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The Effects of Pharmacological Treatment on
Functional Brain Connectome in Obsessive-
Compulsive Disorder
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Background: Previous neuroimaging studies of obsessive-compulsive disorder (OCD) have reported both baseline functional alterations
and pharmacological changes in localized brain regions and connections; however, the effects of selective serotonin reuptake inhibitor
(SSRI) treatment on the whole-brain functional network have not yet been elucidated.

Methods: Twenty-five drug-free OCD patients underwent resting-state functional magnetic resonance imaging. After 16-weeks,
seventeen patients who received SSRI treatment were rescanned. Twenty-three matched healthy control subjects were examined at
baseline for comparison, and 21 of them were rescanned after 16 weeks. Topological properties of brain networks (including small-world,
efficiency, modularity, and connectivity degree) were analyzed cross-sectionally and longitudinally with graph-theory approach.

Results: At baseline, OCD patients relative to healthy control subjects showed decreased small-world efficiency (including local
clustering coefficient, local efficiency, and small-worldness) and functional association between default-mode and frontoparietal
modules as well as widespread altered connectivity degrees in many brain areas. We observed clinical improvement in OCD patients
after 16 weeks of SSRI treatment, which was accompanied by significantly elevated small-world efficiency, modular organization, and
connectivity degree. Improvement of obsessive-compulsive symptoms was significantly correlated with changes in connectivity degree
in right ventral frontal cortex in OCD patients after treatment.

Conclusions: This is first study to use graph-theory approach for investigating valuable biomarkers for the effects of SSRI on neuronal
circuitries of OCD patients. Our findings suggest that OCD phenomenology might be the outcome of disrupted optimal balance in the
brain networks and that reinstating this balance after SSRI treatment accompanies significant symptom improvement.
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Obsessive-compulsive disorder (OCD) is a chronic psychi-
atric disorder typically associated with recurrent thoughts
and repetitive behaviors (1). Without effective treatment,

OCD patients experience substantial distress and impairment
within social and occupational settings (2). It is recently thought
that abnormal functional connectivity in the neurocircuitry
comprising frontal-subcortical and parietal regions might underlie
the illness, contributing to the formation of OCD symptoms (3–8).

Selective serotonin reuptake inhibitors (SSRI) are commonly
used to treat OCD. Selective serotonin reuptake inhibitor treatment
has been associated with various brain changes, such as reducing
functional activity in the fronto-subcortical regions (9–13), decreas-
ing thalamic volume (14), and increasing neuronal viability in frontal
regions (15), according to previous longitudinal neuroimaging
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studies of OCD. However, the underlying therapeutic mechanism
of SSRI on the functional neural circuitry of OCD patients remains
controversial, owing to differences in the imaging techniques,
analytic methods, and cognitive tasks employed. Furthermore, most
previous studies are limited in examining changes in focal brain
activity. Because the human brain is an interacting complex
network with nontrivial topological properties (16–19), it is essential
to examine the whole-brain functional networks of drug-free OCD
patients before and after SSRI treatment to understand the
pathophysiology and improve the treatment of this disorder. This
might provide vital information that contributes to the establish-
ment of reliable biomarkers of treatment response to SSRI and,
more generally, results in better diagnostic practice and more
individualized therapeutic strategies for patients.

When a person is at rest, the brain dynamically engages in a
distinctive pattern of neural activity. Connectivity analysis of
resting-state functional magnetic resonance imaging (rs-fMRI)
suggests the brain functional system is composed of highly
coherent spontaneous blood oxygen level dependent (BOLD)
fluctuations among brain regions that subserve a specific function,
such as motor (20,21), auditory (22), visual (21), language (23),
default-mode (24), and attention system (25). The structure of the
human brain ensures optimal balance between functional segre-
gation and integration among these functional systems to facilitate
real-time integration of information across segregated brain
regions (26). This balance is central for the operation of distributed
networks underlying cognitive function (27). An emerging focus is
the disruptions in balance of the brain networks, which manifest in
changed functional interactions between regions, circuits, and
system (28) in disease states. Network-based analysis with graph
theory has attracted growing interests for quantitatively investigat-
ing the topological features of the coherent brain activities during
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resting-state. With this approach, recent studies have uncovered
significant properties underpinning the functional organization of
the human brain, namely small-worldness (18,19,29), high effi-
ciency at a low wiring cost (30,31), modular architecture (32,33),
and highly connected hubs (19).

Small-worldness, modularity, and nodal connectivity degree
measures are of particular importance in a neurobiological
context, exploring local and global connectivity structure (34).
The connectivity degree of a node evaluates strength of a node,
indicating the impact of individual nodes on the overall function-
ing of the network (34). The measures of clustering and
modularity demonstrate how well functionally specialized sub-
systems are segregated from each other in the network (26,35).
Measure of shortest paths that link each node pair expresses the
capacity of network nodes from different modules to cooperate
and enable network-wide integration (26,35). Changes in these
topological properties might reflect fragmentation or breakdown
of the optimal balance in the human brain (36).

Topologies of a brain vary with aspects of a disorder, thus
offering remarkable clinical implications. Prior neuroimaging
studies have found disrupted small-world organization, modular
architecture, and regional characteristics in the brains of people
with numerous neuropsychiatric disorders, such as Alzheimer’s
disease (37) and schizophrenia (29). Such disruptions are also
associated with cognitive and behavioral disturbances arising
from disorders (31,33,36). Recent functional connectivity studies
with rs-fMRI in OCD patients have identified that disturbances are
predominantly associated with frontoparietal regions in the brain
(7,8); however, only one study (8) used a graph-theory approach,
and no study has examined rs-fMRI in OCD before and after
treatment. Therefore, exploring the brain functional networks of
drug-free OCD patients before and after SSRI treatment can
provide new insights into the nature of the disorder and a basis
for charting disease improvement after treatment.

We hypothesized that OCD disrupts functional balance in the
organization of intrinsic brain networks, and the alterations would
be most apparent in the frontoparietal regions. The effects of SSRI
treatment would be conspicuous in medication-free OCD patients
at the different levels of functional systems to restore the
impaired balance in the brain networks. To test our hypothesis,
Table 1. Demographic and Clinical Characteristics of the Subjects at Baseline

Baseline

HCs OCDa

Variable (n ¼ 23) (n ¼ 25)

Age (yrs) 26.9 (5.5) 26.3 (6.2)
Gender (M/F) 13/10 17/8
Handedness (R/L) 19/4 21/4
IQ 114.5 (10.2) 111.6 (8.6)
Education (yrs) 15.8 (2.2) 14.4 (2.7)
Age of Onset (yrs) 17.4 (5.9)
Duration of Illness (yrs) 8.9 (6.6)
Y-BOCS Score
Obsessive 15.8 (2.5)
Compulsive 14.3 (2.5)
Total 30.1 (4.7)

HAM-D Score 10.7 (5.3)
HAM-A Score 11.3 (7.2)

Data are given as mean (SD).
HCs, healthy control subjects; HAM-A, Hamilton Anxiety Rating Scale; HAM-D

compulsive disorder; R/L, right/left; Y-BOCS, Yale-Brown Obsessive Compulsive
aNine patients were drug-naïve, and 16 patients were unmedicated for m
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we measured functional connectivity on the basis of the
temporal correlation of regional BOLD signals with rs-fMRI.
Brain functional networks were constructed with a graph-theory
approach. Various aspects of topological properties such as
small-worldness, modularity, and regional connectivity degree
were computed for the networks to observe relevant alterations
and treatment effects in the OCD group compared with healthy
control subjects (HCs). Relationships between changes in
topological properties and symptom improvement after treat-
ment were also examined.
Methods and Materials

Subjects
We recruited 25 OCD patients (9 drug-naïve and 16 unmedi-

cated) from the OCD clinic at Seoul National University Hospital
and 25 comparison subjects matched for sex, age, IQ, and
handedness via internet advertisement. No significant differences
with regard to age, education, or mean IQ were found between
the two groups (Table 1). The detailed inclusion and exclusion
criteria are described in Supplement 1. We used the Yale-Brown
Obsessive Compulsive Scale (Y-BOCS) to assess OCD symptom
severity. The Hamilton Rating Scale for Depression (HAM-D) and
the Hamilton Anxiety Rating Scale (HAM-A) were used to rate the
severity of depressive and anxiety symptoms, respectively. After
completion of clinical assessments and baseline fMRI scans, 20
patients with OCD received the routine outpatient treatment
at OCD Clinic of Seoul National University Hospital. They received
pharmacological treatment with SSRI for 16-weeks (escitalopram,
range 10–60 mg/day). Two of these patients were concomitantly
medicated with clonazepam. None of the patients was engaged
in cognitive behavioral therapy or psychoanalytic psychotherapy
during the study period. After 16-weeks, of the enrolled subjects,
17 patients and 21 HCs participated in the follow-up fMRI scans
(Figure S1A in Supplement 1). The Clinical Global Impression-
Severity and -Improvement scales were used to evaluate symp-
tom severity and improvement, respectively, after treatment. The
mean interval between the two fMRI scans was 120.9 (SD, 16.1)
days for OCD patients and 120.7 (SD, 22.9) days for HCs.
and Follow-Up

Follow-up

HCs OCD
p (n ¼ 21) (n ¼ 17) p

.35 26.0 (5.3) 26.4 (6.0) .23

.41 11/10 12/5 .25

.9 19/2 16/1 .68

.35 113.2 (11.0) 112.4 (9.6) .44

.14 15.4 (1.7) 14.3 (2.2) .11
16.6 (6.0)
9.9 (6.8)

11.3 (4.3)
10.0 (3.6)
21.2 (7.6)
6.8 (5.6)
7.2 (6.2)

, Hamilton Rating Scale for Depression; M/F, male/female; OCD, obsessive-
Scale.

ore than 4 weeks.
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The OCD patients had mean illness duration of 9.8 years (SD,
6.8). One patient scored over 17 on the HAM-D self-report, but no
patient met criteria for major depressive disorder by SCID I. Six
patients had comorbid depressive disorder not otherwise speci-
fied, and three patients had comorbid dysthymic disorder. The
remaining 16 patients were not diagnosed with any comorbid
Axis I or II disorders (SCID II) (38). The study was approved by the
Institutional Review Board of Seoul National University Hospital.
Written informed consent was obtained from all subjects after the
procedures had been fully explained.

Image Acquisition and Preprocessing
Resting-state BOLD images of the whole-brain were acquired

on a 3.0 T scanner (Siemens Magnetom Trio, Erlangen, Germany)
with echo-planar imaging sequence. Each functional run con-
tained 116 image volumes. The parameters were: echo time ¼
30 msec, repetition time ¼ 3.5 sec, flip angle ¼ 901, matrix size ¼
128 � 128, field of view ¼ 24 � 24 cm, voxel dimensions ¼ 1.9 �
1.9 � 3.5 mm, slice thickness ¼ 3.5 mm, and .7 mm slice gap.
During the scan, we instructed all participants to keep their eyes
closed without falling asleep and to move as little as possible. All
rs-fMRI images were preprocessed with the SPM8 package (www.
fil.ion.ucl.ac.uk/spm). After discarding the first four images, we
subjected the remaining echo-planar imaging images to slice-
timing correction, realignment, spatial normalization, and
smoothing procedures. The criterion for excessive head motion
was spatial movement � 1 voxel (3 mm) in any direction. Two
HCs were excluded at baseline for excessive head motion.
Statistical tests confirmed that the remainder of the participants
demonstrated no significant group differences in the head-
motion parameters. Then, the REST toolkit (39) (http://www.
http://restfmri.net/forum/) was used to remove the linear trend
of time courses and for temporal band-pass filtering (.01–.08 Hz).
The estimated head-motion profiles and global signal activity
were also removed to eliminate sources of spurious variance.
Further details are provided in Supplement 1.

Brain Network Construction
A total of 142 functionally defined regions of interest covering

the whole-brain were adopted from a previous study conducted
by Dosenbach et al. (40) Functional connectivity among regions
was measured by computing the Pearson correlation coefficient
for every possible pair of regional residual time series, producing
a continuously-weighted network G (142 � 142) for each subject
(Figure S1B in Supplement 1). For the constructed brain networks,
we calculated small-world parameters (including clustering coef-
ficient, path length, small-worldness, local and global efficiencies),
modular characteristics (including modularity, intra- and inter-
modular connectivity), and regional connectivity degree (i.e., the
sum of all connectivity strength within a node) to examine both
global and regional topological characteristics. For small-world
analysis, we used sparsity threshold S to define small-world
regime (.08 # S # .48). Each small-world attribute was compared
with those of 100 random networks, and the area under the curve
(AUC) was calculated for statistical comparison. For modular and
degree analyses, the normalized positive correlation map (r � 0,
where r is Pearson correlation coefficient) for each participant was
used. See Supplement 1 for the detailed analytic procedures and
the formulas.

Clinical Symptom Correlation
The percentage changes in the clinical scales (Y-BOCS, HAM-D,

HAM-A, and the illness-duration scalar) and the percentage
changes in the graph-theory parameters (the AUC of each
small-world attribute, modular characteristic, and connectivity
degrees of each node) that showed either significant baseline
between-group differences or significant within-group differences
in OCD patients were taken for the Pearson correlation analysis.
The Bonferroni correction was applied to account for multiple
testing.

Statistical Analysis
Before computation, multiple linear regression analyses were

applied to remove the confounding effects of age and gender for
each graph-theory parameter. Then, we performed 1000 itera-
tions of permutation tests to determine significant between- and
within-group differences in graph-theory parameters. Briefly,
between-group differences in network parameters were meas-
ured with the nonparametric permutation test, whereas residual
differences in network parameters between baseline and follow-
up were computed for a one-sample permutation test to assess
longitudinal differences within each group. A threshold of .05 was
used to confirm significance.
Results

Treatment Response
After 16 weeks, OCD patients who were treated with SSRI

showed significant clinical improvement compared with their
baseline assessments (Table S1 in Supplement 1). The Y-BOCS
scores decreased significantly, by 30.4% � 23.2%, and five patients
showed a �50% reduction in the Y-BOCS score (p � .001).
Significant reductions in Clinical Global Impression-Severity, HAM-
D, and HAM-A scores were also observed in OCD patients at follow-
up (p � .001).

Changes in Small-World Properties
The whole-brain networks of both OCD patients and HCs at

baseline and follow-up demonstrated small-world network archi-
tecture over a small-world regime sparsity range. However, the
statistical analyses showed that, at baseline, OCD patients
exhibited significantly decreased AUC values in small-world
efficiency (including local clustering coefficient [p ¼ .002], small-
worldness [p ¼ .005], and local efficiency [p ¼ .01]) relative to HCs
(Figures 1A–D).

After 16-weeks of treatment with SSRI, small-world efficiency
increased significantly (Figure 1D) in OCD patients and showed
no significant difference compared with HCs. No significant
changes in network parameters were observed in HCs between
baseline and follow-up.

Changes in Modular Structures
At baseline, five functionally oriented modules were identified

in the brain networks of HCs (Figure 2A): default-mode, sensor-
imotor, occipital, cingulo-opercular, and frontoparietal (for details,
see Supplement 1). In OCD patients, however, the brain regions
that had been associated with the two distinct default-mode and
frontoparietal modules in HCs were clustered to form a single
module, resulting in four functional modules in the whole-brain
network (Figure 2B): sensorimotor, occipital, cingulo-opercular,
and a combined module consisting of default-mode and
frontoparietal.

Although statistically nonsignificant, reduced modularity in the
brain networks of OCD patients compared with those of HCs was
observed at baseline (�6.9%), and this difference decreased after
www.sobp.org/journal



Figure 1. Small-world whole-brain networks in healthy control subjects (HCs) and obsessive-compulsive disorder (OCD) patients. The graphs (A–C) show
normalized mean (A) clustering coefficient, (B) local efficiency, (C) small-worldness in the HCs and OCD patients at baseline. (D) The bars showed
between- and within-group differences in the area under the curves (AUC). The OCD patients showed significantly decreased clustering coefficient (p ¼
.002), small-worldness (p ¼ .005), and local efficiency (p ¼ .01). After selective serotonin reuptake inhibitor treatment, clustering coefficient (p ¼ .004),
small-worldness (p ¼ .008), and local efficiency (p ¼ .01) in OCD patients increased significantly. Error bars correspond to SD of each parameter. For cross-
sectional analyses, HCs (n ¼ 23) and OCD patients (n ¼ 25) at baseline and HCs (n ¼ 21) and OCD patients (n ¼ 17) at follow-up were included. For
longitudinal analyses, HCs (n ¼ 19) and OCD patients (n ¼ 17) were included. Eglobal, normalized global efficiency; Elocal, normalized local efficiency; γ,
normalized clustering coefficient (Cp

real/Cp
rand); λ, normalized characteristic path length (Lp

real/Lp
rand); s, sparsity threshold; s, normalized small-world (γ/

λ). *p � .05, with permutation test; **p � .05, with paired permutation test.
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treatment (�3.4%) (Figure S3A in Supplement 1). The networks of
OCD patients demonstrated reduced intra-modular connectivity
in the frontoparietal module at baseline (p ¼ .011), and this was
significantly normalized at follow-up (p ¼ .009) (Figure S3B in
Supplement 1). Additionally, a reduction in inter-modular con-
nectivity between the occipital and frontoparietal modules in the
OCD group was observed at baseline (p ¼ .018), whereas
enhanced inter-modular connectivity was found between
the sensorimotor and cingulo-opercular modules at follow-up
(p ¼ .017) (Figure S3C in Supplement 1).

Changes in Regional Connectivity Degrees
We investigated connectivity degree changes of each brain

region and its associated module defined by Dosenbach in HCs
and OCD patients before and after treatment. Compared with
HCs, OCD patients showed changed nodal connectivity degrees
in brain regions associated with the default-mode, sensorimotor,
www.sobp.org/journal
occipital, and cingulo-opercular modules at baseline (Figure 3A).
At follow-up, no significant between-group differences in nodal
connectivity degrees were noted. Further paired permutation test
revealed that HCs showed significant changes in the nodal
connectivity degrees of several regions in the default-mode and
sensorimotor modules between baseline and follow-up
(Figure 3B); however, no statistical trend (i.e. increasing or
decreasing) distinguishing these degree changes was observed.
The OCD patients, by contrast, showed a coherent SSRI treatment
effect of increasing nodal degrees within the frontoparietal
module (Figure 3C) (for details, see Supplement 1).

Clinical Symptom Correlation
The correlation analysis revealed a strong negative correlation

between the percentage connectivity degree changes in the right
ventral frontal cortex (rvFC) and the percentage changes in all
obsession, compulsion, and total scores on the Y-BOCS (Bonferroni



Figure 2. Modular organization of the brain functional
network in both healthy control subjects and obsessive-
compulsive disorder patients at baseline. (A) The five
functionally interconnected modular structures in brain
network of healthy control subjects at baseline: default-
mode (Module I), sensorimotor (II), occipital (III), cingulo-
opercular (IV), and frontoparietal (V). (B) The four
modules identified in obsessive-compulsive disorder
patients at baseline, corresponding to a combined
module consisting of default-mode and frontoparietal
modules (Module I), sensorimotor (II), occipital (III), and
cingulo-opercular (IV).

D.-J. Shin et al. BIOL PSYCHIATRY 2013;]:]]]–]]] 5
corrected, p � .05/19 ¼ .0026) (Figure S5 in Supplement 1). No cor-
relation between the percentage changes in clinical scales and the
percentage changes in small-world and modular parameters was
found.
Discussion

To our knowledge, this is the first longitudinal study inves-
tigates that disrupted optimal balance between functional inte-
gration and segregation in drug-free patients with OCD could be
restored after SSRI treatment. Our results suggest that the
functional brain networks of OCD patients are characterized by
deviant topological properties at both the global and local scales
before pharmacotherapy, most apparently in the frontoparietal
regions. These deviances reflect disturbances in the brain network
balance. Along with symptom improvement, the normalizations
in topological properties that indicate the retrieval of the func-
tional balance were observed after SSRI treatment.

Abnormal Small-World Networks in OCD
The human brain is a dynamically interconnected functional

system with economical small-world architecture (29). In the
present study, we used small-world attributes to investigate the
global topological characteristics in OCD patients before and after
treatment. Compared with HCs, OCD patients exhibited signifi-
cantly reduced small-world efficiency at baseline. These anoma-
lies suggest impaired functional segregation but spared
functional integration in the organization and information proc-
essing within the whole-brain network of OCD patients. Abnormal
segregation has also been observed in the functional and
structural networks of individuals with schizophrenia (41,42) and
Alzheimer’s disease (37). The abnormal small-world properties
observed in OCD patients indicate a breakdown of optimal
topological organization of the functional networks of the brain.
After treatment, we observed both symptom improvement and
significant amelioration of these anomalies. Most functional
neuroimaging studies of OCD report both baseline deficits and
treatment effects in localized brain regions. Zhang et al. (8)
emphasized that OCD is related to local small-world network
abnormality rather than to disturbance in the whole-brain small-
world network. Direct comparisons between that study and our
current analysis are impossible, because some of the OCD
patients included in Zhang’s study were receiving medication at
the time of their participation. Our results might explain the
finding by Zhang of no between-group differences in the whole-
brain small-world attributes when patients were treated with SSRI.
Furthermore, the present study proposes that drug-free OCD
patients exhibit imbalance in whole-brain functional network
systems and that these can be reversed by SSRI treatment.

Disturbances in Modular Architecture of OCD
The modular structure of the brain demonstrates tighter links

among nodes in the same module and sparser connections
between nodes in different modules (32). This structure provides
a balance between functional segregation and integration.
Changes in the modular structure were found in people with
synesthesia (43), Alzheimer’s disease (44), schizophrenia (41), and
normal aging (33,45). Our results showed that HCs represent five
modules that are compatible with those found in previous studies
(18,32,33,40). By contrast, OCD patients demonstrated reduced
frontoparietal intra-modular connectivity and less functionally
segregated brain modular organization, especially in the
default-mode and frontoparietal modules, at baseline. Dissociable
functions of detecting salient events and maintaining attention
and executive functions involve the frontoparietal module (46–49),
whereas states of rest and reflection involve the default-
mode module (50–52). Recently, Stern et al. (7) reported reduced
anti-correlation between regions within the two networks,
whereas Zhang et al. (8) proposed increased short-range and
decreased long-range connections within frontoparietal regions
in partially medicated OCD patients during rest. Our findings
www.sobp.org/journal



Figure 3. Brain regions showing significant differences in regional connectivity degree between- and within-group (see Figures S4A–D in Supplement 1
for the complete version). (A) The graph represented the significant differences (p � .05) in the regional degrees between obsessive-compulsive disorder
(OCD) patients and healthy control subjects (HCs) at baseline by permutation test. (B) The brain regions that showed significant within-group differences
(p � .05) in HCs between baseline and follow-up by paired permutation test. (C) The graph illustrated brain regions that showed significant within-group
differences in OCD patients before and after selective serotonin reuptake inhibitor treatment with paired permutation test. The outlined bars demonstrate
significant between- or within-group differences, whereas transparent bars are supplemental. For cross-sectional analyses, HCs (n ¼ 23) and OCD patients
(n ¼ 25) at baseline and HCs (n ¼ 21) and OCD patients (n ¼ 17) at follow-up were included. For longitudinal analyses, HCs
(n ¼ 19) and OCD patients (n ¼ 17) were included. The bar represents the mean values and the error bar represents SDs. The p values are denoted
above the bars of each region. The associated module of each brain region defined from modular structure of HCs is shown below the x-axis. I, Default-
mode; II, Sensorimotor; III, Occipital; IV, Cingulo-opercular; V, Frontoparietal; ANG, angular gyrus; dFC, dorsal frontal cortex; dlPFC, dorsolateral prefrontal
cortex; L, left hemisphere; mFC, middle frontal cortex; mINS, middle insula; OCC, occipital; PCC, posterior cingulate cortex; PG, parietal gyrus; pINS,
posterior insula; preCG, precentral gyrus; R, right hemisphere; supPG, superior parietal gyrus; TG, temporal gyrus; vaPFC, ventral anterior prefrontal cortex;
vFC, ventral frontal cortex; vlPFC, ventralateral prefrontal cortex; vmPFC, ventromedial prefrontal cortex.
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expand both works by proposing that drug-free OCD patients
demonstrate a network-level loss of functional segregation
between the two networks and reduced intraregional connectiv-
ity within frontoparietal module. These abnormities could form
the basis of the inability of OCD patients to disengage from
reverberating internal stimuli, which further propagates to exec-
utive function deficits in patients. After 16 weeks of pharmaco-
therapy, no significant between-group differences in intra/inter
modular connectivity were observed between OCD patients and
HCs, indicating network-wide improvement after successful
treatment.
www.sobp.org/journal
Flexibility of Regional Connectivity Degree
The connectivity degree of a node quantifies weighted

connections to all other nodes (strength), thereby indicating the
role of individual elements in the whole network (34). Before
pharmacotherapy, decreases in nodal connectivity degree were
found in several brain regions within the default-mode, sensor-
imotor, and occipital modules of OCD patients. After 16 weeks of
SSRI treatment, the regional connectivity degree changed in
effects of both time and drug treatment. It is likely that these
changes in subjects arise from the re-organization of the brain
network to maintain the most functionally stable state at the time
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of fMRI scan. Prior studies have shown that changes in neuronal
connectivity entail homeostatic mechanisms for functional bal-
ance (53). Although patterns of functional connectivity between
brain regions are highly responsive to perturbations, such as
sensory input or cognitive tasks, these changes do not affect
global topological stability (54,55). Moreover, these changes occur
within hundreds of milliseconds. The current result shows that, on
a much longer timescale of months, regional connectivity flexibly
reconfigures to account for internal and external dynamics while
preserving the stability of whole-brain functional system, as
reflected in the stable small-world and modular characteristics
of HCs between baseline and follow-up. The longitudinal analysis
of data from HCs revealed no trends in connectivity degree
changes; however, OCD patients demonstrated pronounced
pharmacotherapy effects of increasing degree within the fronto-
parietal module. Previous longitudinal studies of OCD have also
pointed out that effects of treatment were associated with
increased neuronal viability (15), lower activation, and metabolic
decreases in frontal-subcortical and parietal-cerebellar regions
(9–11,56). Thus, our results raise the possibility that enhanced
connectivity degree in frontoparietal regions might underlie the
different therapeutic changes in the same area where changes
have been detected by previous studies. Nonetheless, the
relationship between changes in regional connectivity and
variations in neural activity needs to be substantiated.

In this study, improvement in symptoms was negatively
correlated with connectivity degree changes in the rvFC. Previous
studies suggested that the rvFC is involved in reorienting
attention toward salient sensory stimuli (25) and in response to
errors and that OCD patients showed greater activation in the
region during error commission (57,58). Thus, improvements in
obsessive-compulsive symptoms after pharmacotherapy might be
involved with reduced activity of the rvFC, serving to ease
compulsive behaviors by abating the failure of patients to shift
attention from obsessive thoughts that stem from a constant
feeling of erroneous. However, this finding should be interpreted
with caution, because no abnormality in the rvFC was observed in
OCD patients at baseline.

Clinical Implication of Functional Network Analysis in the
Treatment of OCD Patients

From a network perspective, the current findings provide a
conceptualization of OCD as a network disease, impairment in the
normal balance of brain networks. With a recent shift of view
toward looking at psychiatric disorders as dysfunctions that lie on
the brain network-level during resting-state, the role of medi-
cation in modulating the brain networks is largely unexplored
area. The current study gives the first investigation of alterations
in resting-state functional networks after the short-term SSRI
treatment of medication-free OCD patients with various network
measures. These measures provided convergent results, showing
that SSRI treatment normalized OCD-related abnormal frontopar-
ietal network connectivity and impaired segregation in the whole-
brain functional network. Each network measure in the present
study assessed different levels of topological features to address
the effects of both illness and treatment. The connectivity degree
of each region can be highly informative about not only how
individual regions respond differently to various factors but also
how these changes impact the overall functioning of the network.
Small-worldness and modularity are attractive models to charac-
terize the brain, because the attributes support a structural
substrate for two fundamental organizational principles of the
brain: functional segregation; and functional integration (36).
Segregation and integration capture different dimensions of
how neural information is distributed and integrated (59). High
segregation means having many specialized communities (59).
High integration means having information stream both within
and between communities (e.g., the involvement of multiple
brain regions in higher-level cognition and consciousness) (59).
The high level of complexity of the brain is realized when these
two principles are jointly expressed (59). Consonant with the
present study, there is increasing evidence that perturbations in
the balance between functional segregation and integration are
associated with system-wide alterations in the structural and
functional connectivity in different disease states, which might
offer new avenues for objective diagnosis and potential ther-
apeutic intervention. Although clinical applications of network
approaches are still in the beginning stage, earlier studies have
reported promising results, suggesting that network measures
can help to understand recovery from brain injury (60,61),
heritability (62), and responses to drugs (30). In this sense, the
current study expands the spectrum of network science to
potential clinical applications by proposing that the impairing
of the most favorable intrinsic functional structure, predominantly
in the frontoparietal module, of the brain in OCD patients might
underlie abnormal thinking and behavioral outcomes in the
patients, and improvement in these anomalies—most evidently
in ventral frontal regional activity—might be attributable to
symptom improvement after SSRI treatment.

Study Limitation and Summary
This study has several limitations. First, some participants

dropped out between the baseline and follow-up assessments,
and the decreased number of subjects might have affected the
statistical power of the results. Second, nine patients had
comorbid axis I disorders such as depressive disorder not
otherwise specified or dysthymic disorder. Although the correla-
tion analysis revealed no effects of depression or anxiety as
measured by the HAM-D and HAM-A, respectively, on network
parameters, we cannot rule out the possible influence of
comorbid axis I disorders. Future studies should investigate the
effects of these variables on brain connectivity. Third, we included
only positive correlations in the modularity and connectivity
degree analyses to minimize any potential confounding effects
of global signal regression (63,64). Therefore, some network
interactions characterized by anti-correlations are not figured
into the analyses. Fourth, we used fixed size spheres to define
brain regions of interest. However, the limitation of this approach
is that it does not provide coverage over the whole-brain, and
many cortical voxels might have been left uninvestigated (65–67).
Future studies could benefit from using alternative node defi-
nitions (e.g., anatomical or random parcellations). Lastly, the
small-world parameters in this study were normalized with
degree-matched random networks generated with the Maslov-
Sneppen rewiring algorithm (68). Nonetheless, recent evidence
pointed out that this topology randomization can overestimate
the degree to which brain networks are small-world networks
(69). This suggests future strategies for examining the small-world
networks with more realistic random networks, such as random
networks generated with the H-Q-S algorithm, for normalization
(69,70).

In summary, the current study demonstrated that 16 weeks of
treatment with an SSRI leads to the restoration of optimal balance
between functional segregation and integration in the brain
networks, most evidently in the frontoparietal regions. These
findings contribute important new information about the effects
www.sobp.org/journal
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of SSRI on the functional neural system. Long-term longitudinal
study might help clarify the development of treatment resistance
and prolonged symptomatology in OCD patients. Our findings
offer hope in clinical applications that might use novel neuro-
imaging approaches to examine the essential biomarkers of OCD
and to track the effects of drugs in the service of optimal
diagnostic and therapeutic practice.
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