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Objective We sought to determine if the links between and within the default mode network (DMN) and dorsal attention network
(DAT) exhibited different conditions according to catechol-O-methyltransferase (COMT) gene polymorphism in relationship to atten-
tion-deficit hyperactivity disorder (ADHD) symptoms.

Methods  Fifty-seven children with ADHD and 48 healthy controls (HCs) were administered an intelligence test, the Children’s De-
pression Inventory, the Korean ADHD rating scale, and continuous performance test. Resting-state brain functional MRI scans were
obtained, and COMT genotyping was performed to distinguish valine carriers and methionine homozygotes.

Results Compared to controls, children with ADHD showed increased ADHD scale scores, increased visual commission errors, and
increased functional connectivity (FC) within the DMN and DAT. Compared to all children with ADHD, children with the methionine
homozygote and those who were valine carriers showed increased FC within the DMN and DAT and decreased FC between the DMN
and DAT. FC within the DMN was also increased in HC valine carriers compared to HC children with the methionine homozygote, and
in children with ADHD who were valine carriers compared to HC valine carriers.

Conclusion We observed increased brain connectivity within the DMN and DAT and altered brain connectivity within and between
the DMN and DAT associated with COMT polymorphism in children with ADHD. Psychiatry Investig 2020;17(9):925-933
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INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by inattention, im-
pulsivity, and hyperactivity and has a worldwide prevalence of
5.3%." Although several genetic and environmental studies
have attempted to understand the pathogenesis of ADHD,**
its exact etiology and pathogenesis are unknown and is
thought to be a complex, polygenic disorder.” Specifically; the
heritability of ADHD is estimated to be about 80% according

Received: April 10,2020 Revised: June 22, 2020
Accepted: July 6, 2020

< Correspondence: Doug Hyun Han, MD, PhD

Department of Psychiatry, Chung-Ang University Hospital, 102 Heukseok-ro,
Dongjack-gu, Seoul 06973, Republic of Korea

Tel: +82-2-6299-3132, Fax: +82-2-6298-8351, E-mail: hduk70@gmail.com

@ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

to a meta-analysis. Clinical studies®” have demonstrated ab-
normalities of the dopaminergic, noradrenergic system and
frontal-striatal brain systems associated with ADHD.

Many genetic and neuroimaging approaches have been ac-
tively studied to clarify the pathogenesis of ADHD mentioned
above. Through functional magnetic resonance imaging
(fMRI) studies, the core brain regions involved in attention
control, and their connectivity and activation levels have been
studied. These consist of the dorsal and ventral lateral frontal
cortices and the posterior parietal area.'”"> These regions form
an attentional control system consisting of the dorsal and ven-
tral attention networks (DAT and VAT) which operate as an
integrated supramodal top-down and bottom-up attentional
gating system.'®"* While traditional accounts of attentional
function and dysfunction have focused on task-dependent
neural activity within these networks, recent formulations
have stressed the importance of a task-independent network."
This network, termed the default mode network (DMN), is a
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large and robustly replicable network of brain regions that are
associated with task-irrelevant mental processes. These consist
of frontal and posterior midline structures (the medial pre-
frontal cortex and posterior cingulate cortex with adjacent
precuneus) and lateral parietal and medial temporal lobe re-
gions."” The DMN shows higher activity and stronger func-
tional connectivity (FC) during rest, and its activity is attenuat-
ed following the onset of tasks."” Persistence of DMN activity
during tasks has been shown to predict errors in task output,
and unsuccessful attenuation of the DMN is reportedly associ-
ated with momentary lapses in attention denoted by longer re-
action times and less accurate performance in an attentional
control task.'*'” When one considers the data from these stud-
ies, it seems that effective attentional engagement requires
both the “switching on” of the task-positive attention networks
and the “switching off” of the DMN.""* Actually, many recent
studies showed evidence of abnormal coordination of the
DMN and attention networks, adversely affecting perfor-
mance in individuals with ADHD.****

Several genetic studies, and brain imaging studies, have
been carried out to determine the etiology of ADHD. In par-
ticular, imbalance and dysregulation of the dopaminergic and
noradrenergic neurotransmitter systems of the central ner-
vous system are key mechanisms related to ADHD.® Many
genetic studies related to this activation and catabolism have
been carried out. Catechol-O-methyltransferase (COMT) is
an important enzyme that plays a major role in the degrada-
tion of catecholamine, including dopamine (DA) and norepi-
nephrine (NE), in the synapses.”” As a result, excessive activa-
tion of COMT enzymes lowers the activity of DA and NE in
the attention-related brain networks, resulting in clinical im-
pairment of this executive function. These effects are closely
related to the symptom expression of ADHD, so the COMT
gene is an essential candidate gene for the etiology of
ADHD.*¥ A single nucleotide polymorphism (SNP, rs4680)
in COMT is the most popular SNP in ADHD, leading to va-
line (Val) to methionine (Met) substitution at codon 158
(Val158-Met) of the COMT. This induces an approximately
three- to four-fold decrease in enzyme activity, resulting in
increased catecholamine activity.*** There is considerable ev-
idence that the COMT Val/Met SNP is highly related to
ADHD, and in a recent Korean study,” it was revealed that
the COMT Val allele of Val158-Met polymorphism is associ-
ated with ADHD within the Korean population.”” Also, chil-
dren with ADHD with the Val homozygote demonstrated a
good response to methylphenidate treatment.”

We think that it is important to clarify the relationship be-
tween the brain imaging findings and the genetic results of
ADHD mentioned above and integrate the neuro-genetic and
neuroimaging findings together to take a step closer to the
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pathogenesis of ADHD. However, few studies have mentioned
the association between COMT polymorphism and brain
FC** and no study has directly investigated the relation be-
tween COMT polymorphism and brain DMN or between
COMT polymorphism and the attention network in ADHD.

We hypothesized that, in children with ADHD, the FC
within the DMN and DAT was decreased compared to healthy
controls (HCs). Additionally, we believed that children with
ADHD who were Val carriers would show increased FC with-
in the DMN and DAT, compared to children with ADHD
with the Met homozygote.

METHODS

Participants

Initially, 60 children with ADHD and 50 age- and sex-
matched HCs were recruited through the psychiatry depart-
ment at Chung Ang University Hospital. Of the 60 children
with ADHD, two had intelligence quotients (IQs) lower than
80. One patient with ADHD and one control participant
could not be scanned in an MRI scanner due to claustropho-
bia. One HC participant showed depressive symptoms. Fi-
nally, 57 patients with ADHD and 48 HCs completed the
study protocol.

All study procedures and protocols were explained to the
patients and controls and their parents. Informed consent was
obtained from the patients and controls, and written informed
consent was obtained from their parents. The protocol for the
current study was approved by the Institutional Review Board
of Chung Ang University Hospital [C2012033 (728)].

All participants in the current study were assessed with the
Korean Kiddie Schedule for Affective Disorders and Schizo-
phrenia-Present and Lifetime version (K-SADS-PL),” and di-
agnosed by a child and adolescent psychiatric doctor (DHH)
following a clinical interview. IQ, depression severity, and
ADHD symptoms were assessed using the Korean-Wechsler
intelligence scale for children (K-WISC-1V),” the Children’s
Depression Inventory (CDI),* and the Korean ADHD rating
scale (K-ARS) for parents, respectively. Attention was assessed
using a standardized version of continuous performance test
(CPT) for Korean children and adolescents, and its reliability
and validity as a diagnostic instrument for ADHD has been es-
tablished.**' The Korean version of the CPT consists of visual
and auditory attention tests, each of which takes 15 minutes to
complete. The CPT test results included omission errors, com-
mission errors, response time mean, and response time devia-
tion. In this study, we used two major variables: omission errors
(a measure of inattention) and commission errors (a measure
of impulsivity) in CPT. The exclusion criteria were: 1) a history
of another axis I psychiatric disease except for ADHD, 2) 1Q



<80, and 3) a history of neurological or medical disorders.

Imaging processing and analysis

The children with ADHD underwent a 7-day medication
washout period before their study enrollment and fMRI
scans. For the brain connectivity analyses, all children with
ADHD and HCs completed a resting-state fMRI (rs-fMRI)
study using an MRI scanner (Philips Achieva 3.0 Tesla TX
MRI scanner). The scanning parameters were as follows:
TR=3 s, 12-minute scan, 240 volumes, 128128 matrix, 40
slices at 4.0 mm slice thickness. Preprocessing included de-
spiking (AFNI: 3dDespike), motion correction, coregistration
to MPRAGE image, normalization to MNI space in SPM 12b,
temporal detrend (Matlab: detrend.m), bandpass filtering
(Matlab: idealfilter.m), and voxelwise regression of identically
bandpass filtered time series of six head motion parameters.

Children with ADHD and HCs were asked to remain awake
with their eyes closed. To avoid head movements, the chil-
dren’s heads were stabilized with cushions. To avoid micro-
head movements, we applied realignment steps using six rigid-
body parameters with each participant’s estimated motion,”*
but no regression of the global signal was performed.

We extracted eight regions of two brain networks (four
DMN:: the middle prefrontal cortex, right/left lateral parietal
cortex, posterior cingulate cortex; four dorsal attention net-
works: right/left frontal eye field, right/left inferior parietal
sulcus) from the Automated Anatomical Labeling (AAL) atlas
of the brain (AAL ver 2),* which were found in group inde-
pendent component analysis (ICA) analysis of all partici-
pants.* Fisher-transformed correlation coefficients were
measured for each pair of ROIs in each participant. We calcu-
lated the FC between regions of interest (ROIs) using the
CONN-fMRI Functional Connectivity Toolbox (ver.15; www.
Nitrc.org/projects/conn). Between-group effects were consid-
ered significant with a cluster-level false discovery rate (FDR)
and p values less than 0.05.

Genotyping

Genotyping was performed at the Laboratory of Labge-
nomics, Korea. According to the manufacturer’s protocol, ge-
netic DNA was extracted from blood (stored frozen) using a
G-DEX™ II Genomic DNA Extraction Kit (Intron Biotech-
nology, Seoul, Korea). The SNPs were analyzed using the
polymerase chain reaction-ligase detection reaction (PCR-
LDR) method. First, the PCR reaction was performed in a
volume of 20 pL containing PCR master mix (Nanohelix, Ko-
rea), 500 nM of each primer of Table 1, and about 50 ng ge-
nomic DNA. The reaction consisted of denaturation at 95°C
for 15 min, followed by 40 cycles of 95°C for 20 s, 55°C for 40
s, and 72°C for 1 min, with a final extension at 72°C for 5 min.

JH Park et al.

Table 1. Polymerase chain reaction primers and ligase detection
reaction probes

Polymerase chain reaction primers

Sequence (5—3)
rs4680_Forward GGGGCCTACTGTGGCTACTC
rs4680_Reverse GGCCTGGTGATAGTGGGTTT

Ligase detection reaction probes

Sequence (5—3)
rs4680

Wild Left GTC AGG CAT GCA CACCTT GTC
CTT CAT

Mutant Left GTC AGG CAT GCA CACCTT GTC
CTT CAC

Right P-GCC AGC GAA ATC CAC CAT
CCG-FAM

A: adenine, C: cytocine, G: guanine, T: timine

Following PCR, unincorporated primers and dNTPs were re-
moved by adding 1/10 volume of Exo-Sap (ExoProStar 1, GE
Healthcare) and incubating for 15 min at 37°C, followed by
15 min at 85°C for enzyme inactivation. Then, the LDR reac-
tion was carried out in a buffer containing 4 pL of PCR prod-
uct, 10X ligase buffer (NEB), 12.5 nM each allele-specific
probe (left probe, Bioneer, Korea) and 25 nM each common
probe (right probe, Bioneer, Korea) of Table 1, and 1.25 units
of 9° N™ ligase (NEB). The reaction volume was 20 uL, and the
LDR consisted of 25 cycles of 94°C for 60 seconds and 65 °C
for 150 seconds. The LDR products were then analyzed by ABI
3730 Gene Analyzer (Applied Biosystems).

RESULTS

Demographic data

There was a significant difference in K-ARS scores and vi-
sual commission errors between children with ADHD and
HCs. However, there were no significant between-group dif-
ferences in age, education year, CDI scores, and COMT gene
distribution (Table 2).

Of the 57 children with ADHD, 23 children were of the
inattentive type, 21 were combined type, and 13 were hyper-
active type. All children with ADHD took methylphenidate
27.9+13.2 mg/day.

Finding the best-matched network for our data
During the group ICA analysis of the 105 participants, five
brain circuits including the DMN, sensory-motor (SM), vi-
sual (VS), DAT, and cerebellar network were best-matched
(Figure 1). Of the five regions, we selected two networks
(DMN and DAT), which were already reportedly associated
with children with ADHD in previous studies (Figure 1).
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Table 2. Demographic characteristics

ADHD (57) Control (48) Statistics

Age 11.7+2.8 10.8+3.2 t=1.5, p=0.13
Sex (male/female) 44/13 30/18 1¥=2.70,p=0.13
Educations 5.6+2.7 48132 t=1.3, p=0.18
K-ARS 24.0+8.9 53144 t=13.3, p<0.01*
CDI 6.713.2 6.0+3.9 t=1.0, p=0.30
Medications n  Dose (mg/day)

Methylphenidate 57 27.9%13.2 -
CPT test (normal/abnormal)

Visual omission 39/18 39/9 ¥>=2.25, p=0.18

Auditory omission 46/11 41/7 1=0.41, p=0.61

Visual commission 40/17 42/6 1=4.57, p=0.03*

Auditory commission 41/16 40/8 =192, p=0.24
COMT gene

GG 24 25

GA 25 21 =239, p=0.12

AA 8 2

*statistical significant. ADHD: attention deficit hyperactivity disorder, K-ARS: Korean-ADHD rating scale, CDI: children’s depression inven-
tory, CPT: continuous performance test, COMT: catecholamine-0-methyltransferase, G: Methionine allele, A: Valine allele
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Figure 1. Brain networks in all subjects. In group ICA analysis of 105 subjects, five brain circuits including default mode network, sensory
motor, visual, dorsal attention network, and cerebellar network were best matched. ICA: independent component analysis.

Comparisons of FC between children with ADHD
and HCs

Compared to HCs, children with ADHD showed increased
FC within the DMN (left lateral parietal-right lateral parietal,
left lateral parietal-posterior cingulate gyrus, right lateral pa-
rietal-posterior cingulate gyrus, middle prefrontal gyrus-pos-
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terior cingulate gyrus, middle prefrontal gyrus-right lateral
parietal, middle prefrontal gyrus-left lateral parietal) and
DAT (left inferior parietal sulcus-right inferior parietal sulcus,
right frontal eye field-right inferior parietal sulcus, left frontal
eye field-right frontal eye field, left frontal eye field-left inferi-
or parietal sulcus, left frontal eye field-right inferior parietal



Figure 2. Comparison of functional connectivity between ADHD
children and healthy children. DMN: Default mode network, DAT:
Dorsal attention network, MPFC: middle prefrontal cortex, FEF:
frontal eye field, IPS: inferior parietal sulcus, LP: lateral parietal
lobe, PCC: posterior cingulate cortexDMN: Default mode net-
work, DAT: Dorsal attention network, MPFC: middle prefrontal
cortex, FEF: frontal eye field, IPS: inferior parietal sulcus, LP: lat-
eral parietal lobe, PCC: posterior cingulate cortex.

sulcus) (Figure 2, Table 3).

Correlations between FC within brain networks and
psychological test results

Visual commission errors in children with ADHD were as-
sociated with FC within the DMN (left lateral parietal-right
lateral parietal). There were no significant differences in visual
commission errors between children with ADHD with Val
carriers and children with ADHD with Met homozygote.

Comparison of FC between children with ADHD
with the Met homozygote and children with ADHD
who were Val carriers

Compared to children with ADHD with the Met homozy-
gote (n=24), children with ADHD who were Val carriers
(n=33) showed increased FC within the DMN (left lateral pari-
etal-posterior cingulate, left lateral parietal-right lateral parietal)
and DAT (right frontal eye filed-right inferior parietal sulcus).

Compared to children with ADHD with the Met homozy-
gote (n=24), children with ADHD who were Val carriers (n=33)
showed decreased FC between the DMN and DAT (posterior
cingulate-right frontal eye field, right lateral parietal-left inferior
parietal sulcus) (Figure 3, Table 3).

Comparison of FC between healthy children with Met
homozygote and healthy children with Val carriers
Compared to HCs with the Met homozygote (n=25), HC

JH Park et al.

Table 3. Functional connectivity in brain networks

Regions T value p-FDR
Children with ADHD>Healthy children
DMN.LP (L)-DMN.LP (R) -10.34 <0.001
DMN.LP (L)-DMN.PCC -9.27 <0.001
DMN.LP (R)-DMN.PCC -9.56 <0.001
DMN.MPFC-DMN.PCC -6.89 <0.001
DMN.MPFC-DMNL.LP (R) -4.50 <0.001
DMN.MPFC-DMN.LP (L) -4.36 <0.001
DAT.IPS (L)-DAT.IPS (R) -8.82 <0.001
DATFEF (R)-DAT.IPS (R) -6.28 <0.001
DATFEF (L)-DATFEF (R)  -7.88 <0.001
DATEFEF (L)-DAT.IPS (L) -6.02 <0.001
DAT.FEF (L)-DAT.IPS (R) -4.89 <0.001
ADHD children with Val carriers vs. ADHD children with
Met homozygote
DMN.PCC-DAT.FEEF (R) -3.72 0.03
DMN.LP (L)-DMN.PCC 331 0.03
DMN.LP (L)-DMN.LP (R) 327 0.04
DMN.LP (R)-DAT.IPS (L) -3.83 0.03
DATFEF (R)-DAT.IPS (R) 3.87 0.03
HC with Val carriers>HC children with Met homozygote
DMN.MPFC-DMN.PCC 2.74 Uncorrected p=0.03

DMN.MPFC-DMN.LP 2.35 Uncorrected p=0.03
ADHD children with Val carriers>HC children with Val carriers
DMN.MPFC-DMN.LP (L) 2.56

ADHD: attention deficit hyperactivity disorder, DMN: Default
mode network, DAT: Dorsal attention network, MPFC: middle
prefrontal cortex, FEF: frontal eye field, IPS: inferior parietal sul-
cus, LP: lateral parietal lobe, PCC: posterior cingulate cortex

Uncorrected p=0.03

children who were Val carriers (n=23) showed increased FC
within the DMN (middle prefrontal cortex-posterior cingu-
late, the middle prefrontal cortex-left lateral parietal) (Figure 3,
Table 3).

Comparison of FC between children with ADHD with
Val carriers and healthy children with Val carriers

Compared to HC children who were Val carriers (n=33),
children with ADHD who were Val carriers (n=23) showed
increased FC within the DMN (posterior cingulate-left later-
al parietal) (Figure 3, Table 3).

DISCUSSION
We analyzed the FC within the DMN and DAT networks

and between the DMN and DAT networks according to ge-
netic COMT subtype (Val carriers vs. Met homozygotes) in
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Figure 3. Genetic neuroimaging results in patients with ADHD and healthy comparison children. A: Comparison of functional connectivity be-
tween ADHD children with Val carriers and ADHD children with Met homozygote, B: Comparison of functional connectivity between healthy
comparison (HC) children with Val carriers and HC children with Met homozygote, C: Comparison of functional connectivity between ADHD
children with Val carriers and HC children with Val carriers. DMN: Default mode network, DAT: Dorsal attention network, MPFC: middle pre-
frontal cortex, FEF: frontal eye field, IPS: inferior parietal sulcus, LP: lateral parietal lobe, PCC: posterior cingulate cortex.

children with ADHD and HCs. In this way, the relationship
between brain attentional control (the DMN and DAT) and
one of the core candidate genes associated with ADHD
(COMT Val158-Met polymorphism) could be examined.

Comparisons of FC between children with ADHD
and HCs

We found hyperconnectivity within the DMN as well as
within the DAT in children with ADHD compared to HCs in
the resting-state. These findings were similar to the results of
other ADHD studies.”* Sidlauskaite et al.*® reported that the
connectivity within DMN regions—representing the task-in-
dependent brain activity state like resting status—was more
imbalanced in individuals with ADHD compared to HCs.
Moreover, high FC within the DMN in the resting-state is
considered ineffective for rapid switching of the brain to the
concentration state when a sudden stimulus or goal-related
task is given.” It becomes difficult to exert effective quality at-
tention, resulting in the clinical symptoms that characterize
ADHD.IQ'BAS

We also found hyperconnectivity within DAT in children
with ADHD, which was consistent with another recent
study:*® Usually, the DAT and VAT systems are differentiated
by their specific functions in attentional control.”” Also, the
interplay between these systems during attentional processing
is important for sustained elaborate attention.” However, the
increased connectivity within the DAT may lead to dysfunc-
tion of the integrated attention.” This means that there might
be a problem with efficient information exchange and com-
plementary function between the DAT and VAT, potentially
leading to incomplete cognitive and attentional functions
when a task is given.
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However, other studies of ADHD produced controversial re-
sults. Differences in fMRI analytic method techniques among
previous studies could explain the inconsistent DMN connec-
tivity findings. In the same participants, the one seed-based an-
alytic study and the other network homogeneity analytic study
appeared to show decreased connectivity within DMN re-
gions.”** Readers should consider controversial results with
various analytic methods when interpreting the findings.

Correlations between FC within brain networks and
psychological test results

Interestingly, CPT test visual commission errors in the cur-
rent study were significantly higher in the ADHD group than
in the HCs, and visual commission errors showed a signifi-
cant positive correlation with DMN connectivity. Among the
CPT test variables, commission errors, which are false re-
sponses, represent impulsivity and are well established neuro-
cognitive endophenotypes of ADHD.” Several studies have
suggested that the difficulties in impulse control were associ-
ated with increased FC within the DMN.***

Comparison of FC between children with ADHD
with the Met homozygote and children with ADHD
who were Val carriers

The availability of DA and NE in the prefrontal cortex is
mainly affected by COMT enzymes.*® Recent research showed
that altered dopaminergic and noradrenergic tone, affected by
COMT genotypes including the Val158-Met polymorphism,
resulted in neuroadaptive changes in several task-positive and
negative network basal FC. This could, in turn, contribute to its
effects on behavior.””* Endogenous DA and NE have a large
role in working memory performance, and both systems are



inseparable for normal executive function.”’

In the current study, increased FC within the DMN and
DAT might provide preliminary evidence of lowered DA and
NE levels in these networks in the Val polymorphism com-
pared to the Met. This finding appears to demonstrate a more
severe attentional crisis in children with ADHD and the Val
polymorphism, consistent with our findings comparing FC in
children with ADHD to HCs. This is also supported by the
fact that FC within the DMN was higher in the Val group
than in the Met HC group. Interestingly, even with the same
Val type, the ADHD Val group had a higher FC within the
DMN than the HC Val group.

DA and NE levels may be decreased in those with the Val
allele compared to those with the Met allele.”®*° Also, the
availability of DA and NE in the prefrontal cortex is mainly
affected by COMT enzymes.* Recent research shows the al-
tered DA and NE tone, affected by COMT genotypes, includ-
ing the Val158-Met polymorphism, resulting in neuroadap-
tive changes in several task-positive and negative network
basal FC. This could contribute to its effects on behavior.”
Endogenous DA and NE have a large role in working memo-
ry performance, and both systems are inseparable for normal
executive function.”?

The decreased FC finding “between” the DMN and DAT in
children with the Val polymorphism—compared to the Met—
was consistent with another research report on ADHD.* This
finding was also mentioned as a distinct intrinsic network
connective feature of the ADHD group compared to the HCs,
suggesting a diminished antagonistic connection between the
DMN and attention networks. This may result in excess task-
related DMN connectivity.*"*%

Taking these findings together, ADHD symptoms may be
associated with the polygenic etiologies of genetic and brain
development. Also, these substantial findings in ADHD were
more characteristic to the Val polymorphism than to the Met.
Val carriers may exhibit more evident ADHD traits, suggest-
ing that it is one of the candidate genes involved in the etiolo-
gy of ADHD.

Limitations

Our research findings elucidate brain FC in children with
ADHD and the relationship to DA-related gene effects. How-
ever, our study has some limitations. Due to the small num-
ber of participants, it would be insufficient to say that our
findings were due to genetic differences, so future studies
should analyze additional participants to boost study reliabil-
ity. We are hopetful that future research efforts will continue
to clarify default and attention-related network connectivity,
considering ADHD subtypes as well as the effects of medica-
tion (methylphenidate). Second, the heterogeneity of the
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ADHD group in this study should be considered.

ADHD is a complex disorder, and its subtypes can be fur-
ther sub-divided into three categories: inattentive, hyperac-
tive, and combined.” We did not distinguish among the
ADHD group subtypes, so future studies should clarify and
account for these differences. Thirdly, we did not perform
other neuropsychiatric tests that could assess executive func-
tion and attention, opting instead to only administer the CPT.
Therefore, we were limited in our ability to evaluate various
symptoms of ADHD and link these symptoms to neurophysi-
ologic and genetic factors. Lastly, although the participants
with ADHD had a sufficient medication washout period be-
fore their study enrollment and fMRI scan, we did not con-
sider individual histories and durations of stimulant and other
psychoactive medication use, such as antidepressants. Such
medications may exert different effects on functional brain
organization and should be considered by future studies.

In conclusions, we found increased brain connectivity with-
in the DMN and DAT in children with ADHD. The COMT
Val158-Met polymorphism was related to altered brain con-
nectivity between the DMN and DAT due to its effect on DA
and NE. These findings suggest that, in individuals with
ADHD, there is disrupted connectivity between brain net-
works, particularly attention-related shifting networks, includ-
ing the DMN. Moreover, these are a neurophysiological phe-
nomenon of ADHD and dopaminergic and noradrenergic
actions may affect the FC of these networks. These factors
might be related to the pathophysiology of ADHD.
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