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Objective: Recent studies have sug-
gested that attention deficit hyperactivity
disorder (ADHD) is associated with abnor-
malities in basal ganglia and prefrontal
cortical functioning. However, these stud-
ies have primarily relied upon cognitive
tasks that reflect impulse control rather
than attentional mechanisms.

Method: The authors used functional
magnetic resonance imaging to investi-
gate the neural correlates of selective and
divided attention in a randomized, dou-
ble-blind, placebo-controlled pharmaco-
logical challenge with methylphenidate in
15 adolescents with ADHD (ages 14-17),
eight adolescents with reading disorder
(ages 12-17), and four adolescents with
both reading disorder and ADHD (ages
14-18) who were scanned during both a
methylphenidate and a placebo session.
Fourteen healthy comparison subjects
(ages 12-20) who were not given methyl-

phenidate served as the primary compar-
ison group.

Results: During the divided attention
task, unmedicated subjects with ADHD or
reading disorder recruited the left ventral
basal ganglia significantly less than the
healthy comparison subjects. Methyl-
phenidate led to an increase in activation
in this region but had no effect on task
performance. Subjects with ADHD also re-
cruited the middle temporal gyrus signifi-
cantly less than the comparison subjects,
but methylphenidate did not have a di-
rect effect on activation in this region.

Conclusions: These results suggest that
ADHD is associated with abnormal pro-
cessing in attentional networks, with spe-
cific dysfunction in striatal circuitry.
Methylphenidate may act to normalize
activity within this network.

(Am J Psychiatry 2004; 161:1990-1997)

Attention deficit hyperactivity disorder (ADHD) is
characterized by inattention, impulsivity, and hyperactivity.
Official estimates suggest that 3%-5% of school-age chil-
dren are affected by this disorder, although estimates range
higher than 11% (1). Symptoms often persist into young
adulthood, and long-term consequences include lower ed-
ucational and occupational achievement and increased
risk for developing other psychiatric disorders (2, 3).

Several lines of evidence suggest that ADHD is character-
ized by cognitive deficits in attention and inhibitory pro-
cesses. Neuropsychological studies have demonstrated
that children with ADHD often perform poorly on tasks of
frontal lobe and executive functioning, such as the Wiscon-
sin Card Sorting Test (4), the Tower of Hanoi (5), and the
Continuous Performance Task (6), and studies measuring
event-related potentials have demonstrated frontal abnor-
malities during executive functioning tasks (7, 8).

Recent neuroimaging studies have supported the no-
tion of frontal cortical dysfunction in ADHD and have spe-
cifically implicated dysfunction within frontal-striatal cir-
cuits as a putative mechanism associated with impulsive
tendencies of ADHD children. Structural magnetic reso-
nance imaging (MRI) studies have found abnormal vol-
umes in both the frontal lobes (9-11) and basal ganglia
(10, 12, 13). In addition, functional imaging studies relying
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on positron emission tomography and single photon
emission computed tomography have demonstrated re-
duced metabolism in frontal and striatal regions in ADHD
(14-16). Most recently, functional MRI (fMRI) studies have
demonstrated frontal lobe and striatal dysfunction in
ADHD during the performance of inhibitory tasks, includ-
ing the go/no-go and stop tasks (17-19) and the counting
Stroop test (20).

While these studies lead to a converging view regarding
the neurobiological foundations of impulsivity in ADHD,
most have neglected to address the attentional compo-
nent of the disorder. It is essential to establish the neural
circuitry responsible for attentional deficits in ADHD be-
cause inattention is a core feature of the disorder (21). Fur-
thermore, the only fMRI study of the effects of stimulant
medication on ADHD (18) did not directly address the
medication’s effect on the neural circuitry of attention.
Therefore, the current study was designed to investigate
three unresolved questions regarding the neurobiological
foundations of ADHD. First, what are the neural systems
responsible for the attentional deficit in ADHD? Second,
does the stimulant methylphenidate modulate the activity
of these regions? Finally, are the neural deficits and effects
of methylphenidate specific to ADHD, or can similar ef-
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TABLE 1. Demographic Characteristics and 1Q of Subjects With Attention Deficit Hyperactivity Disorder (ADHD), Subjects

With Reading Disorder, and Healthy Comparison Subjects

Characteristic Subjects With ADHD

Subjects With Reading Disorder?

Healthy Comparison Subjects Group Comparison

Mean SE Mean
Age (years) 15.1 0.3 15.0
Full-scale 1Q 115.3 2.9 102.6
N N
Gender
Boys 11 10
Girls 4 2

SE Mean SE
0.5 16.6 0.8 n.s.
3.5 — ADHD > reading
disorder
N
7
7

2 Includes subjects with reading disorder plus ADHD.

fects be seen in related developmental disorders, such as
reading disorder?

To assess the neural systems engaged during attentional
processing, we employed a variation of a selective and di-
vided attention task previously used by us (22) that re-
quired participants to view and listen to words and decide
(yes or no) whether the words were real English words or
pseudowords. We hypothesized that ADHD participants
would show less activation in the prefrontal cortex and
basal ganglia than the comparison subjects, that meth-
ylphenidate would increase activation in these areas, and
that the activation would be specific to ADHD.

Method

Subjects

The subjects were 15 adolescents (11 boys and four girls, ages
14-17) who were diagnosed with ADHD, combined type; eight ad-
olescents (six boys and two girls, ages 12-17) who were diagnosed
with reading disorder; four adolescents (all boys, ages 14-18) with
a primary diagnosis of reading disorder who also met DSM-1V cri-
teria for ADHD; and 14 healthy comparison subjects (seven boys
and seven girls, ages 12-20).

Subjects in the ADHD and reading disorder groups were re-
cruited from a large cohort of adolescents who participated in
previous attention and reading studies at the Yale Center for the
Study of Learning and Attention. DSM-IV diagnoses of ADHD
were determined from structured clinical interviews (the Diag-
nostic Interview Schedule for Children, Version 2.3) (23). Exclu-
sion criteria included the presence of comorbid disorders other
than oppositional defiant disorder or conduct disorder. The crite-
ria for reading disorder were met if the average of the word iden-
tification and the word attack subtests of the Woodcock-Johnson
Psychoeducational Test Battery (24) were below a standard score
0f 90 (below the 25th percentile) or 1.5 standard error of the mean
below the expected reading achievement score when we used the
WISC-III (25) full-scale 1Q (26). Of the 15 subjects with ADHD
only, eight were currently being treated with methylphenidate,
and an additional four reported a history of methylphenidate
therapy. In addition, four subjects with reading disorder only and
three subjects with reading disorder plus ADHD reported previ-
ous drug therapy with methylphenidate. Table 1 summarizes the
subjects’ demographic and IQ data.

Subjects in the healthy comparison group were recruited from
the local area and were free of any history of learning disabilities
or psychiatric or neurological problems, as determined through
detailed interviews with both the participants and their parents.
This study was approved by the Yale School of Medicine Human
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Investigations Committee, and all subjects gave informed written
consent for their participation.

Testing Procedure

Each subject in the ADHD and reading disorder groups was
tested during two sessions—once when given methylphenidate
and once when given placebo. The study was conducted in a dou-
ble-blind crossover fashion, with testing sessions approximately 1
week apart and the order of sessions counterbalanced across sub-
jects. Approximately 1.25 hours before imaging, the subjects were
given methylphenidate hydrochloride or placebo (lactose), with
the dose for each subject adjusted for weight with the following
guidelines: under 30 kg=15 mg, 30 to 60 kg=20 mg, more than 60
kg=25 mg.

Because of the ethical considerations of giving methylpheni-
date to healthy individuals, subjects in the comparison group did
not participate in the medication trial.

JFMRI Tasks

The subjects performed two attentional tasks in the fMRI—a
selective attention task and a divided attention task. The selective
attention task involved four experimental conditions: visual sim-
ple, visual complex, auditory simple, and auditory complex; the
divided attention task consisted of one condition. An additional
task involving simple button-press responses served as a baseline
measure. The task conditions were presented in a block design,
with four trials (4.5 seconds each) per block and 13 blocks per
fMRI run.

In the selective attention task (Figure 1), a drawing of an eye or
an ear (shown for 500 msec) cued the participant to attend to ei-
ther the visual or auditory stimulus. After a 500-msec pause, a
“target” word or pseudoword was presented in the cued modality,
i.e., either projected on a screen (visual) or played through head-
phones (auditory). The subjects made a word/nonword judg-
ment (i.e., yes/no lexical decision) to the target and responded
with an appropriate button press. In the visual simple and audi-
tory simple conditions, a nonlinguistic stimulus (a line array or a
tone stimulus) was simultaneously presented in the unattended
modality. In the visual complex and auditory complex conditions,
a word or nonword distracter was simultaneously presented in
the unattended modality. Thus, in the complex selective attention
conditions (visual complex, auditory complex), the subjects were
required to ignore a potentially confusing stimulus in the unat-
tended modality.

In the divided attention task (Figure 1), visual and auditory lin-
guistic stimuli (words or nonwords) were presented simulta-
neously for 500 msec. After a 500-msec pause, a drawing of both
an eye and an ear appeared on the screen for 500 msec, with the
eye representing the visual modality and the ear representing the
auditory modality. A circle appeared around both, one, or neither
of the pictures. The circles were described as a “prediction” the
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FIGURE 1. Trial Design for Visual Complex and Divided
Attention Tasks Performed by Subjects With Attention
Deficit Hyperactivity Disorder (ADHD), Subjects With
Reading Disorder, and Healthy Comparison Subjects?
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2 In selective attention trials, subjects judged whether a verbal stim-
ulus in the cued modality was a real word or a pseudoword. In di-
vided attention trials, stimuli (words or pseudowords) were pre-
sented simultaneously in both modalities, and subjects judged
whether a prediction of the lexical nature of the words was correct.

computer gave as to whether the preceding stimulus in each mo-
dality was a real word, with the presence of a circle representing a
real word. The participants determined whether the computer’s
predictions were correct and responded with appropriate button
presses.

The baseline control task consisted of button presses with no
lexical decision. For selective attention runs, the subjects were
shown a picture of a hand with a finger pointing to the right or left
for 500 msec. After a 500-msec pause, a line array and a tone were
presented simultaneously for 500 msec. The participants were in-
structed to press the button corresponding to the direction of the
finger pointing. For divided attention runs, the line array and tone
were presented first, followed by the hand, to better represent the
stimulus presentation order for that task.

To minimize the effect of practice from one session to another,
two versions of the tasks were created, each containing different
sets of stimuli. The subjects were presented with one version dur-
ing their first session and the other during the second session,
with the order counterbalanced across subjects, independent of
the random assignment of drug order.

fMRI Data Collection

fMRI scans were acquired with a 1.5-T GE LX MRI scanner
(General Electric, Milwaukee) equipped with gradients for echo
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planar (blood-oxygen-level-dependent [BOLD]) imaging. T;-
weighted anatomic images were collected in the sagittal plane by
using conventional parameters, followed by 14 axial-oblique
slices parallel to the anterior-posterior commissural (AC-PC) line.
Functional images were acquired during eight scanning runs: six
selective attention runs and two divided attention runs. The addi-
tional selective attention runs ensured that an equivalent amount
of data was collected for all conditions of the tasks. Stimuli were
presented by using PsyScope software and back-projected from a
liquid crystal display panel onto a screen viewed by the subject
through a prism mirror. The subjects responded by using a mag-
net-compatible button box. Echo planar imaging parameters
were the following: fourteen 7-mm-thick slices parallel to the AC-
PC line, TR=1500 msec, TE=60 msec, flip angle=60°, in-plane res-
olution=3.12x3.12 mm, acquisition matrix=64x64 pixels over a
field of view of 20x20 cm.

fMRI Data Analysis

Before statistical analysis, the images from each run were mo-
tion-corrected by using the SPM 99 program. Images were dis-
carded if the motion exceeded 2 mm of displacement or 3° of ro-
tation in any direction. In addition, the first two images of each
block were discarded to account for the delay in the hemody-
namic response. The remaining images were thresholded (with
the signal outside the brain set to zero) and Gaussian-filtered (full
width at half maximum=6.3 mm). Statistical parametric maps of
BOLD activation for each subject were created by using a skew-
corrected percent signal difference for each attention task relative
to its control task.

Anatomical images and activation maps from individual sub-
jects were transformed into standardized Talairach space (27),
and the resulting maps from all subjects in each diagnostic cate-
gory were superimposed to create cluster-filtered (10 contiguous
pixels) composite activation maps for each of the five attention
tasks. The probability that the mean percent signal change across
subjects was significantly different from zero was calculated by
using a t test at each composite pixel. Contrast maps were then
created to examine the activation differences across medication
status (within subjects) and across diagnostic categories (be-
tween subjects). Drug contrasts were created by direct statistical
comparison of each subject’s activation when given methylpheni-
date to activation when given placebo. Group contrasts were
made by comparing activation of the ADHD subjects to that of the
subjects with reading disorder and of the ADHD and reading dis-
order subjects relative to the comparison subjects. To account for
subjects with combined diagnoses of reading disorder and
ADHD, two separate analyses were performed: one in which read-
ing disorder plus ADHD subjects were included in the reading
disorder group and another in which these subjects were in-
cluded in the ADHD group. No differences between the two anal-
yses were observed.

Results

Behavioral Performance

Accuracy (percent correct) and reaction time were mon-
itored during the fMRI session to assess performance for
each group (Table 2). To assess the effects of medication in
the ADHD and reading disorder groups, reaction times
and accuracy for methylphenidate and placebo sessions
were compared by using t tests. No effects of medication
were seen in either group. Performance data for the ADHD
and reading disorder groups were then collapsed across
medication status, and multivariate analyses of variance
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TABLE 2. Performance of Subjects With Attention Deficit Hyperactivity Disorder (ADHD), Subjects With Reading Disorder,

and Healthy Comparison Subjects on Neuroimaging Tasks

Subjects With Subjects With Healthy Comparison
ADHD Reading Disorder Subjects
Measure and Task Mean SE Mean SE Mean SE Group Comparison
Accuracy (% correct)
Visual simple 94 1 71 5 95 1 Reading disorder < ADHD and comparison subjects
Visual complex 91 1 74 3 94 1 Reading disorder < ADHD and comparison subjects
Auditory simple 71 2 73 3 90 2 ADHD and reading disorder < comparison subjects
Auditory complex 71 3 73 3 89 2 ADHD and reading disorder < comparison subjects
Divide 76 2 65 2 88 2 Reading disorder < ADHD < comparison subjects
Reaction time (msec)
Visual simple 977 42 1,183 62 973 67 Reading disorder > ADHD and comparison subjects
Visual complex 1,040 49 1,217 71 1,069 77 n.s.
Auditory simple 1,420 59 1,403 58 1,265 63 n.s.
Auditory complex 1,484 65 1,419 52 1,329 71 n.s.
Divide 985 59 1,042 49 899 52 n.s.

(MANOVAs) (with performance and reaction time on each
task as dependent variables and diagnostic status as the
independent variable) compared the performance of
ADHD, reading disorder, and comparison participants for
each of the task conditions.

For accuracy, group differences were found in all five
task conditions (F=30.7, df=2, 52, p<0.001 for visual sim-
ple; F=25.8, df=2, 52, p<0.001 for visual complex; F=23.1,
df=2, 52, p<0.001 for auditory simple; F=12.7, df=2, 52,
p<0.001 for auditory complex; and F=22.3, df=2, 52,
p<0.001 for divide). Post hoc tests (Tukey’s) revealed that
both the comparison subjects and the ADHD subjects per-
formed better than the subjects with reading disorder in
the visual selective conditions (p<0.001). In addition, the
comparison subjects performed better than either the
ADHD or the reading disorder subjects in the auditory se-
lective and divide conditions (p<0.001). Furthermore, in
the divide condition, the ADHD subjects performed better
than the reading disorder subjects (p<0.005). Analyses of
the effect sizes revealed a partial n? of 0.56 for visual sim-
ple, 0.51 for visual complex, 0.49 for auditory simple, 0.34
for auditory complex, and 0.48 for divide. For reaction
time, the only performance difference was for the visual
simple condition, in which the subjects with reading dis-
order responded slower than either the comparison sub-
jects or the ADHD subjects (p<0.05 for both).

Imaging Data

Neuroimaging data were remarkably similar for all
groups, irrespective of medication or diagnostic status.
Regions of significant signal increase associated with se-
lective and divided attention represented a widely distrib-
uted network in the brain. Primary regions of activation
included the medial superior frontal gyrus (Brodmann’s
area 6), anterior cingulate cortex (Brodmann’s areas 32
and 24), dorsolateral prefrontal cortex (Brodmann’s areas
9 and 46), premotor cortex (Brodmann’s area 6), Broca’s
area (Brodmann’s area 44), and extrastriate cortex (Brod-
mann’s areas 18 and 19). In addition, the task conditions
requiring attention to the audio modality recruited the
primary auditory cortex in the superior temporal gyrus
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(Brodmann’s area 22). Furthermore, the divided attention
task engaged the posterior parietal cortex (Brodmann’s ar-
eas 19 and 40) and the basal ganglia. Figure 2 shows activa-
tion maps for the divided attention task.

In the divided attention condition, ADHD (and reading
disorder) subjects when given methylphenidate recruited
the left inferior aspect of the basal ganglia (in the dorsal stri-
atum), but when given placebo, ADHD (and reading disor-
der) subjects did not recruit this region (Figure 2 and Figure
3). Contrasting the activation of the comparison subjects
with ADHD subjects when they were given placebo re-
vealed that comparison subjects recruited this region to a
greater extent than the unmedicated ADHD subjects (Fig-
ure 3). However, no difference in activation was found in
this region when we compared healthy subjects with ADHD
subjects when the latter were given methylphenidate (Fig-
ure 3). Similar results were observed when we compared
healthy subjects to reading disorder subjects but at a lower
threshold (Figure 3). In addition to the basal ganglia, the
comparison subjects recruited the posterior aspect of the
middle temporal gyrus (Brodmann’s area 21) to a greater ex-
tent than the ADHD subjects (Figure 3, center). For be-
tween-group activation differences in the striatum, analysis
of the effect size revealed a partial n2 of 0.24. The activation
differences in the striatum were not correlated with either
measure of task performance (r=0.08 for accuracy, r=-0.10
for reaction time). Temporal lobe activation was correlated
only with accuracy for the visual selective tasks and only in
the left hemisphere (r=0.33, p=0.01 for visual simple; r=0.32,
p<0.05 for visual complex). Additionally, these activations
were not correlated with IQ (r=0.08).

Discussion

These results indicate that unmedicated ADHD adoles-
cents differed from healthy comparison subjects in the ac-
tivation of the left ventral aspect of the basal ganglia
during the performance of a divided attention task. Spe-
cifically, the comparison subjects activated this region to a
greater extent than the ADHD participants when given
placebo. When the ADHD adolescents were given a chal-
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FIGURE 2. Composite Maps Demonstrating Brain Activa-
tion for the Divided Attention Task Performed by Subjects
With Either Attention Deficit Hyperactivity Disorder (ADHD)
or Reading Disorder, and Healthy Comparison Subjects?

Right Left .

e

z=42

o0

Subjects receiving Subjects receiving
placebo methylphenidate

Subjects With Reading Disorder or ADHD

Healthy
Comparison
Subjects

2 Composite images obtained from subjects with either ADHD or
reading disorder when they were given placebo (left) and meth-
ylphenidate (center) are shown beside those obtained from healthy
comparison subjects (right). Red-yellow indicates brain regions that
were significantly more activated during the attention task than the
baseline task (p<0.005, uncorrected). Positions (in millimeters)
along the z axis in Talairach space are shown to the right.

lenge dose of methylphenidate before scanning, they re-
cruited this region of the basal ganglia to a similar degree
as the comparison subjects. Similarly, unmedicated read-
ing disorder adolescents showed a reduction in activation
of the left striatum relative to healthy comparison subjects
during the divided attention task, and a challenge dose of
methylphenidate normalized activation in this region. Al-
though performance on the task differed between the
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ADHD, reading disorder, and comparison adolescents,
neither measure of performance was correlated with acti-
vation in the striatum. Therefore, these activation differ-
ences cannot be accounted for simply by performance dif-
ferences. Additionally, the comparison subjects recruited
the posterior aspect of the middle temporal gyrus to a
greater extent than the ADHD adolescents during the at-
tention tasks. These differences also appear to be inde-
pendent of any consistent pattern in task performance.
The lack of a correlation between IQ and striatal activation
suggests that any IQ differences between the ADHD and
reading disorder adolescents did not significantly affect
our neuroimaging findings.

Our results indicate that adolescents with either ADHD
or reading disorder show quite similar neural activation
patterns to healthy comparison subjects during the per-
formance of selective and divided attention tasks. For all
subjects, the selective and divided attention tasks re-
cruited a host of cortical areas, including the dorsolateral
prefrontal cortex, the anterior cingulate cortex, the pre-
motor cortex, and Broca’s area and, particularly for di-
vided attention, the posterior parietal area and regions of
the basal ganglia. These findings serve to reinforce the role
of these cortical and subcortical structures in the process-
ing of attention-related information and the generation of
behavioral responses and indicate that adolescents with
either ADHD or reading disorder successfully recruit the
majority of these regions.

Our findings of reduced striatal activation for adoles-
cents with ADHD are consistent with prior neuroimaging
studies showing that ADHD subjects exhibit less activity in
basal ganglia structures both at rest and during the perfor-
mance of cognitive tasks (14, 15, 18, 19, 28). Moreover, our
finding that methylphenidate normalized striatal activa-
tion is consistent with previous reports that methylpheni-
date preferentially modulates striatal activity in ADHD
subjects (14, 15, 18) and increases extracellular dopamine
in the striatum in healthy adults (29). While we did not ob-
serve differences in frontal cortical functioning, this find-
ing is supported by prior fMRI results showing that frontal
lobe activity may be more related to task parameters than
to either diagnostic or medication status (18). A lack of
consistent neuropsychological findings in children and
adolescents with ADHD (30) supports the notion that
frontal cortical deficits in ADHD may be subtle and related
only to specific components of executive functioning.

An intriguing finding in the current study is that methyl-
phenidate increased striatal activation for both the
ADHD and reading disorder adolescents. These results
suggest that methylphenidate may have similar modula-
tory effects in certain brain regions, whether or not an
attention disorder is present. Our findings fit well with
earlier research demonstrating that low-dose psycho-
stimulants can enhance cognitive performance and re-
duce impulsiveness in individuals other than those with
ADHD, including normal children and adults (31, 32).
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FIGURE 3. Drug Contrast and Group Contrast Maps Directly Comparing Activation During the Divided Attention Task for
Subjects With Attention Deficit Hyperactivity Disorder (ADHD), Subjects With Reading Disorder, and Healthy Comparison

Subjects?

Healthy comparison subjects versus ADHD
subjects when given placebo

Methylphenidate
versus placebo

Right

Simple Complex

Divided Visual

Simple
Auditory

Healthy comparison
subjects versus reading
disorder subjects
when given placebo

Healthy comparison subjects versus ADHD

subjects when given methylphenidate

..A'l"'l -1”'! : l"t .1”*1

Complex

Divided Divided

Attention Task

2 In the comparison of adolescents with either ADHD or reading disorder when they received methylphenidate versus when they received pla-
cebo, red-yellow indicates regions that were significantly more activated when subjects received methylphenidate than when subjects re-
ceived placebo (p<0.01, uncorrected). In the comparison of healthy subjects to ADHD subjects when they received placebo, regions of greater
activation in the healthy comparison subjects are shown in red-yellow (p<0.01, uncorrected). In the comparison of healthy subjects to ADHD
subjects when they received methylphenidate, regions of greater activation in the comparison subjects are shown in red-yellow and regions
of greater activation in the ADHD subjects are shown in blue (p<0.01, uncorrected). In the comparison of healthy subjects to subjects with
reading disorder when they received placebo, regions of greater activation in the healthy comparison subjects are shown in red-yellow
(p<0.02, uncorrected). Positions (in millimeters) along the z axis are shown in the lower right of each map.

In our study, methylphenidate significantly increased
striatal activity only during the divided attention task. This
task specificity is not surprising after accounting for the
neural structures engaged by the various task conditions.
Relative to the baseline sensorimotor task, the basal gan-
glia were preferentially activated only by the divided at-
tention task. One interpretation of this pattern is that the
divided attention condition required additional cognitive
processing over the selective attention conditions. More
specifically, the selective attention conditions required a
two-stage cognitive process in which the participant first
encoded the auditory and visual stimuli and then made a
judgment as to whether the stimulus in the attended mo-
dality was a real word or a pseudoword. In the divided at-
tention task, an additional step required participants to
determine the accuracy of a prediction by the computer as
to the lexical nature of the previously presented stimuli.

It is reasonable to suggest that the selective attention
conditions, when directly compared to the baseline task,
did not strongly engage the basal ganglia because these
tasks were not demanding enough to require additional
processing afforded by basal ganglia—cortical circuitry. Be-
cause the divided attention task was designed to strongly
engage executive processes, that task led to increased acti-
vation of the basal ganglia relative to the sensorimotor
task. Therefore, we suggest that methylphenidate modu-
lated striatal activity only during the divided attention task
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because it was during this task that these structures were
preferentially activated.

The current findings provide novel information about
the regional neural effects of methylphenidate during at-
tentional control. However, the mechanisms by which the
actions of methylphenidate translate into the improve-
ment often seen in the cognitive and behavioral symptoms
associated with ADHD remain unknown. The enhanced
activation of the striatum by methylphenidate may reflect
an increase in neural processing related to the inhibition of
prepotent or impulsive responses (18) or the selection and
execution of appropriate behavioral responses (33). Alter-
natively, methylphenidate-induced increases in dopamine
activity within the striatum may increase the motivational
salience (29, 34) of the task without necessarily making the
task easier to perform. Our results are consistent with both
interpretations.

The role of the reduced activation in temporal lobe re-
gions observed in ADHD adolescents is more difficult to
determine. There is little prior evidence suggesting that
ADHD is associated with abnormalities in temporal corti-
cal circuitry. However, our findings of reduced activation
of the middle temporal gyrus in ADHD participants were
quite robust, particularly for the auditory selective tasks.
The region of the middle temporal gyrus in which these
differences occurred lies in the same area of the temporal
lobe associated with neural deficits in dyslexia (26). We
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suggest that this region of the middle temporal gyrus me-
diates attentional processing for verbal stimuli and may
be particularly important when attending to auditory in-
formation. Further investigation into the role of the mid-
dle temporal gyrus in attention and ADHD is warranted.

In summary, our findings demonstrate neural dysfunc-
tion and neural effects of methylphenidate in adolescents
with ADHD or reading disorder during the performance of
attention tasks. While our ADHD group was larger than in
previous fMRI studies of ADHD, the current study was po-
tentially limited by the small size of the group with reading
disorder only. The size of our reading disorder group,
though, is consistent with many reported fMRI studies,
particularly those involving clinical populations. More-
over, our imaging results demonstrating striatal dysfunc-
tion for both ADHD and reading disorder participants in-
dicate that we had sufficient power to draw meaningful
conclusions from the reading disorder group. Neverthe-
less, replication of this study with a larger reading disorder
group would reveal with more certainty whether neural
deficiencies underlying poor attentional control are spe-
cific to ADHD or are observed as well in other develop-
mental disorders.

We also note that most of the ADHD subjects and a
number of the reading disorder subjects had a history of
drug therapy with methylphenidate before this study.
While we attempted to control for medication history by
ensuring that participants were medication free for at
least 72 hours before testing, this does not eliminate
possible long-term modulation of neural functioning
stemming from methylphenidate use. Thus, it is unclear
whether any additional neural effects of methylphenidate
would be seen for ADHD subjects with no prior history of
medication use. Despite these limitations, our findings are
consistent with current conceptions of ADHD and provide
novel insights into the neural mechanisms underlying the
effect of methylphenidate on attentional control.
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