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Abstract

Introduction: Although widely used for the treatment of attention-deficit/hyperactivity disorder (ADHD) across the life span,

the effects of methylphenidate (MPH) on the brain are not completely understood. Functional neuroimaging techniques may

help increase knowledge about the mechanisms of MPH action.

Objective: To evaluate changes in functional connectivity patterns of the default mode network (DMN) in children with

ADHD following long-term treatment with MPH.

Methods: Twenty-three right-handed treatment-naı̈ve boys with ADHD underwent a protocol of intrinsic functional con-

nectivity before and after 6 months of treatment with MPH. Functional connectivity was analyzed using a region of interest

(ROI) approach and independent component analysis (ICA).

Results: ROI analyses showed no significant changes in connectivity between regions of the DMN following treatment, with a

relatively small increase in the anterior–posterior connectivity of the network. ICA revealed a significant increase in con-

nectivity between the left putamen and the DMN ( p < 0.001, corrected). There was a correlation between the reduction of

symptoms and the increased connectivity between the putamen and the DMN after treatment (rho = -0.65, p = 0.017).

Conclusion: Dysfunctions in cortical–subcortical circuits have often been associated with the pathophysiology of ADHD.

Our findings suggest that effective treatment with MPH in children with ADHD may affect brain functioning by increasing

connectivity between the DMN and subcortical nuclei.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is

characterized by pervasive and developmentally inappropriate

levels of hyperactivity, impulsivity, and inattention. Symptoms are

typically present from childhood (Kieling et al. 2010) and often

persist throughout adolescent and adult life, affecting *5% of the

pediatric population worldwide (Polanczyk et al. 2014). Convergent

evidence from genetic, neuropsychological, and neuroimaging

studies of ADHD point to a multifactorial neurodevelopmental dis-

order caused by both inherited and environmental factors (Kieling

et al. 2008); however, its etiology and pathogenesis remain largely

unknown.

While the exact pathophysiology of ADHD is not completely

understood, treatment with stimulants has long been recognized to

attenuate symptoms of inattention and hyperactivity in children

with the disorder (Taylor et al. 2004, Pliszka et al. 2007) and their

efficacy and tolerability have been reported in several studies

(Rappley 2005). Stimulants are recommended as first-line phar-

macological treatment by major guidelines (Atkinson and Hollis

2010, Subcommittee on Attention-Deficit/Hyperactivity et al.

2011, Bolea-Alamanac et al. 2014) in children with ADHD, with an

efficacy of *70% in symptom reduction (Swanson et al. 1991,

Greenhill et al. 2002). Their action in the brain is believed to occur

through the modulation of both norepinephrine (NE) and dopamine

(DA). Methylphenidate (MPH) acts primarily by dose-dependent

blockage of striatal DA transporter (Volkow et al. 1998), with a

lesser effect on the NE transporter (Findling 2008). The dopami-

nergic and noradrenergic systems are responsible for mediating

selective attention (noradrenergic neurons) and motivation (dopa-

minergic neurons) (Volkow et al. 2005), while DA is also known to

decrease background firing of striatal neurons, which increases the
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signal-to-noise ratio in target neurons (Kiyatkin and Rebec 1996).

Therefore, it is speculated that by amplifying striatal DA signal,

MPH would improve attention and decrease distractibility in

ADHD (Volkow et al. 2005).

In an attempt to elucidate the underlying effects of stimulants in

ADHD, the neuroimaging literature is rapidly growing. Initially,

positron emission tomography was used to investigate the effects of

MPH in the human brain and evidenced increased concentration of

DA in the striatum (Volkow et al. 1995, 2001, 2002, 2007, Rosa-

Neto et al. 2005). With a different approach, several task-based

functional magnetic resonance imaging (fMRI) studies have fo-

cused on the acute and chronic effects of stimulants in patients with

ADHD, but findings have been inconsistent (Rubia et al. 2014).

Acute treatment with MPH in children with ADHD has been

associated with increased task-based activation in the inferior

frontal cortex (IFC), parietal regions, cerebellum, and striatum

(Rubia et al. 2009a, 2009b, 2011a, 2011b). A systematic review of

task-based fMRI studies following a single dose of MPH in children

with ADHD showed changes in brain activation within frontal

lobes, basal ganglia, and cerebellum (Czerniak et al. 2013). In

patients chronically treated with MPH, a study found significant

enhancement of bilateral medial frontal activation during an

emotional Stroop test (Posner et al. 2011). A recent task-based

fMRI meta-analysis of children and adolescents with ADHD

treated with MPH found significantly increased activation in right

IFC, insula, and bordering superior temporal lobe. These brain

regions, involved in cognitive control and salience detection, have

been found to be underactivated among patients with ADHD when

compared with healthy controls (Rubia et al. 2014).

An alternative approach to task-based studies to investigate the

brain relies on measures of functional connectivity obtained from

resting-state scans. Whereas task-based approaches provide a

strategy to map neuropsychological processes to brain areas acti-

vated during performance, resting-state analyses can reveal normal

or aberrant interactions between large, distributed brain networks,

such as the default mode network (DMN), which includes the

posterior cingulated cortex (pCC), the inferior parietal, and the

medial prefrontal cortex. Resting-state protocols are particularly

agreeable to patients, especially children, as they are relatively easy

to perform, require minimal cooperation, and are more easily re-

producible, allowing for the aggregation of data across sites.

Moreover, the undirected task-independent nature of resting-state

protocols has attracted large attention in the fields of psychiatry and

neurology, which ultimately led to a conceptual shift in the in-

vestigation of neuropsychiatric disorders (Kelly et al. 2012).

One recent study with a small sample of children with ADHD

found a failure of synchronization between two large brain net-

works, the task-positive network and the DMN, which could be

involved in the moment-to-moment variability. After treatment

with MPH, the variability was reduced and the variability/DMN

correlation was abolished (Querne et al. 2014). Another study, a

placebo-controlled trial of acute treatment with MPH, based on

resting-state fMRI (rs-fMRI), found that all fronto-parieto-cerebellar

dysfunctions in boys with ADHD were normalized after treatment

with MPH. Furthermore, the neuroimaging response data following

a single dose of MPH significantly predicted the clinical response

after chronic treatment (An et al. 2013). Nevertheless, resting-state

functional connectivity is still a growing field in ADHD and there

are not enough data to predict brain connectivity modifications

along neurodevelopment or following treatment with MPH. While

most studies so far reported an increase in intra-DMN connectivity

in typically developing brains when compared with children with

the disorder, one trial also found that affected children had in-

creased activity in a DMN connection known to decrease with

development (Fair et al. 2010).

Thus, given the paucity of rs-fMRI studies evaluating the DMN

after long-term treatment with MPH, we applied complementary

strategies to assess intrinsic functional connectivity changes. Seed-

based analysis, which relies on a priori based assumptions of

dysfunctional brain areas, has inconsistent findings throughout the

literature. Thus, we also conducted an independent component

analysis (ICA), a data-driven approach, hypothesizing that it would

indicate changes in the intra-DMN connectivity following chronic

treatment with MPH, especially concerning areas previously shown

to be affected by stimulants, such as the frontoparietal cortex, basal

ganglia, and cerebellum.

Methods

Participants

Participants were recruited from the community through the

local press. Screening for ADHD symptoms was made by tele-

phone. Potential candidates were called to the ADHD outpatient

clinic at Hospital de Clı́nicas de Porto Alegre for a detailed semi-

structured interview using the Schedule for Affective Disorders and

Schizophrenia for School-Aged Children, Kiddie-SADS—

Lifetime Version (K-SADS-PL) (Kaufman et al. 1997). Following

the clinic standard protocol, parental and teacher reports were ob-

tained using the SNAP (Mattos et al. 2006) as well as the Teacher

Report Form from the Child Behavior Checklist (CBCL) (Bordin

et al. 2013). The Wechsler Intelligence Scale for Children (WISC-

III) (Weschler 1991) was applied, as were the following neu-

ropsychological tests: Stroop Test for Colors and Words (Stroop

1935), Continuous Performance Test (CPT-II) (Conners and Staff

2000), and Trail Making A and B (Reitan 1992). Possible side

effects during treatment were assessed through Barkley’s Side

Effects Rating Scale (SERS) (Barkley et al. 1990). Social and de-

mographic variables were also collected.

Inclusion criteria for this study were the following: (1) male

gender; (2) age ranging from 8 to 10 years; (3) right handed; (4) no

history of previous use of psychotropic medication; (5) not cur-

rently undergoing psychiatric, psychological, or any pharmaco-

logical or psychotherapeutic treatment; (6) residing in the

metropolitan area; (7) enrolled and attending regular school; and

(8) absence of chronic diseases requiring continuous medication.

Exclusion criteria were the following: (1) impossibility or non-

agreement by the family to attend monthly appointments; (2) im-

possibility or nonagreement to undergo magnetic resonance

imaging; (3) contraindication, impossibility, or nonagreement to

receive medication; (4) intellectual disability (IQ <70); and (5)

comorbid diagnoses of neurological or psychiatric disorders, with

the exception of externalizing disorders (oppositional defiant dis-

order [ODD] or mild conduct disorder) and anxiety disorders (as

long as considered less severe than ADHD by the treating clini-

cian). Learning disorders did not constitute an exclusion criterion

per se.

Clinical assessment

After the initial assessments, the study coordinator interviewed

the participants and their symptoms were discussed in a clinical

committee chaired by L.A.R. to confirm the diagnosis of ADHD. A

baseline severity score was determined based on the intensity and

number of symptoms in the SNAP; this measure was repeated after
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3 and 6 months of treatment as the primary clinical outcome. Be-

sides the aforementioned measures, patients were also reevaluated

once a month by the study nurse. Children’s Global Assessment

Scale (CGAS) and Clinical Global Impressions (CGI) (Shaffer

et al. 1983) were recorded at baseline and after 6 months as sec-

ondary clinical outcome measures.

Intervention

As recommended by clinical guidelines, all patients received

psychoeducation about ADHD and parents were instructed about

symptom management strategies. After the first MRI scan, each

participant was started on 5 mg dosage of immediate-release MPH;

dosages were adjusted individually, on a monthly basis, aiming at a

target dosage of 1 mg/kg/day or until there was no room for im-

provement. Symptoms were reevaluated after 30 days and 3 and 6

months. During follow-up visits, blood pressure, cardiac frequency,

and SERS were checked; teacher reports on symptom progression

were collected after 90 and 180 days of treatment.

Neuroimaging

MRI scans were performed at the Radiology Service of the

Hospital de Clı́nicas de Porto Alegre at two moments: before study

entry (medication-free) and after 6 months of medication use

(standard chronic treatment). A 1.5T MRI scanner (Philips Medical

System) with an 8-channel head coil was used to acquire the im-

ages. Initially, T1-weighted structural images were collected with

the following sequence parameters: 170 slices with a matrix size of

232 · 256 with 1 mm3 voxels, TR/TE = 4/8.7 ms. Functional images

were collected following structural images. The functional T2*

sequence had the following parameters: EPI, 34 interleaved slices,

slice thickness 3.5 mm, TE/TR = 30/2500 ms, flip angle = 80o, 150

volumes, with a total time of 6 minutes and 20 seconds. The same

protocol was used in both occasions.

Neuroimaging processing

Functional images were processed using a mixture of freeware

packages, including the Analysis of Functional NeuroImages (Cox

1996), and FMRI of the Brain Software Library (Smith et al. 2004).

Initially, time series images were temporally interpolated to correct

for slice-time acquisition differences, motion corrected, spatially

blurred using an 8-mm Gaussian full-width half-maximum kernel,

and then normalized to a 3 mm3 standard stereotaxic coordinate

space (MNI152) using the subjects’ T1 anatomical image as a

reference. Additionally, the subject’s structural images were seg-

mented into maps of white matter, gray matter, and cerebral spinal

fluid (CSF), with the resultant CSF and white matter masks used to

obtain an average time series for these tissues. The six motion

parameters and averaged time series for white matter and CSF were

then entered into a linear regression against the extended resting-

state time series to remove the variance associated with each of

these variables (Fox et al. 2005).

A seed-based functional connectivity analysis was performed,

placing regions of interests (ROIs) in locations defined by Fox et al.

(2005) and Supekar et al. (2010). The following seed (radi-

us = 6 mm) locations were used: pCC, ventromedial prefrontal

cortex (vmPFC), right (rIPL) and left (lIPL) inferior parietal lobe,

right frontal eye field (rFEF), right intraparietal sulcus (rIPS), right

temporoparietal junction (rTPJ), right ventral frontal cortex

(rVFC), right medial frontal gyrus (rMFG), and right inferior

frontal gyrus (rIFG). Within these seeds, the average time series of

the functional data was extracted and later used for correlation

analysis. The resulting correlations were subsequently converted to

a z-score to be used in statistical analysis using Fisher’s r to z

method.

An ICA was also performed by decomposing the data matrix into

a set of independent time series with their corresponding spatial

maps. Each of these components consecutively accounts for the

greatest amount of variance in the data and represents a function-

ally discrete network (Calhoun et al. 2001, Beckmann 2012).

With MELODIC (3.10), which is a toolbox within FSL (Beck-

mann et al. 2005), we performed an ICA with these data. Specifi-

cally, functional data from both visits were entered into the

analysis. The software defined the number of independent com-

ponents to be generated. Subject-level components were subse-

quently used for statistical analysis.

For quality control purposes, all images were initially assessed

regarding head movement during acquisition. Image data of four

pretreatment participants were discarded due to excessive head

motion, defined as an average dislocation of >0.20 mm per volume

or more than 100 micromovements (Van Dijk et al. 2012).

Statistical analyses

SPSS version 20.0 was used to describe and compare clinical and

connectivity scores’ means, employing Student’s t-test for contin-

uous or Fishers’ exact test for categorical variables. Associations

between continuous variables were investigated through Spear-

man’s rank correlation coefficient, according to data distribution.

The primary outcome was analyzed using a mixed-effects

model. For every analysis, treatment duration (initial vs. 6 months)

was established as a factor or fixed effect. In addition, for the

multivariate analyses of treatment effect over connectivity, clinical

variables regarding treatment response were defined as dependent

variables and the connectivity measures as covariables. Group

analysis was performed with a linear mixed-effects modeling ap-

proach using 3dMLE (Chen et al. 2013). Statistical significance

was set at 5% and corrections for multiple comparisons were per-

formed with 3dClustSim (toolbox of AFNI), which estimates the

probability of false-positive clusters for different levels of statis-

tical significance.

The ethics committee of Hospital de Clı́nicas de Porto Alegre

approved this study, which is also registered at clinicaltrials.gov

under the identifier NCT01228604. The primary caregivers signed

consent forms with verbal assent from all the children.

Results

Sample characteristics

A total of 23 treatment-naı̈ve right-handed boys, with ages

ranging between 8 and 10 years, were recruited. Baseline charac-

teristics of the final sample are presented in Table 1. All patients

presented at least five symptoms of inattention; two patients did not

report any symptoms of hyperactivity. There was a significant

agreement between family and school reports, with SNAP scores

from parents and teachers showing a positive correlation (r = 0.619;

p = 0.018), although parents reported more hyperactive symptoms

(mean 2.02 vs. 1.52; p = 0.007). Comorbid ODD was diagnosed in

part of the sample; other diagnoses are presented in Table 1. Al-

though no formal diagnoses of learning disorders were conducted,

19 patients (82.6%) had no history of grade retention, while three

repeated 1 year and one patient had a history of repeating two

school years.
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Response to intervention

Of the 23 participants, 21 completed 6 months of treatment. Two

patients were lost to follow-up (moved out of town). Clinical eval-

uation was performed at 1, 3, and 6 months of follow-up. Table 1

presents the average symptom reduction during treatment based on

SNAP scores. Overall, clinical response was satisfactory, with some

patients showing significant symptom reduction, while others had

only a minor improvement, according to parental and school reports.

By the end of the study, two patients were considered nonresponders

for presenting <20% symptom reduction. Group clinical improve-

ment was also confirmed through CGAS (55.55 to 73.72; p < 0.001)

and CGI scores (4.90 to 3; p < 0.001). In addition to the symptom-

based clinical improvement, neuropsychological assessment showed

a positive response in most of the tests. Tests included in the neu-

ropsychological battery are listed in Table 1 with their average scores

before and after treatment.

At the end of the study period, patients were taking between 15

and 40 mg/day of MPH, with an average of 28.1 mg/day and a

median of 30 mg/day. The most common side effects observed

were loss of appetite and apathy. Loss of appetite was accompanied

by weight reduction with a mean BMI reduction by the end of 6

months (18.1 kg/m2 vs. 17.2 kg/m2; p = 0.002). Dosages were ad-

justed individually by the attending physician, following our pro-

gram’s standard protocol. Treatment response and adverse effects

were taken into consideration when adjusting the medication. Our

average final dose was very close to the expected target dose.

Intrinsic brain connectivity

First, changes in brain connectivity were assessed using specific

locations and coordinates previously defined in the literature as

ROIs within the DMN (Fox et al. 2005, Supekar et al. 2010). We

compared intra-DMN connectivity, before and after the treatment,

using a set of seeds within this network (Table 1). Results showed

no significant difference, except for a trend of increased connec-

tivity between the pCC and the vmPFC.

Connectivity maps were then built to investigate potential

changes in functional connectivity between specific seeds within

the DMN and the whole brain. Based on data from the literature and

the results of our previous test, we built connectivity maps by

placing seeds over the pCC and the vmPFC. Again, we found no

significant difference on the connectivity maps before and after

treatment from either ROI.

Table 1. Sample Characteristics

Characteristic Baseline assessment Follow-up (6 months) Comparison (p)

Age (mean – SD) 8.78 – 0.85 — —
Ethnicity (European–Brazilian, % [n]) 73.9 [17] — —

Socioeconomic status (% [n])
A + B + C 91.3 [21] — —
D + E 8.7 [2] — —

Estimated IQ (mean – SD) 108.1 – 15.1 —

Comorbidities (% [n])
Specific phobia 13 [3] — —
Separation anxiety disorder 17.4 [4] — —
Generalized anxiety disorder 4.3 [1] — —
Oppositional defiant disorder 26.1 [6] — —
Conduct disorder 0 [0] — —
Encopresis 8.7 [2] — —

SNAP-IV scores (mean – SD)
Inattention (parental) 2.19 – 0.41 1.06 – 0.52 <0.001
Hyperactivity/impulsivity (parental) 2.01 – 0.70 0.98 – 0.57 <0.001

Neuropsychological performance (mean – SD)
CPT omissions 65.82 – 4.43 50.61 – 2.38 0.01
CPT commissions 51.93 – 1.22 45.83 – 3.67 0.08
Trails A (time) 76.78 – 11.39 56.92 – 3.69 0.20
Trails B (time) 198.92 – 18.26 141.50 – 19.18 0.04
Stroop (color–word) 16.50 – 1.42 25.71 – 2.05 0.01

Intrinsic brain connectivity (mean – SE)
pCC · vMPFC -0.274 – 0.443 0.188 – 0.436 0.08
rIPL · lIPL 0.375 – 0.826 0.311 – 0.817 0.58
IPS · FEF 0.608 – 0.592 0.133 – 0.639 0.41
TPJ · VFC 0.369 – 0.424 0.111 – 0.491 0.69
pCC · IPL -0.766 – 0.499 -0.001 – 0.396 0.24
IPL · vMPFC -0.807 – 0.524 -0.068 – 0.465 0.85
pCC · rVFC -0.136 – 0.449 -0.709 – 0.429 0.51
TPJ · rMFG 0.097 – 0.674 0.152 – 0.495 0.29
FEF · rMFG 0.182 – 0.458 0.189 – 0.501 0.92

CPT, Continuous Performance Test; SNAP-IV, Swanson, Nolan, and Pelham Scale–version IV; pCC, posterior cingulated cortex; vmPFC,
ventromedial prefrontal cortex; rIPL, right inferior parietal lobe; lIPL, left inferior parietal lobe; rFEF, right frontal eye field; rIPS, right intraparietal
sulcus; rTPJ, right temporoparietal junction; rVFC, right ventral frontal cortex; rMFG, right medial frontal gyrus; rIFG, right inferior frontal gyrus. The
coordinates follow pre-established locations based on the existing literature (Fox et al. 2005; Supekar et al. 2010).
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Finally, we employed a more explorative data-driven approach to

assess potential changes in functional connectivity. ICA revealed 18

independent components from the functional imaging sets. They were

all visually inspected and some represented networks of interest (such

as executive control, motor, and DMN), while others were apparently

only background noise. The DMN component was visually identified

based on previous studies using ICA (Beckmann et al. 2005). We

compared the DMN component before and after treatment using a

mixed-effects model (3dMLE) that accounts for variations both

within and between subjects. Results showed a significantly increased

connectivity between the DMN and the left putamen ( p < 0.001,

corrected) after treatment, as shown in Figure 1. Additionally, Pear-

son’s analysis showed a moderate correlation between patients’ in-

dividual increase in connectivity in the putamen and their clinical

improvement, as measured by the SNAP (rho = -0.646; p = 0.017).

Discussion

A comparison of intrinsic brain connectivity in children with

ADHD, before and after treatment with MPH, showed an increased

functional connectivity between the DMN and the left putamen.

Interestingly, this finding was corroborated by a significant positive

correlation between clinical improvement ratings and connectivity

intensity. No interaction effects between brain connectivity and

response to treatment were identified.

These results derive from a very homogeneous sample, exclu-

sively comprising right-handed boys, ranging from 8 to 10 years of

age. None of them had a history of previous medical treatment with

psychotropic medication. Treatment was carried out for 6 months

with no cost for the patients, with compliance monitored by monthly

appointments in the research clinic.

In this study, we began by testing specific regions based on the

available literature on resting-state functional connectivity in ADHD.

None of these theoretical expectations of changes in connectivity was

confirmed, and it was only the data-driven approach that yielded

positive results. Thus, although our results must be interpreted cau-

tiously, it is clear that such atheoretical approaches to neuroimaging

data are relevant for generating new conceptual hypotheses and in-

vestigating neurobiological phenomena still not fully understood.

The increase in connectivity between the DMN and the left

putamen after treatment with MPH could be related to the dopa-

minergic effect of the drug (Volkow et al. 2001, 2002, 2005). Even

though the precise mechanism of clinical improvement in ADHD is

not completely defined, one suggested mechanism points to the role

of DA in the reinforcement of active synaptic connections and in

the inhibition of inactive ones, altering the signal-to-noise ratio in

corticostriatal circuits (Bamford et al. 2004a, 2004b), and thus

possibly improving network functioning. However, the clinical

significance of our finding in terms of symptom improvement is yet

to be elucidated. Due to the lack of previous data, any conclusions

about whether treatment modifies the ADHD brain to make it more

similar to a healthy one would be highly speculative.

A number of limitations should be considered when interpreting

our findings. First, our relatively small sample size might be re-

sponsible for negative findings due to type II errors. Second, the

absence of a control group without treatment—a problem that af-

fects the majority of long-term treatment studies—limits the sig-

nificance of our results and we cannot eliminate the potential

interference of placebo effects from our results. Third, imaging

acquisition was performed in a 1.5 Tesla machine.

Conclusions

In summary, the intrinsic brain connectivity in boys with ADHD

revealed a fragmented DMN architecture, with relatively little

modification following long-term treatment. This may be a re-

flection of the specific brain connectivity of the disorder, an age-

related transitory nonpathological state, or even the conjunction of

both. Long-term treatment with a stimulant drug produced an in-

crease in cortico-subcortical connectivity between the DMN and

the left putamen. Of relevance, clinical improvement following

treatment was also associated with increased connectivity. These

results are in accordance with the propositions of potentially re-

versible network dysfunctions with treatment and also imply a

potential mechanism involved in the pathophysiology of ADHD.

Further studies are warranted to confirm the association between

clinical improvement and brain connectivity changes in ADHD.

Clinical Significance

Long-term treatment with usual dosages of MPH produces little

change in intrinsic functional brain connectivity, particularly in the

FIG. 1. Increase in connectivity between the DMN and the left putamen before and after treatment ( p < 0.001, corrected). DMN,
default mode network.
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DMN, a large-scale brain network that is often implicated in

resting-state fMRI studies of ADHD and other neuropsychiatric

disorders. In our sample of young treatment-naı̈ve boys with

ADHD, the anterior and posterior nodes of the DMN were loosely

connected before treatment, and this fragmentation was not sig-

nificantly modified after 6 months of regular treatment. Never-

theless, an increase in the connectivity with the putamen was

observed, suggesting that (at least in part) an increase in cortico-

subcortical connectivity might underlie the clinical response ob-

served with treatment.

Acknowledgment

Methylphenidate used by patients during this study was kindly

offered by Novartis free of charge.

Disclosures

Dr. C. Kieling received authorship royalties from publishers,

Artmed and Manole. Dr. L.A. Rohde was on the speakers’ bureau/

advisory board and/or acted as consultant for Eli-Lilly, Janssen-

Cilag, Novartis, and Shire in the last 3 years. He receives authorship

royalties from Oxford Press and ArtMed. He also received travel

awards for taking part in 2014 APA and 2015 WFADHD meetings

from Shire. The ADHD and Juvenile Bipolar Disorder Outpatient

Programs chaired by him received unrestricted educational and

research support from the following pharmaceutical companies in

the last 3 years: Eli-Lilly, Janssen-Cilag, Novartis, and Shire.

References

An L, Cao XH, Cao QJ, Sun L, Yang L, Zou QH, Katya R, Zang YF,

Wang YF: Methylphenidate normalizes resting-state brain dys-

function in boys with attention deficit hyperactivity disorder.

Neuropsychopharmacology 38:1287–1295, 2013.

Atkinson M, Hollis C: NICE guideline: Attention deficit hyperactivity

disorder. Arch Dis Child Educ Pract Ed 95:24–27, 2010.

Bamford NS, Robinson S, Palmiter RD, Joyce JA, Moore C, Meshul

CK: Dopamine modulates release from corticostriatal terminals. J

Neurosci 24:9541–9552, 2004a.

Bamford NS, Zhang H, Schmitz Y, Wu NP, Cepeda C, Levine MS,

Schmauss C, Zakharenko SS, Zablow L, Sulzer D: Heterosynaptic

dopamine neurotransmission selects sets of corticostriatal termi-

nals. Neuron 42:653–663, 2004b.

Barkley RA, McMurray MB, Edelbrock CS, Robbins K: Side effects

of methylphenidate in children with attention deficit hyperactivity

disorder: A systemic, placebo-controlled evaluation. Pediatrics 86:

184–192, 1990.

Beckmann CF: Modelling with independent components. Neuroimage

62:891–901, 2012.

Beckmann CF, DeLuca M, Devlin JT, Smith SM: Investigations into

resting-state connectivity using independent component analysis.

Philos Trans R Soc Lond B Biol Sci 360:1001–1013, 2005.

Bolea-Alamanac B, Nutt DJ, Adamou M, Asherson P, Bazire S,

Coghill D, Heal D, Muller U, Nash J, Santosh P, Sayal KE: Sonuga-

Barke, Young SJ, P. British Association for: Evidence-based

guidelines for the pharmacological management of attention deficit

hyperactivity disorder: Update on recommendations from the

British Association for Psychopharmacology. J Psychopharmacol

28:179–203, 2014.

Bordin IA, Rocha MM, Paula CS, Teixeira MC, Achenbach TM,

Rescorla LA, Silvares EF: Child Behavior Checklist (CBCL),Youth

Self-Report (YSR) and Teacher’s Report Form(TRF): An overview

of the development of the original and Brazilian versions. Cad

Saude Publica 29:13–28, 2013.

Calhoun VD, Adali T, Pearlson GD, Pekar JJ: A method for making

group inferences from functional MRI data using independent

component analysis. Hum Brain Mapp 14:140–151, 2001.

Chen G, Saad ZS, Britton JC, Pine DS, Cox RW: Linear mixed-effects

modeling approach to FMRI group analysis. Neuroimage 73:176–

190, 2013.

Conners CK, Staff M: Conners’ Continuous Performance Test II (CPT II

V. 5). North Tonawanda, NY, Multi-Health Systems Inc., 2000, 1–16.

Cox RW: AFNI: Software for analysis and visualization of functional

magnetic resonance neuroimages. Comput Biomed Res 29:162–

173, 1996.

Czerniak SM, Sikoglu EM, King JA, Kennedy DN, Mick E, Frazier J,

Moore CM: Areas of the brain modulated by single-dose methyl-

phenidate treatment in youth with ADHD during task-based fMRI:

A systematic review. Harv Rev Psychiatry 21:151–162, 2013.

Fair DA, Posner J, Nagel BJ, Bathula D, Dias TG, Mills KL, Blythe

MS, Giwa A, Schmitt CF, Nigg JT: Atypical default network

connectivity in youth with attention-deficit/hyperactivity disorder.

Biol Psychiatry 68:1084–1091, 2010.

Findling RL: Evolution of the treatment of attention-deficit/hyperactivity

disorder in children: A review. Clin Ther 30:942–957, 2008.

Fox MD, Snyder AZ, Vincent JL, Corbetta M, Van Essen DC, Raichle

ME: The human brain is intrinsically organized into dynamic, an-

ticorrelated functional networks. Proc Natl Acad Sci U S A

102:9673–9678, 2005.

Greenhill LL, Pliszka S, Dulcan MK, Bernet W, Arnold V, Beitchman J,

Benson RS, Bukstein O, Kinlan J, McClellan J, Rue D, Shaw JA, Stock

S, Psychiatry Adolescent AAoC: Practice parameter for the use of

stimulant medications in the treatment of children, adolescents, and

adults. J Am Acad Child Adolesc Psychiatry 41:26S–49S, 2002.

Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, Wil-

liamson D, Ryan N: Schedule for Affective Disorders and Schi-

zophrenia for School-Age Children-Present and Lifetime Version

(K-SADS-PL): Initial reliability and validity data. J Am Acad Child

Adolesc Psychiatry 36:980–988, 1997.

Kelly C, Biswal BB, Craddock RC, Castellanos FX, Milham MP:

Characterizing variation in the functional connectome: Promise and

pitfalls. Trends Cogn Sci 16:181–188, 2012.

Kieling C, Goncalves RRF, Tannock R, Castellanos FX: Neurobiol-

ogy of attention deficit hyperactivity disorder. Child Adolesc Psych

Clinics N Am 17:285–307, 2008.

Kieling C, Kieling RR, Rohde LA, Frick PJ, Moffitt T, Nigg JT,

Tannock R, Castellanos FX: The age at onset of attention deficit

hyperactivity disorder. Am J Psychiatry 167:14–16, 2010.

Kiyatkin EA, Rebec GV: Dopaminergic modulation of glutamate-

induced excitations of neurons in the neostriatum and nucleus ac-

cumbens of awake, unrestrained rats. J Neurophysiol 75:142–153,

1996.

Mattos P, Pinheiro MA, Rohde LAP, Pinto D: A Brazilian version of the

MTA-SNAP-IV for evaluation of symptoms of attention-deficit/

hyperactivity disorder and oppositional-defiant disorder. Revista de

psiquiatria do Rio Grande do Sul. Porto Alegre. 28:290–297, 2006.

Available at http://dx.doi.org/10.1590/S0101-81082006000300008

Pliszka SR, Liotti M, Bailey BY, Perez R, Glahn D, Semrud-

Clikeman M: Electrophysiological effects of stimulant treatment on

inhibitory control in children with attention-deficit/hyperactivity

disorder. J Child Adolesc Psychopharmacol 17:356–366, 2007.

Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA: ADHD

prevalence estimates across three decades: An updated systematic re-

view and meta-regression analysis. Int J Epidemiol 43:434–442, 2014.

Posner J, Maia TV, Fair D, Peterson BS, Sonuga-Barke EJ, Nagel BJ:

The attenuation of dysfunctional emotional processing with stim-

ulant medication: An fMRI study of adolescents with ADHD.

Psychiatry Res 193:151–160, 2011.

6 BATTEL ET AL.



Querne L, Fall S, Le Moing AG, Bourel-Ponchel E, Delignières A,

Simonnot A, de Broca A, Gondry-Jouet C, Boucart M, Berquin P:

Effects of methylphenidate on default-mode network/task-positive

network synchronization in children with ADHD. J Atten Disord,

2014; [Epub ahead of print]; DOI: 10.1177/1087054713517542.

Rappley MD: Clinical practice. Attention deficit-hyperactivity disor-

der. N Engl J Med 352:165–173, 2005.

Reitan R: Trail Making Test: Manual for Administration and Scoring

[adults]. Tucson (Ariz), Reitan Neuropsychology Laboratory, 1992.

Rosa-Neto P, Lou HC, Cumming P, Pryds O, Karrebaek H, Lunding J,

Gjedde A: Methylphenidate-evoked changes in striatal dopamine

correlate with inattention and impulsivity in adolescents with atten-

tion deficit hyperactivity disorder. Neuroimage 25:868–876, 2005.

Rubia K, Alegria AA, Cubillo AI, Smith AB, Brammer MJ, Radua J:

Effects of stimulants on brain function in attention-deficit/

hyperactivity disorder: A systematic review and meta-analysis. Biol

Psychiatry 76:616–628, 2014.

Rubia K, Halari R, Christakou A, Taylor E: Impulsiveness as a timing

disturbance: Neurocognitive abnormalities in attention-deficit hy-

peractivity disorder during temporal processes and normalization with

methylphenidate. Philos Trans R Soc Lond B Biol Sci 364:1919–

1931, 2009a.

Rubia K, Halari R, Cubillo A, Mohammad AM, Brammer M, Taylor

E: Methylphenidate normalises activation and functional connec-

tivity deficits in attention and motivation networks in medication-

naı̈ve children with ADHD during a rewarded continuous perfor-

mance task. Neuropharmacology 57:640–652, 2009b.

Rubia K, Halari R, Cubillo A, Smith AB, Mohammad AM, Brammer

M, Taylor E: Methylphenidate normalizes fronto-striatal under-

activation during interference inhibition in medication-naı̈ve boys

with attention-deficit hyperactivity disorder. Neuropsychopharma-

cology 36:1575–1586, 2011a.

Rubia K, Halari R, Mohammad AM, Taylor E, Brammer M: Me-

thylphenidate normalizes frontocingulate underactivation during

error processing in attention-deficit/hyperactivity disorder. Biol

Psychiatry 70:255–262, 2011b.

Shaffer D, Gould MS, Brasic J, Ambrosini P, Fisher P, Bird H,

Aluwahlia S: A children’s global assessment scale (CGAS). Arch

Gen Psychiatry 40:1228–1231, 1983.

Smith SM, Jenkinson M, Woolrich MW, Beckmann CF, Behrens TE,

Johansen-Berg H, Bannister PR, De Luca M, Drobnjak I, Flitney

DE, Niazy RK, Saunders J, Vickers J, Zhang Y, De Stefano N,

Brady JM, Matthews PM: Advances in functional and structural

MR image analysis and implementation as FSL. Neuroimage 23

Suppl 1:S208–S219, 2004.

Stroop JR: Studies of interference in serial verbal reactions. J Exp

Psychol 18:643–662, 1935.

Subcommittee on Attention-Deficit/Hyperactivity, D., I. Steering

Committee on Quality, Management, Wolraich M, Brown L,

Brown RT, DuPaul G, Earls M, Feldman HM, Ganiats TG, Ka-

planek B, Meyer B, Perrin J, Pierce K, Reiff M, Stein MT S. Visser:

ADHD: Clinical practice guideline for the diagnosis, evaluation,

and treatment of attention-deficit/hyperactivity disorder in children

and adolescents. Pediatrics 128:1007–1022, 2011.

Supekar K, Uddin LQ, Prater K, Amin H, Greicius MD, Menon V:

Development of functional and structural connectivity within the

default mode network in young children. Neuroimage 52:290–301,

2010.

Swanson JM, Cantwell D, Lerner M, McBurnett K, Hanna G: Effects

of stimulant medication on learning in children with ADHD. J

Learn Disabil 24:219–230, 255, 1991.
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