQ score and most of

the AQ subscale scores (except the subscale score

Attention to details) are significantly and substantially

higher in adults with ASD compared to adults with

ADHD, and that this effect is independent from SUD

status. This is an important finding because it implies that

the AQ might be a valid instrument in the differential

diagnosis of ASD versus ADHD. This adds to the findings

in previous studies, showing that the AQ differentiates

between subjects with ASD and (comorbid) obsessive

compulsive disorder or social anxiety disorder (Cath et al.

2008; Hoekstra et al. 2008). Examination of the two

AQ-factors that were proposed by Hoekstra et al. (Hoek-

stra et al. 2008), shows that only the factor Social inter-

action accounts for the difference in AQ scores between

ASD and ADHD subjects, but not the second factor

Attention to details. The latter is composed of items

referring to a perceptual style with a preference for details

and patterns. We suggest that this scale does not dis-

criminate between ASD and ADHD patients because it

refers to a strategy for dealing with aspects of attention

deficit that is common to both disorders. For example, it is

known that people with ASD and ADHD present with

comparable deficits in visual and auditory attention.

Subjective reports from patients suggest that the attention

deficit causes distress because they are overwhelmed by

perceptual stimuli. The distress is said to reduce, when

focusing on logical sequences such as patterns, telephone

numbers or car license plates. In other words, the AQ

differentiates between ASD and ADHD with respect to

social interaction, as can be expected given that social

interaction is the core deficit in ASD. People with ASD

and ADHD show similarities, however, in the way they

cope with attentional problems.

The second aim was to examine if the discriminating

power of the AQ was negatively influenced if subjects have

a comorbid SUD. The results show that this is only the case

for the subscale Social skill in the ASD group, but not in

the ADHD group. For all the other subscales, it appears

that present or former SUD has no effect on the AQ scores,

compared to subjects without a history of SUD. Our

hypothesis is that comorbid SUD in ASD (mostly alcohol

related in this group) improves or facilitates social skills

and therefore social interaction. Alternatively, in people

with ASD, alcohol may positively influence the subjective

perception of their social skills, or cause a reduced

awareness of social awkwardness, without actually

improving their social functioning.

Table 1 Group characteristics and types of substance use disorder in adults with autism spectrum disorder or ADHD

ASD (N = 76) ADHD (N = 53) Test statistic

N (pct)a Mean (SD) N (pct) Mean (SD)

Age 34.1 (11.9) 32.1 (11.4) t(127) = 0.960, p = 0.339

Female 14 (18) 18 (34) X
2

ð1Þ ¼ 4:043, p = 0.044

Total IQ 103.0 (13.6) 104.0 (10.5) t(85) = -0.364, p = 0.717

Lifetime SUD 21 (28) 32 (60) X
2

ð1Þ ¼ 13:830, p \ 0.001

Alcohol 10 (47) 8 (25) X
2

ð1Þ ¼ 2:892, p = 0.089

Cannabis 6 (29) 9 (28) X
2

ð1Þ ¼ 0:001, p = 0.972

Other drugs or gambling 5 (24) 15 (47) X
2

ð1Þ ¼ 2:871, p = 0.090

a Figures in N column represent frequency (percent)
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In sum, the AQ can differentiate between ASD and

ADHD with statistical significance for the total AQ score

and all subscales, with the exception of the subscale

Attention to detail. However, when there is comorbidity

with SUD the clinician should be cautious; in that case the

total AQ score in patients with ASD can be attenuated by a

lower score on the Social skills subscale.

The ROC analysis suggests a cut-off value of 26, which

yields 73% correctly identified patients. However, with this

cut-off we would wrongly classify about a third of all ASD

patients and a fifth of all ADHD patients in our study

group. In the general population, the ratio of ADHD versus

ASD prevalence is about 7:1, unlike in our sample where

this ratio was about 2:3. The values for sensitivity and

specificity associated with the cut-off score of 26 are,

however, by definition independent of the prevalence. This

means that, given the prevalences of ASD and ADHD in

the general population, this cut-off would (in a hypotheti-

cal group of 50 patients) by approximation lead to a

positive identification of 4 out of every 6 patients with

ASD, and 35 out of every 44 patients with ADHD (that is

77% correctly identified patients). Clinical usefulness of

the AQ for differentiating between ASD and ADHD is,

therefore, limited because it would lead to an unacceptable

number of wrongly classified patients. This underscores the

continued necessity of other methods, like thorough clini-

cal interviews, and eliciting an accurate developmental

history, for distinguishing between a diagnosis of ASD and

ADHD.

The data also show that the factor score Attention to

detail is similar in the ASD and ADHD groups. If we were

to use the other factor score Social interaction (with 40

items composed of the 4 remaining subscales), and use the

associated optimum cut-off of 21, the percentage correctly

identified cases is almost the same (75%) as in the case of

the total AQ score. This indicates that the discriminating

effect doesn’t improve when we opt for this factor score

instead of the total AQ score.

This study has both strengths and limitations. The main

strengths are the relatively large sample size and the

structured assessment of ASD and ADHD as well as the

comorbid SUD’s and pathological gambling. The main

limitations are the unknown representativeness of this

treatment seeking sample with its normal IQ, the absence

of another psychiatric control group, and the relatively

small size of some of the diagnostic subgroups. The sex

distribution was similar to that of ASD and ADHD patients

in epidemiological samples. However, the number of

subjects with ASD exceeded those with ADHD, whereas

the prevalence of ADHD in the general population is much

higher than that of ASD (Gillberg and Wing 1999; Murphy

and Barkley 1996). A possible explanation is that the

participating expert centers are used more often by referralT
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sources when ASD is suspected than when ADHD is sus-

pected, because ADHD is more readily diagnosed and

treated in general adult psychiatric settings.

Although the group of adults with ASD shows signifi-

cantly higher scores on the Autism Spectrum Questionnaire

(AQ) compared to group of adults with ADHD, the clinical

usefulness of the instrument for the differentiation between

ASD and ADHD in individual cases is limited. The

established optimum cut-off value of 26 is similar to cut-

off values previously reported by others, but the percentage

of correctly identified patients with ASD or ADHD is only

73%. Evidently, this self-report questionnaire cannot

replace the clinical interview in disentangling ASD from

ADHD.

Substance use disorder is a common comorbid problem

accompanying ASD and ADHD. The results show that in

case of comorbid SUD, adults with ASD still have signif-

icantly higher total AQ scores compared to adults with

ADHD, even though SUD in people with ASD may present

with a lower score on the subscale Social skills.
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