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Abstract

Rationale Dysfunctional reward processing has been pro-
posed as a main deficit in attention-deficit’/hyperactivity
disorder (ADHD), which could be modulated by treatment
with methylphenidate (MPH).

Objectives We examined differences in reward processing
in adulthood (independent of actual ADHD) depending on
MPH treatment during childhood.
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Methods Eleven males with childhood ADHD treated
with MPH, 12 drug-naive males with childhood ADHD,
and 12 controls matched by age, handedness, and
smoking behavior were studied drug-free using func-
tional magnetic resonance imaging. BOLD-responses
were compared during a monetary incentive delay task
using an ANOVA design focusing on the ventral
striatum during anticipation and the orbitofrontal cortex
during outcome.

Results Controls, drug-naive, and treated subjects did not
differ significantly in their activations in the ventral
striatum and orbitofrontal cortex. Explorative analyses
revealed decreased insula activation during outcome of loss
avoidance in drug-naive subjects in comparison to both
groups, while treated subjects did not differ from controls.
Insula activation correlated significantly positive with harm
avoidance in the treated group. Furthermore, comparing
subjects with actual ADHD symptoms, remitters and
controls we observed decreased putamen activition in
ADHD persisters.

Conclusions Basal ganglia reward processing seemed to be
unrelated to MPH pretreatment, but was related to
remission. On the other hand, the revealed differences
between treated and drug-naive subjects with childhood
ADHD, i.e., in the insula, give evidence for more
pronounced abnormal activation in reward-associated brain
regions in untreated subjects with childhood ADHD and
underpin the need of prospective studies on long-term
effects of psychostimulant treatment.
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Methylphenidate - Reward - Punishment - fMRI - Ventral
striatum - Insula

@ Springer


http://dx.doi.org/10.1007/s00213-011-2166-y

468

Psychopharmacology (2011) 215:467-481

Introduction

A growing body of literature supports reward dysfunctions
as a promising endophenotype of attention-deficit/hyperac-
tivity disorder (ADHD). Besides executive dysfunctions,
the dual-pathway model (Sonuga-Barke 2003) postulates
(1) alterations in the thalamo-cortico-striatal reward system,
leading to (2) a shorter and steeper delay-of-reinforcement
gradient (Sagvolden et al. 2005) and consecutively to (3)
delay aversion and dysfunctional compensatory behavior
(e.g., self-stimulating hyperactivity, impulsive choices).
Consistently, recent neuroimaging studies revealed alter-
ations in the mesolimbic dopaminergic system. Ventro-
striatal volume reductions have been reported in children
with ADHD (Carmona et al. 2009) as well as decreased
activity in the ventral striatum during an intertemporal
choice paradigm in adults (Plichta et al. 2009). Monetary
incentive delay tasks (MID) allow us to measure functional
activation in reward circuits separately for the anticipation
and outcome of reward (Knutson et al. 2001a, b). Recent
studies revealed a decreased response of the ventral
striatum to the anticipation of monetary rewards in
adolescents (Scheres et al. 2007) and adults with ADHD
(Strohle et al. 2008; Plichta et al. 2009). During outcome of
reward, disorder-specific underactivation of the posterior
cingulate cortex has been found in children with ADHD
(Rubia et al. 2009a), while hyperresponsiveness has been
reported in the orbitofrontal cortex in children (Rubia et al.
2009b) and in adults with ADHD (Stréhle et al. 2008).
Methylphenidate (MPH) is a drug of first choice in the
treatment of ADHD with acute effects on the dopaminergic
and the noradrenergic system. There is evidence from positron
emission tomography studies for a disruption in the meso-
dopaminergic pathway in ADHD, in the nucleus accumbens
and midbrain regions (Volkow et al. 2009). Clinical doses of
methylphendidate block about 60% of DAT (Volkow et al.
1998), which increases extracellular dopamine (Volkow et al.
2002; Rosa Neto et al. 2002). There is also evidence, that
MPH modulates dysfunctions in reward processing by
increasing dopamine release in response to reward cues
(Robbins 1978; Wade et al. 2000; Cardinal et al. 2001).
Functional neuroimaging studies on acute and chronic MPH
effects on task-related brain activity reported inconsistent
findings. Whereas acute MPH doses seem to improve
suppression of the default-mode activity in the anterior
cingulate cortex in youths with ADHD (Peterson et al. 2009),
Kobel et al. (2009) could not find normalization of neural
activity in children with ADHD during a working memory
task, but improvement on behavioral level. Neural activity in
the striatum has been shown to be up-regulated by MPH in
healthy subjects during response switching in reversal
learning (Dodds et al. 2008), in children with ADHD during
response inhibition (Vaidya et al. 1998), and time estimation
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(Rubia et al. 2009¢), as well as in adolescents with ADHD
during switching (Shaftitz et al. 2004). Neural activity in the
orbitofrontal cortex has been shown to be modulated task-
specifically, e.g., down-regulated in response to reward
during a rewarded continuous performance test (Rubia et
al. 2009b), but up-regulated during time estimation in
children with ADHD (Rubia et al. 2009c).

Bush et al. (2008) reported no differences in brain activity
between adults with ADHD with placebo compared with
MPH at baseline, but an increase of activity in the dorsal
anterior cingulate after 6 weeks. Other studies on long-term
effects suggest an improvement of performance in executive
tasks, but only marginal normalizations on the neural level
after 3 weeks of treatment (Schweitzer et al. 2004).

Treatment with MPH has been discussed considerably
on account of its long-term effect on drug addiction, with
inconsistent findings (Faraone and Wilens 2003; Goksoyr
and Nottestad 2008; Biederman et al. 2008; Manuzza et al.
2008). Several structural studies comparing chronically
treated with drug-naive ADHD subjects give evidence for
neuroprotective effects of MPH over longer time intervals.
A S-year longitudinal study found smaller total white
matter volume in unmedicated compared with medicated
ADHD children (Castellanos et al. 2002). More normative
volumes in several brain areas, i.e., the inferior frontal
cortex (Shaw et al. 2009), cerebellum (Bledsoe et al. 2009),
basal ganglia (Sobel et al. 2010), and anterior cingulate
cortex (Semrud-Clikeman et al. 2006) have been found in
chronically treated compared with unmedicated children.
Pliszka et al. (2006) reported more pronounced differences
in the anterior cingulate cortex and ventrolateral prefrontal
cortex during an inhibition task in drug-naive ADHD
compared with healthy children, but direct comparisons
between drug-naive subjects and subjects with a history of
psychostimulant treatment revealed no differences. One
year of treatment had no effect on the key area of
hypofunction, the anterior cingulate cortex, in an attentional
reorientation task, but decreased activity in the insula and
striatum (Konrad et al. 2007). Evidence for an influence of
early treatment with MPH on the dopamine metabolism has
been shown by Ludolph et al. (2008). They found a lower
FDOPA influx rate in the insula and putamen in MPH-
treated subjects. The authors attribute these results to a
down-regulation of dopamine turnover as a potential long-
term effect of MPH on dopamine metabolism. As reward
functions are strongly connected to the dopaminergic
system, a potential long-term treatment effect of MPH
could be due to a persisting effect on the dopamine
metabolism or to an indirect effect when MPH is given in
an age critical for development. Accordingly, a very recent
study revealed a decreased activity in the ventral striatum
and subgenual cingulate in drug-naive subjects with child-
hood ADHD in response to emotional stimuli, but not in
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subjects with childhood ADHD which were treated with
MPH at least for 1 year during childhood (Schlochtermeier
et al. 2010). However, in this study an emotional picture
paradigm was used, not a classical reward paradigm.

The purpose of this study was to characterize reward
processing in adults with childhood ADHD with and
without MPH treatment using a MID task (Knutson et al.
2001a, b). We therefore investigated two groups of adult
males with childhood ADHD, one group that had never
been pharmacologically treated and one group treated with
MPH in childhood at least for 1 year. A third group of
matched healthy controls was included.

As the first region of interest we chose the ventral
striatum, which is primarily associated with reward dys-
functions in ADHD during anticipation (Plichta et al. 2009;
Scheres et al. 2007; Strohle et al. 2008), and the
orbitofrontal cortex second region of interest as it is
associated with dysfunctions during outcome of reward
(Strohle et al. 2008). Additionally, a whole-brain analysis
was performed to exploratively investigate alterations in
other parts of the brain and remitters were compared with
participants with actual ADHD diagnosis.

Based on previous evidence for reduced ventral striatal
activation (Scheres et al. 2007; Strohle et al. 2008; Plichta
et al. 2009), we hypothesized (1) a decreased activation in
the ventral striatum during the anticipation of incentive
cues. Based on evidence for orbitofrontal cortex over-
activation in children (Rubia et al. 2009b) and adults
(Strohle et al. 2008) during reward outcome, we hypothe-
sized (2) an increased activation in the orbitofrontal cortex
during the outcome of reward in subjects with childhood
ADHD as well as (3) differences between MPH-treated and
drug-naive subjects as potential direct or indirect persisting
effect after MPH treatment.

Materials and methods
Subjects

The study was approved by the local ethics committee.
Twenty-eight right-handed (assessed with the Edinburgh
Handedness Inventory (Oldfield 1971)) male adults with
confirmed childhood ADHD diagnosis (independent of
actual ADHD symptoms or diagnosis during adulthood)
and 12 right-handed healthy male control subjects partici-
pated after providing written informed consent (for group
characteristics see Table 1). Five subjects with childhood
ADHD had to be excluded due to incompliance with the
scanning protocol, functional magnetic resonance imaging
(fMRI) artifacts or movements during the data acquisition.
Eleven of the included subjects with childhood ADHD had
been treated with MPH in childhood (childhood-ADHD-

MPH), while 12 had never been pharmacologically treated
(childhood-ADHD-drug-naive). Childhood ADHD was
diagnosed according to ICD-9/DSM-III-R or ICD-10/
DSM-IV diagnostic criteria by experienced psychiatrists in
the Charité child psychiatric department as part of a
longitudinal study by Huss et al. (2008). The described
symptom severity included several indicators assessed in
childhood from standardized psychological tests, clinical
judgments, and qualitative behavior ratings from clinical as
well as family and school settings. Accordingly, the groups
did not differ in childhood symptom severity (Table 1).
There were also no differences in the additional retrospec-
tive assessment of childhood symptom severity using the
Wender Utah Rating Scale (Ward et al. 1993; p=0.565) as
well as in current ADHD symptom severity (all p=.341 to
.890), assessed using the Conners Adult ADHD Rating
Scale (Connors et al. 1999). Clinical experts diagnosed
current ADHD according to DSM-IV criteria subsequent to
medical workup and neuropsychological testing. In the
drug-naive childhood ADHD group, seven subjects were
remitted, five fulfilled the diagnosis of adult ADHD. In the
childhood ADHD group with MPH treatment six subjects
were remitted, and five fulfilled the diagnosis of adult
ADHD (for current subtypes and neuropsychological data
see Tables 1 and 2). Exclusion criteria for the whole sample
were other psychiatric disorders including personality
disorders [Structural Clinical Interview for DSM-IV (SCID
I/I1), (First et al. 2001)], medical problems such as severe
neuropsychological deficits or head injury. Subjects with
childhood ADHD underwent a particular examination of
recent and current drug abuse using a computer based semi-
structured interview (diagnostic expert system for ICD-10
and DSM-IV (DIA-X); Wittchen and Pfister 1997) and
urine screenings just before the scanning session, which
were all negative. None of the subjects with childhood
ADHD fulfilled lifetime or current criteria for drug
addiction (exclusive nicotine), but some fulfilled the
criteria of drug abuse (during the past 12 months, alcohol
(n=1); >12 months ago, alcohol (#=5) and amphetamine
(n=1). Control participants were recruited from the local
community by advertisement and had no family history of
any psychiatric disorder or pharmacological treatment.
Groups were matched for age and cigarette smoking.

Monetary incentive delay task

We used a “monetary incentive delay” (MID) task as
described by Knutson et al. (2001a, b) to study neural
responses to anticipation and outcomes related to monetary
gain and loss. During each trial, volunteers saw one of
seven shapes (“cue”; 250 ms), which indicated that they
would, subsequently, be able to respond and either win or
avoid losing money or that they should respond for no
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Table 1 Group characteristics and clinical data

ADHD subjects drug-naive

(M (SD; N=12))

ADHD subjects with MPH
(M (SD; N=11))

Healthy controls  p
(M (SD; N=12))

Age (years) 26.17 (3.7)

Cigarette smoking (1) 6

BDI 7.17 (5.5)

STAI I (State) 41.73 (7.9)

STAI II (Trait) 40.92 (8.6)

Adulthood ADHD symptom characteristics
CONNERS (T-scores)

DSM-IV inattentive 61.58 (12.6)

DSM-1IV impulsive 53.00 (11.2)

DSM-IV ADHD symptoms total 59.83 (15.2)
Current subtypes

None/Inattentive/ (7/3/0/2)

Impulsive/Combined (1)

Childhood ADHD symptom characteristics
Hyperactivity 76.84 (16.7)
Impulsivity 52.47 (13.5)
Attention deficit 72.39 (17.6)
Age at first diagnosis (range) 8.08 (2.1; 4-12)
Current WURS (sum of ADHD items) 98.17 (27.5)

Medication

Age at beginning -
(years; range)
Duration of treatment -
(years; range)
MPH dose (mg; range) -
per day
Drugs of abuse

2x alcohol, >12 months ago; 1x
alcohol, <12 months ago

28.45 (3.9) 28.08 (6.2) 469
7 5 570
6.00 (6.7) 3.08 (3.1) 167
38.82 (9.6) 33.50 (6.9) 113
35.46 (9.1) 32.92 (5.7) 088
56.64 (11.7) - 341
56.45 (12.2) - 485
59.00 (13.3) - 890
(6/2/2/1)

81.35 (11.8) 468
53.23 (28.8) 935
75.72 (16.2) 643
836 (2.2; 5-12) - 828
90.73 (33.4) 565

8.66 (1.7; 6-12) -
434 (2.8; 2-9) -
19.72 (9.6; 10-40 mg)

3x alcohol, >12 months ago; 1x 0
amphet, >12 months ago

M, SD, and frequencies (n) of group characteristics; ANOVAs (p<0.05)

M means, SD standard deviations, BDI Beck depression inventory, STA/ State Trait Anxiety Inventory, CONNERS Conner’s Adult ADHD Rating

Scale, WURS Wender Utah Rating Scale

monetary outcome (neutral cues). Cues signaling potential
gain were denoted by circles (“anticipation of gain”),
potential loss was denoted by squares (“anticipation of
loss”), and no monetary outcome was denoted by triangles
(“anticipation of neutral”); the possible amount of money
that subjects were able to win was indicated by one
horizontal line for 0.10€, two horizontal lines for 0.60€
and three horizontal lines for 3.00€. Similarly, loss cues
signaled the possibility of losing the same amounts of
money. After the cue, volunteers waited a variable interval
(delay; mean, 3,990 ms) and then responded to a white
target square that appeared for various lengths of time
(mean target including delay, 500 ms). The initial response
time for the target duration was individually adapted
according to reaction times during the training session
(400-1,000 ms). Target duration was automatically adapted
depending on previous reaction times to permit approxi-
mately 66% successful trials. After target presentation, the
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outcome appeared (1,650 ms) on the screen, notifying
volunteers whether they had won or lost money and
indicating their cumulative total at that point. The MID
task has five possible outcome conditions: after the
anticipation of gain (1) outcome of gain, if the participant
was fast enough (“outcome of gain”) or (2) outcome of no
gain, if the participant was to slow (“outcome of no gain”
(0€)). After the anticipation of loss (3) outcome of loss, if
the participant was to slow (“outcome of loss”) or (4)
outcome of no loss, if the participant was fast enough
(“outcome of no loss” (0€)). After the anticipation of
“nongain” the outcome “0€” was presented independent of
task performance (condition 5). Trial types were randomly
ordered within each session.

To minimize learning effects during scanning, each
subject completed a practice version of the task beforehand,
for which they did not receive monetary payment, while we
collected anatomical scans. A functional MID task session
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Table 2 Behavioural, neuropsychological data, and personality
ADHD subjects drug-naive ADHD subjects with MPH Healthy controls 2
(M (SD; N=12) (M (SD; N=11) (M (SD; N=12)
Neuropsycholological data -
Verbal 1Q (WST) 95.67 (8.5) 95.45 (13.6) 110.83 (6.8) .001
T-scores
TMT selective attention 52.08 (10.3) 47.40 (7.6) - 258
Stroop interference 45.00 (13.3) 48.50 (13.1) - 991
Word fluency 49.42 9.4) 50.20 (9.7) - 783
Digit span forward 49.83 (11.1) 43.30 (9.3) - 265
Digit span backward 47.75 (1.7) 46.00 (8.2) - .506
VLMT learning 49.75 (9.9) 42.09 (7.9) - .660
VLMT delay 45.70 (9.4) 40.09 (13.6) - 503
VLMT recognition 49.00 (6.2) 47.45 (9.7) - 300
Rey copy 57.42 (9.2) 53.78 (10.3) - .660
Rey delay 49.17 (9.5) 47.56 (8.8) 725
Personality data-TCI
T-scores
Novelty seeking 55.08 (6.2) 63.36 (10.2) - .027
Harm avoidance 56.75 (14.2) 43.00 (10.1) - 015
Reward dependency 52.00 (12.2) 48.55 (11.7) - 498
Persistence 47.50 (13.9) 47.91 (5.3) - 928
Self-directedness 43.50 (12.8) 46.82 (9.0) - 485
Cooperativeness 52.17 (8.9) 46.91 (9.2) - .168
Self-transcendence 48.92 (11.6) 46.45 (7.7) - .559
Behavioral data
Reaction time (ms)
Total 240.71 (72.8) 270.98 (129.9) 231.42 (45.0) 542
Gain 233.20 (69.0) 259.38 (114.7) 225.00 (44.1) 571
Loss 241.57 (73.2) 271.34 (146.4) 229.11 (44.7) .566
Neutral 258.08 (77.1) 304.76 (129.8) 260.23 (59.2) 419
VAS effort
Total 7.50 (1.8) 7.39 (1.7) 6.98 (1.5) 728
Gain 7.97 (1.8) 8.51 (1.5) 7.76 (1.6) 532
Loss 7.58 (2.5) 6.91 (3.4) 7.82 (1.3) 678
Neutral 5.83 (3.2) 5.45 (3.6) 2.08 (3.0) .015

M, SD, and frequencies (7) of group characteristics; ANOVAs (p<0.05)

M means, SD standard deviations, VAS Visual Analog Scale, WST Word Sorting Test, TMT Trail-Making Test, VLMT Verbal Learning and

Memory Test, T7CI Temperament and Character Inventory

consisted of two runs including 72 trials each. Each trial
lasted 6.4 s and the mean inter-trial interval was 5 s. After
scanning, subjects retrospectively rated their own exertion
in response to each of the seven cues on a visual analog
scale (VAS effort).

Functional magnetic resonance imaging
Event-related fMRI was performed on a 1.5 Tesla

scanner (Magnetom VISION Siemens®) using gradient-
echo echo-planar imaging (GE-EPI, TR=1.9 s, TE=

40 ms, flip angle=90°, matrix=64%64). To optimize
signal-to-noise and minimize signal drop-out in our main
target region, the ventral striatum, we used a voxel size
of 4x4x3.3 mm (Schmack et al. 2008; Strohle et al.
2008; Wrase et al. 2007a) (similar sequence (3.75%3.75x
4 mm?®), TE=40 ms (Knutson et al. 2001a, b, 2005)).
Eighteen slices approximately parallel to the bicommissural
plane (ac-pc-plane) were collected. The slices covered
the mesolimbic and prefrontal regions of interest, as
delineated by prior research (Knutson et al. 2001a, b).
For anatomical reference, a 3D magnetization prepared
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rapid gradient echo (TR=9.7 ms; TE=4 ms; flip angle 12°;
matrix=256x256, voxel size 1x1x1 mm) image data set
was acquired.

Data analysis

Functional MRI data were analyzed with SPM5 (http:/
www.fil.ion.ucl.ac.uk/spm). After discharging the first three
volumes, slice time correction, realignment, spatial normal-
ization into the MNI standard space and smoothing with an
8 mm FWHM kernel were performed. Subjects with
childhood ADHD and controls did not differ in their
maximum, mean and cumulative head motion (repeated
measures analysis of variance (ANOVA) with time as intra-
subject factor and group as between-subject factor: all main
effects and interactions p>0.1).

At the first level analysis, changes in the BOLD
response for each subject were assessed by linear combi-
nations of the estimated GLM parameters (beta values),
which are displayed by the individual contrast images
(effect size equivalent to percent signal change). This
analysis was performed by modeling the seven cue
conditions, the target and the five outcome conditions
separately as explanatory variables convolved with the
canonical hemodynamic response function as provided in
SPMS5. Realignment parameters were included as additional
regressors in the statistical model. We analyzed the
anticipation phase by contrasting the anticipation of gains
vs. the anticipation of neutral (“anticipation of gain”) and
the anticipation of losses vs. the anticipation of neutral
(“anticipation of loss”). To analyze the outcome phase we
distributed trials based on the outcome phase by controlling
for the anticipation phase and contrasted outcome of gain
vs. outcome of no gain (“outcome of gain’) and outcome of
no loss vs. outcome of loss (“outcome of loss avoidance™),
because these outcome conditions had the same condition
in the anticipation phase.

A 3x1 ANOVA using group as a between-subject factor
(controls vs. childhood-ADHD-drug-naive vs. childhood-
ADHD-MPH) was calculated for the contrast images for
gain and loss anticipation as well as outcome described
above. We report the results of comparisons between the
groups. The entire results of the ANOVA and within-group
activations are presented in Tables S1 and S2 in the
Electronic supplementary materials.

To test the confirmatory hypotheses, SPM’s small
volume correction (S.V.C.) was performed for the contrasts
“anticipation of gain” and “anticipation of loss” on the
ventral striatal volume of interest (VOI; search vol.: right
and left, 1,485 mm?, 55 voxels), for the contrasts
“outcome of gain” and “outcome of loss avoidance” on
the orbitofrontal cortex (VOI; search vol.: right and left
3,564 mm?, 132 voxels) according to a publication-based
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probabilistic MNI atlas (please refer to http://hendrix.
imm.dtu.dk/services/jerne/ninf/voi/index-alphabetic.html).
The significance level for these group contrasts was p<
0.05 FWE-corrected for VOI. All other activations were
reported at p<0.001 (uncorrected p<0.001) and cluster
extend of £>10. Transformation of MNI to Talairach
coordinates was performed with the script “mni2tal”
provided by Matthew Brett (http://imaging.mrc-cbu.cam.
ac.uk/imaging/MniTalairach).

Behavioral and clinical data

Clinical and behavioral data were analyzed with SPSS
12.0 for Windows (www.spss.com). Group differences
(controls vs. childhood-ADHD-drug-naive vs. childhood-
ADHD-MPH) in reaction times and self-reported motiva-
tion were analyzed within a 3x3 ANOVA with cue
(anticipation of gain/loss vs. neutral) as intra-subject factor
and reported at p<0.05. All other analyses were performed
in separate one-way analyses of variance with group as
inter-subject factor.

Results
Behavioral and clinical data
Neuropsychological data

As depicted in Table 2 both ADHD groups had a lower
verbal 1Q compared with healthy controls (ANOVA: p=
0.001; Word Sorting Test (WST); Schmidt and Metzler
1992). Drug-naive and MPH-treated subjects with child-
hood ADHD did not differ significantly in any performed
neuropsychological test (p>.265). Data controlled for verbal
IQ is shown in the Electronic supplementary materials.

Personality data

The temperament and character inventory by Cloninger
(1999) revealed higher scores of harm avoidance in drug-
naive subjects with childhood ADHD (drug-naive, 7=
56.75; MPH, T=43.00; p=.015), but lower novelty
seeking scores (drug-naive, 7=55.08; MPH, 7=63.36;
p=.027) compared with the treated group with childhood
ADHD (see Table 2).

Task performance

All groups displayed significantly faster responses on
incentive trials compared with neutral trials (main effect
of cue, F=13.470; p<.001), but there was no significant
group difference (F=.593; p=.559) nor interaction (F=
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1.268; p=.241). Analysis of self-reported effort to gain or
loss revealed a significant effect of cue (F'=19.585;
p<.001), indicating greater self-reported effort during
incentive trials compared with neutral trials and a group-
by-cue interaction (F'=2.364; p=.007), indicating a greater
effort in the childhood-ADHD-drug-naive group compared
with controls in the neutral trials (F'=4.775; p=.015; mean
difference=-3.75; p<.05). No other significant main effects
or interactions were observed (see Figs. S1 and S2 in the
Electronic supplementary materials and Table 2).

Brain activation

Differences between controls, drug-naive, and MPH-treated
subjects with childhood ADHD

Anticipation of gain and loss In our ROI analyses of the
anticipation phase, the ANOVA did not reveal a main effect of
group in the ventral striatum for the gain or the loss contrast.
However, a significant main effect of condition was found
during gain and loss anticipation in the ventral striatum (see
Table S1 in the Electronic supplementary materials).

During gain anticipation an explorative whole-brain
analysis revealed a significant effect of group in the inferior
frontal cortex (see Table S1 and Fig. S3 in the Electronic
supplementary materials). While drug-naive subjects dis-
played less activity than controls in the left BA 45 (7T=4.14;
p=.000; Tal: =50, 35, 4), MPH subjects showed signifi-
cantly reduced activity compared with controls in the right
BA 46 (T=4.80; p=.000; Tal: 42, 38, 4).

During loss anticipation a significant effect of group was
found in the middle frontal gyrus (BA 10; see Table S1 in
the Electronic supplementary materials). MPH-treated subjects
with childhood ADHD showed less activity compared with
controls (7=4.31; p<.001; Tal: 33, 38, 6), but did not differ
from drug-naive ADHD subjects (see Table 3).

Outcome of gain and loss Even in our ROI analysis of the
outcome phase, the ANOVA did not reveal a main effect of
group in the orbitofrontal cortex for the gain and loss contrast.

Whole-brain analyses did not reveal a main effect of
group during the outcome of gain (see Table S1 in the
Electronic supplementary materials and Table 3).

During the outcome of loss avoidance, our explorative
whole-brain analysis revealed an interesting effect of group
in the left and right insula (left: F(1, 32)=13; uncorrected
p=.000, Tal: =36, 11, —6; right: F(1, 32)=9.82; uncorrected
p=.000, Tal: 39, 11, —8). Drug-naive subjects with
childhood ADHD showed less activity compared with
healthy controls in the left (7=5.08; p=.000, Tal: —36,
11, —6) and in the right insula (7=4.11; p=.000, Tal: 39,
11, —8) even if the result in the right insula did not reach
our criterion of >/10 voxels (k=7). In contrast, subjects

with childhood ADHD with MPH treatment did not show
any significant differences compared with healthy controls.
The activation in the right insula was significantly higher in
subjects with MPH treatment than in drug-naive subjects
(T=3.46; p=.001, Tal: 39, 11, —8; k=1). This effect resulted
mainly from an increased activation during the condition
outcome of loss (see Fig. 1).

Additionally, we revealed a main effect of group in the
precentral gyrus (7=4.94; p<.001, Tal: 33, 7, 22) indicating
a reduced activity in drug-naive subjects with childhood
ADHD compared with controls during the outcome of loss-
avoidance.

To explore the potential effect of 1Q differences between
the ADHD groups and healthy controls we conducted
ANCOVAs controlling for verbal 1Q (WST). Our main
findings remained significant, but some findings were no
longer observed. During gain anticipation, there were no
differences in the BA 45 between controls and drug-naive
subjects. During loss anticipation, the effect of group in the
middle frontal gyrus (BA 10) was not observed. After
controlling for 1Q, we found no effect in the precentral gyrus.

Differences between controls, remitted and actual
diagnosed subjects with childhood ADHD

To test the influence of current diagnosis, we calculated a
similar 3x1 ANOVA comparing ADHD subjects with
ongoing ADHD during adulthood (n=10), remitted sub-
jects with childhood ADHD (n=13), and healthy controls
(n=12). Patients and controls differed in their verbal 1Q
(p=.000), in harm avoidance (p=.020), and in the
subjective effort to gain or avoid losing money (p=.003);
state and trait anxiety (p<.028) as well as adulthood
ADHD symptom characteristics (p<.001; for demogra-
phics see Tables S3 and S4 in the Electronic supplemen-
tary materials).

Although not correctable for small volume the analysis
of variance revealed a significant effect of group in the
putamen (left: F(1, 23)=14.98; uncorrected p=.000,
Tal: —21, =2, 11; right: F(1, 23)=10.25; uncorrected
p=.000, Tal: 27, 5, 11; see Table S5 in the Electronic
supplementary materials), indicating a higher neural response
during gain anticipation in controls compared with subjects
with adult ADHD (7=5.26, Tal: —21, —2, 11; uncorrected
p=.000), while remitted subjects with childhood ADHD did
not differ from controls. Post hoc ¢ tests revealed a higher
neural response in the left putamen in remitted subjects
compared with subjects with ongoing ADHD (7=3.99,;
uncorrected p=.000, Tal: =27, 3, 11). There was no main
effect of group in the orbitofrontal cortex during the outcome
phase (Fig. 2 and Table 4). Controlling for IQ differences did
not change this result.
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Table 3 Differences in neural
responses between controls,
drug-naive and MPH-treated
subjects with childhood ADHD

Region Voxels BA T V4 2 Talairach
X y z
Anticipation of gain
ADHD-drug-naive<controls
Inferior frontal gyrus® 24 45 4.14 3.68 .000 -50 35 4

ADHD-drug-naive>controls
ADHD with MPH<controls
Inferior frontal gyrus®
Inferior frontal gyrus
Inferior parietal lobule
ADHD with MPH>controls
Anticipation of loss
ADHD-drug-naive<controls
Cuneus®
Middle temporal gyrus®
ADHD-drug-naive>controls
ADHD with MPH <controls
Cuneus
Middle frontal gyrus®
ADHD with MPH>controls

Significant differences in brain
activations in the center of
maximum of the clusters
between healthy controls, drug-
naive, and MPH-treated subjects
with childhood ADHD. No
significant difference was found
between drug-naive childhood

Outcome of gain
ADHD-drug-naive <controls
ADHD-drug-naive>controls

Inferior frontal gyrus
ADHD with MPH vs. controls

Outcome of loss avoidance

ADHD-drug-naive<controls

ADHD subjects and MPH-
treated subjects. All results
p<0.001 uncorrected and £>10
voxels

Insula®
Precentral gyrus®
ADHD-drug-naive>controls

* Significant effect of group in the ADHD with MPH vs. controls

ANOVA

No significant activations

46 46 4.80 4.13 .000 42 38 4
48 45 432 3.81 .000 —48 27
13 40 3.85 3.46 .000 56 —28 26

No significant activations

208 18 6.27 5.03 .000 —-15 —81 15
69 21 5.11 434 .000 =59 =55 6

No significant activations

27 18 4.65 4.04 .000 -15 -84 15
14 10 431 3.80 .000 33 38 6
No significant activations

No significant activations

10 45 4.08 3.63 .000 —48 29 4

No significant activations

13 13 5.08 432 .000 -36 11 -6
45 6 4.94 423 .000 33 7 22
No significant activations
No significant activations

Correlations between brain activation, ADHD symptoms,
and personality

The insula is thought to be associated with aversive stimuli,
risk taking, and harm avoidance (Wéchter et al. 2009;
Preuschoff et al. 2008; Paulus et al. 2003; Stein et al. 2007).
Therefore, we exploratively correlated the individuals
maxima (i.e., beta values) of subjects with childhood
ADHD in the right insula (Tal: 39, 11, —8)) with the TCI
values of the harm avoidance scale using Pearson’s linear
correlation coefficients. For both groups together partial
correlation was not significant (»=.383; p=.067), but harm
avoidance correlated significantly positive with brain
activation during outcome of loss in subjects with MPH
treatment (r=.596; p=.026), but not in drug-naive subjects
(p=.362). We found no correlations between brain activation
in the insula and current subjective symptom measures of
ADHD (Conners; all p>.196).

@ Springer

Additionally, we correlated current subjective symptom
measures with the individuals maxima of the contrast
‘anticipation of gain’ of subjects with and without ADHD
persistence in the putamen (Tal: 21, =2, 11). Reactivity of
the putamen was not correlated with any of these measures
(all p>.321).

Discussion

Our results do not confirm the hypothesis of hyporeactivity
in the ventral striatum during the processing of incentive
monetary cues in male adults with childhood ADHD in
contrast to previous findings in adolescents and adults with
current ADHD (Plichta et al. 2009; Scheres et al. 2007;
Strohle et al. 2008). Even if slightly more pronounced in
healthy subjects, all three groups displayed a significant
activation in the ventral striatum during the anticipation of
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Effect of Group
During Outcome
of Loss-avoidance

Left Insula
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Fig. 1 Outcome of loss. a Effect of group in the left and right
insula for the contrast “outcome of loss>no loss” (displayed at Tal:
39, 11, —8; F=9.82). b, ¢ Parameter estimates for the contrast

gains and also no significant group effect was found for
anticipation of losses. Additionally, we could not reveal a
hyperresponsiveness towards monetary outcome in the
prefrontal cortex (Rubia et al. 2009a; Strohle et al. 2008).
Within our design we cannot infer “normalization
effects” in the striatum. Striking similarities in fMRI studies
between adults and children with ADHD have been
reported (for review see Cubillo and Rubia 2010). However,
in a longitudinal study of Castellanos et al. (2002) striatal
volumes normalized with increasing age in adolescents with
ADHD. A possible explanation for our finding is that more
than half of our subjects with childhood ADHD did not

Effect of Group during Anticipation
Left Putamen

61 * ,
2 [ E3 gain
® 3 neutral
E 47
-
7]
@
3
2 I [
E L
(1]
E
o
a
-2- CON Remitted Non-Remitted

Right Insula
* & &
8+ [ 11 1
64
o
I |
ER No-loss
[ Loss
24
CON Drug-naive MPH

“outcome of loss-avoidance” in the insula peak voxel (Tal: left, —36,
11, —6; right, 39, 11, —8). Significant differences between beta
values of the condition “outcome of loss:” *p<.05; **p<.001

fulfill the criteria for persisting ADHD in adulthood and
were therefore remitters. Indeed, explorative analyses com-
paring healthy controls, remitted males with childhood
ADHD and males with ongoing ADHD in our sample
support this suggestion. While still affected ADHD patients
displayed less reactivity in the putamen during gain
anticipation compared with healthy controls remitted sub-
jects did not differ from the healthy. Subjects with persisting
ADHD displayed higher activity to neutral and gain cues and
reported higher subjective effort (see Electronic supplemen-
tary materials), but differentiated less between neutral
and rewarding cues compared with both groups. Our

Fig. 2 Anticipation of Gain (controls/ ADHD-remitted/-non-remitted): Effect of group in the left putamen for the contrast “anticipation of gain>
anticipation of neutral” with the parameter estimates (Tal: =21, =2, 11; F=14.98)
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Table 4 Differences in neural responses between controls, remitters and persisters

Region Voxels BA T zZ p Talairach
X v z
Anticipation of gain
Remitted <controls
Inferior frontal gyrus 18 45 4.06 3.62 .000 =50 35 4
Remitted>controls No significant activations
ADHD<controls
Lentiform nucleus® 100 5.26 443 .000 -21 -2 11
Inferior parietal lobule 34 40 4.44 3.89 .000 56 —28 26
Lentiform nucleus 79 4.39 3.86 .000 24 -2 8
Inferior frontal gyrus 15 46 4.22 3.73 .000 45 38 4
Postcentral gyrus 16 2 4.20 3.72 .000 -39 -22 29
Insula 26 13 4.13 3.67 .000 =36 -14 17
Inferior frontal gyrus 40 45 3.97 3.55 .000 =50 26 4
Precentral gyrus 32 4 3.90 3.50 .000 =59 =7 25
ADHD>controls No significant activations
ADHD <remitted
Insula 158 13 4.56 3.97 .000 —45 =17 15
Anterior cingulate 18 24 3.86 3.47 .000 6 33 12
Caudate 20 3.71 3.36 .000 -21 10 19
ADHD>remitted No significant activations
Anticipation of loss
Remitted <controls
Cuneus 46 18 4.96 4.24 .000 12 -15 -84
Remitted>controls No significant activations
ADHD<controls
Cuneus® 156 18 5.53 4.60 .000 -15 -84 15
Inferior frontal gyrus® 79 45 5.07 431 .000 —45 18 5
Middle occipetal gyrus 32 19 4.69 4.06 .000 30 =78 9
Middle temporal gyrus 25 37 4.00 3.57 .000 48 —58
Lentiform nucleus 12 3.87 3.48 .000 30 -8 9
ADHD>controls No significant activations
ADHD <remitted
Posterior cingulate 42 23 4.73 4.09 .000 -6 =57 19
Middle frontal gyrus 22 10 4.06 3.62 .000 30 38 12
Thalamus 15 3.61 3.28 .001 -6 =25 18
ADHD>Remitted No significant activations
Outcome of gain
Remitted <controls No significant activations
Superior temporal gyrus® 34 22 4.92 421 .000 48 -3 3
Middle temporal gyrus 12 39 4.09 3.64 .000 50 —64 11
Inferior frontal gyrus 10 46 3.85 3.46 .000 —48 41 9
ADHD vs. controls No significant activations
ADHD<remitted
Cuneus® 13 18 4.03 3.60 .000 0 =72 15
ADHD>remitted No significant activations

Outcome of loss
Remitted vs. controls
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No significant activations
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Table 4 (continued)
Region Voxels BA T Z P Talairach
X v z
ADHD<controls
Insula® 13 13 4.46 3.90 .000 =36 11 -6
Precentral gyrus® 39 6 4.42 3.88 .000 36 1 22
ADHD>controls No significant activations

ADHD vs. remitted No significant activations

Significant differences in brain activations in the center of maximum of the clusters between healthy controls, subjects with ADHD and remitted

ADHD subjects. All other results p<0.001 uncorrected and £>10 voxels

? Significant effect of group in the ANOVA

results could potentially suggest a normalization of
dysfunctions in the putamen independent of previous
medication, but dependent on symptomatology, which
would stand in contrast to the postulate of reward
dysfunctions as a stable endophenotype of ADHD (Henriquez-
Henriquez et al. 2010).

Although not the primary focus of this study, our whole-
brain analyses revealed significant differences between the
ADHD groups and healthy participants as well as between
drug-naive and MPH-treated subjects during the anticipa-
tory and outcome phase. During the anticipation of gain
drug-naive subjects displayed a decreased activity in the left
(BA 45), while MPH-treated subjects displayed decreased
activity in the right (BA 46) inferior frontal cortex
compared with controls. Even if our ADHD groups did
not differ from each other, this lateralization is in line with a
longitudinal study reporting more abnormal enhanced
cortical thinning in unmedicated ADHD adolescents in the
left inferior frontal cortex compared with participants taking
psychostimulants (Shaw et al. 2009). The functional
significance of this lateralization effect is unclear, however.
IQ has been shown to correlate negatively with ADHD
symptoms (Goodman et al. 1995). As we did not want to
remove disorder-relevant variance from the ADHD groups,
we did not covary for IQ, but the result in the BA 45 did
not remain after controlling for IQ (see Electronic supple-
mentary materials). Also, even if controlled for IQ, remitted
subjects displayed less activity in the left inferior frontal
cortex and persisters showed decreased activity in both, left
BA 45 and right BA 46. Inferior frontal hypoactivation has
recently been reported in adults with childhood ADHD
during motor inhibition and cognitive switching (Cubillo et
al. 2010). Our effect in the inferior frontal cortex was
mainly driven by an increased activation during the
presentation of neutral cues, which could reflect higher
bottom up control towards irrelevant cues. This result is in
line with our behavioral data, indicating greater effort in the
neutral condition in subjects with childhood ADHD than in

controls. Increased response both on the neural as well as
on the behavioral level (pleasantness ratings) to neutral
stimuli were also reported in an emotional picture paradigm
in ADHD patients (Schlochtermeier et al. 2010). Another
explanation could be an altered activity of the default
network during neutral cues, possibly reflecting increased
“mind wandering” during rest (Mason et al. 2007), which
could lead to decreased vigilance for salient external cues
on behavioral level.

A main question of this study was whether neural
activity during reward processing differs depending on
previous medication. Even if Schlochtermeier et al. (2010)
reported a hyporesponsiveness of the ventral striatum
during emotion processing in drug-naive subjects with
childhood ADHD, which was not present in MPH-treated
subjects, we could not reveal such differences in the ventral
striatum using a reward paradigm. Our finding does not fit
well with recent longitudinal findings suggesting a normal-
ization of anatomical dysregulation in the putamen in
psychostimulant treated, but not in untreated ADHD
subjects (Sobel et al. 2010). To the best of our knowledge,
this is the first functional fMRI study comparing remitted
males with childhood ADHD and males with ongoing
ADHD. The demonstrated dysfunction in the putamen in
persisters, but not in remitters gives potential evidence for a
stronger effect of the “growing out” of dysfunctions in the
putamen in remitted males with childhood ADHD (Castellanos
et al. 2002; Krain and Castellanos 2006), than effects of
previous medication.

Noteworthy and an interesting finding was the signifi-
cant difference between subjects with childhood ADHD
treated with MPH and drug-naive subjects with childhood
ADHD during the outcome of loss in the insula. While
MPH-treated subjects did not differ from controls, drug-
naive subjects with childhood ADHD displayed a hypores-
ponsiveness of the insula during the outcome of successful
loss-avoidance (i.e., negative reinforcement) compared to
loss (i.e., punishment), which was mainly due to an
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increased neural response to punishment in drug-naive
males. Decreased insula activity has also been found in
adults with persisting ADHD during motor inhibition and
cognitive switching (Cubillo et al. 2010), while increased
during decision making in adults with ADHD (Ernst et al.
2003). In line with our results, MPH treatment effects in the
insula have been reported previously: Konrad et al. (2007)
used an Attention Network Test in children with ADHD
and reported higher insula BOLD response during reorien-
tation compared with controls before treatment which
normalized after 1 year of MPH medication. Here, we
found higher BOLD response to loss outcome in the
untreated subjects with childhood ADHD compared with
treated subjects and controls (see Fig. 1). Ludolph et al.
(2008) reported a decreased FDOPA influx rate. In both
studies, the wash out phase was only 1 week prior to the
scanning session, while in our study ADHD subjects were
free of medication at least 1 year.

Insula activation is involved in responding to punish-
ment/aversive stimuli in healthy subjects (Elliott et al.
2000; Sanfey et al. 2003; Daw et al. 2006; Wéchter et al.
2009) and is thought to integrate emotionally salient stimuli
with the representation of bodily signals (Craig 2009).
Furthermore, activation within this area is associated with
processing, representing and learning about risk and
uncertainty (Huettel et al. 2006; Paulus et al. 2003;
Preuschoff et al. 2008) and has been proposed to reflect a
prediction error for uncertain/unpredicted aversive stimuli
(Sarinopoulos et al. 2009; De Martino et al. 2009; Kuhnen
and Knutson 2005). In line with previous studies, we could
find a positive correlation between insular activity during
punishment and harm avoidance at least in MPH-treated
subjects (Paulus et al. 2003; Stein et al. 2007). Subjects
with childhood ADHD did not differ in their task
performance and subjective effort to avoid loss. As we
did not use a learning paradigm we cannot account for
better learning from penalties or deficits during negative
reinforcement learning. It remains speculative, if this
dysfunction leads behaviorally to an unaffected sensitivity
to the frequencies of penalties, but reduced sensitivity to the
magnitude of penalties (Luman et al. 2009). However, the
higher harm avoidance scores make dysfunctions in
integrative processes (Craig 2009) and/or processing of
risk (Huettel et al. 2006; Paulus et al. 2003; Preuschoff et
al. 2008) more plausible.

If these differences are due to a direct effect of MPH
treatment on the dopaminergic system or an indirect effect
due to an improvement of social functioning together with a
decrease of problems in school, thus facilitating normal
reinforcement learning and developmental processes
remains speculative.

There are several limitations to our study. The groups were
defined according to childhood treatment, and no randomized
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allocation to treatment and non-treatment groups had been
realized. Huss et al. (2008) however, could show that
treatment with MPH was related to the therapists’ attitude
towards ADHD pharmacotherapy. While some doctors
consistently promoted treatment with stimulants, others
preferred not to give medication. As the therapists were
assigned according to a waiting list in a consecutive manner,
the allocation to groups may be considered to be pseudo-
randomized. Another drawback of the study is the small
sample size due to the exclusive recruitment from a group of
patients included in the former study done by the child
psychiatric department (Huss et al. 2008). This restriction
was chosen because of the big advantage of ensuring
reliability of documentation of medication as well as of
childhood diagnosis, as the retrospective assessment of
childhood ADHD is not validated. ADHD groups differed
in verbal IQ from healthy controls. Control analyses did not
change our main results in the putamen and the insula (see
Electronic supplementary materials). However, IQ had an
influence on our results in the prefrontal cortex and therefore
these results should be interpreted with caution. In addition,
because of the high comorbidity of ADHD with substance
use disorders, we were unable to exclude cases with history
of drug abuse. While most of the results only changed
marginally when excluding subjects with history of drug
abuse (see Electronic supplementary materials), the effect in
the insula was lost. If this difference is due to less power in
the now small sample or due to an influence of drug abuse
should be clarified in larger samples. However, in our study
all participants had no current drug abuse at the time of
fMRI measurement and no subject fulfilled the criteria for
lifetime diagnosis of addiction. All subjects (except one)
stopped abuse more than 1 year before scanning and the one
with abuse in the last 12 months did not consume alcohol
1 month before scanning. Studies on substance use disorders
report hypoactivity in main areas of the reward system, e.g.,
the ventral striatum during anticipation of monetary reward
in detoxified alcoholics (Wrase et al. 2007b). Therefore our
subjects with history of drug abuse (mainly alcohol, only one
with amphetamine) should have amplified differences in the
ventral striatum, which we could not find. The described
pattern we found is not typical of substance use disorders.
Therefore we think that our results reflect dysfunctions in
ADHD.

Despite these limitations this study provides first insights
in dysfunctions in reward processing in adults with
childhood ADHD independent of current diagnosis as well
as evidence for differences in reward processing depending
on early medication with MPH. Age of treatment, duration
and dosage may modulate this effect and the question arises
whether these differences are limited to MPH or may also
be achieved by treatment with other drugs. Additionally, to
the best of our knowledge acute effects of MPH on neural
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responses during a monetary incentive delay task in ADHD
patients have as yet not been investigated.

In summary our findings could potentially suggest that
there is normalization independent of MPH pretreatment,
which was further supported by findings of striatal abnormal-
ities in persisters but not remitters with ADHD. On the other
hand, the revealed differences between treated and drug-naive
subjects with childhood ADHD, i.e., in the insula, give
evidence for more pronounced abnormal activation in reward-
associated brain regions in untreated subjects with childhood
ADHD and underpin the need of prospective studies on long-
term effects of psychostimulant treatment.

Acknowledgments

Author contributions A. Stréhle had full access to all the data in
the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.

Additional contributions We thank the participants for their
patience and willingness to participate after many years and followed
through with an extensive neuropsychological testing and fMRI-
scanning. We thank the colleagues of the laboratory of emotional
neuroscience for the assistance with the fMRI-scanning.

Conflicts of interest None

Funding/support None

Financial disclosures Prof. A. Strohle received research funding
from the German Federal Ministry of Education and Research and
speaker honoraria from Pfizer, Eli Lilly & Co, Wyeth, Lundbeck and a
research grant from Lundbeck. Prof. A. Heinz received research
funding from the German Research Foundation and the Bernstein
Center for Computational Neuroscience Berlin (German Federal
Ministry of Education and Research), Eli Lilly & Company, Janssen-
Cilag, and Bristol-Myers Squibb. A. Heinz also received speaker
Honoraria from Janssen-Cilag, Johnson & Johnson, Lilly, Pfizer and
Servier. Prof. U. Lehmkuhl received research funding from the
Deutsche Krebshilfe Research Foundation; the BfArM (Bundesinstitut
fiir Arzneimittelforschung und Medizinprodukte); RTL Foundation
“Wir helfen Kindern”; BMFSFJ Research Funding from the German
Federal Ministry of Health; Steiner Arzneimittel. Mrs. Stoy, Mrs.
Schlochtermeier, Dr. Schlagenhauf, Dr. Wrase, Prof. Huss, Prof.
Knutson reported no conflicts of interest.

Ethical standards
Germany.

This study complies with the current laws of

References

Biederman J, Monuteaux MC, Spencer T, Wilens TE, Macpherson
HA, Faraone SV (2008) Stimulant therapy and risk for
subsequent substance use disorders in male adults with ADHD:

a naturalistic controlled 10-year follow-up study. Am J Psychiatry
165:597-603

Bledsoe J, Semrud-Clikeman M, Pliszka SR (2009) A magnetic
resonance imaging study of the cerebellar vermis in chronically
treated and treatment-naive children with attention-deficit’/hyper-
activity disorder combined type. Biol Psychiatry 65(7):620-624

Bush G, Spencer TJ, Holmes J, Shin LM, Valera EM, Seidman LJ,
Makris N, Surman C, Aleardi M, Mick E, Biederman J (2008)
Functional magnetic resonance imaging of methylphenidate and
placebo in attention-deficit/hyperactivity disorder during the
multi-source interference task. Arch Gen Psychiatry 65:102—114

Cardinal RN, Pennicott DR, Sugathapala CL, Robbins TW, Everitt BJ
(2001) Impulsive Choice induced in rats by lesions of the nucleus
accumbens core. Science 292:2499-2501

Carmona S, Proal E, Hoekzema EA, Gispert JD, Picado M, Moreno I,
Soliva JC, Bielsa A, Rovira M, Hilferty J, Bulbena A, Casas M,
Tobefla A, Vilarroya O (2009) Ventro-striatal reductions underpin
symptoms of hyperactivity and impulsivity in attention-deficit/
hyperactivity disorder. Biol Psychiatry 66(10):972-977

Castellanos FX, Lee PP, Sharp W, Jeffries NO, Greenstein DK, Clasen
LS, Blumenthal JD, James RS, Ebens CL, Walter JM, Zijdenbos
A, Evans AC, Giedd JN, Rapoport JL (2002) Developmental
trajectories of brain volume abnormalities in children and
adolescents with attention-deficit/hyperactivity disorder. JAMA
288(14):1740-1748

Cloninger CR (1999) The temperament and Character Inventory-
Revised. Washington University, St. Louis, MO, Center for
Psychobiology of Personality

Connors CR, Erhardt D, Sparrow E (1999) Connors‘Adult Rating
Scales (CAARS). Multi-Health Systems, Nort, Tonawada

Craig AD (2009) How do you feel-now? The anterior insula and
human awareness. Nat Rev Neurosci 10:59-70

Cubillo A, Rubia K (2010) Structural and functional brain imaging in
adult attention-deficit/hyperactivity disorder. Expert Rev Neurother
10(4):603-620

Cubillo A, Halari R, Ecker C, Giampietro V, Taylor E, Rubia K (2010)
Reduced activation and inter-regional functional connectivity of
fronto-striatal networks in adults with childhood Attention-
Deficit Hyperactivity Disorder (ADHD) and persisting symptoms
during tasks of motor inhibition and cognitive switching. J
Psychiatr Res, Epub

Daw ND, O'Doherty JP, Dayan P, Seymour B, Dolan RJ (2006)
Cortical substrates for exploratory decisions in humans. Nature
441:876-879

De Martino B, Kumaran D, Holt B, Dolan RJ (2009) The
neurobiology of reference-dependent value computation. J
Neurosci 29:3833-3842

Dodds CM, Miiller U, Clark L, van Loon A, Cools R, Robbins TW
(2008) Methylphenidate has differential effects on blood oxy-
genation level-dependent signal related to cognitive subprocesses
of reversal learning. J Neurosci 28:5976-5982

Elliott R, Friston KJ, Dolan RJ (2000) Dissociable neural responses in
human reward systems. J Neurosci 20:6159-6165

Ermst M, Kimes AS, London ED, Matochik JA, Eldreth D, Tata S
(2003) Neural substrates of decision Making in adults with
attention deficit hyperactivity disorder. Am J Psychiatry
160:1061-1070

Faraone SV, Wilens T (2003) Does stimulant treatment lead to
substance use disorders? J Clin Psychiatry 64(Suppl 11):9-13

First MB, Spitzer RL, Gibbon M, Williams J (2001) Structured
Clinical Interview for DSM-IV-TR axis I disorders, research
version, patient edition with Psychotic Screen (SCID-I/P W/PSY
SCREEN). New York State Psychiatric Institute, New York

Goksoyr PK, Nettestad JA (2008) The burden of untreated ADHD
among adults: the role of stimulant medication. Addict Behav
33:342-346

@ Springer



480

Psychopharmacology (2011) 215:467-481

Goodman R, Simonoff E, Stevenson J (1995) The impact of child IQ,
parent IQ and sibling IQ on child behavioural deviance scores. J
Child Psychol Psychiatry 36(3):409-425

Henriquez-Henriquez M, Zamorano-Mendieta F, Rothhammer-Engel
F, Aboitiz F (2010) Neurocognitive models for attention deficit
hyperactivity disorder and their consequences on the searching of
endophenotypes. Rev Neurol 50:109-116

Huettel SA, Stowe CJ, Gordon EM, Warner BT, Platt ML (2006)
Neural signatures of economic preferences for risk and ambiguity.
Neuron 49:765-775

Huss M, Poustka F, Lehmkuhl G, Lehmkuhl U (2008) No increase in
long-term risk for nicotine use disorders after treatment with
methylphenidate in children with attention-deficit/hyperactivity
disorder (ADHD): evidence from a non-randomised retrospective
study. J Neural Transm 115:335-339

Knutson B, Adams CM, Fong GW, Hommer D (2001a) Anticipation
of increasing monetary reward selectively recruits nucleus
accumbens. J Neurosci 21:RC159

Knutson B, Fong GW, Adams CM, Varner JL, Hommer D (2001b)
Dissociation of reward anticipation and outcome with event-
related fMRI. NeuroReport 12:3683-3687

Knutson B, Taylor J, Kaufman M, Peterson R, Glover G (2005)
Distributed neural representation of expected value. J Neurosci
25:4806-4812

Kobel M, Bechtel N, Weber P, Specht K, Klarhéfer M, Scheffler K,
Opwis K, Penner I-K (2009) Effects of methylphenidate on
working memory functioning in children with attention deficit/
hyperactivity disorder. Eur J Pediatr Neurol 13:516-523

Konrad K, Neufang S, Fink MA, Fink R, Herpertz-Dahlmann B
(2007) Long-term effects of methylphenidate on neural networks
associated with executive attention in children with ADHD:
Results from a longitudinal functional MRI study. J] Am Acad
Child Adolesc Psychiatry 46:1633—-1641

Krain AL, Castellanos FX (2006) Brain development and ADHD.
Clin Psychol Rev 26:433-444

Kuhnen CM, Knutson B (2005) The neural basis of financial risk
taking. Neuron 47:763-770

Ludolph AG, Kassubek J, Schmeck K, Glaser C, Wunderlich A, Buck
AK, Reske SN, Fegert JM, Mottaghy FM (2008) Dopaminergic
dysfunction in attention deficit hyperactivity disorder (ADHD),
differences between pharmacologically treated and never treated
young adults: A 3, 4-dihydroxy-6-[18 F]fluorophenyl-L-alanine
PET study. Neuroimage 41:718-727

Luman M, Van Meel CS, Oosterlaan J, Sergeant JA, Geurts HM
(2009) Does reward frequency or magnitude drive reinforcement-
learning in attention-deficit/hyperactivity disorder? Psychiatry
Res 168:222-229

Manuzza S, Klein RG, Truong NL, Moulton JL 3rd, Roizen ER,
Howell KH, Castellanos FX (2008) Age of methylphenidate
treatment initiation in children with ADHD and later substance
abuse: prospective follow-up into adulthood. Am J Psychiatry
165:604-609

Mason MF, Norton MI, Van Horn JD, Wegner DM, Grafton ST,
Macrae CN (2007) Wandering minds: the default network and
stimulus-independent thought. Science 315:393-395

Oldfield RC (1971) Assessment and analysis of Handeness-Edinburgh
Inventory. Neuropsychologia 9:97-104

Paulus MP, Rogalsky C, Simmons A, Feinstein JS, Stein MB (2003)
Increased activation in the right insula during risk-taking decision
making is related to harm avoidance and neuroticism. Neuro-
image 19:1439-1448

Peterson BS, Potenza MN, Wang Z, Zhu H, Martin A, Marsh R,
Plessen KJ, Yu S (2009) An fMRI study of the effects of
psychostimulants on default-mode processing during stroop task
performance in youths with ADHD. Am J Psychiatry 166:1286—
1294

@ Springer

Plichta MM, Vasic N, Wolf RC, Lesch K-P, Brummer D, Jacob C,
Fallgater JA, Gron G (2009) Neural hyporesponsiveness and
hyperresponsiveness during immediate and delayed reward
processing in adult attention-deficit/hyperactivity disorder. Biol
Psychiatry 65:7-14

Pliszka SR, Glahn DC, Semrud-Clikeman M, Franklin C, Perez R 3rd,
Xiong J, Liotti M (2006) Neuroimaging of inhibitory control
areas in children with attention deficit hyperactivity disorder who
were treatment naive or in long-term treatment. Am J Psychiatry
163(6):1052—-1060

Preuschoff K, Quartz SR, Bossaerts P (2008) Human insula activation
reflects risk prediction errors as well as risk. J Neurosci 28:2745—
2752

Rosa Neto P, Lou H, Cumming P, Pryds O, Gjedde A (2002)
Methylphenidate-evoked potentiation of extracellular dopamine
in the brain of adolescents with premature birth: correlation with
attentional deficit. Ann NY Acad Sci 965:434-439

Robbins TW (1978) The acquisition of responding with conditioned
reinforcement: effects of pipradrol, methylphenidate, d-amphetamine,
and nomifensine. Psychopharmacol Berl 58:79-87

Rubia K, Smith AB, Halari R, Matsukura F, Mohammad M, Taylor
E, Brammer MJ (2009a) Disorder-specific dissociation of
orbitofrontal dysfunction in boys with pure conduct disorder
during reward and ventrolateral prefrontal dysfunction in boys
with pure ADHD during sustained attention. Am J Psychiatry
166(1):83-94

Rubia K, Halari R, Cubillo A, Mohammad AM, Brammer M, Taylor
E (2009b) Methylphenidate normalises activation and functional
connectivity deficits in attention and motivation networks in
medication-naive children with ADHD during a rewarded
continuous performance task. Neuropharmacology 57:640-652

Rubia K, Halari R, Christakou A, Taylor E (2009¢) Impulsiveness as a
timing disturbance: neurocognitive abnormalities in attention-
deficit hyperactivity disorder during temporal processes and
normalization with methylphenidate. Philos Trans R Soc Lond
B Biol Sci 364(1525):1919-1931

Sagvolden T, Johansen EB, Aase H, Russell VA (2005) A dynamic
developmental theory of attention-deficit/hyperactivity disorder
(ADHD) predominantly hyperactive/impulsive and combined
subtypes. Behav Brain Sci 28:397-468

Sanfey AG, Rilling JK, Aronson JA, Nystrom LE, Cohen JD (2003)
The neural basis of economic decision-making in the Ultimatum
Game. Science 300:1755-1758

Sarinopoulos I, Gruppe DW, Mackiewicz KL, Herrington JD, Lor M,
Steege EE, Nitschke JB (2009) Uncertainty during Anticipation
Modulates Neural Responses to Aversion in Human Insula and
Amygdala. Cereb Cortex, Epub

Scheres A, Milham MP, Knutson B, Castellanos FX (2007) Ventral
striatal hyporesponsiveness during reward anticipation in attention-
deficit/hyperactivity disorder. Biol Psychiatry 61:720-724

Schlochtermeier L, Stoy M, Schlagenhauf F, Wrase J, Park SQ,
Friedel E, Huss M, Lehmkul U, Heinz A, Strohle A (2010)
Childhood methylphenidate treatment of ADHD and response to
affective stimuli. Eur Neuropsychopharmacol. doi:10.1016/j.
euroneuro.2010.05.001

Schmack K, Schlagenhauf F, Sterzer P, Wrase J, Beck A, Dembler T,
Kalus P, Puls I, Sander T, Heinz A, Gallinat J (2008) Catechol-O-
methyltransferase val(158)met genotype influences neural processing
of reward anticipation. Neuroimage 42:1631-1638

Schmidt K, Metzler P (1992) Wortschatztest WST. Weinheim, Beltz
Test

Schweitzer JB, Lee DO, Hanford RB, Zink CF, Ely TD, Tagamets
MA, Hoffman JM, Grafton ST, Kilts CD (2004) Effect of
methylphenidate on executive functioning in adults with
attention-deficit/hyperactivity disorder: normalization of behavior
but not related brain activity. Biol Psychiatry 56:597-606


http://dx.doi.org/10.1016/j.euroneuro.2010.05.001
http://dx.doi.org/10.1016/j.euroneuro.2010.05.001

Psychopharmacology (2011) 215:467-481

481

Semrud-Clikeman M, Pliszka SR, Lancaster J, Liotti M (2006)
Volumetric MRI differences in treatment-naive vs chronically
treated children with ADHD. Neurology 26;67(6):1023-1027

Shafritz KM, Marchione KE, Gore JC, Shaywitz SE, Shaywitz BA
(2004) The effects of methylphenidate on neural systems of
attention in attention deficit hyperactivity disorder. Am J
Psychiatry 161(11):1990-1997

Shaw P, Sharp WS, Morrison M, Eckstrand K, Greenstein DK, Clasen
LS, Evans AC, Rapoport JL (2009) Psychostimulant treatment
and the developing cortex in attention deficit hyperactivity
disorder. Am J Psychiatry 66(1):58—63

Sobel LJ, Bansal R, Maia TV, Sanchez J, Mazzone L, Durkin K, Liu J,
Hao X, Ivanov I, Miller A, Greenhill LL, Peterson BS (2010)
Basal ganglia surface morphology and the effects of stimulant
medications in youth with attention deficit hyperactivity disorder.
Am J Psychiatry 167(8):977-986

Sonuga-Barke EJ (2003) The dual pathway model of AD/HD: an
elaboration of neuro-developmental characteristics. Neurosci
Biobehav Rev 27:593-604

Stein MB, Simmons AN, Feinstein JS, Paulus MP (2007) Increased
amygdala and insula activation during emotion processing in
anxiety-prone subjects. Am J Psychiatry 164:318-327

Strohle A, Stoy M, Wrase J, Schwarzer S, Schlagenhauf F, Huss M,
Hein J, Nedderhut A, Neumann B, Gregor A, Juckel G, Knutson
B, Lehmkuhl U, Bauer M, Heinz A (2008) Reward anticipation
and outcomes in adult males with attention-deficit/hyperactivity
disorder. Neuroimage 39:966-972

Vaidya CJ, Austin G, Kirkorian G, Ridlehuber HW, Desmond JE,
Glover GH (1998) Selective effects of methylphenidate in
attention hyperactivity disorder: A functional magnetic resonance
study. Proc Natl Acad Sci USA 95:14494-14499

Volkow ND, Wang GJ, Fowler JS, Gatley SJ, Logan J, Ding YS,
Hitzemann R, Pappas N (1998) Dopamine transporter occupancies
in the human brain induced by therapeutic doses of oral methyl-
phenidate. Am J Psychiatry 155:1325-1331

Volkow ND, Fowler JS, Wang G, Ding Y, Gatley SJ (2002)
Mechanism of action of methylphenidate: insights from PET
imaging studies. J Atten Disord 6(Suppl 1):S31-S43

Volkow ND, Wang GJ, Kollins SH, Wigal TL, Newcorn JH, Telang F,
Fowler JS, Zhu W, Logan J, Ma Y, Pradhan K, Wong C,
Swanson JM (2009) Evaluating dopamine reward pathway in
ADHD: clinical implications. JAMA 302:1084-1091

Wichter T, Lungu OV, Liu T, Willingham DT, Ashe J (2009)
Differential effect of reward and punishment on procedural
learning. J Neurosci 29:436-443

Wade TR, de Wit H, Richards JB (2000) Effects of dopaminergic
drugs on delayed reward as a measure of impulsive behavior in
rats. Psychopharmacol Berl 150:90-101

Ward MF, Wender PH, Reimherr FW (1993) The Wender Utah Rating
Scale: an aid in the retrospective diagnosis of childhood attention
deficit hyperactivity disorder. Am J Psychiatry 150:885-890

Wittchen HU, Pfister H (1997) DIA-X-Interviews:PC Programm zur
Durchfiihrung des Interviews; Auswertungsprogramm Frankfurt:
Swets und Zeitlinger

Wrase J, Kahnt T, Schlagenhauf F, Beck A, Cohen MX (2007a)
Different neural systems adjust motor behavior in response to
reward and punishment. Neuroimage 36:1253-1262

Wrase J, Schlagenhauf F, Kienast T, Wiistenberg T, Bermpohl F,
Kahnt T, Beck A, Strohle A, Juckel G, Knutson B, Heinz A
(2007b) Dysfunction of reward processing correlates with
alcohol craving in detoxified alcoholics. Neuroimage 35:787—
794

@ Springer



	Reward processing in male adults with childhood ADHD—a comparison between drug-naïve and methylphenidate-treated subjects
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Subjects
	Monetary incentive delay task
	Functional magnetic resonance imaging
	Data analysis
	Behavioral and clinical data

	Results
	Behavioral and clinical data
	Neuropsychological data
	Personality data
	Task performance

	Brain activation
	Differences between controls, drug-naïve, and MPH-treated subjects with childhood ADHD

	Differences between controls, remitted and actual diagnosed subjects with childhood ADHD
	Correlations between brain activation, ADHD symptoms, and personality

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


