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ORIGINAL ARTICLE

Disorder-specific functional abnormalities during
sustained attention in youth with Attention Deficit
Hyperactivity Disorder (ADHD) and with Autism
A Christakou1,2,5, CM Murphy1,3,5, K Chantiluke1, AI Cubillo1, AB Smith1, V Giampietro4, E Daly3,

C Ecker3, D Robertson3, MRC AIMS consortium6, DG Murphy3 and K Rubia1

1Department of Child and Adolescent Psychiatry, Institute of Psychiatry, King’s College London, London, UK; 2Centre for
Integrative Neuroscience and Neurodynamics and School of Psychology and Clinical Language Sciences, University of
Reading, London, UK; 3Department of Forensic and Developmental Sciences, Institute of Psychiatry, King’s College London,
London, UK and 4Department of Neuroimaging, Institute of Psychiatry, King’s College London, London, UK

Attention Deficit Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD) are often
comorbid and share behavioural-cognitive abnormalities in sustained attention. A key
question is whether this shared cognitive phenotype is based on common or different
underlying pathophysiologies. To elucidate this question, we compared 20 boys with ADHD to
20 age and IQ matched ASD and 20 healthy boys using functional magnetic resonance imaging
(fMRI) during a parametrically modulated vigilance task with a progressively increasing load of
sustained attention. ADHD and ASD boys had significantly reduced activation relative to
controls in bilateral striato–thalamic regions, left dorsolateral prefrontal cortex (DLPFC) and
superior parietal cortex. Both groups also displayed significantly increased precuneus
activation relative to controls. Precuneus was negatively correlated with the DLPFC activation,
and progressively more deactivated with increasing attention load in controls, but not patients,
suggesting problems with deactivation of a task-related default mode network in both
disorders. However, left DLPFC underactivation was significantly more pronounced in ADHD
relative to ASD boys, which furthermore was associated with sustained performance measures
that were only impaired in ADHD patients. ASD boys, on the other hand, had disorder-specific
enhanced cerebellar activation relative to both ADHD and control boys, presumably reflecting
compensation. The findings show that ADHD and ASD boys have both shared and disorder-
specific abnormalities in brain function during sustained attention. Shared deficits were in
fronto–striato–parietal activation and default mode suppression. Differences were a more
severe DLPFC dysfunction in ADHD and a disorder-specific fronto–striato–cerebellar
dysregulation in ASD.
Molecular Psychiatry advance online publication, 31 January 2012; doi:10.1038/mp.2011.185
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Introduction

Autism spectrum disorder (ASD) is characterised by
abnormalities in social interaction, communication
and stereotyped/repetitive behaviours (DSM-IV-TR;
ICD-10).1,2 About 30% of ASD patients have comorbid
Attention Deficit Hyperactivity Disorder (ADHD),3,4

characterised by age-inappropriate inattention,
impulsiveness and hyperactivity (DSM IV).1

A shared behavioural/cognitive phenotype is
inattention.4,5 Sustained attention deficits are among
the most consistent cognitive deficits in ADHD.6,7 In
ASD, there is evidence for similar impairment,8–11

albeit with also negative findings.12

Sustained attention/vigilance is defined here as the
ability to voluntarily maintain the focus of attention
to infrequently occurring critical events,13,14 as op-
posed to the definition of a decrement of vigilance/
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sustained attention over time, which has been
influential in the ADHD literature.15

It has been debated whether the phenotypically
similar attention and other ADHD-related deficits in
ASD are secondary to ASD and a phenocopy,
preventing a co-diagnosis in the DSM-IV,1 or whether
they reflect true comorbidity, reflected in the allow-
ance for co-diagnosis in the upcoming DSM-V (http://
www.dsm5.org).

Functional imaging could shed light on the
debate by elucidating whether attention deficits
in both disorders are based on common (‘true
comorbidity’) or dissociated (‘not true comorbidity’)
underlying brain dysfunctions. The identification of
differences in the objectively measurable ‘biomarkers’
that underlie clinically overlapping behaviour
could furthermore help with future differential
diagnosis.

The few fMRI studies that have measured sustained
attention in ADHD, found reduced activation relative
to healthy controls in inferior prefrontal cortex,
striato–thalamic, parieto–temporal and cerebellar
regions.16–18 No fMRI study, however, has tested
sustained attention in ASD, despite evidence for
fronto–striatal, parietal and cerebellar dysfunctions
during related selective and flexible attention
tasks.19–24 Importantly, to our knowledge, no fMRI
study has directly compared between disorders to
elucidate disorder-specific or shared neurofunctional
biomarkers. Only one structural MRI study compared
both disorders, finding shared deficits in temporo–
parietal structure as well as unique differences in ASD
patients in increased supramarginal grey matter.25

The aim of this study was therefore to compare
brain function of age and IQ-matched boys with non-
comorbid ADHD, non-comorbid ASD and healthy
controls while they performed a parametrically
modified fMRI vigilance task with an increasingly
more difficult load of sustained attention.

We hypothesised that (1) across all subjects pro-
gressively increased sustained attention load would
be associated with progressively increasing activation
in typical sustained attention regions comprising
dorsolateral prefrontal cortex (DLPFC), striato–thala-
mic, parieto–temporal and cerebellar areas,16,17,26,27

but (2) both disorder groups would show under-
activation in these brain regions relative to healthy
controls; and (3) given stronger evidence for sustained
attention deficits in ADHD9,12 and for disorder-
specific dysfunctions in DLPFC and caudate relative
to conduct and obsessive-compulsive disorders dur-
ing attention tasks,7,17,28–30 ADHD boys would show
more pronounced underactivation in fronto–striatal
regions than ASD boys.

Materials and methods

A total of 60 male, right handed (Edinburgh Handed-
ness Inventory31) medication-naı̈ve boys (20 controls,
20 with ADHD and 20 with ASD), 11–17 years,
IQX70, participated. ADHD boys met the DSM-IV

diagnosis of inattentive/hyperactive-impulsive com-
bined type ADHD and scored above clinical threshold
for ADHD symptoms on both the Strength and
Difficulty Questionnaire (SDQ)32 and the Conners’
Parent Rating Scale-Revised33 and had no comorbid
condition. ASD diagnosis was made using ICD-10
research diagnostic criteria,2 confirmed by the autism
diagnostic interview-revised34 and the autism diag-
nostic observation schedule.35 Comorbidity with
other psychiatric disorders was excluded. All ASD
participants underwent a structured physical and
medical examination to exclude comorbid medical
disorders and biochemical, haematological or chro-
mosomal abnormalities associated with ASD. Boys
with ASD were excluded if they scored above 7 on the
Hyperactivity/Inattention ratings on the SDQ. ASD
boys had to score above and ADHD patients below the
clinical cut-off on the social communication ques-
tionnaire.36 Patients were recruited through local
clinical services.

In all 20 healthy IQ, handedness, sex and age-
matched controls were recruited locally by advertise-
ment and scored below clinical threshold on the SDQ
and social communication questionnaire.

Exclusion criteria for all were neurological dis-
orders and drug/alcohol dependency. Intellectual
ability was measured using the Wechsler Abbreviated
Intelligence Scale–Revised short form.37 Ethical ap-
proval was obtained from the local Research Ethics
Committee and written informed consent/assent was
obtained for all participants. (For details on partici-
pants see Supplementary Material).

fMRI task: sustained attention task

Subjects practised the task once in a mock scanner.
The 12-min sustained attention task is a variant of
psychomotor vigilance and delay tasks.38,39 Subjects
need to respond as quickly as possible to the
appearance of a visual timer counting up in milli-
seconds via a right hand button response within 1 s.
The visual stimuli appear either after short, predict-
able consecutive delays of 0.5 s, in series of 3–5
stimuli (260 in total) or after unpredictable time
delays of 2, 5 or 8 s (20 each), pseudo-randomly
interspersed into the blocks of 3–5 delays of 0.5 s. The
long, infrequent, unpredictable delays place a higher
load on sustained attention/vigilance, whereas the
short, predictable 0.5 s delays are typically antici-
pated40 placing a higher demand on sensorimotor
synchronisation39 (Figure 1).

Analysis of performance data

Multiple repeated measures univariate analysis of
variances (ANOVAs) with group as independent and
delay as repeated measures were conducted to test for
group differences in performance (that is, mean
reaction time, intrasubject standard deviation of
reaction time (SD intrasubject), omission and prema-
ture errors).
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fMRI Image acquisition
fMRI images were acquired on a 3T General Electric
Signa HDx TwinSpeed (General Electric, Milwaukee,
Wisconsin, WI, USA) MRI scanner using a quadrature
birdcage headcoil. In each of 22 non-contiguous
planes parallel to the anterior–posterior commissure,
480 T2*-weighted MR images depicting BOLD (Blood
Oxygen Level Dependent) contrast covering the whole
brain were acquired with echo time (TE) = 30 ms,
repetition time (TR) = 1.5 s, flip angle = 601 in-plane
resolution = 3.75 mm, slice thickness = 5.0 mm, slice
skip = 0.5 mm). A whole-brain high resolution struc-
tural scan (inversion recovery gradient echo planar
image) on which to superimpose the activation maps,
was also acquired in the inter-commissural plane,
with TE = 40 ms, TR = 3 s, flip angle = 901 43 slices,
slice thickness = 3.0 mm, slice skip = 0.3 mm, provid-
ing complete brain coverage.

fMRI image analysis
Event-related activation data were acquired in rando-
mized trial presentation, and analysed using non-
parametric data analysis (XBAM).41,42 After prepro-
cessing (see Supplementary text), time series analysis
for each individual subject was based on a previously
published wavelet-based data resampling method for
functional MRI data.42,43 Using rigid body and affine
transformation, the individual maps were then regis-
tered into Talairach standard space.44 A group of brain
activation map was then produced for each experi-
mental condition (that is, long delays of 2, 5, 8 s, each
contrasted with the implicit baseline, that is, 0.5 s
delay) and hypothesis testing was carried out at the
cluster level. In essence, a voxel-wise test at P < 0.05
was conducted to identify any voxels that might
plausibly be activated followed by a subsequent test
at a cluster-level threshold of P < 0.01 to remove the

false-positive clusters produced by the voxel-level
test. This combined voxel/cluster tests coupled
with permutation testing allow for excellent type I
error control at the cluster level.42,43 For each task, < 1
false-positive activated 3D clusters were expected at a
P-value of < 0.05 at the voxel-level and < 0.01 at the
cluster-level.

For the between-group comparisons, an ANOVA
3� 3 split-plot design (three time delays, three
groups) was conducted testing for group, delay and
group by delay interaction effects, using a randomisa-
tion-based test for voxel or cluster-wise differences as
described elsewhere.42 Less than one false-positive
activation cluster was expected at P < 0.05 at voxel
level and P < 0.01 at cluster level. Statistical measures
of BOLD response for each participant were then
extracted in each of the significant clusters and post-
hoc least significance difference t-tests (correcting for
multiple comparisons) were conducted to identify
between-group differences.

Results

Subjects characteristics
There were no significant group differences for age
(F(df = 2,59) = 0.8, P = 0.4) or IQ (F(df = 2,59) = 1.6,
P = 0.2), but, as expected, for SDQ hyperactivity
(F(df = 2,59) = 69, P < 0.0001) and social communica-
tion questionnaire (F(df = 2,59) = 0.30, P < 0.0001).
Post-hoc analyses showed that ADHD scored signifi-
cantly higher than ASD patients and controls on the
SDQ hyperactivity (P < 0.0001), while ASD patients
scored significantly higher than controls (P < 0.0001).
In the social communication questionnaire, ASD boys
scored significantly higher than control and ADHD
boys (P < 0.0001), and ADHD boys scored higher than
controls (P < 0.0001). Multivariate ANOVAs also
showed a group effect for all other SDQ measures
(F(df = 2,57) = 11, P < 0.0001). Post-hoc analyses
showed that both patient groups were more impaired
than controls in all scales (P < 0.05). They did not
differ from each other in emotional and prosocial
ratings; for conduct problems, however, ADHD boys
were more impaired than ASD boys (P < 0.0001), and
for peer problems, ASD boys were more impaired
than ADHD boys (P < 0.0001) (Supplementary
Table 1).

Performance data
Repeated measures univariate ANOVAs showed a
significant within-subject effect of delay on mean
reaction time (F(df = 3,55) = 179, P < 0.0001), which
were longer in all subjects with increasing delays; on
SDintrasubject (df = 3,55); F = 6, P < 0.001), which
were reduced with longer delays; and on premature
errors (F(df = 3,55) = 4, P < 0.008), which were largest
in the short delays of 0.5 s, in line with evidence for
anticipation of short intervals.40

There was a significant group effect on SDintra-
subject (F(df = 2,57) = 6.5, P = 0.003). Post-hoc ana-
lyses showed that ADHD boys had significantly

Figure 1 Schematic representation of the sustained atten-
tion task (SAT). Subjects are required to press a right-hand
button as soon as they see a timer appear on the screen
counting seconds. The counter appears after either pre-
dictable short delays of 0.5 s in blocks of 3–5 stimuli, or after
unpredictable long delays of 2,5 or 8 s, pseudo-randomly
interspersed into the blocks of 0.5 s delays. The long second
delays have a progressively higher load on sustained
attention than the short 0.5 s delays that are typically
anticipated and have a higher load on sensorimotor
synchronisation.
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higher SDintrasubject than both control and ASD
boys (P < 0.02).

There was a group by delay interaction effect on
mean reaction time (df = 6,54; F = 2, P < 0.05), which
was due to ADHD being slower than control boys only
in all long delays (P < 0.05) and there was a trend for
ASD patients to differ from controls (P < 0.1), due to
ASD patients being slower in the 2- and 8-s delays
(P < 0.05). No other significant effects were observed
(see Supplementary Table 2).

Movement
There were no group differences in maximum or
mean displacement of x, y, z movement parameters
and none of the subjects exceeded mean displace-
ments of more than 1.5 mm (F(df = 2,45) = 0.4, P = 0.6).

Delay effect
All subjects showed increased activation with
increasing delay in a bilateral network comprising
DLPFC and right inferior prefrontal cortex, cingulate,
Supplementary motor area, parieto-temporal, cerebel-
lum, basal ganglia, thalamus and hippocampal gyri
(Supplementary Figure 1).

Group effect
ANOVA split-plot analysis showed that there were
significant group effects in five regions, in bilateral
thalamus, reaching into caudate tail and in left-

hemispheric middle frontal, pre and postcentral and
superior parietal gyri, mid-precuneus and cerebel-
lum/occipital cortex (Figure 2a, Table 1).

Post-hoc analyses showed that in left DLPFC,
controls had increased activation relative to both
ASD (P < 0.03) and ADHD boys (P < 0.001), while
ADHD boys also had reduced activation compared
with ASD boys (P < 0.04). In thalamus and caudate
and in pre and postcentral gyrus, both disorder
groups had reduced activation relative to controls
(P < 0.006), but did not differ from each other. In
cerebellum, ASD boys showed increased activation
compared with both control (P < 0.0001) and ADHD
boys (P < 0.01), who did not differ from each other. In
precuneus, both disorder groups showed increased
activation relative to healthy boys (P < 0.005), with a
trend for ADHD boys to have enhanced activation
relative to ASD boys (P < 0.09) (Figure 2b, Table 1).

Group by delay effects

Split plot ANOVA showed that there was a group by
delay interaction effect in three clusters, which
overlapped with three of the group effect activation
clusters, but were more extensive: in left middle
frontal gyrus, cerebellum/occipital gyrus and precu-
neus (Table 2, Figure 3a). Post-hoc analyses showed
that in the left DLPFC, both control and ASD boys
showed increased activation with increasing delay,

Figure 2 (a) Horizontal slices showing split plot analysis of variance (ANOVA) effects of group on brain activation across
the three delays. The right side corresponds to the right side of the image. (b) Statistical measures of BOLD response are
shown for each of the three groups for each of the brain region that showed a significant group effect. *indicates significant
differences between patient group and controls. *indicates a significant difference between the two patient groups. (*)
indicates a trend-wise difference.
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Table 1 ANOVA differences in brain activation between adolescents with ADHD, with ASD and healthy controls

Subject contrast Brain regions of activation (Brodman area (BA)) Talairach
coordinates

(x; y; z)

Voxels Cluster
P-value

C > ASD > ADHD L Middle frontal (BA 46/9/8) �25; 22; 26 72 0.004
C > ADHD, ASD L Pre/Postcentral/sup. parietal (BA 6/4/1/2/7) �22; �30; 53 60 0.005
C > ADHD, ASD R þ L Thalamus/putamen/hippocampus 25; �26; �7 59 0.002
ADHD ( > ) ASD > C M Precuneus/cuneus (BA 7/19) 0; �67; 31 42 0.005
ASD > ADHD, C L Cerebellum/hippocampal/lingual (BA 30/18/19) �7; �48; �7 85 0.003

Abbreviations: ADHD, Attention Deficit Hyperactivity Disorder; ANOVA, analysis of variance; ASD, autism spectrum
disorder; C, healthy controls.

Table 2 ANOVA Group by delay interaction effect for brain activation between ADHD, ASD and healthy boys

Subject contrast Brain regions of activation (BA) Talairach
coordinates

(x; y; z)

Voxels Cluster
P-value

C > ASD > ADHD L Middle frontal (BA 46/9/8/6) �43; 33; 37 165 0.006
ADHD, ASD > C M Precuneus/cuneus (BA 7/19) 0; �63; 31 138 0.008
ASD > AD, C L Cerebellum/hippocampal/lingual (BA 30/18/19) �7; �52; �13 174 0.004

Abbeviations: ADHD, Attention Deficit Hyperactivity Disorder; ANOVA, analysis of variance; ASD, autism spectrum
disorder; BA, Brodman area; C, healthy controls.

Figure 3 (a) Horizontal slices showing split plot analysis of variance (ANOVA) effects of group by delay interactions on
brain activation. The right side corresponds to the right side of the image. (b) Statistical measures of BOLD response are
shown for each of the three groups for each of the brain region that showed a significant group by delay effect.
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with ASD boys showing lower activation in all three
delays (P < 0.02). ADHD boys, in contrast, showed
progressively more deactivation in DLPFC with
increasing delays, which differed from both control
(P < 0.0001) and ASD boys (P < 0.05). In the cerebel-
lum, both disorder groups showed increased activa-
tion with increasing delays, but ASD showed overall
greater activation than ADHD (P < 0.03) and control
boys (P < 0.001) who showed increasing deactivation
with increasing delays. In precuneus, both disorder
groups showed increased activation with increasing
delays, with no differences between each other, and
which overall was increased relative to controls
(P < 0.001) –who showed progressively more
pronounced deactivation with increasing delays
(Figure 3b).

Although none of the ASD patients met an ADHD
diagnosis, some of them (that is, 12) scored above
clinical threshold in the Conners’ Parent Rating Scale-
Revised. In order to test whether findings would
remain, we re-analysed the group and group by delay
interactions without them. All main clusters and
post-hoc comparisons remained significant with the
exception of the L DLPFC for the group by delay
interaction analysis, which was now only trend-wise
significantly underactivated in ASD relative to con-
trols (P < 0.054) (but remained significantly under-
activated for the group analysis).

Brain-behaviour and brain-performance correlations
In order to investigate whether regions that showed a
significant group by delay effect were associated with
performance or behaviour, the statistical BOLD
response in these regions for the longest delay—with
the greatest group differences—was extracted for each
subject. Then the BOLD response measures were cor-
related (two-tailed) within each group separately with
main performance measures of mean reaction time
and SD intrasubject. Within each patient group, those
BOLD measures that were abnormal (that is, DLPFC
and precuneus in both disorders and cerebellum in ASD),
were correlated with selected disorder-relevant beha-
vioural measures, that is, with the SDQ hyperactivity
for ADHD patients and with the autism diagnostic
observation schedule communication and social skill
scores and the SDQ prosocial score for ASD patients.

Within ASD there was a positive correlation between
the autism diagnostic observation schedule commu-
nication and social scores and precuneus activation
(r = 0.6, P < 0.007) and between DLPFC activation and
SDQ prosocial scores (r = 0.5, P < 0.04). No significant
correlations were observed for ADHD.

For performance, in controls, medial frontal activa-
tion was significantly negatively correlated with
SDintrasubject (r =�0.6 P < 0.007) and premature
responses (r =�0.5, P < 0.04). For ADHD boys, pre-
cuneus activation was significantly negatively corre-
lated with premature errors (r =�0.4, P < 0.05). No
correlations were significant in ASD.

To determine if the enhanced precuneus brain
activation cluster in patients was associated with

the reduced DLPFC activation, we tested for inter-
correlations. Within each group, the precuneus
cluster was significantly negatively correlated with
the prefrontal activation cluster (r <�0.5, P < 0.01).

Discussion

To our knowledge, this is the first fMRI study
elucidating commonalities or differences in the
underlying neurofunctional substrates of patients
with ADHD and ASD. During a parametrically
modulated vigilance task, both disorders displayed
shared underactivation relative to healthy controls in
bilateral striato–thalamic and left-hemispheric
DLPFC, pre and postcentral and superior parietal
areas. They also shared enhanced precuneus activa-
tion, which in all groups correlated negatively with
the prefrontal cluster. Precuneus was progressively
more deactivated in controls with increased sustained
attention load, but progressively more activated in
patients, suggesting shared deficits in suppressing the
default mode network (DMN). Disorder-specific
effects were also observed: left DLPFC under activa-
tion was significantly more pronounced in ADHD
relative to ASD boys, and associated with task
performance measures that were only impaired in
ADHD. ASD boys, in contrast, showed enhanced
cerebellar activation relative to both ADHD and
controls, suggesting a disorder-specific dysregulation
of a fronto–striato–cerebellar attention network.

Brain activation data showed that across all
subjects, increasing load of sustained attention was
associated with progressively stronger activation in a
typical sustained attention network comprising fron-
tal, striato–thalamic, cingulate, temporo–parietal and
cerebellar regions,16,17,26,27 suggesting that the para-
metric vigilance task had the expected neural effects.

ADHD boys had significantly higher intra-subject
response variability across all delays relative to both
control and ASD boys and were slower in reaction
times relative to controls in the long delays with the
highest sustained attention load. The findings are in
line with consistent evidence for higher response
variability and slower reaction times in ADHD,
thought to reflect poor concentration, attention lapses
and poor stimulus anticipation.6,45–49 Only for some of
the longer delays, ASD patients also showed slower
reaction times, suggesting some degree of perfor-
mance impairment, in line with evidence for more
severe attention deficits in ADHD than ASD.12,50

Despite ASD boys having no performance deficits,
both disorder groups, however, shared activation
deficits in bilateral striato–thalamic, and left-hemi-
spheric DLPFC, pre and postcentral and superior
parietal areas. However, DLPFC was significantly
more underactivated in ADHD relative to ASD boys.

While right lateral prefrontal underactivation has
consistently been observed in ADHD patients during
response inhibition,7 left DLPFC dysfunction is more
typically observed during sustained attention17,18 and
oddball tasks.30,51–53 The disorder-specific finding of
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more pronounced left frontal dysfunction in ADHD
than ASD parallels more consistent evidence for
frontal dysfunctions in ADHD7 than ASD54 and
extends findings of disorder-specific left DLPFC
underfunction in ADHD relative to conduct disorder.7

The findings are also parallel to a structural imaging
study that showed that left DLPFC structural deficits
were associated with attention problems in both
patient groups.25

Interestingly, patients showed enhanced posterior
activation, in the cerebellar vermis in patients with
ASD (disorder-specific effect) and in precuneus in
both disorders (trend-wise more pronounced in
ADHD). The disorder-specific overactivation in ASD
of the cerebellar part of a fronto–striato–parieto–
cerebellar attention network16,17,26,27 may have
been a compensation for the reduced fronto–striatal
activation, perhaps explaining the unimpaired
performance.

The fronto–cerebellar dysregulation deficits in ASD
may be associated with structural brain abnormalities
in ASD in cerebellar vermis and left frontal regions,54–58

as well as with evidence for abnormal functional and
structural fronto–cerebellar connectivity.59

The precuneus overactivation in both disorder
groups is likely to reflect problems with deactivation
of the DMN. With increasing attention load, healthy
adults typically deactivate the DMN, comprising
precuneus and posterior cingulate that mediate self-
referential thoughts,60 which in turn is associated
with optimal task performance and fewer attention
lapses.60,61 This interpretation is supported by our
group by delay interaction findings, where controls,
as expected,61 progressively deactivated precuneus
with increasing sustained attention load, while in
both disorders it was progressively more activated.
The negative correlation between the DLPFC (that
was progressively more activated in controls) and the
precuneus clusters within all groups, further supports
this interpretation of abnormal task-related DMN
suppression in both disorders. The findings are in
line with previous records of abnormal DMN activity
in ASD59,62 and ADHD, where this has been associated
with attentional lapses.61,63,64 We have previously
observed precuneus overactivation in ADHD patients
during sustained attention tasks that was anti-corre-
lated with reduced left lateral frontal activation and
performance.17,18 The more pronounced problems
with the suppression of the precuneus DMN region
in ADHD, together with a more pronounced DLPFC
underactivation, may have been responsible for the
disorder-specific performance deficits. This is further
supported by the negative correlation in controls
between DLPFC activation and response variability,
and by the positive correlation between premature
response errors in ADHD patients and precuneus
activation, suggesting a link between the anti-corre-
lated reduced DLPFC and increased precuneus
activation and worse attention performance in ADHD.
The less severe deficits in both of these regions in
ASD together with a compensatory increase in

cerebellum activation may thus explain the less
severe performance deficits.

In ASD, furthermore, the deficits in precuneus
deactivation were significantly positively correlated
with autism diagnostic observation schedule social
reciprocity and communication problem severity,
while the DLPFC underactivation was positively
associated with the prosocial SDQ scores. This could
suggest that problems with reducing self-referential
thoughts that interfere with frontal attention networks
may be either a cause or a consequence of abnorm-
alities in reciprocal social communication.

Other shared deficits were observed in thalamo–
striatal and parietal areas, which in ADHD patients are
typically abnormal during attention tasks,16–18,30,51,53,65

while in ASD, they are dysfunctional during selective
attention and other cognitive tasks.20,22–24,55 The find-
ings of shared parietal dysfunction are parallel to
shared parietal structural deficits.25

The shared deficits in fronto–striato–parietal atten-
tion networks together with shared abnormalities in
switching off the task-anticorrelated DMN may under-
lie shared attention deficits in both disorders but
possibly also their shared deficits in other cognitive
domains such as executive functions,50,66 known to be
mediated by the interplay between these task-positive
and task-negative DMN networks.67

A strength of this study is the ‘medication-naı̈vety’
of patients given long-term effects of psychotropic
medication on brain structure and function68,69 and
the robust diagnostic characterisation of IQ matched,
non-comorbid patient groups. However, although
ASD patients did not meet clinical ADHD criteria,
several of them scored high in attention problems on
the Conners’ Parent Rating Scale-Revised. Neverthe-
less, all findings remained when ‘purer’ groups were
compared.

In conclusion, this is, to our knowledge, the first
comparative fMRI study between patients with ADHD
and ASD. We demonstrate that the commonly
compromised function of sustained attention is
associated with both shared and disorder-specific
dysfunctions and compensatory mechanisms. The
findings suggest a more severe frontal lobe activation
impairment in ADHD in association with more severe
performance deficits, but also highlight shared stria-
to–parietal and DMN dysfunctions that could explain
and underlie the phenotypical overlap of poor
attentive behaviours in both disorders.

Conflict of interest

KR has received funding from Lilly for another project
and speaker’s honoraria from Lilly, Shire, Novartis
and Medice. The remaining authors declare no
conflict of interest.

Acknowledgments

This study was supported by grants from the Medical
Research Council (MRC GO300155) to Prof Katya

Abnormalities in youth with ADHD and with Autism
A Christakou et al

7

Molecular Psychiatry



Rubia and the Medical Research Council UK Autism
Imaging Multicentre Study (G0400061) to Prof Declan
Murphy. Dr Anastasia Christakou was supported by a
post-doctoral fellowship from MRC G0300155. Ana
Cubillo and Dr Anna Smith were supported by PHD
studentship/post-doctoral fellowships by the Na-
tional Institute for Health Research (NIHR) Biomedi-
cal Research Centre (BRC) for Mental Health at the
South London and Maudsley NHS Foundation Trust
(SLaM) and the Institute of Psychiatry at King’s
College, London. We would like to thank all the
individuals and their families who participated in
this study and the National Autistic Society for their
help in recruiting subjects.

References

1 American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, 4th edn. American Psychiatric
Association: Washington DC, 2000.

2 World Health Organisation. The ICD-10 classification of mental
and behavioural disorders. In: World Health Organisation (ed):
Clinical Descriptions and Diagnostic Guidelines. World Health
Organisation: Geneva, 1994.

3 Leyfer OT, Folstein SE, Bacalman S, Davis NO, Dinh E, Morgan J
et al. Comorbid psychiatric disorders in children with autism:
Interview development and rates of disorders. J Autism Dev Disord
2006; 36: 849–861.

4 Simonoff E, Pickles A, Charman T, Chandler S, Loucas T, Baird G.
Psychiatric disorders in children with autism spectrum disorders:
Prevalence, comorbidity, and associated factors in a population-
derived sample. J Am Acad Child Adolesc Psychiatry 2008; 47:
921–929.

5 Sturm H, Fernell E, Gillberg C. Autism spectrum disorders in
children with normal intellectual levels: associated impairments
and subgroup. Dev Med Child Neurol 2004; 46: 444–447.

6 Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF.
Validity of the executive function theory of attention-deficit/
hyperactivity disorder: a meta-analytic review. Biol Psychiatry
2005; 57: 1336–1346.

7 Rubia K. ‘Cool’ inferior fronto-striatal dysfunction in Attention
Deficit Hyperactivity Disorder (ADHD) versus ‘hot’ ventromedial
orbitofronto-limbic dysfunction in conduct disorder: a review. Biol
Psychiatry 2011; 69: e69–e87.

8 Corbett BA, Constantine LJ. Autism and attention deficit hyper-
activity disorder: Assessing attention and response control with
the Integrated Visual and Auditory Continuous Performance Test.
Child Neuropsychol 2006; 12: 335–348.

9 Corbett BA, Constantine LJ, Hendren R, Rocke D, Ozonoff S.
Examining executive functioning in children with autism spec-
trum disorder, attention deficit hyperactivity disorder and typical
development. Psychiatry Res 2009; 166: 210–222.

10 Garretson HB, Fein D, Waterhouse L. Sustained attention in
children with autism. J Autism Dev Disord 1990; 20: 101–114.

11 Schatz AM, Weimer AK, Trauner DA. Brief report Attention
differences in Asperger syndrome. J Autism Dev Disord 2002; 32:
333–336.

12 Johnson KA, Robertson IH, Kelly SP, Silk TJ, Barry E, Dáibhis A
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