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Abstract: Obsessive-compulsive disorder (OCD) is an often severely disabling illness with onset gener-
ally in childhood or adolescence. Little is known, however, regarding the pattern of brain resting state
activity in OCD early in the course of illness. We therefore examined differences in brain resting state
activity in patients with pediatric OCD compared with healthy volunteers and their clinical correlates.
Twenty-three pediatric OCD patients and 23 healthy volunteers (age range 9-17), matched for sex, age,
handedness, and IQ completed a resting state functional magnetic resonance imaging exam at 3T.
Patients completed the Children’s Yale Brown Obsessive Scale. Data were decomposed into 36 func-
tional networks using spatial group independent component analysis (ICA) and logistic regression was
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used to identify the components that yielded maximum group separation. Using ICA we identified three
components that maximally separated the groups: a middle frontal/dorsal anterior cingulate network,
an anterior/posterior cingulate network, and a visual network yielding an overall group classification of
76.1% (sensitivity = 78.3% and specificity = 73.9%). Independent component expression scores were sig-
nificantly higher in patients compared with healthy volunteers in the middle frontal/dorsal anterior cin-
gulate and the anterior/posterior cingulate networks, but lower in patients within the visual network.
Higher expression scores in the anterior/posterior cingulate network correlated with greater severity of
compulsions among patients. These findings implicate resting state fMRI abnormalities within the cingu-
late cortex and related control regions in the pathogenesis and phenomenology of OCD early in the
course of the disorder and prior to extensive pharmacologic intervention. Hum Brain Mapp 35:5306-5315,

2014. © 2014 Wiley Periodicals, Inc.

Key words: fMRI; functional connectivity; child; adolescent; cingulate cortex; neurobiology

*

*

INTRODUCTION

Obsessive-compulsive disorder (OCD) is a disabling con-
dition that is often associated with cognitive deficits [Bur-
dick et al., 2008] and affects approximately 1-3% of the
general population [Karno et al., 1988; Nestadt et al., 2000].
The disorder frequently develops during the formative
childhood years, with as many as 75% of cases classified as
early onset and tending to develop between the ages of 9
and 14 [Taylor, 2011]. Early age of onset in OCD has been
shown to be reliably distinguished from late onset OCD, as
early onset cases tend to be associated with a greater preva-
lence of the disorder in first degree relatives, more severe
symptoms, a higher frequency in males, and a higher inci-
dence of comorbid tics [Taylor, 2011]. Although such evi-
dence suggests that early and late onset OCD may have
different etiologies, the majority of neuroimaging research
to date in OCD has been conducted in adult cohorts, in
which age of onset may be mixed. Given evidence that OCD
may be a neurodevelopmental disorder [Huyser et al.,
2009], more pediatric studies are necessary to better eluci-
date aberrant neurodevelopmental processes during child-
hood and adolescence that may lead to pathological
changes in adult tissue. Moreover, a focus on pediatric OCD
may be more likely to limit the potentially confounding
effects of illness duration and extensive pharmacologic
exposure on study findings that is often observed in studies
of adult patients.

Aberrations within frontal-striatal-thalamic-cortical loops
have been the most robust findings in the pathophysiology
of OCD, including abnormalities involving the anterior
cingulate cortex, orbitofrontal cortex, thalamus, and basal
ganglia [Harrison et al., 2009; Insel, 1992; Maia et al.,
2008]. Structural and functional abnormalities of the gray
matter nodes comprising these circuits have also been
repeatedly implicated, although the precise locations of
the neuroanatomical abnormalities as well as the direction
of findings have been inconsistent overall. The results of
two recent meta-analyses, however, both implicated vol-
ume reductions of the anterior cingulate gray matter in

children and adults with OCD. One found less gray matter
in the bilateral anterior cingulate/dorsal medial frontal
gyri and more gray matter in the bilateral lenticular nuclei
[Radua and Mataix-Cols, 2009]; and another found less
gray matter in the left anterior cingulate and bilateral orbi-
tofrontal cortex, and more gray matter in the bilateral thal-
ami [Rotge et al., 2009].

More recent studies have examined resting state functional
magnetic resonance imaging activity in OCD, most often assess-
ing connectivity in adult patients, using seed based region-of-
interest analyses [Harrison et al., 2009; Jang et al., 2010; Li et al.,
2012; Sakai et al., 2011; Stern et al., 2012]. These studies implicate
abnormalities of fronto-striatal-thalamic regions, though direct
comparisons across studies are difficult to make given variations
in seed placement. Yang et al. [2010] conducted a study of resting
state activity in psychotropic medication naive adults with OCD
using the method of regional homogeneity [Yang et al, 2010].
They reported that compared with controls, patients showed
higher regional homogeneity in the left anterior cingulate cortex
and lower regional homogeneity in the left inferior temporal
gyrus, which they interpreted as reflecting dysfunction of the
action monitoring system in OCD. Hou et al. [2012] examined
the amplitude of spontaneous low frequency fluctuation (ALFF),
a measure thought to reflect the intensity of regional spontaneous
brain activity, in adult OCD patients [Hou et al., 2012]. They
found that compared with controls, patients demonstrated
increased ALFF in the anterior cingulate cortex and bilateral orbi-
tofrontal cortex, as well as decreased ALFF in the bilateral cere-
bellum and parietal cortex.

To date, two studies have investigated resting state
activity in pediatric OCD. Fitzgerald et al. [2010] examined
functional connectivity in children and adolescents with
OCD both during a performance monitoring task and at
rest [Fitzgerald et al., 2010]. They used regions of hyperac-
tivation identified during the performance monitoring task
as seeds for the resting state connectivity analyses. Placing
the seeds in the posterior and ventral medial frontal cortex
(MFC), they found that patients demonstrated less dorsal
anterior cingulate cortex to right anterior operculum con-
nectivity, as well as less ventral MFC to posterior cingulate
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connectivity during rest. Fitzgerald et al. [2011] examined
functional connectivity during the resting state using a
region-of-interest analysis, with seeds in the striatum and
thalamus, in a cross-sectional sample of OCD patients at
child, adolescent, and adult stages of development [Fitz-
gerald et al., 2011]. They reported that OCD in children,
compared with age-matched controls, was associated with
reduced connectivity of dorsal striatum and medial dorsal
thalamus to rostral and dorsal anterior cingulate cortex,
respectively.

In the current study, we examined resting state functional
connectivity in a child and adolescent cohort of OCD
patients and well-matched healthy volunteers using group
independent component analysis (ICA). A potential advant-
age of using group ICA is that it is inherently data driven
and accounts for interactions among multiple brain regions,
thus avoiding dependence on seed region selection. Based
on basal ganglia-thalamocortical circuits [Alexander et al.,
1990; Alexander et al., 1986; Cummings, 1993] considered
relevant to OCD pathophysiology and prior work [Gruner
et al., 2012; Harrison et al., 2009; Szeszko et al., 2004, 2008;
Jang et al., 2010; Li et al., 2012; Sakai et al., 2011; Stern et al.,
2012; Zhang et al., 2011], we hypothesized that patients
would exhibit resting state abnormalities within regions
comprising cortical-striatal-thalamic-cortical loops com-
pared with healthy volunteers including the orbital frontal
cortex and anterior cingulate. We further predicted that a
greater magnitude of abnormalities would be associated
with worse symptom severity among patients.

METHODS
Participants

Twenty three (12M/11F) children and adolescents with
a DSM-IV diagnosis of OCD and 23 (13M/10F) controls
participated in this study. Patients and controls were indi-
vidually matched for age, handedness, and IQ. All partici-
pants were between the ages of 9 and 17. The mean age of
patients was 14.3 (SD=2.1) and the mean age of healthy
volunteers was 14.2 (SD = 2.2). Diagnoses were based on
the Schedule for Affective Disorders and Schizophrenia for
School-Age-Children, Present and Lifetime Version (K-
SADS-PL) [Kaufman et al., 1997]. All children and adoles-
cents with OCD were comprehensively assessed and diag-
nosed by a licensed psychologist (PG) experienced in the
assessment of OCD. Among patients, comorbid diagnoses
included major depressive disorder, social anxiety disor-
der, panic disorder, and attention deficit hyperactivity dis-
order (ADHD). Nine patients were psychotropic drug-
naive at the time of the scan, two were free of treatment
with psychotropic drugs for at least 30 days prior to the
scan, and the remaining patients were being treated with
selective serotonin reuptake inhibitors (n =12). All healthy
controls were assessed using the K-SADS-PL and were
determined to be free of any current or past psychiatric

disorder. Exclusion criteria for all participants included:
(1) MRI contraindications; (2) significant medical illness (3)
prior psychosurgery; (4) DSM-IV diagnosis of Tourette
syndrome, schizophrenia, schizoaffective disorder, delu-
sional disorder, brief reactive psychosis, bipolar disorder,
substance use disorder, or mood disorder with psychotic
features; (5) DSM-IV mental retardation; and (6) preg-
nancy. All procedures were approved by the Institutional
Review Board and written informed consent was obtained
from one parent or legal guardian for each participant.
Written assent was obtained for all participants.

Clinical Assessments

All pediatric patients with OCD were interviewed using
the Children’s Yale-Brown Obsessive-Compulsive Scale
(CY-BOCS) [Scahill et al., 1997]. All participants also com-
pleted the Multidimensional Anxiety Scale for Children
(MASC) to evaluate general anxiety symptoms and sever-
ity. Handedness was assessed using the Edinburgh Hand-
edness Inventory. Intellectual ability was estimated using
the Wechsler Abbreviated Scale of Intelligence (WASI).

Functional Magnetic Resonance Imaging

All participants received a structural MR imaging exam
on a GE Signa HDx 3T system using an 8 channel head coil
(TR=75 ms, TE=3 ms, slice thickness= 1 mm,
matrix = 256 x 256, FOV = 240 mm). Resting state fMRI was
5 min in duration. 150 echo-planner imaging (EPI) volumes
were acquired with the following parameters: TR = 2,000
ms, TE =30 ms, matrix=64 x 64, FOV =240 mm, slice
thickness =3 mm, 40 continuous axial oblique slices (one
voxel =3.75 x 3.75 x 3 mm). During the resting state exam
all subjects were instructed to keep their eyes closed, not to
sleep, and to “not think of anything in particular.” We
investigated the potential effects of motion on functional
connectivity given recent concerns in the literature [e.g.
Power et al., 2012] by examining both relative and absolute
motion displacement during the resting state fMRI exam.

Image Processing and Statistical Analysis

Using the brain extraction tool (BET) in the FMRIB soft-
ware library [Smith, 2002], non-brain tissue was removed
from the images. Standard preprocessing was carried out
using FSL including removal of the first four volumes,
motion correction, spatial smoothing with kernel FWHM
of 8 mm, registration to the anatomical image, and inten-
sity normalization. Data were decomposed into 36 func-
tional networks using spatial group independent
component analysis (ICA) using GIFT software [Calhoun
et al., 2001]. The number of components (or sources) in
our dataset was determined empirically by using mini-
mum description length criterion, which is a standard
information theoretic method, which makes a decision
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based on the complexity or information content of the
dataset [Calhoun et al., 2001; Rissanen, 1983].

Subject spatial maps and temporal dynamics were esti-
mated using the dual-regression approach. For each com-
ponent, we computed expression scores by taking the dot
product of the mean group and the subject’s spatial map,
allowing us to explain the individual level of expression
for the particular map. The expression of a given network
pattern in an individual subject was quantified using a
voxel-based topographic profile rating (TPR) algorithm as
in our prior work [Spetsieris, 2007, 2009; Ma et al., 2007].
A subject score for a network pattern k was calculated by
Score j=5y; - Gr, where Giis a set of group spatial inde-
pendent component maps with k=1,2, .,C is the number
of desired components, S;; is the transpose of correspond-
ing spatial map k for subject j. This matrix product is
summed across the entire brain [Spetsieris et al., 2007]. In
advantage of using the dot product is not having to use
arbitrary thresholds. Regions of higher expression have a
higher relative weight and regions of lower expression
have a lower relative weight. The subject expression scores
for each independent component per subject were fed into
a forward-selection multivariate logistic regression and uti-
lized to identify those components that together best dis-
criminated patients from healthy volunteers. In addition,
we used leave-one-out cross validation to determine the
level of accuracy for which we could predict group mem-
bership using those components that best discriminated
the groups.

Pearson Product correlations (P < 0.05; two-tailed) were
used to investigate the clinical correlates of abnormal rest-
ing state fMRI activity in both approaches using R (v.
2.15.2) and SPSS.

RESULTS

There were no significant group differences in age, sex,
handedness, or full scale IQ (P>0.05). For patients, the
mean total score on the CY-BOCS was 26.67 (SD = 4.48),
the mean CY-BOCS Obsessions score was 13.09 (SD = 2.92)
and the mean CY-BOCS Compulsions score was 13.78
(SD =2.28), indicating severe symptoms overall in the
OCD group. Scores on the MASC did not differ signifi-
cantly between groups (P > 0.05). There were no significant
(Ps>0.05) differences between patients and healthy volun-
teers in either relative or absolute movement displacement
measures during the resting state fMRI exam. The relative
displacement was 0.076 = 0.067 mm in the control group
and 0.118 +0.094 mm (mean * SD) in the patient group.
The absolute displacement was 0.26 + 0.38 mm in the con-
trol group and 0.45 = 0.38 mm (mean * SD) in the patient
group.

Logistic regression indicated that a combination of three
independent components yielded maximum separation
between groups (12 =16.12; df=3, P=0.001), including a
middle frontal/dorsal anterior cingulate network, a visual
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Figure I.

Spatial maps representing middle frontal/ dorsal anterior cingu-
late network for the entire 46 participants (pediatric OCD = 23
and healthy control = 23). Spatial maps are plotted as t-statistics,
thresholded at t > 3.5, and are displayed at the most informative
slices.

network, and an anterior/posterior cingulate network.
These independent components are illustrated in Figures
1-3 and the regions comprising these networks are pro-
vided in Table I. Expression scores were higher in patients
than controls in the middle frontal/dorsal anterior cingu-
late and anterior/posterior cingulate networks. In contrast,
expression scores were lower in patients than controls in
the visual network. The effect sizes (odds ratios) and the
95% confidence intervals corresponding to the three inde-
pendent components were: middle frontal/dorsal anterior
cingulate network: 1.70 (1.13-2.56), P =0.01; visual net-
work: 0.70 (0.49-0.99), P =0.045; and anterior/posterior
cingulate network 1.71 (1.12-2.60), P =0.013. In the final
model, R*>=0.394 with 76.1% (60.9-86.9%) accuracy. Sensi-
tivity was 78.3% (55.8-91.7%) and specificity was 73.9%
(55.8-88.9%). With a combination of these three independ-
ent components we were able to predict group member-
ship with accuracy of 80.1% using leave-one-out cross
validation. Investigation of the clinical correlates of the
three expression scores that significantly differentiated the
groups indicated that higher scores among patients in the
anterior/posterior cingulate network correlated signifi-
cantly with greater severity of compulsions on the CY-
BOCS (r =0.43; df =21, P =0.039; Fig. 4).

DISCUSSION

To our knowledge this study represents the first applica-
tion of independent component analysis (ICA) to resting
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Figure 2.

Spatial maps representing visual network for the entire 46 par-
ticipants (pediatric OCD = 23 and healthy control = 23). Spatial
maps are plotted as t-statistics, thresholded at t> 3.5, and are
displayed at the most informative slices.

state functional magnetic resonance imaging data in pedi-
atric OCD. Logistic regression of independent components
acquired from the analysis of resting state functional mag-
netic resonance imaging data in child and adolescent OCD
patients and age- and sex-matched healthy volunteers
revealed three components that accounted for 39% of the
variance (ie., R? in activity that differentiated these
groups from each other. Moreover, using leave one out
cross-validation we were able to predict group status with
accuracy of 80.1% from these three independent compo-

Anterior / Posterior Cingulate Network
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Figure 3.

Spatial maps representing the anterior/ posterior cingulate net-
work for the entire 46 participants (pediatric OCD =23 and
healthy control = 23). Spatial maps are plotted as t-statistics and
thresholded at t > 3.5, and are displayed at the most informative
slices.

nents. Expression scores were significantly higher in two
independent components comprising the cingulate in
patients compared with healthy volunteers: a middle fron-
tal/dorsal anterior cingulate and an anterior/posterior cin-
gulate network. Moreover, higher expression scores within
the anterior/posterior cingulate network were associated
with greater severity of compulsions. These findings indi-
cate that pediatric and adolescent OCD may be character-
ized by aberrant functional connectivity of the cingulate.
Possible advantages of our approach include the use of a
pediatric population, which allowed us to examine activa-
tion patterns closer to illness onset and with less exposure
to psychotropic medications and the use of independent
components analysis, which is primarily a data driven
approach that accounts for interactions among multiple
brain regions. Moreover, an additional advantage of ICA
is that the components were derived from both patients
and healthy volunteers, and thus, OCD specific patterns
can be potentially captured as either increases or
decreases.

Our findings converge with the results of prior resting
state functional magnetic resonance imaging studies that
have implicated anterior cingulate abnormalities in OCD.
Yang et al. [2010] showed that medication naive adults
with OCD demonstrated higher regional homogeneity of
the left anterior cingulate [Yang et al., 2010] and Hou et al.
[2012] found that adults with OCD had an increased
amplitude of low frequency fluctuation in the anterior cin-
gulate [Hou et al., 2012]. Moreover, although the only two
other studies that examined resting state activity in chil-
dren with OCD were region-of-interest analyses designed
to examine functional connectivity in the medial frontal
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Figure 4.
Relationship of patient expression scores within the anterior/
posterior cingulate network to CYBOCS compulsions scores
(r=0.43; df=21, P=0.039). Expression scores for the ante-
rior/posterior cingulate network are relative values. CY-
BOCS = Children’s Yale-Brown Obsessive Compulsive Score.
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TABLE I. Regions comprising independent components

Independent component

Anatomical regions identified

Key MNI coordinates

Middle frontal/ dorsal anterior cingulate
network

Bilateral dorsal and ventral lateral prefrontal

Bilateral dorsal anterior cingulate

(—2, 26, 24)

(—36, 42, 28) and (40, 42, 28)

cortex (DLPFC) (VLPFC)

Bilateral precuneus

Bilateral posterior cingulate

Bilateral planum temporale

Bilateral anterior insula

Bilateral anterior cerebellum

Bilateral occipital cortex including occipital

Visual network
fusiform gyrus

Supplementary motor cortex (SMA)
Bilateral paracentral lobule

Bilateral posterior cingulate gyrus
Bilateral ventral anterior cingulate
Bilateral ventral medial prefrontal cortex

(VMPC)
Anterior/posterior cingulate network

DLPFC

Bilateral planum temporale

Bilateral cingulate gyrus
Bilateral precentral gyrus

(56, —42, 46) and (—56, —44, 40)
0, —32, 18)

(56, —34, 16) and (—62, —32, 18)
(=32, 14, 2) and (36, 12, 6)

(6, —46, —10)

(—44, =76, —4) and (38, —72, —4)

@, 22, 60)
(0, —36, 66)
(0, —46, 14)
(@, 30, 22)
(2,56, 2)

(0, —6, 30)

(=32, —14, 64) and (36, —14, 64)
(—48, 12, 34) and (44, 10, 32)
(—40, —32, 12) and (42, —26, 12)

Positively correlating regions comprising each of the three independent components/networks that separated patients from healthy vol-

unteers. Key MNI coordinates are provided for reference.

cortex and the striatum and thalamus, both demonstrated
abnormal functional connectivity of the anterior cingulate
to other regions compared with matched controls. Fitzger-
ald et al. [2010] reported decreased dorsal anterior cingu-
late functional connectivity to the right anterior operculum
[Fitzgerald et al., 2010] and Fitzgerald et al. [2011] reported
reduced functional connectivity of the rostral anterior cin-
gulate to the dorsal striatum and reduced functional con-
nectivity of the dorsal anterior cingulate to the medial
dorsal thalamus [Fitzgerald et al., 2011]. It should be
acknowledged, however, that it is difficult to directly com-
pare the current study with these prior studies, given the
different analytic approaches employed.

The finding of greater expression scores in two net-
works using ICA that encompass the cingulate is consist-
ent with the growing body of literature implicating
cingulate dysfunction in the neurobiology of OCD. For
example, gray matter structural abnormalities in this
region have been consistently demonstrated in both chil-
dren and adults [Radua and Mataix-Cols, 2009; Rotge
et al., 2009]. In addition, functional neuroimaging studies
have consistently reported greater brain activity in the
cingulate in adult patients at rest [Swedo et al., 1989] and
during symptom provocation [Adler et al., 2000; Breiter
and Rauch, 1996; Rauch et al., 1994]; and during executive
functioning tasks in both pediatric [Huyser et al., 2010]
and adult samples [van den Heuvel et al., 2005]. Finally,
abnormalities have also been demonstrated in the associ-
ated white matter of the cingulum bundle in both chil-

dren [Gruner et al, 2013, Zarei et al., 2011] and adults
[Cannistraro et al., 2007; Garibotto et al.,, 2010; Szeszko
et al., 2005] with OCD.

The anterior cingulate is known to be heterogeneous
and there is evidence that it may consist of several
cytoarchitecturally and functionally distinct regions [Bush
et al., 2000; Devinsky et al., 1995]. The region surrounding
the genu contains afferent connections from the amygdala
[Vogt and Pandya, 1987] and has been linked to affective
processing [Whalen et al., 1998]. This rostral-ventral
“affective division” has generally been considered to be
distinct from a dorsal “cognitive division” that is activated
during tasks tapping error-monitoring and response inhi-
bition to nonemotional stimuli [Bush et al.,, 1998, 2000;
Devinsky et al., 1995]. However, new evidence suggests
that a portion of the dorsal anterior cingulate, the anterior
subdivision known as the anterior midcingulate cortex,
may constitute a control center that integrates information,
including information about negative affect and pain, and
determines optimal course of action in the face of uncer-
tainty or competition among alternatives [Shackman et al.,
2011] This portion of the dorsal anterior cingulate cortex
may thus be better thought of as a “hub” where informa-
tion regarding reinforcing elements, both cognitive and
affective in nature, are processed to execute goal-directed
behavior. It is therefore noteworthy that resting state
abnormalities among patients in the middle frontal/dorsal
anterior network in the current study were observed
within the dorsal anterior cingulate and that functions
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subserved by this region have been shown to be disrupted
in OCD. This is true both for those functions traditionally
associated with the dorsal ‘cognitive” division, such as
error monitioring and response inhibition to non-
emotional stimuli [e.g. Menzies et al., 2007], as well as
general deficits in executing goal oriented behavior that
have recently been demonstrated in patients with OCD
[e.g. Gillan et al., 2011, 2014].

Moreover, it may be noteworthy that both independent
components, which comprised the dorsal division of the
AC, also encompassed the dorsolateral prefrontal cortex
(DLPFEC). The anterior midcingulate cortex is known to be
reciprocally connected with the DLPFC, another region
implicated in cognitive control and the maintenance of
goals [Shackman et al.,, 2011]. Specifically, the DLPFC is
associated with cognitive set-shifting, planning and work-
ing memory [Schultz et al., 1999]; and has typically been
implicated in perseverative, disinhibited behavior [Cum-
mings and Mega, 2003]. Also, structural abnormalities of
the DLPFC have been reported in adults with OCD [Chris-
tian et al., 2008] and neurobiological abnormalities of this
region have been reported in children with OCD [Russell
et al., 2003]. The DLPFC acts together with the basal gan-
glia and thalamus via frontostriatal circuits [Friedlander
and Desrocher, 2006]; and it is likely that the DLPFC, the
anterior cingulate cortex, and the orbitofrontal cortex are
all involved in the processes of inhibiting and terminating
inappropriate responses and selecting and monitoring pre-
ferred behavior [Evans et al., 2004].

In the current study, the middle frontal/dorsal anterior
cingulate and anterior/posterior cingulate networks also
included critical cognitive control centers of the brain such
as the dorsolateral prefrontal cortex, precuneus, posterior
cingulate, anterior insula, and anterior cerebellum. In this
regard, our findings are similar to those reported by
Zhang et al. who demonstrated greater functional connec-
tivity in regions involved in cognitive control, including
the cingulate, precuneus, and cerebellum in patients with
OCD [Zhang et al., 2011]. It is also particularly noteworthy
that both these networks encompassed the anterior insula,
as recent research indicates that the dorsal anterior cingu-
late and bilateral anterior insula are integral for higher
order control processes [Dosenbach et al., 2006]. Moreover,
the dorsal anterior cingulate and anterior insula are impor-
tant nodes within the salience network, a network thought
to signal the presence of events found to be personally
salient to the individual, assist with conflict-monitoring
and facilitate behavioral responses to these stimuli [Menon
and Lucina, 2010; Seeley et al., 2007]. Increased functional
connectivity among regions comprising the salience net-
work in patients with OCD may therefore be related to the
greater attribution of importance and/or danger that these
patients place on stimuli within their environment and the
associated compulsive behaviors that they engage in to

reduce these threats [Stern et al., 2011]. The finding in our
study that higher expression scores within the anterior/
posterior cingulate network were associated with severity
of compulsive behavior among patients strongly supports
this possibility.

Control processes are generally employed when habitual
responses are inadequate to support goal oriented behav-
ior [Shackman et al., 2011], such as situations in which
there is uncertainty, when actions are associated with
risks, or when contingencies change. In such situations,
the dorsal anterior cingulate, particularly the anterior mid-
cingulate cortex, is thought to synthesize information from
multiple sources and signal other brain regions to provide
control operations as needed. As such, it is feasible that
abnormal functional connectivity of the cingulate to other
control regions may contribute to problems terminating
dysfunctional compulsive behavior and engaging goal ori-
ented control. Alternatively, aberrant functional connectiv-
ity of the cingulate may develop as a compensatory
mechanism for compulsive behavioral problems that are
difficult to terminate.

In the ICA we also found decreased expression within
a visual network in patients that included regions of the
bilateral occipital cortex along with the supplementary
motor cortex. Although this network was not predicted a
priori and the visual system has been less well investi-
gated in OCD, some studies support a role for the occipi-
tal cortex in OCD. Menzies et al. [2008] revealed
consistent activation abnormalities in OCD in the middle
occipital cortices and other regions outside of orbitofrontal
striatal regions, suggesting that more distributed large
scale brain regions including the occipital cortex may be
involved in OCD pathology [Menzies et al., 2008]. In
addition, two studies have revealed less grey matter in
regions within the occipital cortices in adult OCD patients
[Szeszko et al.,, 2008; Togao et al., 2010] and structural
abnormalities of the splenium have also been identified
suggesting abnormal physical connectivity in posterior
brain regions including the occipital lobes [Park et al.,
2011]. Moreover, the supplementary motor cortex is impli-
cated in aspects of cognitive control such as conflict moni-
toring [Garavan et al. 2003; Hester et al. 2004]; and recent
functional imaging studies have reported abnormalities of
the supplementary motor area and pre-supplementary
motor area in adult patients with OCD [Ciesielski et al.,
2012; Woon et al., 2012]. The supplementary motor area
has been shown to be an effective target area for repeti-
tive transcranial magnetic stimulation in the treatment of
OCD [Jaafari et al., 2012; Kumar and Chadda, 2011].
While the supplementary motor area is generally thought
to be hyperactive in OCD patients, the current study dem-
onstrated decreased expression of this region within a vis-
ual network. It is important to note, however, that
hyperactivity ~does not necessarily equal hyper-
synchronicity.
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There were several limitations to the current study that
should be acknowledged. Our sample included both pre-
pubescent children and adolescents. In addition, the cross-
sectional design of the study precluded the investigation
of how abnormalities in functional connectivity may
change with age or treatment history and when these
abnormalities develop. Longitudinal studies that follow
children over time as symptoms develop are necessary to
provide critical information regarding changes in resting
state patterns. Given that our sample included both medi-
cated and psychotropic drug-naive children we could not
draw definitive conclusions regarding the effects of psy-
chotropic medications on these findings. Moreover, the
lack of an additional cohort to replicate the findings from
the logistic regression and leave one out cross validation
approaches should be considered additional study
limitations.

In summary, we provide evidence for resting state fMRI
abnormalities within the cingulate cortex and related con-
trol centers of the brain in pediatric OCD using independ-
ent components analysis.
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