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Effects of Methylphenidate on Somatic Symptoms and Brain
Functional Connectivity in Adolescents with Attention Deficit
Hyperactivity Disorder: A Pilot Study

Sun Mi Kim, Kyung Joon Min, Doug Hyun Han

Department of Psychiatry, Chung-Ang University College of Medicine, Seoul, Korea

Objective: This study aimed to evaluate whether somatic symptoms in adolescents with attention deficit hyperactivity
disorder (ADHD) are associated with a dissociative pattern of functional connectivity (FC) within the default mode net-
work (DMN) and whether methylphenidate administration can improve clinical and somatic symptoms. We also eval-
uated whether the improvement of somatic symptoms is associated with increased FC within the DMN in response
to methylphenidate treatment.

Methods: Fifteen male adolescents with somatic symptoms of ADHD and 15 male adolescents with ADHD without
somatic symptoms were included. At baseline and after 6 months of methylphenidate treatment, all adolescents were
asked to complete questionnaires for the Korean version of the Dupaul’s ADHD rating scale, the symptom checklist-90-
revised-somatization subscales, the Beck Depression Inventory, and the Beck Anxiety Inventory. Additionally, a rest-
ing-state functional magnetic resonance imaging scan was conducted.

Results: Methylphenidate treatment improved clinical and somatic symptoms in adolescents with ADHD. In addition,
it increased brain FC within the DMN from the posterior cingulate cortex (posterior DMN) to the middle prefrontal
cortex (anterior DMN). The improvement of somatic symptoms was associated with FC within the DMN from the posteri-
or cingulate cortex to the middle prefrontal cortex in ADHD adolescents with somatic symptoms.

Conclusion: Methylphenidate increased brain FC between the anterior and posterior DMN. The improvement of somatic
symptoms in adolescents with ADHD was associated with FC within the DMN. The DMN in adolescents with ADHD
seems to be associated with the severity of the clinical and somatic symptoms of ADHD.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a de-
velopmental disorder characterized by symptoms of in-
attention, distraction, hyperactivity, and impulsivity [1].
In addition, ADHD is mostly associated with poor health
outcomes including hypertension, diabetes mellitus, obe-
sity, smoking, substance abuse, injury due to accidents,
insomnia, suicidality [2], and increased medical costs [3].
Although somatic symptoms are not included in the core
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symptoms of ADHD, subjective health (psychological
and somatic) complaints and somatic symptoms are more
frequently reported in children with ADHD [4-7]. In the
data from a public health survey of children and adoles-
cents in Scania, Sweden, it was documented that students
with ADHD presented with subjective health complaints
more frequently healthy students did [5]. In a multi-cen-
ter, cross-sectional study of 6 to 18-year-old adolescents
with ADHD, headache and associated comorbidities
were three times more frequent in children with ADHD
than in healthy children [6]. Furthermore, somatic com-
plaints have been associated with emotional disorders in
girls and disruptive behavior disorders in boys [4]. In a re-
view of the public health care system for African American
males, somatic symptoms including muscle pain, head-
aches, and stomach aches were associated with ADHD as
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well as oppositional defiant disorder [7]. Somatic symp-
toms in adults with ADHD result in poor compliance with
pharmacotherapy [8]. Comorbid diseases including sub-
stance abuse are also impacted [9]. During abstinence,
smokers with ADHD experience more severe withdrawal
symptoms, including somatic symptoms, compared to
that of smokers without ADHD [9].

Altered brain activity within the default mode network
(DMN) has been reported in patients with ADHD. The
DMN consists of several brain regions, including the ven-
tromedial, anteromedial, and dorsal prefrontal cortex,
posterior parietal cortex, middle temporal gyrus, precuneus,
and posterior cingulate cortex (PCC) [10]. It is associated
with internal thoughts and is more active when there is no
task-related processing [10]. During rest, the DMN main-
tains strong brain activity; however, its activity is attenu-
ated in response to external stimulation (tasks) [10]. The
failure of attenuation within the DMN may predict errors
or less accurate task output performance [11]. Several
studies have suggested task-irrelevant processes and fail-
ure of DMN attenuation in patients with ADHD [12-14].
In studies on resting-state functional magnetic resonance
imaging (fMRI), the brain connectivity between the ante-
rior and posterior DMN was found to be diminished in pa-
tients with ADHD [15-17].

Abnormalities in the DMN have also been reported in
patients with somatic symptoms. In a previous fMRI study
using the fractional amplitude of low frequency fluctua-
tions approach, patients with somatic symptom disorder
showed abnormal functional connectivity (FC) in the bi-
lateral superior medial prefrontal cortices and left pre-
cuneus, which are the major regions of the DMN [18].
Furthermore, the FC value of the bilateral superior medial
prefrontal cortices was positively associated with the se-
verity of somatization disorder [18]. In another study, ab-
normal network homogeneity in the left superior frontal
gyrus and bilateral precuneus, which are major regions
within the DMN, was observed in patients with somatiza-
tion disorders [19]. Moreover, patients with chronic so-
matic pain were found to have increased FC from the
DMN to the anterior cingulate cortex, left inferior parietal
lobule, and insular cortex in another fMRI study [20].
These serial studies on patients with somatization dis-
order and chronic pain have shown a dissociation pattern
of brain connectivity between the anterior and posterior
sections of the DMN [18,21].

As a first-line medication for ADHD, methylphenidate
is thought to improve the clinical symptoms of ADHD by
inhibiting the reuptake of dopamine and norepinephrine
[22,23]. In addition, methylphenidate improves somatic
complaints in children with ADHD [24]. Several studies
have suggested that methylphenidate increases brain FC
within the DMN in patients with ADHD [15,17]. Twelve
weeks of methylphenidate treatment was shown to in-
crease brain activity in the left fronto-parietal area and left
insular cortex within the DMN in children with ADHD
[17]. In adults with ADHD, methylphenidate increased
FC within the DMN [15].

Based on previous studies, we hypothesized that so-
matic symptoms in adolescents with ADHD would be as-
sociated with a dissociative pattern of FC within the
DMN. We also theorized that methylphenidate would im-
prove not only attentional and behavioral symptoms but
also somatic symptoms in adolescents with ADHD. Finally,
we assumed that the improvement of somatic symptoms
may be associated with increased FC within the DMN in
response to methylphenidate treatment.

METHODS

Participants

The current study was conducted at the Chung-Ang
University Hospital, Seoul, Korea, from May 2019 to
December 2019. Thirty-nine male adolescents with ADHD
who visited the Department of Psychiatry at this Hospital
were screened for participation in the current study. Our
definition of experiencing somatic symptoms was pa-
tients” reporting a score greater than 20 for the symptom
checklist-90-revised-somatization subscale (SCL-90R-SOM)
[25]. Accordingly, the inclusion criteria for the ADHD+
SOM group were as follows: 1) diagnosis of ADHD based
on the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders 5th edition (DSM-5)
Disorders-Clinician Version (SCID-5-CV) [26]; 2) psychi-
atric drug naive; and 3) presence of somatic symptoms
based on an SCL-90R-SOM score of over 20 [25,27]. The
inclusion criteria for the ADHD-SOM group were as fol-
lows: 1) diagnosis of ADHD based on the SCID-5-CV
[26]; 2) psychiatric drug naive; and 3) absence of somatic
symptoms in the last 20 days (SCL-90R-SOM score less
than 20). The exclusion criteria for both the ADHD+SOM
and ADHD-SOM groups were as follows: 1) past or cur-
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rent diagnosis of any psychiatric disorder other than
ADHD based on the SCID-5-CV or severe medical ill-
nesses such as hepatic disease, renal impairment, malig-
nancy, hematologic disease, or cardiovascular disease; 2)
history of taking psychiatric medication; 3) past or current
substance use disorder; 4) history of head trauma and/or
epilepsy; and 5) suffering from claustrophobia. Among
the 39 adolescents, 19 satisfied our definition of experi-
encing somatic symptoms (ADHD+SOM group), and the
remaining 20 adolescents with ADHD did not satisfy the
criteria of having somatic symptoms (ADHD-SOM
group).

Among the 19 adolescents in the ADHD+SOM group,
one adolescent was excluded because he was claus-
trophobic, which prevented him from undergoing fMRI.
Two participants from the ADHD+SOM group did not
complete the medication schedule without a reason.
Among the 20 participants in the ADHD-SOM group, two
did not complete the medication schedule without a rea-
son, one was excluded due to severe depressive mood,
and two were excluded due to medication related adverse
effects, such as headache and sleep disturbances. Finally,
15 participants from the ADHD+SOM group and 15 from
the ADHD-SOM group completed the study protocol.

Study Procedure

At baseline, all participants from the ADHD+SOM group
and ADHD-SOM group were asked to complete clinical
questionnaires including the Korean version of Dupaul’s
ADHD rating scale (K-ARS) [28,29], SCL-90R-SOM [25],
Beck Depression Inventory (BDI) [30], and Beck Anxiety
Inventory (BAI) [31]; participants also underwent fMRI.
After completing the clinical questionnaires, all partic-
ipants from the ADHD+SOM and ADHD-SOM groups re-
ceived methylphenidate for the treatment of clinical
symptoms of ADHD. Beginning with an initial sustained-
release methylphenidate dose (Concerta®™ 18 mg; Janssen-
Cilag Limited, High Wycombe, United Kingdom or
Metadate CD® 20 mg; UCB Manufacturing Inc., Smyrna,
GA, USA), which was a methylphenidate equivalent 10
mg dose, the maintenance dose for each participant was
adjusted at the physician’s discretion (D.H.H. and S.M.K.)
within the Ministry of Food and Drug’s safety-approved
dosage range. The final maintained methylphenidate dose
was 31.3 = 11.5 mg/day for the ADHD+SOM group and
31.4 + 10.3 mg/day for the ADHD-SOM group. After a

treatment period of 6 months, all participants were asked
to complete the clinical rating questionnaires again, and
they also underwent fMRI.

Symptom Measurements

In this study, we used the SCL-90R-SOM to assess the
severity of somatic symptoms [25]. The SCL-90R-SOM
consists of 12 items with a 5-point Likert scale (1: ‘not at
all’ to 5: ‘extremely’) reflecting distress due to autonomic
system dysfunction and muscle pain [25]. In a previous
study, SCL-90R-SOM attained a reliability coefficient of
0.82 [27]. The K-ARS was used to evaluate the severity of
ADHD symptoms. It consists of nine items for measuring
inattentive symptoms and nine items for measuring hyper-
activity symptoms with a 4-point Likert scale (0: ‘never or
rarely’ to 3: ‘very often’) [28,29]. The internal consistency
of the K-ARS was reported to be in the range of 0.77 —
0.89 [29]. The BDI [30] and BAI [31] were administered
to evaluate the levels of depressive symptoms and anxi-
ety, respectively. Both the BDI and BAl are 21-item ques-
tionnaires with each item scored from 0 to 3. The internal
consistency coefficient of the Korean version of the BDI is
0.92, and that of the BAI is 0.93 [30,32,33].

Brain Image Acquisition, Processing, and Analysis

Resting-state fMRI data of all participants were ac-
quired using a 3.0 T Philips Achieva scanner (Philips
Healthcare, Best, Netherlands). All participants were told
to lie awake with their eyes closed. Each participant’s
head was cushioned and taped to minimize head move-
ment. fMRI images were obtained in the axial direction
with an echo-planar imaging sequence using the follow-
ing parameters: 3,000/40 ms TR/TE, 40 slices, 64 x 64 ma-
trix, 90° flip angle, 230-mm field of view, and 3-mm sec-
tion thickness without a gap. The fMRI scan was con-
tinued for 12 min, and 230 volumes were acquired for
each participant [34].

Data preprocessing and processing were conducted us-
ing the Data Processing Assistant for Resting-State fMRI
(DPARSF; http://www.restfmri.net), which is a plug-in
software compatible with statistical parametric mapping
(SPM12; http://www fil.ion.ucl.ac.uk/spnysoftware/spm12/)
and the Resting-State fMRI Data Analysis Toolkit (REST;
http://resting-fmri.sourceforge.net). Images were corrected
for slice acquisition time differences, realigned, normal-
ized, spatially smoothed with a 6-mm full width at half-
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maximum kernel, de-trended, and then band pass filtered
to preserve frequencies of 0.01 —0.08 Hz [35-37]. An in-
dependent component-based noise correction method
was applied to regress physiological and additional sour-
ces of noise, including cerebrospinal fluid signals, white
matter, and head motion-related covariates (translation in
the x, y, or z direction greater than 3 mm or rotation great-
er than 2° around one of the axes).

To assess the FC among the groups at baseline and fol-
low-up, seed-based FC analysis was performed using REST
software before and after the treatments were administered.
In preprocessing, Fisher-transformed correlation coefficients
were calculated for each pair of regions of interest (ROls)
for individual participants. The FC between ROIs was
measured using the CONN-fMRI functional connectivity
toolbox (version 15; https://www.nitrc.org/projects/conn).
Gaussian smoothing was performed with a 6-mm full
width at half maximum to reduce the effects of spatial
noise and registration errors after spatial normalization.
The ROIs were derived based on the cluster of the t-map
with a given threshold (false discovery rate [FDRp] <
0.05, k£ > 20). Using the ROIs from the previous step, FC
analysis was performed to evaluate the seed-based
correlations. Pearson’s correlation coefficients were cal-
culated based on the averaged blood oxygenation lev-
el-dependent time course from the seed and every voxel.
Fisher’s z-transformation was performed to convert the
correlation coefficients to normally distributed z-scores.
For seed-based analysis, the PCC was selected as the seed
region. The PCC is thought to be a representative region of
the DMN and has been frequently used for “seed” analysis
in many seed-based analyses [10].

Statistics

Demographic data were analyzed using a Mann—
Whitney U test. Changes in the clinical scores of K-ARS,
SCL-90R-SOM, BAI, and BDI in each group were assessed
using a Wilcoxon signed-rank test. In addition, the changes
in the clinical scores of the K-ARS, SCL-90R-SOM, BAI,
and BDI between the two groups were assessed using a re-
peated-measures analysis of variance (ANOVA). Brain
fMRI analysis was performed as follows: first, the FC from
the PCC to other brain regions in each group was assessed
using a paired ¢ test with SPM. In addition, the FC from
the PCC to other brain regions was compared between the
ADHD+SOM and ADHD-SOM groups using an analysis

of covariance (ANCOVA) test, controlling for age, educa-
tion, and sex. Second, changes in the FC from the PCC to
other brain regions during the treatment period were as-
sessed using a paired ¢ test with SPM12. Moreover, the
changes in the FC from the PCC to other brain regions dur-
ing the treatment period were compared between the
ADHD+SOM and ADHD-SOM groups using an ANCOVA
test, controlling for age, education, and sex. Third, the
changes in the FC from the PCC to other brain regions af-
ter the treatment period were compared between the
ADHD+SOM and ADHD-SOM groups using a mixed-
model ANOVA with SPM12. The final result map was
thresholded using p < 0.05 FDR correction for multiple
comparisons with a range of more than 20 consecutive
voxels, and cluster analysis was performed (derived from
an uncorrected p < 0.001 and 20 extended voxels). The
significance threshold of the analysis set at FDRp < 0.05
was considered for correction of multiple comparisons.
Finally, the correlation between changes in the clinical
scale scores of ADHD, somatic symptoms, and FC from
the PCC to the right superior frontal gyrus was assessed us-
ing Spearman correlation.

Ethics Statement

The Institutional Review Board of Chung-Ang University
Hospital approved the protocol of the current study (approval
number: 1911-003-356). Informed consent was obtained
from all participants, in addition to consent from their pa-
rents and/or legal guardians. All clinical investigations
were conducted in accordance with the 2013 Declaration
of Helsinki and guidelines for good clinical practice [38].
The current study was registered at the Clinical Research
Information Service (CRIS, http://cris.nih.go.kr; number
KCT0003866).

RESULTS

Characteristics of Demographic Data and Symptom
Scales

Patients were divided into two groups: those with
ADHD with somatic symptoms (ADHD+SOM) and those
with ADHD without somatic symptoms (ADHD-SOM).
There were no significant differences in age, years of edu-
cation at baseline, or methylphenidate maintenance dos-
age during the treatment period between the ADHD+
SOM group and ADHD-SOM group. However, the scores
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on the K-ARS, SCL-90R-SOM, BDI, and BAI for the
ADHD+SOM group were significantly higher than those
for the ADHD-SOM group (Table 1). In the ADHD+SOM
group, SCL-90R-SOM scores were positively correlated
with the K-ARS scores (r=0.61, p=0.02) and BDI scores
(r=0.67, p=0.02).

Patients in both groups were treated with methylpheni-
date for 6 months. During the treatment period, the scores
of the K-ARS (z=3.10, p < 0.01; z=3.61, p < 0.01) and
the BDI (z=2.63, p=0.03; z=2.13, p=0.03) were im-
proved in both the ADHD+SOM group and the ADHD-
SOM group. However, there were no significant differ-
ences in the changes in the K-ARS (F=0.79, p=0.38) and
the BDI (F=2.15, p=0.15) scores between the ADHD+
SOM group and the ADHD-SOM group. There was no
significant change in the BAl scores in either the ADHD+
SOM group or the ADHD-SOM group during the treat-
ment period. In the ADHD+SOM group, the SCL-90R-SOM
scores were significantly improved (z=3.32, p < 0.01).
There was no change in the SCL-90R-SOM score in the
ADHD-SOM group (z=1.06, p = 0.29). There were sig-
nificant differences in the changes in SCL-90R-SOM
scores between the ADHD+SOM and ADHD-SOM
groups (F=14.6, p < 0.01).

Comparison of Functional Connectivity from the

Posterior Cingulate Cortex Seed to Other Brain

Regions between the Study Groups at Baseline
Resting-state fMRI was used to investigate differences in

Table 1. Characteristics of demographic data and symptom measurements

FC between the two groups. At baseline, the ADHD+
SOM group showed FC from the PCC seed to both inferior
parietal lobules (posterior parietal cortex) (x, y, z2 —51, —57,
24/x,y, z: 51, —57, 24, ke = 204, T = 22.77, FDRp <
0.01) and both superior frontal gyri (medial prefrontal cor-
tex) (x,y, zz —7,48,12/x,y,2:7,48,12, ke =551, T =
16.62, FDRp < 0.01). The ADHD-SOM group showed
FC from the PCC seed to the right inferior parietal lobule
(posterior parietal cortex) (x, y, z: 54, —60, 39, ke =322,
T=14.12, FDRp < 0.01) and both superior frontal gyri
(medial prefrontal cortex) (x, y, z: —6, 57, 15/x,y,z: 6,57,
15, ke =517, T=15.51, FDRp < 0.01) (Fig. 1A).

Compared to the ADHD-SOM group, the ADHD+SOM
group showed decreased FC from the PCC seed to the left
middle frontal gyrus (lateral prefrontal cortex) (x, y, z: —36,
15,51, ke =47, T=4.52, FDRp=0.02), and increased FC
from the PCC seed to the left inferior parietal lobule
(posterior parietal cortex) (x, y, zz —36, —72, 42, ke =90,
T =3.53, FDRp = 0.03) at baseline (Fig. 1B).

Changes in Functional Connectivity from the
Posterior Cingulate Cortex Seed to Other Brain
Regions in the Study Groups during the Treatment
Period

During the treatment period, the ADHD+SOM group
showed increased FC from the PCC seed to the right supe-
rior frontal gyrus (x, y, z: 3, 54, —3, ke = 60, T = 4.32,
FDRp = 0.04) (Fig. 2A). The ADHD-SOM group showed
decreased FC from the PCC seed to the right superior tem-

Variable ADHD+SOM ADHD-SOM Statistics
Age (yr) 14.6 = 1.1 14.8 £ 1.1 z=-0.88, p=0.38
Years of education 74 +1.1 7.8x1.1 z=-0.90, p=0.36
Methylphenidate (mg/day) 31.3+11.5 31.4+10.3 z=—0.23, p=0.81
Clinical scales
K-ARS Baseline 27.7 5.3 22.4+49 z=2.38, p<0.05
Follow-up 171+7.0 13.6 £4.9 z=1.27,p=0.20
SCL-90R-SOM Baseline 35.5+34 6.0+2.0 z=4.67, p<0.01
Follow-up 27.8+7.3 6.4+238 z=4.65,p<0.01
BDI Baseline 13427 6.7 2.3 z=4.26,p < 0.01
Follow-up 10.5+3.7 53+1.8 z=3.59, p<0.01
BAI Baseline 12.0+3.6 7.4+3.3 z=3.10, p < 0.01
Follow-up 9.5+4.2 73%3.2 z=1.50,p=0.13

Values are presented as mean = standard deviation.

ADHD+SOM, adolescents with attention deficit hyperactivity disorder (ADHD) with somatic symptoms; ADHD-SOM, adolescents with ADHD
without somatic symptoms; K-ARS, Korean version of Dupaul’s ADHD rating scale; SCL-90R-SOM, symptom checklist-90-revised-somatization

subscale; BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory.
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Fig. 1. Comparison of the functional connectivity from the posterior cingulate cortex seed to other brain regions between study groups at baseline.
(A) ADHD+SOM group showed FC from the posterior cingulate cortex PCC seed to both inferior parietal lobules (x, y, zz —51, —57, 24/x,y, z: 51,
—57,24, ke =204, T=22.77, FDRp < 0.01) and both superior frontal gyri (x, y, z: —7,48,12/x,y,2:7,48, 12, ke =551, T=16.62, FDRp < 0.01);
the ADHD-SOM group showed FC from the PCC seed to the right inferior parietal lobule (x, y, z: 54, —60, 39, ke =322, T=14.12, FDRp < 0.01)
and both superior frontal gyri (x, y, z2 —6, 57, 15/x,y, z: 6, 57, 15, ke =517, T=15.51, FDRp < 0.01). (B) Compared to the ADHD-SOM group,
the ADHD+SOM group showed decreased FC from the PCC seed to the left middle frontal gyrus (x, y, z: —36, 15, 51, ke =47, T =4.52, FDRp =
0.02) and increased FC from the PCC seed to the left inferior parietal lobule (x, y, zz —36, —72, 42, ke =90, T = 3.53, FDRp = 0.03).
ADHD+SOM, adolescents with attention deficit hyperactivity disorder (ADHD) with somatic symptoms; ADHD-SOM, adolescents with ADHD
without somatic symptoms; FC, functional connectivity; PCC, posterior cingulate cortex.

poral gyrus (x, y, z: 54,18, —12, ke=122, T=3.99, FDRp=
0.03) (Fig. 2B).

Compared to the ADHD-SOM group, the ADHD+SOM
group showed greater changes in the FC from the PCC
seed to the right superior frontal gyrus (x, y, z: 27, 18, 42,
ke = 60, F=3.13, FDRp = 0.04) (Fig. 20).

Correlations between Clinical Scale Scores and Brain
Functional Connectivity

At baseline, the K-ARS scores in the ADHD+SOM
group (r= —0.58, p=0.03) and the K-ARS scores in the
ADHD-SOM group (r= —0.61, p=0.02) were negatively
correlated with the FC from the PCC seed to the right mid-
dle frontal gyrus. At baseline, the SCL-90R-SOM scores in
the ADHD+SOM group were negatively correlated with
the FC from the PCC seed to the right middle frontal gyrus
(r=—0.56, p=0.03). However, the SCL-90R-SOM scores
in the ADHD-SOM group were not correlated with the FC
from the PCC seed to the right middle frontal gyrus (r= —
0.11, p=0.69; Fig. 3).

During the treatment period, the changes in the K-ARS
scores in the ADHD+SOM group (r= —0.67, p < 0.01)
and ADHD-SOM group (r= —0.60, p = 0.02) were neg-

atively correlated with the FC from the PCC seed to the
right superior frontal gyrus. During the treatment period,
in the ADHD+SOM group, the change in the scores of the
SCL-90R-SOM was negatively correlated with the FC
from the PCC seed to the right superior frontal gyrus (r= —
0.61, p=0.02). In the ADHD-SOM group, the change in
the scores of the SCL-90R-SOM was not correlated with
the FC from the PCC seed to the right superior frontal gy-
rus (r= —0.09, p= 0.74) (Fig. 4).

DISCUSSION

The current results demonstrate that methylphenidate
treatment may improve clinical as well as somatic symp-
toms in adolescents with ADHD and somatic symptoms.
In addition, methylphenidate may increase brain FC with-
in the DMN from the PCC to the medial and lateral pre-
frontal cortex. The improvement of somatic symptoms
may be associated with the FC within the DMN from the
PCC to the medial and lateral prefrontal cortex in adoles-
cents with somatic symptoms of ADHD.

In response to methylphenidate treatment, ADHD
symptoms measured by the K-ARS and depressive symp-
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A Changes in the FC from PCC seed to other brain areas in ADHD+SOM

C Comparison of changes in the FC from PCC seed to other brain areas

between ADHD+SOM and ADHD-SOM

Fig. 2. Changes in functional connectivity from the posterior cingulate cortex seed to other brain regions in study groups during the treatment
period. (A) During the treatment period, the ADHD+SOM group showed increased FC from the PCC seed to the right superior frontal gyrus (x, y, z:
3,54, —3,ke=60, T=4.32, FDRp=0.04). (B) During the treatment period, the ADHD-SOM group showed decreased FC from the PCC seed to the
right superior temporal gyrus (x, y, z: 54, 18, —12, ke =122, T = 3.99, FDRp = 0.03). (C) Compared to the ADHD-SOM group, the ADHD+SOM
group showed greater changes in FC from the PCC seed to the right superior frontal gyrus (x, y, z: 27, 18, 42, ke = 60, F=3.13, FDRp = 0.04).
ADHD+SOM, adolescents with attention deficit hyperactivity disorder (ADHD) with somatic symptoms; ADHD-SOM, adolescents with ADHD
without somatic symptoms; FC, functional connectivity; PCC, posterior cingulate cortex.

toms measured by the BDI in both the ADHD+SOM
group and the ADHD-SOM group were improved.
Somatic symptoms measured by the SCL-90R-SOM im-
proved in the ADHD+SOM group. Previous studies on
methylphenidate have suggested that it improves ADHD
symptoms and mood symptoms in patients with ADHD
[39]. Moreover, methylphenidate is administered to pa-
tients with major depressive disorder [40]. However, the
effects of methylphenidate on anxiety reduction in pa-
tients with ADHD are controversial. Several studies have
suggested that methylphenidate may improve anxiety in
children with ADHD [41]. Kritchman et al. [42] suggested
that methylphenidate delayed anxiety-provoking effects
in children with ADHD.

At baseline, the level of ADHD symptoms was pos-

itively correlated with somatic symptoms in the ADHD+
SOM group. In addition, somatic symptoms improved in
the ADHD+SOM group. Children with ADHD display
sensory over-responsibility and impairments in the proc-
essing of stimuli, including somatic sensory stimuli
[43,44]. In addition, the attentional mechanisms of pain
processing including pain hypervigilance and pain cata-
strophizing may be associated with somatization [45]. In
a study using single-photon emission computerized to-
mography, drug-naive children with ADHD showed re-
duced regional cerebral blood flow in the right orbito-
frontal cortex and middle temporal gyrus, while it was in-
creased in the bilateral somatosensory area and dorsome-
dial prefrontal cortex [46]. After 4—5 weeks of treatment
with methylphenidate, the improvement in ADHD symp-
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Fig. 3. Correlations between clinical scale scores and brain functional connectivity. (A) At baseline, the correlation between the K-ARS scores and
FC from the PCC seed to the right middle frontal gyrus in the ADHD+SOM group (r= —0.58, p= 0.03). (B) At baseline, the correlation between the
K-ARS scores and FC from the PCC seed to the right middle frontal gyrus in the ADHD-SOM group (r = —0.61, p = 0.02). (C) At baseline, the
correlation between the SCL-90R-SOM scores with FC from the PCC seed to the right middle frontal gyrus in the ADHD+SOM group (r= —0.56, p=
0.03). (D) At baseline, the correlation between the SCL-90R-SOM scores with FC from the PCC seed to the right middle frontal gyrus in the
ADHD+SOM group (r= —0.11, p= 0.69).

ADHD+SOM, adolescents with attention deficit hyperactivity disorder (ADHD) with somatic symptoms; ADHD-SOM, adolescents with ADHD
without somatic symptoms; B K-ARS, baseline Korean version of Dupaul’s ADHD rating scale; B SCL-90R-SOM, baseline symptom checklist-90-
revised-somatization subscale; FC Rt. MFC, functional connectivity (FC) from the posterior cingulate cortex (PCC) seed to the right middle frontal

gyrus.

toms was related to the normalization of the abnormally
increased activity in the somatosensory area and abnor-
mally reduced activity in the orbitofrontal cortex [46]. In
agreement with these results, in an animal study with rats,
methylphenidate enhanced noradrenergic transmission
and suppressed the long-latency excitation evoked by
sensory stimulation [47]. These effects seem to result from
methylphenidate-induced enhancement of noradrenergic
modulatory action on sensory systems [47]. Taken togeth-
er, methylphenidate treatment may improve over-respon-
sibility to irrelevant sensory stimuli and attentional proc-
essing of sensory information in patients with somatic

symptoms of ADHD.

At baseline, both the ADHD+SOM group and the
ADHD-SOM group showed similar brain FC from the
PCC seed to the DMN (posterior parietal cortex and me-
dial prefrontal cortex) in the current study. In addition, the
K-ARS scores in both the ADHD+SOM and ADHD-SOM
groups were negatively correlated with the FC between
the anterior and posterior DMN (between the right middle
frontal gyrus and the PCC). These results coincide with
those of previous studies on resting-state fMRI that have
reported decreased FC between the anterior and posterior
DMN [15-17] as well as hyper-connectivity between the
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Fig. 4. Correlations between changes in clinical scale scores and brain functional connectivity. (A) During the treatment period, there was a
correlation between the change in the K-ARS scores and FC from the PCC seed to the right superior frontal gyrus in the ADHD+SOM group (r =
—0.67, p < 0.01). (B) During the treatment period, there was a correlation between the change in the K-ARS and FC from the PCC seed to the right
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ADHD+SOM, adolescents with attention deficit hyperactivity disorder (ADHD) with somatic symptoms; ADHD-SOM, adolescents with ADHD
without somatic symptoms; K-ARS, Korean version of Dupaul’s ADHD rating scale; SCL-90R-SOM, symptom checklist-90-revised-somatization
subscales; FC Rt. SFG, functional connectivity (FC) from the posterior cingulate cortex (PCC) seed to the right superior frontal gyrus.

DMN and attention network [12-14] in patients with
ADHD. Additionally, patients with ADHD have been re-
ported to make frequent errors through task-irrelevant
processes and exhibit failure of DMN attenuation [10,11].

In addition to the decreased FC between the anterior
and posterior DMN in the ADHD+SOM group, the
SCL-90R-SOM scores in this group were also negatively
correlated with the FC between the anterior and posterior
DMN (between the right middle frontal gyrus and the
PCCO). This finding is consistent with previous results sug-
gesting that patients with somatic symptoms demonstrate
a dissociative pattern of FC between the anterior and pos-

terior sections of the DMN [18,21].

In response to methylphenidate treatment, the FC be-
tween the anterior and posterior DMN (between the right
middle prefrontal cortex and the PCC) was increased in
the ADHD+SOM group, while the FC between the DMN
and the ventral attention network (between the PCC and
the right superior temporal gyrus) was decreased in the
ADHD-SOM group. Compared to the ADHD-SOM
group, the ADHD+SOM group showed a greater increase
in the FC between the anterior and posterior DMN
(between the right middle prefrontal cortex and the PCC).
Moreover, the improvement of somatic symptoms was
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positively correlated with the FC between the anterior and
posterior DMN (between the right middle prefrontal cor-
tex and the PCC) in the ADHD+SOM group. In a review of
11 articles demonstrating methylphenidate’s effects on
the DMN, methylphenidate was thought to improve the
DMN dysfunction observed in ADHD and other neuro-
psychiatric disorders, including narcolepsy and traumatic
brain injury [48]. The main mechanism of improvement
in DMN dysfunction may be deactivation of the DMN af-
ter methylphenidate administration [49,50].

There were several limitations to the current study.
First, owing to the small number of participants, the study
results cannot be generalized. In the analyses of the fol-
low-up brain data, we could not obtain multiple compar-
ison correction data because of the small number of
participants. Future studies must recruit a sufficiently large
number of participants. Second, the results and inter-
pretations of previous DMN studies are diverse and
controversial. However, there are few studies on FC in pa-
tients with somatic symptoms. In a previous study, pa-
tients with somatic symptom disorders showed increased
FC within the DMN, as well as increased FC between the
sensorimotor network and DMN [51]. This is not con-
sistent with the results of the current study, which showed
decreased FC between the anterior and the posterior
DMN as well as increased FC between the DMN and the
attention network in adolescents with somatic symptoms
of ADHD. This may be due to differences in the primary
diagnosis or differences in the duration or repeatability of
illnesses. In a study of resting state fMRI with 1,300 pa-
tients with major depressive disorder and 1,128 healthy
controls, decreased FC in patients with recurrent depres-
sion was noted, in addition to increased FC in first-epi-
sode patients with depression [52]. Future studies are re-
quired to better understand the FC of the DMN and the
mechanism of action of methylphenidate with regard to
somatic symptoms. Finally, there is a potential danger that
the dissociation patterns between the anterior and posteri-
or DMN might be due to differences in mood and anxiety
between the ADHD+SOM and ADHD-SOM groups, rath-
er than due to somatic symptoms. Similar risks often exist
in studies on somatic symptom disorder because depres-
sion and anxiety often coexist in patients with the disorder
[53,54]. Therefore, a careful interpretation of the results is
required. However, in this study, only the level of somatic
symptoms, not the level of depression and anxiety,

showed a significant difference between the ADHD+SOM
and ADHD-SOM groups during the treatment period. In
addition, during the treatment period, in the ADHD+SOM
group, the change in the level of somatic symptoms was
negatively correlated with FC within the DMN, which was
not the case in the ADHD-SOM group. Therefore, we
cautiously suggest that the dissociation pattern between
the anterior and posterior DMN might be due to somatic
symptoms rather than mood and anxiety.

The current results demonstrated that methylphenidate
treatment may increase brain FC between the anterior and
posterior DMN. The improvement of somatic symptoms
in adolescents with ADHD may be associated with the FC
within the DMN. DMN in adolescents with ADHD may
be associated with the severity of clinical and somatic
symptoms.
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