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Abstract: Familial risk for attention-deficit hyperactivity disorder (ADHD) has been associated with
changes in brain activity related to cognitive control. However, it is not clear whether changes in activa-
tion are the primary deficit or whether they are related to impaired communication between regions
involved in this ability. We investigated whether (1) functional connectivity between regions involved in
cognitive control was affected by familial risk and (2) changes were specific to these regions. Correlational
seed analyses were used to investigate temporal covariance between cognitive control and motor regions
in two independent samples of typically developing controls, subjects with ADHD and their unaffected
siblings. In both samples, correlation coefficients between cognitive control regions were greater for typi-
cally developing controls than for subjects with ADHD, with intermediate values for unaffected siblings.
Within the motor network, unaffected siblings showed correlations similar to typically developing chil-
dren. There were no differences in activity between the brain regions involved. These data show that
functional connectivity between cognitive control regions is sensitive to familial risk for ADHD. Results
suggest that changes in connectivity associated with cognitive control may be suitable as an intermediate
phenotype for future studies. Hum Brain Mapp 32:1511-1518, 2011.  ©2010 Wiley-Liss, Inc.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a de-
velopmental disorder characterized by poor behavioral
control and impairments in attention. Symptoms associ-
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ated with ADHD are heterogeneous, both at the behavioral
level (e.g., in some individuals inattentive symptoms are
most prominent, while in others it may be impulsive and
hyperactive symptoms that are most impairing) and the
cognitive level (cognitive deficits are only present in a sub-
set of individuals diagnosed with ADHD). This may be
because various biological changes can lead to the ADHD
phenotype [Castellanos and Tannock, 2002; Gottesman and
Gould, 2003]. However, ADHD is often conceptualized as
being related to changes in cognitive control. Although
only a subset of affected individuals may have established
impairments in this domain, it has proven to be a useful
construct in ADHD research [Aron and Poldrack, 2005;
Durston et al., 2009]. Functional magnetic resonance imag-
ing (fMRI) studies have shown reduced brain activity dur-
ing tasks that tap cognitive control [Bush et al., 2005;
Castellanos and Tannock, 2002; Dickstein et al.,, 2006;
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Durston et al.,, 2009]. Furthermore, these measures have
been shown to be useful as intermediate phenotypes in
ADHD-research: measures of brain function are likely to
be closer to causative agents (e.g., genetic variations) than
behavior and as such form a more homogeneous pheno-
type for research. As such, they can help to identify bio-
logical pathways to ADHD [Castellanos and Tannock,
2002; Durston et al., 2009; Gottesman and Gould, 2003;
Gould and Gottesman, 2006].

Recent findings have suggested that neural connectivity
is affected in ADHD, both during tasks and when the
brain is at rest [Casey et al., 2007; Castellanos et al., 2008;
Fassbender et al., 2009; Murias et al.,, 2007; Tian et al.,
2006; Uddin et al., 2008; Wang et al., 2009; Wolf et al.,
2009; Zang et al., 2007]. This raises the question whether
well-established changes in brain activity in ADHD are
related to changes in connectivity between brain regions.

Studies of typically developing children, subjects with
ADHD and their unaffected siblings have shown that
changes in activity related to cognitive control are sensitive
to familial risk for the disorder [Durston et al., 2006;
Mulder et al., 2008]. However, it is not clear whether it is
the level of activity per se that is under familial influences,
or whether changes in connectivity in cognitive control cir-
cuits may be driving these findings. We set out to address
this by investigating familial effects on connectivity
between regions of the cognitive control network: We
identified regions that temporally covaried during a cogni-
tive control paradigm and investigated differences in the
strength of these task-dependent connections between typ-
ically developing children and adolescents, subjects with
ADHD and their unaffected siblings. We hypothesized
that task-dependent functional connectivity of cognitive
control networks would be decreased for subjects with
ADHD compared with typically developing controls. Fur-
thermore, we hypothesized that connectivity in these net-
works would be sensitive to familial risk (i.e., correlation
coefficients for unaffected siblings would be intermediate
between subjects with ADHD and controls). To ensure
that changes in connectivity were not related to changes in
activity levels in the brain regions involved, we selected
seed regions where the BOLD-signal did not differ
between groups. Furthermore, we tested whether findings
were specific to regions of the cognitive control network
by investigating temporal covariation within the motor
network during the same task. Finally, to lend confidence
to our findings, we sought to replicate our results in an in-
dependent sample.

MATERIALS AND METHODS
Subjects

FMRI-data from two independent samples from previ-
ously published fMRI-studies were reanalyzed for the pur-
pose of this article. All analyses were initially run on the
first sample and the second sample was included exclu-

sively for purposes of replication. Sample 1 included 33
male subjects (11 sibling pairs discordant for ADHD and
11 typically developing, matched controls), between the
ages of 8 and 20 years [Durston et al., 2006]. Sample 2
included 36 male subjects (12 sibling pairs discordant for
ADHD and 12 typically developing, matched controls),
between the ages of 9 and 19 years [Mulder et al., 2008].
Subjects with ADHD were required to have received a
clinical ADHD diagnosis from our department and to
meet DSM-IV criteria for ADHD, as assessed by DISC
interview. No other comorbidities than oppositional defi-
ant disorder and conduct disorder were permitted. Sib-
lings and control subjects were excluded if they met DSM-
IV criteria for any psychiatric diagnosis, as assessed by
DISC interview. In addition, Child Behavior Checklist
scores were obtained to ascertain the presence of ADHD-
related symptoms in siblings and control subjects (for
details see Table I). In sample 1, seven subjects with
ADHD were on stimulant medication at the time they
were approached for the study. In sample 2, there were
six subjects with ADHD on stimulant medication. All dis-
continued medication for at least 24 h prior to the scan.

Paradigms

All subjects performed a variation of a go/nogo para-
digm, which are described in detail elsewhere [Durston
et al., 2006; Mulder et al., 2008]. For sample 1, the subjects’
task was to press a button in response to visually pre-
sented stimuli, but to avoid responding to a rare nontar-
get. The task consisted of five runs, which lasted 3 min
and 56 s each. Each run contained a total of 57 trials, with
75% go trials, resulting in a total of 70 nogo trials, includ-
ing 20 of each type (with 1, 3, or 5 preceding go trials) per
subject. Foil trials (nogo trials after 2 or 4 go trials) were
also included, to prevent subjects learning the pattern. The
order of presentation of the different types of nogo trials
was pseudorandomized. To make the task more interest-
ing for children, characters from the Pokemon cartoon se-
ries were used as stimuli. Stimuli were projected using a
through-projection screen and slide projector. Responses
were collected using an MRI compatible air pressure but-
ton box.

In sample 2, subjects were asked to perform a variation
of this go/nogo paradigm, where they were to press a sin-
gle response button whenever a target stimulus was pre-
sented [Davidson et al., 2004; Durston et al., 2007]. Here,
the temporal predictability of events was manipulated, in
addition to the predictability of the type of the stimulus
(i.e., nogo versus go-stimuli). The task was designed to
build up the expectancy of an event occurring (the fre-
quent and predictable go-trial). Subjects were required to
adjust their behavior when that prediction was violated
(i.e., inhibit a prepotent button press on nogo trials or
press the button at an unexpected time on unpredictable
go trials). The task was presented in the context of a
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TABLE I. Descriptive variables for controls, unaffected siblings, and siblings with ADHD

Sample 1 Sample 2
Controls Siblings ADHD Controls Siblings ADHD
(N =11) (N = 11) (N = 11) (N =12) (N =12) (N =12)

Age

Mean 15.27 (1.92) 14.45 (2.58) 13.97 (3.14) 15.0 (2.1) 14.1 2.7) 14.9 (2.3)
IQ

Mean 106 (14) 107 (15) 100 (10) 107 (20) 115 (20) 108 (22)
Hand preference

(L/R) 0/11 0/11 2/9 3/9 1/11 3/9
ADHD (N on DISC)

Combined 0 0 10 0 0 9

Hyperactive 0 0 1 0 0 3
ODD 0 0 3 0 0 4
CBCL

ADHD 51.6 (1.8) 52.7 (3.7) 62.1 (6.7)** 52.2 (3.3) 54.3 (5.8) 60.9 (10.0)**

ODD 52.2 (3.0) 53.3 (5.2) 60.3 (6.1)** 50.9 (1.6) 51.3 (2.3) 60.6 (9.2)*

CcD 50.7 (1.2) 53.7 (5.0) 59.7 (6.9)** 50.4 (0.5) 51.9 (3.1) 59.8 (7.9)*

Affective problems 52.5 (4.9) 52.5 (3.8) 59.5 (9.2)* 52.5 (3.6) 55.3 (6.6) 58.3 (9.6)

Anxiety problem 51.1 (1.5) 52.8 (3.7) 56.7 (6.3)* 55.3 (7.3) 52.8 (4.8) 53.9 (5.8)

Somatic problems 51.6 (2.8) 53.5 (3.6) 56.9 (6.3)* 54.6 (4.1) 54.3 (5.0) 55.2 (6.1)

Anxious/depressed 50.5 (1.2) 52.1 (4.2) 56.7 (7.2)** 52.9 (4.9) 52.8 (5.4) 53.3 (8.3)

Withdrawn/depressed 53.2 (4.5) 55.7 (6.2) 57.4 (8.5) 52.6 (3.8) 59.2 (8.9) 58.3 (8.5)

Somatic Complaints 51.5 (2.7) 53.5 (3.2) 57.5 (7.8)* 53.3 (3.6) 55.8 (4.1) 55.2 (5.0)

Social problems 50.8 (1.6) 52.2 (5.0) 58.6 (8.6)** 52.8 (5.6) 52.7 (4.0) 58.8 (9.8)

Thought problems 50.7 (1.5) 51.7 (2.9) 60.8 (8.1)** 53.5 (5.1) 52.8 (5.3) 57.7 (8.3)

Attention problems 52.1 (2.3) 52.5 (4.1) 59.2 (5.9)* 52.6 (3.6) 54.8 (5.6) 59.3 (8.3)**

Rule-breaking behavior 50.8 (0.8) 54.8 (5.3) 59.5 (5.7)** 50.4 (0.7) 52.2 (3.0) 58.4 (5.6)*

Aggressive behavior 51.0 (2.4) 52.8 (5.0) 60.9 (7.8)** 50.5 (1.5) 51.8 (3.9) 62.3 (10.7)*
SES

Mothers’s education (years) 11.8 11.3 11.3 13.2 13.5 13.5

Father’s education (years) 10.9 12.2 12.2 14.0 14.1 14.1
On stimulant medication 0 0 6 0 0 7

ADHD, attention deficit hyperactivity disorder; ODD, oppositional defiant disorder; CD, Conduct Disorder; SES, socio-economic status;
DISC, Diagnostic Interview Schedule for Children; CBCL, Child Behavior Checklist.

*P < 0.05;
**P < 0.01.

computer game, where subjects were asked to help feed a
hungry little mouse as much cheese as possible. The target
stimulus was a cartoon drawing of a piece of cheese,
whereas the unexpected stimulus was a cartoon drawing
of a cat. During the interstimulus interval, a mouse hole
remained on the screen, briefly opening to reveal one of
the experimental stimuli in a continuous stream of trials.

MRI Scan Acquisition and Preprocessing

All subjects participated in a practice session prior to
scanning, using an MRI simulator at the Department of
Child and Adolescent Psychiatry, University Medical Cen-
ter Utrecht, the Netherlands. For sample 1, MRI images
were acquired on a 1.5-T Philips Gyroscan (Philips Medi-
cal Systems, Best, the Netherlands), housed at the Depart-
ment of Radiology in the same hospital. Functional MRI
scans consisted of a navigated three-dimensional PRESTO

pulse sequence (time to echo [TE] 11 msec, repetition time
[TR] 21.74 ms, flip angle 9.0°, matrix 64 x 64 x 24, field of
view [FOV] 256 x 256 x 96 mm?>, voxel size 4 mm iso-
tropic, and scan duration 2.0 sec per 24-slice volume), cov-
ering the whole brain. For sample 2, MR images were
acquired on a 1.5-T Philips Allegra MR scanner (Philips
Medical Systems, Best, the Netherlands). Functional MRI
scans consisted of a navigated three-dimensional PRESTO
pulse sequence (TE = 11 ms, TR = 21.74 ms, flip angle
9.0°, matrix 64 x 64 x 36, FOV: 256 x 256 x 144 mm?,
voxel size 4 mm isotropic, and scan duration 2.0 s per 36-
slice volume), covering the whole brain. Anatomical T1-
weighted three-dimensional fast field echo scans with 170
1.2-mm contiguous coronal slices of the whole head (TE =
4.6 ms, TR = 30 ms, flip angle 30 degrees, FOV 256 mm,
in-plane voxel size 1 x 1 mm?) were also acquired.

MR images were preprocessed using Statistical Paramet-
ric Mapping software (SPM5, Wellcome Department of
Imaging Neuroscience, London). First, functional time-
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series were realigned to the first image to correct for
motion artifacts using a 6-parameter (rigid body) spatial
transformation [Friston et al., 1995]. In addition, the T1-
weighted anatomical image was coregistered to the func-
tional time-series by using Mutual Information [Collignon
et al., 1995; Wells et al.,, 1996]. Time-series were normal-
ized to standard stereotactic space (Montreal Neurological
Institute template) and resliced with a voxelsize of 4 x 4
x 4 (same as raw voxelsize). Finally, functional images
were smoothed with an 8 x 8 x 8 kernel FWHM. Global
effects were removed using a voxel-level linear model of
the global signal [LMGS; Macey et al., 2004]. This method
accounts for both high and low frequencies that are identi-
fied as global across all scans throughout the whole brain.
After removal of these effects, we further used a high-pass
filter (128 s) during first-level analyses of the seed-correla-
tional analyses to remove nonglobal low-frequency noise.

Seed Definitions From Task-Related Data

All first level analyses were run for each sample sepa-
rately and are described in detail elsewhere [Durston
et al., 2006; Mulder et al.,, 2008]. In short, each GLM
included at least two effects of interest (go trials, nogo tri-
als). The event types were time-locked to stimulus by a ca-
nonical synthetic haemodynamic response function (HRF)
and its first-order temporal derivative. For each subject,
contrast-images were obtained by contrasting go and nogo
regressors, and taken to the second-level analyses.

Seed regions were selected using a whole-brain second-
level one-sampled t-test over all subjects to avoid selection
bias toward a specific group (P = 0.0001, extent 10 voxels;
corresponding to P = 0.05 corrected at the cluster level).
Three seed regions were chosen. Two regions associated
with cognitive control were taken from the nogo>go con-
trast: anterior cingulate gyrus (ACG; talairach coordinates
for sample 1 and 2 resp.: 4, 40, 16 and 12, 40, 20) and right
inferior frontal gyrus (rIFG; talairach coordinates for sam-
ple 1 and 2 resp.: 32, 22, —8 and 40, 23, —8). One region
associated with motor responses was taken from the
go>nogo contrast: motor cortex (MTC; talairach coordi-
nates: —55, —24, 49). The two cognitive control regions
were chosen as they have frequently been shown to be
involved in this ability in neuroimaging studies [e.g., Aron
et al., 2003; Badre et al., 2005; Botvinick, 2004, 2007; Carter,
1998; Casey et al., 2002; Konishi et al., 1999; Pessoa and
Ungerleider, 2004; Ullsperger and Cramon, 2001] as they
have been implicated in ADHD [Bush et al., 2005; Castella-
nos et al.,, 2008; Chamberlain et al., 2009; Durston et al.,
2006; Durston et al.,, 2007; Konrad et al., 2006; Mulder
et al., 2008; Wolf et al., 2009]. The region in motor cortex
was selected as a control region, to allow us to investigate
whether changes in connectivity were specific to cognitive
control regions.

For each seed region, the peak of activity was used to
define 10 mm spheres (see Fig. 1). For each seed, a one-

way ANOVA was run to check whether there were any
differences between groups in blood oxygenation level-de-
pendent (BOLD) signal in the seed regions: There was no
difference between groups (controls; unaffected siblings;
siblings with ADHD) in BOLD level in the seed regions
for either sample (F < 2.5, P > 0.1).

Correlational Seed Analyses

Correlational seed analyses were done for each sample
separately. For each sphere, averaged individual time se-
ries were extracted from the task-related fMRI data and
entered in a general linear model (GLM) with the six
motion parameters for each subject. Individual T-maps
were created for the covariate of interest from these indi-
vidual GLM analyses and converted to R-maps, using the
Volumes toolbox for SPM. These R-maps reflect individual
maps of the correlation strength (correlation coefficient r)
with the seed region per voxel. To allow for second level
analyses of correlations, individual R-maps were con-
verted to z-maps using Fisher’'s R to Z transformation.
Two sampled t-tests were run to test for differences in cor-
relation patterns between typically developing controls
and subjects with ADHD at P = 0.001, extent 10 voxels.
For replication in the second sample, a more lenient
threshold of P = 0.005, extent 5 voxels was allowed.
Regions of interest (ROI) were identified as clusters
exceeding these statistical thresholds. These ROIs represent
the regions where connectivity with the seed region differs
between groups. Individual values were extracted from
each ROI and entered in a general linear model (univari-
ate) analysis of variance (UNIANOVA). Dummy variables
coding for ADHD or sibling status were used to compare
groups. To control for possible developmental effects, we
reran the analyses with age included as covariate [Lee
et al., 2009]. Furthermore, for each ROI, beta values from
the nogo>go and go>nogo contrasts were extracted to
explore whether there were between-group differences in
the task-related BOLD signal.

RESULTS
ACG-Seed

Differences in correlations with ACG between typically
developing individuals and subjects with ADHD were
found for cerebellum (CB) (P < 0.001; k = 24, Fig. 2A).
This was replicated in sample 2 (P = 0.002; k = 5, see Fig.
2A,B). In sample 1, the mean correlation coefficient for
unaffected siblings was intermediate between that of con-
trols and subjects with ADHD (F; 30 = 4.97; P < 0.05 con-
trols > unaffected siblings). In sample 2, the difference in
correlation coefficient for siblings compared to controls
and boys with ADHD was not significant (P = 0.4).
Results did not change when age was controlled for. There
were no differences between groups in the BOLD response
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Figure 1.

Seed points selected from whole group analyses. Seed regions
were taken from a whole group one-sample t-test at P =
0.0001, extent 10 voxels (corresponding to P = 0.05 corrected
at the cluster level) for each sample. For each seed region, the
peak activity was used to define 10 mm spheres (yellow circles).
The graphs show BOLD activity level in the seed regions from

in the region in cerebellum (P > 0.44). For sample 1, the
results held after exclusion of the one subject with a diag-
nosis of ADHD-HI (F; 50 = 22.2; P < 0.001). For sample 2,
the results held after exclusion of the three subjects with
an ADHD-HI diagnosis (F1 30 = 7.5; P = 0.01).

rIFG-Seed

Differences between typically developing children and
subjects with ADHD in correlations between rIFG and left
inferior frontal gyrus (IIFG) did not exceed the statistical
threshold of P = 0.001; k > 10.

MTC-Seed

Differences between typically developing children and
subjects with ADHD in correlations with motor cortex
were found in striatum (P < 0.001; k = 12). The mean cor-
relation coefficient for unaffected siblings was similar to
that of the control group (P > 0.7), and differed from that
of subjects with ADHD (¢t = 3.5, P < 0.01; see Fig. 2C).
Results did not change significantly when age was con-
trolled for. The results held after exclusion of the one sub-
ject with a diagnosis of ADHD-HI (F, 3 = 17.2; P < 0.001).

individual subjects (healthy controls—blue; unaffected siblings—
green; and subjects with ADHD—red). Boxes represent the
interquartile range (difference between first and third quartiles.
Legend: ACG, anterior cingulate gyrus; BOLD, blood oxygen-
ation level dependent; rIFG, right inferior frontal gyrus; MTC,
motor cortex.

DISCUSSION

We found that functional connectivity between ACG
and cerebellum was sensitive to familial risk for ADHD:
both subjects with ADHD and their unaffected siblings
showed lower correlation coefficients than typical controls,
while the correlation coefficients for unaffected siblings
were intermediate between those of subjects with ADHD
and controls. No such effect was found for task-related ac-
tivity in these regions. Furthermore, there was no effect of
familial risk on connectivity between regions of the motor
network during the same task, suggesting that familial
effects were specific to functional connectivity between
regions involved in cognitive control, and not merely a
consequence of differences in task-related activity. Replica-
tion in a second sample lends confidence to these results.

The familial finding of reduced connectivity between
ACG and cerebellum was not as strong in sample 2: Here,
the intermediate correlation coefficient for unaffected sib-
lings did not differ significantly from that of control sub-
jects or subjects with ADHD. This may be related to the
more complicated task-design used with sample 2 (see
Methods). This design resulted in fewer trials where si-
multaneous activation of ACG and cerebellum might be
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Group differences in functional connectivity. Functional connec-
tivity between ACG and CB is decreased for subjects with
ADHD (red) compared with typically developing controls (blue).
Correlation coefficients for unaffected siblings (green) are inter-
mediate (A and B). Functional connectivity between motor cor-

expected for sample 2 than sample 1. As such, lower statis-
tical power to detect the familial effect might be expected.
Furthermore, this is in line with the observation that there
was more variance in the connectivity data from sample 2.
Our findings of changes in connectivity between ACG
and cerebellum tie in with recent similar findings during a
working memory task in ADHD [Wolf et al., 2009]. Findings
of changes in connectivity in ADHD in two such different
tasks suggest that this may be an integral part of the
ADHD-phenotype. Further support comes from studies of

tex and striatum is decreased for subjects with ADHD (red),
but not for their unaffected siblings (green) (C). There are no
differences between groups in the BOLD response in any of the
regions (small graphs). Boxes represent the interquartile range,
dashed lines connect means. * P < 0.05.

the brain’s resting state in ADHD: These have suggested
that moment-to-moment fluctuations in the low-frequency
range (representing the brain’s resting state or default mode)
may interfere with high-frequency, task-specific processes,
thereby contributing to variability in task performance and
interruption of goal-directed activity [Sonuga-Barke and Cas-
tellanos, 2007]. Indeed, subjects with ADHD appear to have
difficulty to suppress default network activity [Fassbender
et al., 2009] and have been shown to have increased connec-
tivity between regions in this network [Tian et al., 2006].
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Figure 3.
When connectivity between regions is disturbed, one conse-
quence could be delay in the simultaneous activation of regions.
As the delay becomes greater, the correlation coefficient
decreases (B) and large shift could even lead to negative corre-
lation coefficients (C). r = correlation coefficient.

Here, cerebellum shows higher functional connectivity with
dorsal ACG during rest. Although our results of task-related
decreases in connectivity between these regions initially
appear contrary to this finding, they support suggestions
that subjects with ADHD may be impaired in switching
between task-positive and task-negative processes.

In our data, we found that subjects with ADHD showed
negative correlation coefficients for functional connectivity
between ACG and cerebellum, whereas correlation coeffi-
cients were positive for typical controls and unaffected sib-
lings. However, this should be interpreted with caution, as
the tasks were rapid-event related paradigms without an
explicitly modeled baseline. As such, the meaning of the
direction of the correlation coefficients is hard to interpret.
Nevertheless, one could speculate that differences are due
to the fact that the cerebellum BOLD signal is delayed in
subjects with ADHD: The more delay between the signal
of both regions, the more regions respond asynchronously
(see Fig. 3). This could even lead to negative correlation
coefficients, when the delay is large (Fig. 3C).

Although functional connectivity has been shown to be
sensitive to development, we did not find an effect of age
in this study. This may be related to the relatively re-
stricted age range included (12-19 yrs). Studies reporting a
shift from a local to more distributed architecture and
from more subcortical to cortico-cortical organization with
age have typically included younger and wider ranges [7-
31 yrs, Fair et al., 2009; 7-22 yrs, Supekar et al., 2009].

There are some limitations to our study. First, we opera-
tionalized functional connectivity as statistical dependence
(correlations) between remote neurophysiological events.
As such, no causal inferences can be drawn from these
analyses [Friston, 2005].

Second, our seed regions were selected to not be biased
towards any group; both subjects with ADHD and their
unaffected siblings had BOLD activity levels similar to
controls, in both the seed regions and the regions found to
correlate with them. As such, it is unlikely that the group
differences in connectivity between regions found here
were driven by differences in task-related BOLD signal.
However, other studies have shown differences in activity
between subjects with ADHD and controls in similar
regions [for review see Bush et al., 2005; Dickstein et al.,
2006; Durston, 2003; Durston et al., 2009]. Furthermore, we
have shown familial effects on BOLD activity in the same
data [Durston et al., 2006; Mulder et al., 2008]. As such,
although the changes in connectivity reported here appear
not to be secondary to changes in brain activity, we cannot
be sure that the reverse is not true: Established changes in
activity in cognitive control regions could be related to
changes in connectivity between them.

In sum, we show that functional connectivity between
cognitive control regions is sensitive to familial risk for
ADHD, in two independent samples. These results suggest
that changes in cognitive control in ADHD are at least in
part related to changes in connectivity of this network.
Furthermore, they suggest that changes in connectivity
associated with cognitive control may be suitable as an in-
termediate phenotype for future studies.
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